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ENGINEERING. 


160,000-KW. STEAM TURBO-GENERA- 
TOR FOR THE HELL GATE POWER 
STATION, NEW YORK. 


Ir was in the year 1900 that Messrs. Brown, 
Boveri and Company, of Baden, Switzerland, who 
had already, owing largely to the genius of the late 
Dr. C. E. L. Brown, established an. international 
reputation for electrical plant, decided to take up 
the construction of the Parsons steam turbine. 
In coming to this decision, the firm were much 
influenced by the late Mr. Charles Brown, Senr., the 
centenary of whose birth was celebrated in Switzer- 
land recently. Having early realised the poten- 
tialities of the steam turbine, Charles Brown was 
anxious that the land of his adoption should not 
lose its lead in steam engineering, and urged the 
claims of the steam turbine on his sons and their 
partner, the late Dr. Walter Boveri.* 

At the date in question, the Baden firm was 
busily engaged in electrical pioneering, and were, 
therefore, disinclined to undertake the production 
of an entirely different kind of machinery. Some 
four years later, however, they began to feel them- 
selves handicapped in their electric generator work 
by the limitations of the reciprocating engine, of 
which the largest then in operation in land service 
was not capable of developing more than some 
5,000 h.p. Moreover, such engines were expensive, 
and their very moderate speeds of rotation involved 
the use of massive and costly types of generator. 





* The following letter, written by Mr. Charles Brown 
to his nephew, Mr. Eric Brown, in August, 1896, is of 
interest in this connection : 


“*T have now seen three central stations run entirely 
with Parsons’ turbos. ‘These are all being extended, and 
the extensions are to be again Parsons. I have not been 
able to get at the consumption of steam per unit. They 
make no experiments, but they all tell me that they 
produce the kilowatt lower than their competitors with 
piston engines. At all the three stations I got the most 
favourable accounts of the working of these engines as 
being easy to manage, requiring hardly any attention, 
being entirely free from breakdowns, and effecting a very 
enormous saving in oil! Further, the turbine not 
requiring any lubrica‘ion, the steam can be condensed 
by surface condensers and used again for feeding boilers 
without any risk of damage by grease, the great enemy 
of boilers. Parsons is working day and night. They 
say he has had a hard fight—the engine and dynamo 
builders all dead against him because his turbos are less 
costly, and require much less building expenditure, in 
fact, all those I saw were working on first floors! I feel 
convinced that for electric work the steam turbine is far 
superior to the common engine type: they govern so 
much more easily! The light is as steady as from an 
accumulator battery. I am entirely at a loss to compre- 
hend the prejudice of . . . and Baden as regards steam 
turbines—they may use a trifle more steam, but this 
does not amount to the interest and amortisation of the 
extra cost for buildings and machinery and the eztra 
expense for wages and oil !—without taking into account 
the advantages from an electrical point of view. 

“‘ The Newcastle District Electrical has now been running 
some seven years, and the original Parsons are to be seen 
here and there, and some of the more recent types are 
being erected alongside, so that it forms a kind of history 
or exposition retrospective.” 





The steam turbine had obvious advantages in these 


respects, and, accordingly, in 1900 it was decided to 
take up a licence from the Parsons Foreign Patents 
Company, Limited. As the demand for electric 
energy increased, it was often, moreover, becoming 
a serious problem to find housing room for addi- 
tional machinery of the reciprocating type. A pro- 
nounced difficulty of this kind arose at Elberfeld. 
and to meet it, the late Sir W. H. Lindley, on the 
advice of Mr. Charles Brown, Senr., ordered, in 1898, 
two 1,000-kw. sets from Messrs. Charles Parsons 
and Company. The decision was a courageous 





|one, as the largest turbo-generators then in-service 
| were the 350-kw. sets at the Manchester-square 
|Station, London. These units, however, had non- 
condensing turbines, and the only sets then working 
with condensers were the 150-kw. radial flow 
machines at Cambridge and at Scarborough. 
Stringent conditions were accordingly attached 
to the contract, but the famous trials made with 
the first of these 1,000-kw. turbines at Newcastle, 
in 1900, by Sir W. H. Lindley and his colleagues, 
showed very definitely that the steam reciprocating 
engine had become out of date as a power station 
prime mover. 

The success of the Elberfeld sets led to Messrs. 
Brown, Boveri and Company securing orders for 
a 2,600-kw. set for Frankfort, and for a 3,000-kw. 
|set to be installed at Milan. Since that date, the 

firm have constructed steam turbines for land service 
| with an aggregate rated capacity of over 9,000,000 
| kw., marine turbines with an aggregate capacity of 
| 3,000,000 s.h.p., and of upwards of 1,000,000 s.h.p. 
| of small turbines. 

As is common knowledge, the earlier turbine- 
| driven alternators had stationary fields and revolv- 
|ing armatures. Vibration troubles met with in 
|the first set made, a 280-kw. unit, led Dr. C. E. L. 
Brown to suggest an inversion of this arrangement. 
His proposal, when first broached, met with 
criticisms from collaborators, but as each difficulty 
was raised he suggested the means of surmounting 
it, with the result that in the course of two or three 
hours’ discussion, the type of high-speed alternator 
now. universally adopted was laid down in all its 
essential features, with the ultimate result that 
to-day we have sets developing 30,000 kw. or more 
at speeds of 3,000 r.p.m. It may be added that 
Messrs. Brown, Boveri and Company are now 
| building a set which is to develop 36,000 kw. at 
'3,000 revs., the capacity of the generator being 
| 45,000 kv.-a. 
| The Frankfort and Milan sets were the largest 
| proposed till that date, and in the present article 
we commence the description of a turbine in which 
Messrs. Brown, Boveri and Company have made 
as striking an advance in the output of their 
machines as was done when the Frankfort and 
Milan machines were constructed nearly thirty 
years ago. 

The building of the Hell Gate powerstation of the 
United Electric Light and Power Company, New 














York, was commenced in 1920. Eight machine 


bays were provided, of which three are occupied 
by single-cylinder impulse turbines of 35,000-kw. 
rating. Later on, two 40,000-kw. tandem com- 
pound reaction machines were also installed, and 
these were followed, in 1923, by two 50,000-kw. sets 
of the cross-compound type with velocity com- 
pounded wheels in the first stage and reaction 
blading elsewhere. The total rated capacity of 
the plant was thus brought up to 285,000 kw. 

The demand for electricity, however, continued 
to increase at an astonishing rate. As mentioned 
at the Engineering Conference organised last May 
by the Institution of Civil Engineers, single blocks 
in‘New York may take as much as 4,000 kw. at 
times of maximum demand, and the power company 
were thus confronted with the fact that, liberal 
as was thought, at the time, to be the provision 
made for plant extensions, the space available would 
prove far from adequate unless the output per 
square foot of floor area could be increased far 
beyond what then appeared to be practicable to 
most steam turbine constructors. Competitive pro- 
posals, for the supply of additional plant, were sub- 
mitted by various American contractors, including 
the American Brown Boveri Electric Corporation, 
which acted in close association with the Baden 
firm. This company undertook to provide, on the 
limited floor space of the eighth machine bay of the 
station, a two-shaft cross-compound set, capable of 
developing 160,000 kw. in continuous running, with 
90,000 kw. as its maximum economical rating. The 
largest turbine till then in operation had a rating 
of 60,000 kw., though larger were on order, and 
have since been installed, in various stations. A 
set of equal output to that ordered from 
Messrs. Brown, Boveri is also now being built 
for the Hell Gate station by the Westinghouse 
Company, and this will be housed in an exten- 
sion to the existing building, whilst, as is well 
known, a still larger unit, rated, in fact, at 
208,000 kw., will shortly be installed for the State 
Line Company at their power station near Ham- 
mond, Indiana. A 165,000-kw. set is also being 
supplied by the General Electric Company for the 
Philo Station of the Ohio Power Company, and a 
single generator 160,000-kw. set is now under 
construction by the same company for the East 
River Station, New York. The large Brown 
Boveri set was the first of its size, we believe, to 
be ordered, and is the first to be completed and 
run. It was originally intended to construct the 
Brown Boveri set at the Camden Works of the 
American Company, but in view of the short 
time available under the contract, it was ultimately 
decided to carry out the work in Baden, where new 
shops, designed for the heaviest class of work, 
were on the point of completion. These new shops 
measure 150 m. in length by 27 m. in breadth, and 
include in their equipment three 75-ton travelling 
cranes and five wall cranes. A boiler equipment,, 
capable of supplying 50 tons of steam per hour, 
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has also been provided, so that tests can be made | 
at outputs up to 10,000 kw. 

The main problem to be solved at Hell Gate was to | 
provide a full load capacity of 160,000 kw., combined | 
with good and uniform efficiency at partial load. | 
Hence it was essential that the new set should | 
be able, at need. to take an overload of 70,000 kw., | 
while a flat efficiency curve was stipulated for | 
between the loads of 55,000 and 90,000 kw. The | 
overload of 70,000 kw. provided an ample margin | 
as standby for all contingencies. New York does | 
not suffer from fog, but a sudden thunderstorm | 
may, in a few minutes, raise the demand by as | 
much as 350,000 kw. It \is, moreover, recorded | 
that in a snowstorm which commenced in the | 
morning at the moment of changing shifts, the 
load rose for three hours at the rate of 3,000 kw. 
per minute. These heavy and extremely sudden 
demands for more steam are met by speeding up the 
underfeed stokers and the induced-draught fans. 

To meet the demand for a very flat efficiency 
curve, some sacrifice of maximum efficiency was 
necessary. If the blading were proportioned to 
give the maximum possible efficiency at 55,000 kw., 
then the low-pressure blading would be much too 
short when the bye-pass was opened and the load 
raised to 90,000 kw. If, on the other hand, the 
blading were proportioned for maximum possible 
efficiency at 90,000 kw. and the load of 55,000 kw. 
taken by throttling, the L.P. blading would then be 
over-speeded at this load, the more so in that the 
contract conditions specified the same vacuum at 
both outputs. A compromise, therefore, was neces- 
sary, and the following table shows the figures 
guaranteed by the builders. They are based on 
steam supplied to the turbine stop valve at a pres- 
sure of 265 lb. per square inch (gauge), with a 
superheat of 200 deg. F. and an absolute exhaust 
pressure of 1 in. mercury. 











Load ; .. kw. | 55,000 | 90,000 | 130,000 | 160,000 
Steam consumption at 
generator terminals: 

10-0 10-2 10-7 


lb. per kw. hour . ‘| 9-80 


| 





The corresponding efficiency ratio at the above 
loads, with the generator efficiencies also tabulated, 
are as follows :— 











| 
Load ie .. kw. | 55,000 | 90,000 | 130,000 | 160,000 
Generator efficiency 93-8 95-75 96-4 7-0 
Power Factor... by 0-8 0-8 0-8 0-85 
Efficiency ratio at turbine | 
coupling from stop 
valve to condenser ..| 82-7 | 82-7 80-0 77-4 





| 


With unrestricted floor space and no stress laid 
on a flat guarantee curve with best efficiency at 
partial load, the full load consumption could have 
been reduced by from 2 to 3 per cent. The blading 
of the turbine is dimensioned for bleeding at two 
points, for progressive feed heating, to which refer- 
ence will be made below, but the above guarantee 
figures refer to performance without bleeding. 

The general layout of the plant, inclusive of the 
surface condenser (which was supplied by the West- 
inghouse Manufacturing Company, East Pittsburgh), 
is clearly shown in the sketch plans, Figs. 1, 2, and 
3, annexed, The staticn being actually on the 
East River, but short conduits are needed for the 





circulating water. It may, perhaps, be noted in- 
cidentally that the enormous demand for electricity | 
in New York has led to the winter temperature of | 
this river being raised by 8 deg. F. by the return | 
of the circulating water, so that nowadays it never | 
freezes. The high-pressure component of the new | 
turbine runs at 1,800 r.p.m., and will generate | 
75,000 kw. at maximum output. The L.P. turbine 
runs at 1,200 r.p.m., and is capable of developing 


85,000 kw. The value of 5 ( =) ae)’ for the 


H.P. turbine is 313,000, whilst the L.P. turbine has 
a k = 240,000. The total is thus 553,000, and the 
adiabatic heat drop from stop valve to condenser is 
439°5 B.Th.U. The diameter of the last row of 
L.P. blading is 15-8 ft., and the tip speed 996 ft. per 
second. The overall length of the H.P. unit com- 
plete with its valves is 77 ft., the corresponding 
figure for the L.P. section being 77-6 ft., and the | 
breadth 38 ft. The total area occupied is 2,900 | 
sq. ft., so that at overload, no less than 55 kw. | 
will be developed per square foot of floor area. 
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160,000-KW. TURBO-GENERATOR; NEW YORK. 


MESSRS. BROWN, BOVERI AND COMPANY, ENGINEERS, BADEN, SWITZERLAND. 


Fig.1. 
































































































































From the plan given in Fig. 3, it will be seen that 
the H.P. turbine, owing to its higher speed and 


to the fact that it is a single flow machine, is 


much shorter than its fellow, and in the space thus 
gained the stop and regulating valves have been 
located. The fans for circulating the air through 


| the generators are mounted on an extension of the 
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generator shafts, and beyond them again come the 
exciters, as will be clear from Figs. 1 and 2. The 
air cooler is arranged immediately below the dis- 
charge branch from the fan, and from it the air 
flows back to the generator, as indicated by the 
arrows. The methods adopted for ensuring the 
uniform cooling of the windings will be described 
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160,000-KW. TURBO-GENERATOR; HELL GATE POWER STATION, NEW YORK. 


CONSTRUCTED BY MESSRS. BROWN, BOVERI AND COMPANY, ENGINEERS, BADEN, SWITZERLAND. 
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Re, ratio of clearance to blade height. It has 
S frequently been asserted in the past that 
the clearance loss is double this figure. 
This claim is, however, inconsistent with 
dynamical principles, at least in the case 
of superheated steam, but if adopted here 
later, when dealing with the electrical portion of|by the builders’ firm, and which has since | would raise the energy efficiency of the new blading 
the plant. The general arrangement of the steam | been thoroughly tested in practice. Tests made | to over 96 per cent., a value which in actual fact is 
end of the set is shown in greater detail in Figs. 4 | by Dr. Stodola, on a 1,000-kw. back pressure tur-|only realisable at speeds of efflux too low to be 
to 12, Plate I, with issue. bine and analysed in our issue of October 2, | practicable in commercial machines. 

In designing this unit, unprecedented as it was, 1925, showed that a velocity coefficient of over} An average improvement of about 5-5 per cent. 
it was decided to attempt no innovations, but to | 96 per cent. was realised, the corresponding figure | in heat consumption is obtained by bleeding the 
adhere, as far as possible, to arrangements which for the equivalent 3-in. old standard blading being turbine at two points for progressive feed heating, 
had been thoroughly tested in practice. The | about 93 per cent., and from these tests of the |viz., at the fourth row of the low-pressure cylinder, 


reaction principle has been followed throughout, | new blading, Dr. Stodola* deduced 93 per cent. where the pressure is about 0-25 atm. abs. when 


but the standard Parsons’ form of blade has| + Zeitschrift des Vereines deutscher Ingenieure Septem- the turbine is generating 90,000 kw., and again 


been abandoned in favour of a form developed ! ber 12, 1925, page 1177. 
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at the end of the high-pressure cylinder where the 
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corresponding pressure is about 1-2°atm. abs. A 
great part of the condensation occurring up to the first 
point of bleeding is also extracted. The feed water 
will thus be preheated at a load of 90,000 kw. to a 
temperature of about 96 deg. C., at 50,000 kw., to 
about 85 deg. C., and at 160,000 kw. to about 
114 deg. C. The steam consumption at 90,000 kw., 
including the steam tapped for feed-heating, will 
amount to about 10-35 1b. per kw.-hr. at the generator 
terminals, the equivalent heat consumption being 
12,000 B.Th.U. 

Figs. 30 and 31, page 3, are longitudinal sections 
through the L.P. and H.P. turbines. The H.P. turbine 
(Fig. 31) is a single-flow machine having three groups 
of blading. The rotor blades are mounted on four 
short drums, whilst the casing blades are carried on 
rings or diaphragms, quite independent of the casing 
castings, which are correspondingly simplified. At 
all loads up to 55,000 kw., steam is supplied solely to 
belt B (Fig. 31). At higher loads up to 90,000 kw. 
the two valves A, A (Figs. 5 and 11, Plate I), open 
and admit steam to the belt C through two pipes 
which enter the turbine from below, as indicated 
by the dotted lines in Fig. 5. At the full overload 
both the belts B and C are short-circuited, and 
nearly the full steam pressure is established in belt D. 
This belt is then supplied in part by the pipe E, 
and in part through the valve F’, mounted, as shown, 
on the top half of the turbine casing. This estab- 
lishes direct communication between belts B and 
D. When opening up the turbine the valve F is lifted | 
intact with the upper half of the casing. At all loads | 
a certain drop of pressure between the successive | 
belts ensures flow through the short-circuited | 
groups. If the steam were allowed to remain stag- 
nant in these it would almost instantly be raised to 
a dangerous temperature by the moving blades. 

Great care has been exercised in the design to 
keep within safe limits the stresses due to the rapid | 
changes of temperature which accompany abrupt | 
variations in the load on the generator, and to mini- | 
mise the time needed for starting up the turbine 
from the cold. This desideratum is promoted by Fic. 40, Last Row or L.P. Biapzs anp Disc. 
the fact that the groups of blading in the H.P. 
turbine have been given a conical profile. In/H.P. end, the consequent differential expansion|and automatically reduced to its normal value. 
starting up the turbine the rotor heats up faster | increases the clearance over the rotor blading. As} With the same object of reducing temperature 
than the casing, and the thrust block being at the | temperatures equalise, this clearance is gradually | strains, a slight flow of steam is maintained through 
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L.P. CYLINDER CASING FOR 160,000-KW. TURBO-GENERATOR; HELL GATE. 


CONSTRUCTED BY MESSRS. BROWN, BOVERI AND COMPANY, ENGINEERS, BADEN, SWITZERLAND. 


it 
i 
! 
| 
1 
j 
1 
| 
| 


i 
i 
1 
8 
Q! 
| 
i 
| 
1 
5 
, 
| 
! 
i 
| 
{ 
! 
| 
' 





~ 
(502.¥.) 


the hollow rotor shaft, as explained more fully below. 
The principal structural features of the H.P. turbine 
are illustrated in greater detail in Figs. 13 to 19, 
Plate II, Figs. 21 to 29, Plate III, and Fig. 32, page 
3. The four bladed drums and the dummy drum 
are all bored to an easy press fit on the shaft, 
but are prevented from getting loose under tempera- 
ture strains or centrifugal stresses by a system of 
chrome-steel rings having the form of a U leather. 
A section through one of these rings is reproduced in 
Fig. 14, Plate II. They are forced into recesses turned 
in the drum bosses, as shown at G, Fig. 13. An 
enlarged view of one of these is given in Fig. 17. 
When the drums are pressed home against the 
abutment rings H (Fig. 13) and secured by the 
locking rings I, these springs are heavily compressed 
between the boss and shaft, and thus ensure the 
accurate centreing of the drums, even should the 
bore enlarge a little under changes of temperature 
or the centrifugal stresses. With this arrangement 
all possibility of damaging the drums by over- 
shrinkage is eliminated. The abutment rings H 





fit into shallow grooves turned on the shaft, and 
are got into place by heating them, being finally 
shrunk into position. The locking rings I are made 
in halves and are secured by solid rings shrunk over 
them. The end drums are secured by large nuts, 
shown in Fig. 13, and to an enlarged scale in Fig. 32, 
page 3. These have been given the disc form shown 
in order to take the weights used in balancing the 
rotor, which are secured as indicated in Fig. 32. The 
drive is transmitted to each drum by six keys. 

The shaft is bored from end to end, for the double 
purpose of enabling an examination to be made of 
the interior of the forging, and for diminishing 
temperature strains. For the latter purpose a steady 
flow of steam is maintained through the shaft. This 
steam enters by the radial holes J at the H.P. end, 
and escapes through diagonal holes L,L, into the 
exhaust chamber and behind the balance piston, 
respectively. The shaft is thus heated both exter- 
nally and internally, so that temperature strains 
are practically eliminated. 





Fig. 15, Plate II, represents to a larger scale the two 





ENGINEERING 


thrust collars, which are shown in position at opposite 
ends of the right-hand bearing in Fig. 31, page 3. 
Baffles are turned on the collar on the gland side of 
the journal, and these are shown in detail in Fig. 16, 
Plate II. In the case of the H.P. cylinder, the axial 
thrust is taken by a dummy having 15 constrictions. 
The packing pieces are made in short lengths and 
are secured, not by caulking, but by serrations at 
their sides which match with corresponding grooves 
on the sides of the slots in the dummy disc. The 
packing pieces though perfectly secured against 
centrifugal forces, are free to expand under changes 
of temperature. 

The casing of the H.P. cylinder, details of which are 
shown in Figs. 21 to 25, Plate III, is built up of four 
cast steel sections, and embraces four blade rings and 
a pressure balancing ring. These are also steel 
castings and fit loosely in grooves machined in the 
casing, in which they are centred as shown in 
Figs. 26 and 27, Plate III, by keys in the horizontal 
and vertical planes. The key at the horizontal dia- 
meter is shown to a larger scale in Fig. 28, 
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whilst that at the top of the diaphragm is illus- 
trated in Figs. 18 and 19, Plate II. The 
rings are thus free to expand in all directions, 
whilst their centres are nevertheless maintained 
rigidly in the axis of the machine. The whole of 
these castings were provided by Messrs. Eisen and 
Stahlwerke, Limited, vormals Georg Fischer, of 
Schaffhausen, Switzerland. After rough machining, 
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made in halves bolted together in the horizontal 
plane. An enlarged view of the joint is shown in 
Fig. 29, Plate III. A good idea of the H.P. casing 
may be obtained from the views reproduced in 
Fig. 55, Plate V, and Fig. 62, page 16. 

The blades of Group No. 1 of the H.P. turbine 
range in height from 52$ mm. to 81 mm., and are so 
rigid as not to require lacing. In the second group, 





they were dead annealed before finishing. They are 


the blade heights range from 85 mm. to 137 mm., 
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and these are single laced. On the third and fourth: 
drums, the first five sets of blades, ranging in height 
from 162} mm. to 246 mm., are single laced, and the: 
remainder are double laced, the height of the last 
row being 397 mm. The lacing wire is bimetallic,. 
having a copper covered steel core, and is threaded 
through holes in the blading, being secured by 
brazing. 

The cylinder blades are arranged in alternation 
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160,000-KW. TURBO-GENERATOR ; 


MESSRS. BROWN, BOVERI AND COMPANY, ENGINEERS, BADEN, SWITZERLAND. 





Fie. 61. Lower Hatr or L.P. CyLinper ExHAaust CHAMBERS IN COURSE OF ERECTION ON SITE. 


with packing pieces, both being self-locking in their 
grooves. They are undercut as shown in Fig. 33, 
page 4, and are thus secured without caulking, 
an operation which the makers abandoned after 
having built their first turbines. All the blades are 
“tipped” or thinned in the usual way. Actual 
experience has shown that even with stainless steel 
blading this device is effective in preventing any 
serious damage from an accidental rub. A motor- 
driven turning gear is provided, designed so that the 
shaft can be slowly rotated when the turbine is shut 
down, thus maintaining it in running condition. 
The double flow low-pressure cylinder, the casing 
of which is built up of 12 cast iron sections, is shown 
in longitudinal section in Fig. 41, page 5, and the 
lower half in partial plan in Fig. 42, on the same 
page, whilst further details are illustrated in Figs. 
43 to 52, page 6. It is connected with the H.P. 
cylinder by two 1,600 mm. (63-in.) pipes arranged 
symmetrically above and below the horizontal plane 
common to both cylinder axes. The exhaust 
branches, which provide a clear opening of 365 sq. 
ft., are arranged symmetrically to the centre of the 
cylinder, and the exhaust steam is divided in each of 
them into two streams by means of a blade-shaped 
diaphragm (best seen in Fig. 30, page 3), which both 
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be no greater than with the older style of construc- 

NEW YORK tion. As will be seen, the cylinder blades, sections 
z through which are represented in Figs. 37 and 38, 
page 4, are made very wide axially, so as to 
bridge the gaps between adjacent discs. The edges 
|of the shrouding are thinned, where adjacent to 
| surfaces in relative motion to them. 
| The L.P. cylinder blades have also variable 
| entrance angles; they are milled out of rolled bars 
of cartridge metal and are afterwards highly 
polished. The steam from the belt formed by the 
central section of the L.P. cylinder is guided into 
the blading by a cast-iron deflector ring, radially 
bounding this belt, best seen in Fig. 30, page 3. 

As noted in our ENGINEERING, vol. exxiv, page 
651 (1927), Messrs. Brown, Boveri and Company 
have made some extremely interesting experiments 
on erosion, and have proved very definitely that this 
is due to water entrained in the steam. The marked 
rise in turbine efficiencies which has been effected 
during recent years has been necessarily accom- 
panied by an increase in the amount of steam 
condensed by its expansion through the turbine. 
In the case of the Hell Gate set, the condensate 
| thus formed at full load will amount to some 75 
tons per hour, and the means provided for its 
| partial elimination are shown in Fig. 20, Plate HI, 
| the left part of which is a section through the upper 
half and the right a section through the lower half 
of the blading. An enlarged view of the root of one 
of the casing blades is shown in Fig. 37, page 4. 
| The water, a great part of which is thrown out 
| radially by centrifugal f is trapped in grooves 
y by centrifugal force, is trapp g 
Fragecsng between the cylinder and undercut grooves 
in the roots of the cylinder blades, from which it is 
| drained off by numerous holes opening into annular 
| spaces of ample section, under the bases of the 
| cylinder blades. These spaces, in turn, are drained 
| through large orifices at their lowest points. The 
| device is, perhaps, most clearly shown in Fig. 37, 








| holes. First stage steam is short-circuited through | which represents the arrangement adopted in the 


these to the exhaust. The discs are each centred on | upper half of the cylinder. The water is collected 
the shaft without shrinkage by means of the cup-| in the groove p and is sucked up into the annulus ¢ 


| shaped springs already described. The drive is taken | through the hole s, which opens from the bottom of 
| through eight keys. The discs could at need be | the groove p. The drainage from the first four 


easily stripped off the shaft and replaced. As in/ rows is collected and led away for feed heating ; 
the case of the H.P. turbine shaft, provision is made | that from the last four rows is led to the turbine 
in the end nuts for the balancing weights. The L.P.| exhaust. In the left-hand section, in Fig. 20, which 
turbine, being a double flow machine, is not sub- | represents the upper cylinder half, it will be seen 
jected to axial thrust. An excellent idea of the size that, as already noted, the effect of gravitation is 
of the last row of low pressure rotor blades is given | allowed for, in that the initial trapping grooves 
by Fig. 40, page 4. form a channel opening upwards, while those in the 

The H.P. blades are of stainless steel, and, as| lower cylinder, shown on the right, form a channel 
already mentioned, depart widely in form from the | opening downwards. By thus removing the water, 
original standard reaction blading. Their character- | erosion is to a great extent eliminated, and an 
istics are clearly shown in Fig. 34, page 4, and in| increase of efficiency, due to a reduction of the 


Fig. 39, which is reproduced from a photograph of 
streamline flow through these blades. It will be 
seen that the contraction of the steam-way is very 
sudden, so that only a minimum area of blade 


water brake action is anticipated. 

Before passing on to the steam control gear, 
which we shall deal with in a second article, we may 
supplement the details so far given of the H.P. 





surface is swept over at a high velocity. The formin | and L.P. cylinders and their blading, by rather more 
question was reached as the result of an extensive | particular reference to the several photographs 
series of tests in research and actual commercial | reproduced in Figs. 53 to 65 on Plates IV to VII, 
turbines. | above, and on page 16. On Plate IV, Fig. 53 shows 

The rotor blades have T-shaped roots as shown in | on the right the H.P. turbine in course of erection at 
Figs. 35 and 36, page 4. They are held firmly in | the makers’ works, the H.P. unit and valve battery 





guides the steam in the desired direction, and at the | place by the spacers which engage with the projecting | being seen in the distance, and nearer, the generator 
same time, supports the adjacent turbine bearing. | parts of the T, and are themselves secured by serra- | bedplate and fan base. Fig. 54 shows the upper half 
This arrangement, which Messrs. Brown, Boveri in- | tions which engage with corresponding furrows|and lower middle sections of the L.P. cylinder 
troduced in 1913, is fast becoming standard practice. | turned in the sides of the groove on the drums. | being bladed in the shops, and in connection with 
Views of one of the middle section castings, and of | The arrangement is represented in detail in Fig. 36, | this view reference may well be made to Fig. 65, 
the middle section being bladed, are shown in Fig. | where the roots of two of the blades are shown in | page 16, which shows the upper middle section of the 
65, page 16, and Fig. 54, Plate IV. | section and between them is seen the spacer. The | L.P. cylinder. On Plate V, Fig. 55, shows the H.P. 
The upper half of the L.P. cylinder is built up of | dotted lines show the extensions of the blade roots | unit and valve battery on the test-bed at the makers’ 
five sections, and the lower half of seven sections, | beneath the spacer, the ends of which are milled | works, while another view of the H.P. end is shown 
to facilitate handling and transportation, whilst at | to engage with the serrations v v, shown in Fig. 35. | in Fig. 62, page 16, where it is in process of being 
the same time making it easier to secure sound cast- | The full strength of the blade section is thus retained, | bored. Fig. 56, Plate V, already referred to, is a 
ings. The L.P. casing, shown in Fig. 56, Plate V, | together with freedom for thermal expansion. | view of the L.P. cylinder on the boring mill. Other 
as well as in the drawings, has a length of 12,250; ‘The L.P. rotor blades are also of stainless steel, | parts of the L.P. cylinder are shown in Figs. 63. and 
mm. (40 ft. 3 in.), the breadth over flanges is | and like the H.P. blades have T-shaped roots which | 64, page 16. The former shows one end section, 
5,750 mm. (18 ft. 10-3 in.), and it weighs 330 tons. | likewise engage in the same way with their spacers. | and illustrates the way the exhaust is divided up. 
The L.P. rotor shown in detail in Fig. 20, Plate IT, | The last four rows have their entrance angles varied | Fig. 64 shows the middle and one end section on the 
and of which a good view is given in Fig. 57, Plate VI, | radially, so as to maintain favourable conditions at | boring mill. 
is designed on the same lines as the H.P. rotor as | the inlet edges along the whole height of the blading.| The remaining illustrations are reproduced from 
regards capability of rapid adjustment to changes As shown in the drawings, the blades are mounted | photographs taken during the erection of the 
in temperature. All heavy masses and solid forgings | on discs not drums. Short circuiting of the steam | machine in New York. Fig. 57, Plate VI, shows the 
are avoided, the rotor consisting of two sets of | past the casing blades is minimised by stepping the | L.P. rotor in course of assembly, while Fig. 58 on 
seven discs mounted on a hollow shaft, through the | shroudings, like the tiles on a roof, so that the steam|the same plate shows the H.P. cylinder under 
core of which steam is circulated by means of radial | jumps the gaps. The leakage losses are stated to| erection. Fig. 59, Plate VII, also an erection view at 
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Hell Gate, shows the L.P. in the distance, the bed- | autoclaves for 24 hours, and heated by gas burners or Zn, U and Pb, at temperatures of about 270 deg. C. 
by a lead bath. Oxides of iron and nickel further | Although this process is still in the laboratory stage, 


plate for the L.P. generator in the middle, and the 
fan base in the right foreground. Behind to the right 
may be seen the H.P. turbine and its generator. 
The lower half of the L.P. cylinder casing is also 
well shown at an earlier stage of erection, in Fig. 61 
on page 7. The set completely erected on site at 
Hell Gate is shown in Fig. 60, Plate VII, the 
photograph reproduced being taken quite recently 
and shortly before the turbine was actually put 
under steam and run. The H.P. turbine and its 
generator are shown in the foreground in this view. 
* (To be continued.) 


MOTOR FUELS FROM COAL. 


An address on “ Recent Developments in the 
Production of Motor Fuels from Coal,” which Mr. 
A. C. Fieldner, chief chemist of the United States 
Bureau of Mines, recently delivered before the Society 
of Chemical Industry at Montreal,* followed a review 
of the complete utilisation of coal and motor fuel, by 
himself and Mr. R. L. Brown, given in New York in 
1925. The address concerns one of the problems which 
scarcely received adequate attention at the recent 
World Power Conference, and is of considerable interest. 
Mr. Fieldner grouped the processes for obtaining motor 
fuels from coal under three headings : (1) The carbo- 
nisation of coal; (2) the hydrogenation and _lique- 
faction of coal; (3) and the complete gasification 
and subsequent conversion of the gases by pressure 
synthesis into liquid combustibles. 

As regards light oils from coal carbonisation, it 
appeared in 1925 that this local source of the benzol 
constituent of blended motor fuels could never become 
more than a relatively small supplementary source of 
supply. That conclusion still holds. A ton of coal 
yields in by-product coke ovens about 2-5 gallons of 
refined benzol. The production in the United States 
of this motor benzol has gone up from 95,000,000 gallons 
in 1923 to 112,000,000 gallons in 1926, but the figure 
representing the percentage of this benzol of the total 
petrol used has gone down from 1-25 to 1-02. Carbo- 
nisation at low temperatures (450 deg. to 700 deg. C., 
instead of 1,000 to 1,300 deg. C. in gas retorts and coke 
ovens) yields from twice to three times as much tar as 
the usual retort system, but the tar consists largely of 
tar acids and higher phenols, and refining brings the 
4 gallons of light oil obtained down to the 2-5 gallons. 
Tar-cracking gives an additional 7 gallons to 12 gallons 
of benzol. The future of low-temperature carbonisation, 
however, depends upon the popularity of the smokeless 
solid fuel produced, and as a source of motor benzol 
coal carbonisation is still merely supplementary. Oil 
shales, yielding 15 gallons of motor fuel per ton, may 
ultimately supply many times more oil than the petro- 
leum wells do now; but such oils are largely unsatu- 
rated and require elaborate refining, and for the present, 


Mr. Fieldner puts shales below coal as supplementary 


sources of motor fuels. 

The consideration of the primary sources of motor 
fuels from coal falls under‘the headings hydrogenation 
and liquefaction, and gasification of coal. Even before 
the war, Dr. F. Bergius liquefied coal to the extent of 85 
per cent. by hydrogen at high pressures and tempera- 
tures. As natural oils contain about twice as much 
hydrogen as bituminous coal does, hydrogen has to be 
added to the coal for such liquefaction. Bergius found 
that coal begins to take up hydrogen under high 
pressure, as soon as the temperature exceeds 300 deg. C., 
the coal turning into a still solid pitch. At higher 
temperatures the product is liquid, and the optimum 
conditions are a temperature between 450 and 480 
deg. C., and a pressure of 150 to 200 atmospheres. 
Above 480 deg. coke is formed. The temperature 
range is therefore small, and as the reaction is exo- 
thermic, provision has to be made for removing the 
surplus heat, some oil or liquid (phenols) being added 
to the powdered coal under treatment for this purpose. 
The mixture can then be pumped, this being a consider- 
able advantage. In thousands of experiments made in 
2-litre and with 40-litre bombs, with all sorts of coal, 
Bergius found that the ash conten: was of no import- 
ance, but that younger coals (lignites, sub-bituminous) 
gave more oil than old hard coals, and that anthra- 
cites yielded very little oil. Low-temperature car- 
bonisation may be combined with berginisation of the 
semi-coke. The oxygen of the coal then goes into 
carbon dioxide and phenols. Most of the nitrogen 
passes into ammonia, which is obtained in several 
times the usual proportions, and the contamination of 
the oil with any sulphur can be prevented by mixing 
5 per cent. of pulverised iron oxide with the coal. 
In the semi-commercial plant cf Bergius, 1,000 kg. 
of coal, mixed with 40 per cent. of oil, were treated in 





* Since — as Circular No. 6075 of the Bureau 
ashington, D.C. 


of Mines, 





mixed with the charge, were found to have a marked 
catalytic effect. 

Considerable sums are said to have been spent on 
the development of the large-scale continuous berginisa- 
tion plant at Rheinau, near Mannheim. Mr. Fieldner 
mentions 3 or 4 million dollars for experiments alone. 
The reaction chambers for the liquefaction of 20 tons 
of coal in 24 hours are double-walled steel cylinders, 
26 ft. long, of 31-5 in. internal diameter, with steel 
walls 0-6 in. (inside) and 2 in. thick (outside). In 
the annular jacket between the two cylinders nitrogen 
circulates at a pressure slightly above that of the 
hydrogen in the chamber (150 atmospheres). This 
arrangement facilitates the difficult temperature con- 
trol, and retards the loss of hydrogen through the hot 
steel walls. The nitrogen is itself the heating agent. It 


|is preheated in heat exchangers by the gases leaving 


the chamber, and is brought up to full temperature in 
iron coils immersed in molten lead. About 5 per cent. 
of hydrogen are required, calculated on the weight of 
coal. This hydrogen might be taken from coke-ovens, 
but, it is proposed, should be produced by the catalytic 
decomposition with water of the CH, and other hydro- 
carbons, CO, &c., of the chamber gases at 1,100 deg. C. 
The hydrogen need not. be pure for the hydrogenation 
of coal; a concentration of 85 per cent. is considered 
sufficient. From recent statements by H. Bruckmann, 
of the Erdél und Kohleverwertung A.-G., of Berlin, Mr. 
Fieldner calculates that the gallon of petrol motor 
fuel could, by this berginisation be produced in 
Germany at 26 cents, which, taking American labour, 


| &c., would correspond to more than 40 cents in America, 


compared with 7 to 9 cents per gallon of petrol ata 
petroleum refinery. 

Competition would thus appear to be hopeless. Yet 
the Badische Anilin-und Soda-Fabrik (now one of 
the firms of the Interessen-Gemeinschaft I. G. Farben 
Industrie), which successfully worked out the am- 
monia synthesis by the Haber process, has taken 
up the coal-hydrogenation problem on its own lines 
with the aid of catalysts, which Bergius, whose con- 
nection with Rheinau has ceased, did not apply in his 
plant, though others consider their use profitable. Ac- 
cording to C. Krauch, of the I. G., suitable catalysts, 
introduced in definite phases of the hydrogenation, will 
produce mainly low-boiling hydrocarbons or directly 
anti-knock fuels. The patents of the I. G. mention 
a great many catalysts—iron, cobalt, titanium, molyb- 
denum as metals, their oxides or sulphides, compounds 
of aluminium, calcium, ammonium, &c., nitrides and 
others—for the treatment of cresols, resins, lignites 
and coal. The works of the I. G. at Leuna, near 
Merseburg (south of Halle), opened last year, were 
recently visited by Messrs. F. A. Howard and R. T. 
Haslem, of the Standard Oil Development Company ; 
Mr. Fieldner quotes the remark they made on leaving 
the works, that the world will never want for auto- 
mobile fuel at a reasonable price so long as coal is 
available. 


In the third group of processes, viz., conversion of | 


gasified carbon by pressure synthesis into methanol, 
synthol and other liquid combustibles, catalytic 
reactions are the essential factors, and to judge progress 
in this field one should remember that the preparation 
of methane from CO and hydrogen in the presence of 
finely-divided nickel was only demonstrated, with 
very moderate success, by Sabatier and Senderens in 
1896. In 1913, the Badische Anilin-und-Soda-Fabrik 
took out a patent for the catalytic hydrogenation of 
carbon monoxide, #.e., water gas containing an excess 
of CO, at 400 deg. C., and a pressure of 120 atmos- 
pheres in the presence of metallic oxides. The war 
interrupted these researches. In 1923, Franz Fischer 
and H. Tropsch, of the Institute for Coal Research at 
Milheim-Ruhr, announced that they had obtained 
a mixture of oily and watery liquids from water gas 
containing an excess of hydrogen (not of carbon 
monoxide) ; the oily layer consisted largely of alcohols, 
and aldehydes, not of hydrocarbons, was called synthol, 
and was found to be usable as a motor fuel. The pub- 
lication of these facts on synthetic compounds from 
water gas did not create much interest, but, in 1925, 
the export from Germany by the Badische of synthetic 
pure methanol (as methyl alcohol or wood alcohol is 
now often called) attracted considerable notice in the 
chemical world. The process was similar to Fischer’s 
synthol process, but the product was different and 
chemically important, though only a lower grade 
motor fuel. Early in 1925, news of two similar processes, 
those of Patart and of Audibert, came from France. 
All these processes involved the compression of the 
reacting gases to 150 atmospheres or more, and the 
products were essentially alcohols mixed with other 
oxygenated organic compounds. But in 1926, Fischer 
and Tropsch synthetised petroleum hydrocarbons 
by passing water-gas at atmospheric pressure over 
catalysts consisting either of finely-divided metallic 
cobalt and iron alone, or of these and oxides of Cr, Cu, 


| Mr. Fieldner considers it of great interest, since a variety 
| of paraffin oils can be prepared by changing the catalysts 
| and the experimental conditions. According to Fischer, 
| the metals momentarily form carbides of the type 
|M,C which immediately react with the hydrogen, or 
| the carbides and hydrides are formed simultaneously. 
|The raw materials tried are water gas, natural gas, 
| blast-furnace gas or coke-oven gas, and steam, but all 
sulphur has first to be removed from the gas as it would 
poison the catalyst ; this is done by the aid of contact 
metals, lead, tin, or reduced chromate. Metallic 
oxides are added to the metallic catalysts, of which 
cobalt is most active, to prevent their sintering. The 
addition of alkalis is also recommended; potassium 
|carbonate favours the formation of high-boiling oils, 
sodium carbonate that of kerosene-like products. The 
best temperature for the iron catalyst is 300 deg. C. 
Nickel may be used at 160 deg., but the product is then 
chiefly methane, which also tends to predominate at 
too high temperatures with other catalysts. 

This and the further work of Fischer on “ gasol”’ and 
petroleum fractions, done on a semi-commercial scale, 
was partly confirmed by the laboratory experiments, 
which Messrs. O. C. Elvins and A. W. Nash, of Birming- 
ham University, described before the Society of Chemi- 
cal Industry in 1927. The meeting of the American 
Chemical Society, held at Detroit, in September, 1927, 
received a preliminary account of experiments con- 
ducted by Messrs. D. F. Smith, J. D. Davis and D. A. 
Reynolds, of the Bureau of Mines, on the synthesis of 
the higher hydrocarbons from water gas with special 
regard to the catalyst. Like Elvins, they used catalytic 
mixtures of the type CO-Cu-Mn,0;, with which they 
equalled Fischer’s yields of 100 grammes of liquid and 
solid hydrocarbons per cubic metre of gas circulated 
repeatedly over the catalyst. 

Considering that most of these processes are still in 
the laboratory stage, Mr. Fieldner’s summary may sur- 
prise the reader. He states, “‘ the scientific and commer- 
cial developments in the conversion of coal into motor 
fuel have exceeded our wildest dreams.” He points out 
that the Leuna works of the I. G. have a yearly capacity 
of 20,000 tons of methanol and of 120,000 tons of oil 
from crude coal. The Gesellschaft fiir Teerverwertung 
has installed a 40,000-ton plant for hydrogenating 
tar in the Ruhr district. France is installing methanol 
plants, and in the United States the firms of L’ Azote, 
Commercial Solvents and others have developed the 
commercial manufacture of methanol for solvent and 
chemical purposes. As a motor fuel, methanol was 
distinctly inferior to petrol, Mr. Fieldner added. For 
motor-fuel production from coal, the Bergius process 
or some modification such as that of the I. G. process, 
would prove most economical, and the synthesis of 
liquid fuels from gas would probably be limited to the 
utilisation of by-product gases and natural gas remote 
from other markets. 


BALANCING MACHINES FOR 
ROTATING PARTS. 


THE importance of ensuring accurate dynamic 
balance in parts required to rotate at high speeds 
is now so fully realised that considerable interest 
attaches to the apparatus devised to enable such 
balance to be easily and quickly effected. For this 
purpose, the Gisholt Machine Company, of Madison, 
Wisconsin, U.S.A., are now manufacturing the machine 
illustrated in Fig. 1 opposite, which is the invention 
of Dr. B. L. Newkirk, and is suitable for balancing 
crankshafts, armatures and rotors of electrical 
machinery, flywheels, spindles, &c., up to 25 in. in 
diameter, up to 32 in. in length between bearing 
supports, or 48 in. in overall length, and up to 1,000 Ib. 
in weight. 

It comprises a horizontal frame mounted on a 
bedplate, and controlled by springs in such a manner 
that it can oscillate in the vertical plane, although 
it can also be clamped in the horizontal position. 
The part to be balanced is mounted in the frame on 
two sets of roller supports, one of which is vertically 
over the line about which the frame oscillates, while 
the other is adjustable to suit the length of the part 
to be balanced, which we may refer to as a crank- 
shaft. The frame also carries, at the left-hand end, 
a headstock in which is a spindle with a driver plate 
at one end, used for driving the crankshaft, while 
the other end carries a disc in which a counterweight 
| slides in a radial slot ; a vernier and scale are provided 
|on the slot to indicate the position of the counter- 
weight. The whole disc can be rotated relatively to 
the driver plate and crankshaft, and its edge is 
graduated so that the angular position can be read. 

With the frame clamped and the counterweight 
at the inner end of the slot, the shaft is run up to 
a speed of about 100 r.p.m., by means of a small 
electric motor, which is then disconnected and the 
frame unclamped. As the speed diminishes, a critical 
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speed will be passed through at which the oscillations | 
of the frame, due to the want of balance in the shaft, | 
attain a maximum amplitude. This is shown on a} 
small indicator connected to the frame and mounted | 
on a vertical rod seen on the left of Fig. 1, the! 
indicator having two pointers, one of which follows | 
the oscillations while the other remains in the position 
of maximum displacement until it is re-set. This 
reading, multiplied by the calibration constant of 
the apparatus, previously determined in a manner 
which need not be explained here, gives the out-of- 
balance couple in ounce-inches in one of the correction 
planes. 

To determine the angular position of the necessary 
correction weight, the adjustable counterweight, the 
weight of which is 10 oz., is placed in such a position 
in the slot that it will produce the same out-of-balance 
couple. The shaft is run up again, and a second 
amplitude reading is taken. This second reading, 
when divided by the first, gives the chord length 
of the are of unit radius between the line of action 
of the out-of-balance force and the slot containing 
the counterweight. The corresponding angle can be 
obtained from a diagram, or by means to be | 
described later, and by turning the disc through | 
this angle relatively to the driver plate, a perfect 
balance should be obtained when the shaft is run 
up again. If this is the case, a mark may be made | 
on the shaft in line with the counterweight slot in| 
the disc, and at a distance on the opposite side of | 
the frame pivots equal to that between the disc and | 
the pivots. From the point marked, metal can subse- | 
quently be drilled to correct the balance with respect | 
to one plane, but the shaft must then be turned | 
end for end in the frame, and the operations above | 
described carried out again to determine the correction | 
for the other plane. 

Although rather difficult to describe in detail, the | 
various operations can be carried out rapidly in 
practice, and the calculations involved are greatly | 
facilitated by a specially designed slide-rule fitted | 
on the vertical rod on which the vibration indicator | 
is also mounted; the slide rule is shown to a larger 
scale in Fig. 2. The adjustable index a is first set | 
to read the calibration constant of the machine on | 
scale A, and clamped in position. The slide is then | 
moved to the right, so that the unit mark on scale B | 
coincides with the calibration constant. and, after | 





| same principle. 


| each part. 
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the first amplitude reading has been obtained, the 
adjustable index b is moved to this reading on scale B 
and clamped. The product of the amplitude and 
the calibration constant is then read on scale A 
opposite the index 6, as in the ordinary slide-rule 
operation of multiplication. To determine the angular 
location of the out-of-balance force, a second amplitude 
reading is obtained and divided by the first amplitude 





reading, as explained above, and to carry out this 
division the slide is moved so that the index 6, set 
to the first amplitude reading, coincides with the 
second amplitude reading on scale A. The quotient 
can then be read on scale A opposite the unit 
mark on scale B, but the actual angle between 
the out-of-balance force and the radial slot in the 
dise is given on scale D by the index mark at the 
left-hand end of scale C. With the setting shown in 
Fig. 2, the first and second amplitude readings were 
5 and 6 units, respectively, and the required angle 
was 74 deg. Angles of less than 60 deg., the chord 
lengths of which are less than unity, are read on 
scale C opposite the index mark on the left-hand end 
of scale D: special arrangements are made for reading 
very small angles. 

The machine above described is made in three forms, 
that illustrated, as already stated, being suitable for 
balancing crankshafts, armatures, wide-faced pulleys, 
rolls, drums and similar bodies. The other two forms 
are intended, respectively, for long work, such as 
propeller shafts, and for narrow-faced parts, such as 
flywheels, clutches, &c. All, however, operate on the 
The machine shown in Fig. 4, and 
also made by the Gisholt Machine Company, is used for 
the static balancing of flywheels, clutches, fans, pump 
runners, &c., which can be balanced at the rate of 
from 25 to 30 pieces per hour, the time mentioned 
including the balancing, correcting and checking of 





It is sensitive to an error in balance of 
0-2 ounce-inch, and can deal with parts up to 18 in. | 
in diameter and up to 150 lb. in weight. The machine | 
consists of a substantial pedestal casting, on which is | 
mounted a sensitive vertical drill. In front of the latter | 


is a cradle, which is mounted on two pivots, so that it | 
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can rock in the vertical plane passing through the 
drill spindle, and the cradle carries a vertical spindle 
on which is fitted an adapter to suit the part to be 
balanced. The latter, when placed on the adapter, 
causes the cradle to tilt by an amount which depends 
upon the component of the out-of-balance weight in 
the direction at right angles to the pivots. ‘The tilt 
is indicated by a sensitive spirit level on the right of 
the cradle, which is restored to the level position by 
turning a graduated dial connected to the cradle through 
a weighing spring. The amount and the direction, 
positive or negative, by which it is necessary to turn 
the dial to re-level the cradle, is noted, and the vertical 
slide G of the instrument shown in Fig. 3, and known 
as a cutmeter, is set to give this reading on the hori- 
zontal scale H. The part being balanced is then turned 
through an angle of 90) deg., as indicated by the gradua- 
tions of a dial fitted on the cradle, which is then re- 
levelled as before. The second reading of the graduated 
dial is noted, and the protractor arm K of the cutmeter 
is turned so that its lower edge cuts the scale of the 
vertical slide G at the reading obtained. With the 
cutmeter set as shown in Fig. 3, the first and second 
readings obtained in levelling the cradle were 6 units 
and 3 units, respectively. 

From the short arm of the protractor, which moves 
over the graduated quadrant M, the angle through 
which it is necessary to turn the work to bring the 
heavy side under the drill can be obtained. Actually 
there are four scales to the quadrant, and the one to 
be employed depends upon the directions of rotation 
of the graduated dial necessary to restore the level of 
the cradle in the two balancing operations. If the 
dial was turned in the positive direction in both cases, 
the angle setting for the cradle would be 27 deg., 
but if the first direction of rotation was positive and 
the second negative, the angle would be 333 deg. 
The work having been turned into the correct position, 
as determined in this way, it is necessary to know the 
number and depth of the holes to be drilled in order 
to remove the surplus metal. The diameter of the 
drill and the distance of the holes from the axis being 
fixed at 7% in. and 63 in., respectively, the number 
and depth of the holes required are shown in the 
lower edge of the long arm of the protractor at the point 
where this cuts the scale of the vertical slide. The 
figures indicating the depth correspond with those on 
a stop fitted on the drilling head. The hole, or holes, 
are thus drilled in the work without removing the 
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latter, the cradle being clamped for the operation in 
order to prevent the pivots from being subjected to 
shock. The table is also clamped while the work is 
being placed in position or removed, the clamping lever 
being visible in front of the cradle in Fig. 4. After 
drilling the holes, the accuracy of the balance is 
checked by re-balancing the cradle in two positions 
at right angles, in both of which the bubble of the spirit 
level should be in the central position without adjust- 
ment. 

The agents for both machines in this country are 
Messrs. Burton, Griffiths and Company, Limited, 64-70, 
Vauxhall Bridge-road, London, S8.W.1. 








NOTES ON NEW BOOKS. 


GEoLoey and agriculture are closely related and civil 
engineering is akin to both. The issue of a second 
edition of Emerson’s Agricultural Geology (Chapman 
and Hall, London, 16s. net) brings again to the notice 
of the engineer a book of reference for the identifica- 
tion of the minerals and rocks he will meet with in his 
professional work. Hundreds of thousands of acres 
of land now lie waste through waterlogging, the forma- 
tion of hardpan, or the deposition of alkali, because of 
irrigation applied with little knowledge of the mechani- 
cal composition of the soil and its analysis. Although 
this work is practically confined to the examination of 
the soils of the North American Continent, these soils 
are representative of the land surface of the world, 
from the glacial deposits to the arid regions. The 
sections on the effect of weathering, hydrology and 
wind on the surface geology are of special interest. 


In the first edition, now eighteen years old, of 
Blanchard and Morrison’s Elements of Highway 
E vzineering, first. principles rather than specifications 
and details of construction and maintenance were 
kept in view. In the new edition (Chapman and Hall, 
London, 18s. 6d. net) the original text, and also the 
illustrations, have been reduced, making room for addi- 
tional matter. Much of the original text has been re- 
written and a very useful chapter on Highway Tran- 
sport Surveys added. The methods followed in making 
and miintaining road crusts and carpets are not quite up 
to date, and a new technique has been developed since 
1915, especially in the surface treatment by the use of 
cold emulsion. The economics of road finance are 
well presented, and do not take the popular form of a 
balance sheet. 





We notice two recent publications of the Sammlung 
Vieweg in which important technical problems of 
general scientific interest are discussed in scientific 
language. The books are well-illustrated, concise 
monographs and not intended to be popular. The 
first, Heft 90 of the series, by Werner Fehse, on Elek- 
trische Ofen mit Heizkirpern aus Wolfram (Bruns- 
wick: Friedr. Vieweg and Sohn A.G., price 5 marks) 
describes various recent types of electric furnaces. 
mainly for the laboratory, in most of which tungsten 
is the resistor or electrode material. Wartenberg made 
tubular tunzsten furnaces by extrusion of powdered 
tungsten in 1909; the latest type of these tubular 
furnaces, of Scaupy and Fehse, is produced by the axial 
drilling of a cylinder of tungsten and subsequent inten- 
sive sintering. Such furnaces withstand 3,000 deg. C. 
and higher temperatures in atmospheres of hydrogen 
or of the so-called Schutzgas, a mixture of 75 per cent. 
of nitrogen and 25 per cent. of hydrogen. In another 
new form of resistance furnace, tungsten wire is wound 
in the spiral groove of an aluminium screw cut with a 
square thread, the whole being embedded in zirconia 
or alumina. There are also cathode-ray furnaces of 
Gerdien and of Tiede, are furnaces, &c., all for work- 
ing in reducing atmospheres or in vacua. Little pro- 
gress has been achieved in the construction of high- 
temperature furnaces for oxidising atmospheres. Gas 
furnaces have been made of zirconia, and Schnabel 
forces the gas for surface combustion through zirconia 
or the material of Nernst giowers. 





The second booklet, Heft {1, price 3-60 marks, is 
by Ewald Pertz on the Bestimmung der Baustoff- 
. daimpfung nach dem Verdrehungsausschwung Verfahren, 
which means the determination of elastic hysteresis 
by torsional vibrations. A rod of the material is 
clamped or fixed at one end and a heavy mass is 
attached to the other end ; a torque is applied to this 
mass and damping curves are determined, either by 
measuring the energy 8 dissipated in heat during 
one vibration in 1 cub. cm. of the material, or by 
determining the ratio ~ = 8/A in per cent., where 
A is the work absorbed in deformation. The method 
was first applied by Kelvin, and was taken up by 
F. E. Rowett at Cambridge in 1913, in the determi- 
nation of the elastic hysteresis of cold-drawn thin- 
walled tubes of steel following similar experiments by 
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Bertram Hopkinson and G. Trevor Williams on steel 
rods (see ENGINEERING December 13, 19]2, page 827). 
Rowett soldered his tube to a heavy frame. Various 
modifications of this arrangement were tried at the 
Brunswick Technical High School, until Pertz sus- 
pended the whole device, first by three wires and finally 
by one wire. At the free end, the rod specimen was 
weighted with two masses of iron, and the torque was 
applied momentarily by electromagnets wound with a 
reversing coil to destroy the residual magnetism. The 
particular specimens tested in this machine are stee 

for ball bearings, a high-class structural steel, a rod o3 
copper and rods of beech and fir wood. The energy 
loss and the deformation are measured. In the 
metals, the hysteresis loss was found to be relativel) 
small with small deformation, but to increase markedly 
with greater deformation .In the woods, the hysteres:: 
loss was considerable, even with smal] deformation 

but only increased slightly as the deformation increased. 
I'he test has proved very useful, particularly in the cax 

of non-metallic materials. Thus two electrical insulat- 
iy materials gave practically the same results in tension 
and in notched-bar impact tests, but the torsional 
vibration tests at once showed one to be tough and the 
other to be brittle. 


As a result of the investigations which have been 
carried out by the Royal Commission on Sewage 
Disposal, by the Metropolitan Sewerage Commission of 
New York, and by independent investigators on sewage 
disposal, a small book, the author of which is Dr. W. E. 
Adeney, has been issued by the Cambridge University 
Press. This is entitled The Principles and Practice 
of the Dilution Method of Sewage Disposal, and it 
is published by the University Press, Cambridge 
(price 12s. 6d. net). In it Dr. Adeney has considered 
the results obtained so far as they have led to the 
recognition of the principles which must underlie the 
successful application of the dilution method of sewage 
disposal, and so far as they have rendered it possible 
definitely to determine the extent to which the waters 
of a given river can assist in the work of the disposal 
and purification of the sewage of a neighbouring 
community. This is done by means of agencies natur- 
ally existing in them, having regard, on the one hand, 
to the proper protection of the amenities of the river, 
and of its fish and vegetable life, and, on the other 
hand, to the ‘‘economical and efficient discharge ”’ 
of the duties of the local authority. The mathematical 
treatment is given of the experimental results the 
investigators obtained while working out the bubbk 
method of determining the rate and course of solution 
of atmospheric nitrogen and oxygen by fresh and sea 
water. eles 

There are many interesting and informative papers 
of a specialist character which, appearing in the 
pages of this and other journals, or read before an 
appropriate society, are not thereafter always easily 
vecessible when a rapid reference is required. A collected 
digest of such papers is always handy, and in com- 
menting on the book entitled Finding and Stopping 
Waste tn Modern Boiler Rooms, the remark must 
be made that it would be difficult to find a more 
up-to-date and comprehensive collection of previously 
published views on this subject than is contained 
in it. There are some 800 pages, very fully illustrated, 
on the subjects of fuels, combustion, heat absorption, 
boiler efficiency and testing, and feed-water heating 
and conditioning. There is also a section dealing 
with heat balancing, water treatment and the pro- 
tection of the boiler and auxiliaries from scale, em- 
brittlement, and corrosion. The book is published by 
the Cochrane Corporation, of Philadelphia, and this 
fact brings us to the only qualification we have to 
make in an otherwise wholehearted commendation 
of the work. The British engineer will have to keep 
in mind, when using the book, the American convention 
of rating the performance of a boiler at a percentage 
of a fixed standard, and that the United States and 
the Imperial gallon do not contain the same weight 
of water. Further, the coals discussed are largely. 
if not altogether, obtained from American sources. 
These drawbacks are, however, slight, and those 
interested in steam raising will certainly find the book 
useful. The price is 3 dols. The book is just the 
tight size for ready reference, the typography is excel- 
lent, and most of the many illustrations are, in spite 
of their small scale, remarkably clear. 





A recent addition to the series of memoirs issued 
by the Geological Survey of Great Britain, dealing 
with underground sources of water in the counties of 
England, is entitled Wells and Springs of Warwickshire, 


‘by Mr. L. Richardson (London: H.M. Stationery 


Office, Adastral House, Kingsway ; price 5s.). Apart 
from the superficial deposits, most of the county 





of Warwickshire is floored with impervious rocks, viz., 
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Lower Lias, Keuper Marl and Coal Measure clays. 
Although the subterranean area of the Lower Keuper 
sandstone is considerable, its intake area is compara- 
tively small. Water tapped in the sandstone by borings 
through impervious formations is usually hard and often 
saline (NaCl). At greater depths, the water is carried 
mainly in fissures, the closely cemented nature of most 
of the beds rendering them poor water bearers. In 
places where decementation has occurred near the 
outcrops and where, in consequence, they carry much 
water, the latter is nearly always rendered unsuitable 
for public use by the presence of soluble iron salts. 
The county of Warwickshire is, therefore, not well 
endowed by nature with underground water supplies, 
and, as a result, water is obtained mostly from rivers 


and surface sources. The memoir gives a general, 


account of the geology of the county and of the water-' 
bearing strata and springs; also details of the rocks 
traversed in all important wells and of the sources of 
supply in the rural and urban districts, the municipal 
boroughs, and the county boroughs of Birmingham and 
Coventry. An interesting description is given of the 
mineral springs of Leamington Spa. The first well 
with the definite object of obtaining Leamington waters 
was sunk by William Abbotts in 1786. Since then, a 
number of other wells have been sunk, but, at the present 
time, Leamington mineral waters are only obtained 
from three sources, viz., the New Well, the Original 
Spring, and the Alexandra Fountain. The New Well 
was sunk in the Jephson Gardens in 1902, and is the sole 
source of supply for the Royal Pump Room and Baths ; 
the supply is practically unlimited. The water is 
saline and strongly impregnated with sulphuretted 
hydrogen; it is radioactive, has a specific gravity of 
1-011049, and may be compared with the continental 
mineral waters of Homburg, Kissingen and Wiesbaden. 





While we have no desire to sift the rival claims of 
the many inventors of artificial silks, we think our 
readers will be interested to learn, what they will have 
forgotten even if they were previously aware of it, that 
Robert Hooke suggested the preparation of artificial 
ilk in his Micrographia of 1667, and that Sir Joseph 
Swan squeezed a collodion solution through fine orifices 
into a precipitating bath, subsequently making the fibre 
and the fabric from it non-explosive by treating them 
with ammonium sulphide, as patented in 1883, a year 
before Chardonnet took out his first patent. We find 
hese statements in Artificial Silk, by Dr.-Ing. Franz 
Reinthaler, Professor at the High School for Trade of 
Vienna, an enlarged and revised English edition of which 
has been prepared by Dr. F. M. Rowe, Professor of Colour 
Chemistry at Leeds University (London: Chapman 
and Hall, Limited; price 21s. net). Dr. Reinthaler’s 
German book on Kunstseide und andere seidenglanzende 
Fasern appeared in 1926, but Dr. Rowe’s English edition 
has really been brought up to date with the assistance 
of the author. Thus we find the manufacture of 
Lilienfeld’s ether silks and special viscose silk, only 
introduced in 1928, duly noticed, and there are refer- 
ences to proposals of producing artificial silks from the 
chitin of crabs and from natural silk waste. The Lilien- 
feld ethyl celluloses share, with some other cellulose 
ethers (like the acetate) the property of not swelling in 
water, and therefore of not taking up dyes, unless 
specially treated. The general preference is, of course, 
for viscose silks. Estimating that the world-production 
of artificial silk, now about 120,000,000 kg. per annum, 
has trebled since 1923, Dr. Rowe is yet confident that 
the demand will further increase, since the present con- 
sumption is only 2 per cent. of the total production of 
yarn from all sorts of fibres. The volume is intended 
for all people interested in artificial silk and the mer- 
chanting of textiles. Though the book is not written 
for the silk specialist or research worker, the treatment is 
scientific and technical, and the volume will be found 
useful to the chemist and engineer. 








GERMAN SYNDICATE REGARDING CoLD-ROLLED Hoop 
Tron.—The Department of Overseas Trade has issued 
to firms, whose names are entered on its special register, 
& memorandum received from His Majesty’s Consul- 
General at Cologne regarding a proposal to form a syndi- 
cate in Germany in relation to cold-rolled hoop iron. 
United Kingdom firms desirous of receiving a copy of 
the memorandum should communicate with the Depart- 
ment at 35, Old Queen-street, London, 8.W.1, quoting 
reference A.X. 7300. 





WateR-PowER PiantT In British CotumBia.—We 
understand, from the High Commissioner of Canada in 
London, that the West Kootenay Power and Light Com- 
pany, Limited, a subsidiary concern of the Consolidated 
Mining and Smelting Company of Canada, Limited, is 
to instal a large hydro-electric plant on the Pend Oreille 
River, British Columbia, at a point near the inter- 
national boundary due south of Trail. The installation 
will develop 80,000 h.p., and its cost is stated to be in the 
neighbourhood of 4 million dollars, The power generated 
will be used at the Trail smelting works, and at other 
mining and industrial centres in the interior of British 
Columbia. 
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LABOUR NOTES. 


THE members of the Boiler Makers and Iron and 
Steel Shipbuilders’ Society are to vote at the February 
branch meetings for or against the new procedure 
agreement between their Executive Council and the 
Shipbuilding Employers’ Federation. The Executive 
Council recommend acceptance of the agreement, 
‘‘which has now been amended,” they say, ‘‘ to meet 
our particular requirements.” It does not involve 
members, it is pointed out, in any changes such as are 
set out in the Joint Inquiry Report. Its acceptance 
will regularise the negotiations of the Society with the 
employers, expedite local settlements and, in all cases, 
assure members of a reasonable wage, pending the 
adjustment of differences. 





The General Procedure Agreement, to which the 
five other craft unions are parties, is provisionally 
accepted, plus certain supplementary clauses relating 
to plecework questions. It is now provided that if at 
a local conference the parties fail to settle, and also 
fail to agree as to whether the question is (a) of such 
a nature that it affects only the yard or dock where it 
has arisen, or (4) is a question of interpretation of a 
district price list, either side may require the point 
to be submitted to a mutually selected arbitrator. 
The decision of the arbitrator whatever it is, shal! then 
be referred to arbitration under Clause 19 of the main 
agreement, “as though the parties themselves had 
agreed as to the nature of the question.” Where the 
parties fail to settle under Clause 15 of the main Agree- 
ment, arrangements are to be made, wherever possible, 
for the payment of a temporary price pending adjust- 
ment of the difference. If the parties cannot agree as 
to a temporary price, the existing price, if any, is to 
be continued pending adjustment of the difference. 
{f there is failure to reach mutual agreement as to a 
temporary price, and also failure to agree as to what 
existing price, if any, should be applied to the work as 
a temporary arrangement, “either party may require 
that a representative of the employers and a represen- 
tative of the workmen, neither of whom shall be con- 
nected with the yard or dock where the question has 
arisen, shall within three days .. . fix a temporary 
price, which shall be entirely without prejudice to 
either party.” 





The main Agreement, with the supplementary 
clauses, is to remain in force until June 17, 1930, and 
be terminable thereafter by six months’ notice from 
either side. In the explanatory statement which they 
have circulated with the provisional Agreement, the 
Executive Council say that they made it clear to the 
employers that the Joint Inquiry Report had never 
been accepted by the Society, and that they could not 
accept the Procedure Agreement, unless they had a 
definite assurance that the agreement would not oblige 
them in any way to accept that report or put any 
members of the Society ‘‘ under an obligation to accept 
any of the changes” indicated in it. The employers 
gave the required assurance. It was a perfectly clear 
understanding, the employers said, that acceptance 
of the Procedure Agreement did not affect the Society’s 
position in relation to the Joint Inquiry Report. The 
Procedure Agreement was entirely independent of 
the Joint Inquiry Report. The assurance was deemed 
to be satisfactory by the Executive Council who, on 
the strength of it, forthwith decided to recommend 
acceptance of the Agreement. 

At the end of November, 16,106 members of the 
Boiler Makers’ and Tron and Steel Shipbuilders’ 
Society were signing the books as compared with 
15,516 a month earlier. The number of members in 
receipt of superannuation benefit was 4,603 as com- 
pared with 4,418, and the number in receipt of sick 
benefit 2,513 as compared with 2,490. The expenses 
were 12,212]. 3s. 3d. in November as compared with 
10,0317. 7s. 7d. in October. The November total, 
however, includes five weeks’ outlays. 





The award of the arbitrator in the German Shipyard 
wages dispute has been rejected by both the employers’ 
organisation and the trade unions. Under it, working 
hours were fixed at 50 per week and wages increased on 
the average by 5 pfennigs per hour. The strike, there- 
fore, continues, and will be indefinitely prolonged 
unless the Minister of Labour exercises his right to 
declare the award binding on both parties. 





On December 17, 1928, the number of unemployed 
persons on the registers of Employment Exchanges in 
Great Britain, was 1,271,100. Of these, 950,600 were 
wholly employed, 245,900 were temporarily stopped, 
and 74,600 were persons normally in casual employ- 
ment; 1,010,200 were men, 31,200 boys, 202,700 
women, and 27,000 girls. Of 1,320,912 unemployed 
persons on the registers on December 10, 1928, 
967,126 were wholly unemployed, 276,069 were 
temporarily stopped, and 77,717 were persons nor- 
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mally in casual employment; 1,039,213 were men, 
33,872 boys, 217,676 women, and 30,151 girls. On 
December 19, 1927, the number of unemployed persons 
was 1,100,052, of whom 903,211 were men, 27,218 
boys, 146,108 women, and 23,515 girls. 





Marked progress in membership and political and 
economic influence is recorded by the American 
Federation of Labour, in the review of the year’s 
work presented at the recent annual convention. 
The estimated membership, taking into account 
members exempted from dues for various reasons, 
is put at 3,250,000—the highest figure since the 1920 
maximum of 4,078,740. Receipts for the year totalled 
nearly 110,000/., which, with a balance of about 50,0001., 
brought forward, made a total of 160,000/. The 
improvement in the affairs of the Federation is 
attributed largely to the excellent economic work 
carried out during the last few years—work which 
in many respects is held by competent critics to have 
excelled in scope and accuracy the work of the official 
statistical bureau. It is claimed to be owing to the 
educational work carried out that the scientific policy 
of high wages has gained so many adherents—including 
the Secretary of the Department of Labour—in 
industrial and commercial circles. 





As an illustration of the extent to which the ideas 
of the Federation have gained currency, /ndustrial 
News, a weekly publication of the British Trades 
Union Congress General Council, cites the recent 
conference of State Governors, which took into 
consideration, on the suggestion of Mr. Hoover, 
a proposal for the establishment of a national building 
reserve fund of 600,000,000. to be released in times 
of sudden business crises following upon periods of 
over-production—in other words, when there is 
unemployment. An interesting resolution passed at 
the convention instructed the Executive to study 
the question of the middle-aged worker. In factories 
the age limit for the employment of workers is 45, 
and in many cases as low as 40. 





At the annual meeting, in New York, of the National 
Association of Manufacturers, an interesting report 
was submitted by the Open Shop Committee. According 
to it “‘there still exist official union policies and 
practices against which the National Association of 
Manufacturers takes a positive stand.” ‘‘ The amalga- 
mated close shop unions of the United States,” the 
Committee go on to say, ‘“‘ menace the fundamental 
principles of free government when they declare that 
all Federal and State laws which prevent closed shop 
unions from obstructing inter-State commerce be 
repealed. They attempt to set themselves above the 
law when they defy injunctions and assert that the 
power of courts to restrain unlawful efforts must be 
abolished. The American Federation of Labour has 
never repudiated its declaration that injunctions in 
labour disputes should ‘be wholly and absolutely 
treated as usurpation and disregarded, let the conse. 
quences be what they may.’ The closed shop unions 
have succeeded in placing into a law of our national 
Government a declaration that Government funds 
cannot be used to prosecute labour bodies for violation 
of the law, and at its last Convention, the American 
Federation of Labour lauded the continued inclusion 
of this provision.” 





“The American Federation of Labour,.as is clearly 
established by indisputable records,” the Committee 
declare, “defies injunctions and demands that the 
right of courts to issue labour injunctions be abolished ; 
demands union removal from equity court control, 
but rejects all proposals that unions be made legally 
responsible bodies ; emphasises belief in the philosophy 
of Gompers, who maintained that labour contracts 
bind employers but not unions, that abuses shall be 
remedied only by the unions which practise them, 
and that the community has no right to control union 
activities. No efforts have been made by the unions 
to correct flagrant union abuses, whose existence Mr. 
Gompers reluctantly admitted under oath in a public 
hearing. In view of this record, we are in full accord 
with the following statement by President Edgerton, 
of the National Association of Manufacturers: ‘The 
real menace to our American institutions does not 
come from the relatively sma]l number of Communists 
who make a great deal of noise, but from that organisa- 
tion which proclaims its right to speak for labour, 
and which places itself above all public regulation.’ ”’ 





In the course of a New Year’s Message to the 
members of the National Union of Railwaymen, 
printed in the Railway Review, Mr. J. H. Thomas, 
M.P., says:—‘‘ When the railway companies con- 
fronted the railwaymen during the past year with the 
serious economic position of the undertaking, we did 
not hesitate to rise to the occasion and seriously to 
consider how best the problem could be solved. This 
incident illustrated what I have long urged, that the 
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only real and true relationship that should exist 
between the employers and employees is one where 
both sides talk freely to each other, instead of at each 
other. We must always keep in mind that added 
powers always bring with them added responsibilities. 
and that any injury to the railway undertaking must 
inevitably affect the men as well as the masters.” 





Dealing with the same subject in the course of a 
similar message, Mr. Cramp says: “ For the first time 
on record we have made a voluntary arrangement 
which concedes to the railway companies a temporary 
deduction from earnings of 24 per cent. We did this 
because in our judgment it enabled us to avoid some- 
thing which might have been very much worse, and 
because also we recognised, unless the industry in 
which we are employed is prosperous, there can be no 
prosperity for those whose labour is invested in it. 
It would be far more pleasant to record that an advance 
had been made. Our consolation must lie in the fact 
that though we have retreated a little, our position is 
much more satisfactory than that of many of our 
comrades in other walks of industry.” 





Mr. Gore, the President of the Union, is slightly less 
generous in his allusion to “the cut.” “The year 
which is now closing will be,” he says in his message, 
‘one of the blackest in the history of railwaymen, 
as for the first time we have had to surrender to an 
all-round cut in wages which has left our lowest-paid 
men relatively with a spending power dangerously 
near pre-war rate. The redeeming feature is that for 
the first time we have got a grip on the Shopmen’s 
short time working, with a safeguard of a five days’ 
week. In addition to the general cut, under the 
guise of economy, a large number of our members 
have had through de-grading and redundancy, to 
submit to additional losses in wages of from 2s. to 
10s. per week, and it is time we called a halt to this 
method of filching men’s wages. There is no reason, 
however, why during the coming year we should not 
retrieve the lost ground, and also make progress ; 
this, of course, depends on the determination of the 
individual, organised into the whole by a 100 per cent. 
trade unionism.” 


In a survey of economic conditions printed in the 
November issue of the National City Bank of New 
York, it is pointed out that the monthly indexes of 
employment in the leading industries prepared by the 
Department of Labour, have for several years shown 
a general reduction in the number of employees in these 
industries, notwithstanding the fact that the volume 
of output has been increasing. Particular reference is 
made to the iron and steel industry, which, the article 
states, despite its record nine months’ production, 
shows employment in September this year only slightly 
greater than a year ago, and considerably less than 
two years ago. This emphasises the fact that unem- 
ployment is by no means always due to a slackening 
volume of trade. Apparently an explanation is to 
be found in the persistent efforts of the industries to 
improve the methods of production and to do more 
business with fewer workers. 

The improvement of methods should not on the 
whole, continues the writer, reduce employment, and 
certainly does not do so in the long run, but may do so 
in the particular industries reported on, temporarily. 
If a complete picture could be had, including, for 
example, the number of chauffeurs, garage employees, 
unclassified labourers, servants, employees of mercantile 
establishments, hotels, and new industries, &c., it 
might be found that many of the workers who have 
disappeared from the old industries have found other 
means of employment. 





The question of peace in industry was discussed at a 
recent conference of Swedish employers and workers, 
An employers’ representative advocated a number oi 
measures for strengthening the workers’ feeling ot 
security, the adoption of psychological . principles in 
the distribution of work, the training of the inter- 
mediate grades, not only as technical experts, but also 
as leaders capable of managing men, and the spreading 
of information among the workers about the under- 
taking, and its progress and condition, by means of 
special periodical publications, courses of training, 
lectures, &c. The principal speaker for the workers 
said that, though it was obvious that the spirit of 
collaboration and understanding must first find expres- 
sion at the actual place of work, where the workshop 
clubs formed by the workers might serve as represen- 
tatives of the workers in the undertaking ; it would also 
be necessary to make some provision for its expression 
in respect. of whole branches of industry or industry 
as a whole. This might suitably, he thought, take the 
form of an annual conference for each occupation and 
industry, at which representatives of managements and 
workers could discuss the more prominent technicai, 
economic, and social questions. 
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LOCK, ALFRED DOCK, BIRKENHEAD. 











THE NEW RIVER ENTRANCE LOCK 
OF THE ALFRED DOCK, BIRKEN- 
HEAD. 

Tue Birkenhead Docks, which form part of the Mersey 
Dock Estate, are somewhat unusually situated, in that 
they lie at an obtuse angle to the river frontage, practic- 
ally the whole of the shipping using the docks being 
thus constrained to enter and leave at one end of the 
system. The most important dock, The Great Float, 
with an area of 140 acres, was formed by deepening the 
Wallasey Pool, a natural basin, and this accounts for 
the configuration referred to. Originally, there were 
three entrances, built in 1865, having widths of 100 ft., 
30 ft. and 50 ft., and these remained as constructed until 


1902, when the 100-ft. entrance was deepened and | 


lengthened. With the growth of traffic, the necessity 


of passing all the larger vessels utilising the port through | 


the wider entrance gave rise to serious delays, and the 
decision was reached to replace the two narrower locks 
by a single entrance with a width of 80 ft. 

A photograph of the completed work is reproduced in 
Fig. 1, above, the new 80-ft. entrance being shown on the 
right. A plan of the two entrances is given in Fig. 2, on 
this page, the position of the original entrance locks 


being indicated by dotted lines, while details of the new | 


lock are given in Fig. 3, on the opposite page. The foun- 
dations were in hard New Red sandstone throughout, 


and this was found to be badly faulted in places, with | 


fissures admitting water from both the river and the 
dock system. The existing drainage culverts proved 
sufficient to deal with the water during the earlier part 
of the work, and when the excavations extended below 
this level, a main sump was sunk, from which the water 
was drawn off by pumps. As is often the case in altera- 
tions to old works, one or two unexpected difficulties 
were encountered. Perhaps the most interesting of 
these was that, after the area was isolated on both the 
river and dock frontages, water was still met with in 
large quantity. The level rose and fell with the tide, 
and the water was ultimately found to emanate from 
an old culvert, 12 ft. in diameter. The walls of the 
culvert, the existence of which 1ad not been suspected, 
were composed of 8-ton blocks of granite, and it com- 
municated directly with the river through 28 entrances, 
all below low-tide level. The culvert was first blocked 
off with a 4-ft. concrete wall, and the openings on the 
river frontage were subsequently closed by divers, and 
the culvert broken up. It may be mentioned, in passing, 
that a similar difficulty could not be encountered in 
connection with the more modern docks, as very com- 
plete records have been kept for a number of years by 
the chief engineer of all new work. 

It will be noticed, from Fig. 2, that the new layout 
involved the construction of a short new sea wall at 
the river end of the island, and the filling of the entrance 


Fic. 1. GrNrERAL VIEW OF COMPLETED Work. 
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to the old middle lock. Due to a hard rock bottom, 
the frontage was unsuitable for the employment of a 
pile dam to hold back the water during the execution 
of the work, and the difficulty was overcome by the 
employment of concrete monoliths. One of these mono- 
liths is shown in Figs. 4 to 7, opposite, and it will be 
noticed that it has a false timber bottom. The mono- 
liths were constructed in the old 50-ft. entrance lock, 
and were floated down to the site on high-water spring 
tide. As the monoliths had insufficient freeboard to be 
towed in safety, weather boarding was bolted round the 
top, as shown in Fig. 7. There were two sets of sluices 
at each end of the monolith, as shown in Figs. 4 to 6, 
and when the required position was reached, these 
| sluices were opened. Openings were provided in all the 
| partition walls, as shown in Figs. 4, 5 and 6, to ensure 
even flooding. The river bottom on which the blocks 
| were located was practically level, such irregularities 
as existed being allowed for by providing soft-wood 
pads, of varying thickness, at the four corners of the 
monoliths, as shown in Figs. 4 to 6. After the mono- 
liths were located in position, the spaces between the 
| wood blocks were filled in, by divers, with small bags of 
}concrete. The false wooden bottoms of the monoliths 
were then removed, and the rock excavated to a depth 
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of about 4 ft. below the surface, to reach the final 
dredging level. The monoliths weighed 1,200 tons each, 
and were composed of a 6 to 1 aggregate made up with 
Z-in. screened gravel, the concrete so formed being 
quite impervious to water. They were filled with an 
ordinary 8 to 1 gravel aggregate. To hold back the 
water for the remainder of the excavations, the wall 
was extended to the north by utilising two of the old 
dock gates, and to the south by a flitch dam abutting 
on dolphins filled with rubble. 

As will be seen from Fig. 3, the length of the new lock 
is 600 ft., and for economy in the use of water when 
docking small craft, this length may be divided into 
two compartments, having lengths of 400 ft. and 200 ft.. 
respectively. The sill or floor of the lock has been 
constructed at a depth of 12 ft. below datum level, 
affording a depth of 40 ft. 4 in. at average high-water 
level of spring tides. The maximum depth previously 
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available for vessels entering the docks was 36 ft. 7 in., 
so that, apart from the advantages resulting from the 
increase in depth in respect of the time available for 
entering or leaving the docks, east-bound vessels can now 
be loaded to the maximum draught that can be taken 
through the Suez Canal, after making due allowance 
for the lightening ensuing en route from coal consump- 
tion, &c. The river bed in the fairway to the lock 
has been deepened in accordance with these require- 
ments over an adequate area. As shown in Fig. 3, the 
equipment includes three pairs of steel gates, each leaf 
weighing about 210 tons. The gates are operated by 
modern machinery of the same type as that employed 
for the recently completed Gladstone Dock entrance 
on the other side of the river, described on page 70 
of vol. cxxiv of ENGIngEERING. Special sills and 
quoins have been provided, so that, in the event of the 
lock requiring to be emptied for repairs, the working 
gates can be reversed and used as dams. Hydraulically- 
operated sluices are provided for controlling the 
discharge of water into the lock for levelling purposes, 
the influx being distributed over the whole length of the 
lock, as shown in Fig. 3, to avoid disturbing the 
position of ships waiting to be locked through. The 
lighting is electric, the equipment including beacon 
lights, 90 ft. in height, to facilitate the locking of vessels 
at night-time. The new lock was formally opened by 
The Right Hon., the Earl of Derby in July last. 





THE MINISTRY OF TRANSPORT.—The Minister of Trans- 
port announces that he has ane ointed the chief engineer, 
Lieut.-Col. C. H. Bressey, to be the principal technical 
officer in the Roads Department of the Ministry of 
Transport, from the date of the retirement of Sir Henry 
Maybury from the post of Director General of Roads, | 
which took place on January 1. 
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PAPER PULP FROM EUCALYPTUS BY 
THE SULPHITE PROCESS. 


Woop pulp for paper-making can be prepared 
entirely by mechanical means and also by mechanical 
and chemical processes. In the first case, the timber is 
ground on silica discs to a soft pulp which, however, 
has too short a fibre to produce tough paper. It is 
therefore used chiefly as a filler. The chemical treat- 
ment requires the splitting of the wood into small 
pieces 1 cm. or 2 cm. in length. The chips are then 
digested for three to six hours in an alkaline lye (soda 
with some caustic, or soda waste from chemical works) 
under a pressure of from 90 1b. to 140 1b. per sq. in., corre- 
sponding to 170 deg. to 180 deg. C.; the lye may also 
contain sulphide or sulphate, but, in this case, objec- 
tionable gas evolution may occur. This is known as 
the alkaline process. In the acid process, the 
chemical is sulphur dioxide, absorbed by lime, magnesia, 
or soda. Lower temperatures suffice, but longer boiling 
(for 20 or even 50 hours) may berequired, and the process 
is not suitable for resinous woods, although well-seasoned 
spruce and also pine cores are used treated in this way. 
On account of their resinous character, the Australian 
eucalyptus trees have not been generally considered 
suitable for paper manufacture, though experiments 
have been made, with some success, in Brazil and in 
the United States. As Australia possesses no indige- 
nous coniferous trees, fir-trees, particularly the Califor- 
nian pinus insignis, were introduced as soft woods for 
the paper industry. 

Some recent experiments, described by Messrs. L. R. 
| Benjamin and J. L. Somerville in Bulletin No. 37 of the 
| Council for Scientific and Industrial Research of the 
Commonwealth of Australia, tend to show that several 
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species of eucalyptus, and particularly the swamp gum 
(regnans) and the stringy bark (obliqua), further, the 
blue gum (globulus) and the gumtop stringy bark 
(delegartensis), as well as the pinus insignis mentioned, 
should give, by the Mitscherlich process, at any rate 
a good newsprint material. Studying the chemistry, the 
effect of concentration and the time curves of the condi- 
tions of digesting, the investigators recommend a liquor 
containing 1-6 per cent. of combined SO, and 3 per 
cent. of free (excess) SO,, and short boiling for five or 
six hours at about 140 deg. C. The iron digesters 
are brick-lined and steam-heated; the pipes are of 
lead or special bronzes. The SO, is made by roasting 
sulphur or pyrites, (which must not contain selenium) 
and is forced through limestone towers. The pulp 
produced must be well screened, as even long-continued 
boiling may leave some wood unconverted. The report 
is based on tests. Eucalyptus paper has not yet been 
sufficiently used for much to be said about it. Little 
information is given in the report on the preparation 
of the wood, which is a very important point. In 
the experiments, the chips, | in. or 1} in. long, and } in. 
thick, were made with an American disc machine, 
having two knives. The sulphite pulp leaving the 
digester was beaten up in a Wilen ball mill for the tests. 





THe INsTITUTE oF BRITISH FOUNDRYMEN.—The 1929 
annual convention of the Institute of British Foundrymen 
will be international in character, and representatives 
from various kindred foreign associations will take part. 
The function will be held in London in June, and, prior 
to the meeting, a number of the foreign delegates will 
make a tour of our principal industrial centres. Further 
particulars may be obtained from the 2 ae of the 
Institute, 38, Victoria-street, London, S.W.1 
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Note on Stee Sleeper Design. By S. HuGuHes. 
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Department of Overseas Trade. The Commercial, 
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London: His Majesty’s Stationery Office. [Price 
38. net. ] 

Definitions and Formule for Students. Applied Mechanics. 
By E. H. Lewirr. Practical Mathematics. By L. Tort. 
London: Sir Isaac Pitman and Sons, Limited. 
[Price 6d. net each.) 

Das Pandermitvorkommen 
Dirt,-Ine. A. SCHLTER, 
Knapp. [Price 5.80 marks. } 

Tables Annuelles de Constantes et Données Numeériques. 
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and A, T. Coons, IT: 10. Slate in 1927. By A. T. 

Coons. [Price 5 cents each.] Washington: Govern- 
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Government Printing Office. 

The Collected Scientific Papers of John James Waterston. 
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TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
details and information relating to these may be obtained 
on application to the Departinent at the above address, 
the reference number given below being quoted in each 
case :—Tenders are invited by the Latvian State Railway 
Administration for a steel bridge across the river Daugava 
at Krustpils. Closing date in Riga, January 9, 1929. 
(Ref. No. A.X. 7311.)}—A specification has been received 
from Toronto relative to a call for tenders for the supply. 
delivery and erection of sewage-disposal apparatus at 
Hamilton, Ontario. Closing date, January 16, 1929. 
(Ref. No. A.X. 7318.) —The Egyptian Ministry of the 
Interior is calling for tenders for the sinking of an artesian 
well, and the supply of centrifugal pumps, &c., to be 
presented by January 21, 1929. (Ref. No. A.X. 7306) ; 
and for the supply of pumping machinery, filters and 
accessories, to presented by January 31, 1929. 
(Ref. No. A.X. 7308.)—A report has been received from 
the British Legation at Berne to the effect that the 
Federal Railways are inviting tenders for fish-plates 
and sole-plates. Closing date January 9, 1929. (Ref. 
No. A.X. 7317.)}—Tenders for the supply, delivery, erec- 
tion and maintenance of hydro-electric generating plant, 
in connection with the Hume Reservoir, are being invited 
by the New South Wales Department of Public Works. 
Closing date, February Ill. (Ref. No. B.X. 4989.)— 
The Manawatu-Oroua Electric Power Board is calling 
for tenders, to be presented by January 3i, for the supp!y 
of automatic re-closing 11,000-volt switchgear for pole 
platform mounting. (Ref. No. B.X. 4988.)}—Tenders 


are invited by the New Zealand Public Works Depart- 
ment for the supply of machine tools. 
January 15. 


Closing date, 
(Ref. No. A.X. 7313.) 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Fron Trade.—\ronmasters’ fixed prices 
for Cleveland pig have not moved since the middle of 
March last. Transactions are not heavy, and there is 
little indication of early expansion of business, but most 
of the output is required for producers’ own consuming 
plant. Makers hope to realise ruling rates for their 
marketable parcels notwithstanding keen competition of 
pig producers in other home areas, who, by accepting 
comparatively low figures, continue to supply con- 
sumers who used to buy chiefly from Tees-side. No. 1 
Cleveland is 688. 6d.; No. 3 g.m.b., 66s. ; No. 4 foundry, 
65s. ; and No. 4 forge, 64s. 6d. 


Hematite—The statistical state of the East Coast 
hematite branch is very healthy, and the increased make by 
the re-lighting this week-end of two renovated furnaces 
at the works of Messrs. Gjers, Mills and Co., is expected 
to be promptly absorbed. Continuation of steady, 
moderate home demand seems assured, and further sales 
to Continental consumers are expected to be made. 
Stocks are much smaller than considered advisable for 
ordinary trading. Quotations are not definitely fixed, 
but the basis at which contracts are arranged is in the 
neighbourhood of ordinary qualities at 71s. 


Foreign Ore.—Buyers and sellers of foreign ore still 
differ widely in their ideas as to values, and consequently 
transactions are few and small. Market rates are on the 
equivalent of best rubio at 22s. 6d. c.i.f. Tees. 


Blast-Furnace Coke.—Durham blast-furnace coke is 
in better request for local use, and, while consumers claim 
they can still buy good medium kinds at 17s. 6d. delivered 
here, up to 17s. 9d. is asked. 


Manufactured Iron and Steel.—In the various branches 
of finished iron and steel, firms have a good deal of work 
on hand, and they hope to make further substantial 
sales in the near future. Quotations are steady and 
firm. Common iron bars are 101. 5s. ; best bars, 101. 15s. ; 
double best bars, 111. 5s.; treble best bars, 111. 15s. ; 
iron rivets, 11/. 5s. ; packing (parallel), 7l. 10s. ; packing 
(tapered), 10/.; steel billets (soft), 61. 12s. 6d.; steel 
billets (medium), 7/. 2s. 6d. ; steel billets (hard), 71. 12s.6d.; 
steel rivets, 11l/.; steel ship plates, 81. 7s. 6d.; steel 
angles, 7/. 17s. 6d.; steel joists, 71. 17s. 6d.; heavy 
sections of steel rails, 8/. 10s.; black sheets (No. 24 
gauge), 10/.; and galvanised corrugated sheets (No. 24 
gauge), 131. 10s. 


Shipments of Iron and Steel.—-Shipments of iron and 
steel from the Tees during December totalled 81,783 tons, 
or 4,700 tons more than in November. Last month’s 
clearances were composed of 15,812 tons of pig-iron, 
3,632 tons of manufactured iron, and 62,342 tons of steel. 
The principal buyers of pig-iron were Scotland, 5,144 
tons; Italy, 2,350 tons; Belgium, 1,378 tons; and 
Wales, 1,200 tons ; while the Cape of Good Hope was the 
largest importer of manufactured iron—1,161 tons. Chief 
receivers of steel were : India, 18,060 tons ; Cape of Good 
Hope, 14,928 tons; Argentine, 4,941 tons; Australia, 
3,677 tons; Natal, 1,840 tons; Japan, 1,305 tons; 
and Norway, 1,067 tons. 


RAILWAY OMNIBUS SERVICE FROM ROCHDALE TO 
Hauirax.—-On December 10 last, the London, Midland 
and Scottish Railway Company inaugurated an omnibus 
service between the railway stations at Rochdale and 
Halifax, a distance of 18 miles. The service is being 
operated by single-deck vehicles, seating 32 passengers ; 
luggage accommodation is provided on the roof of the 
omnibus. The bodies of the vehicles have been con- 
structed in the workshops of the railway company, and 
are painted crimson lake, the standard colour of the 
railway rolling stock of the company. The design of 
the chassis is such that the driver is accommodated 
alongside the engine. The wheels are of the disc type 
with straight-sided pneumatic tyres. Four-wheel brakes 
are fitted. The petrol tank of 30 gallons capacity is 
slung on the near side of the chassis, and the supply to 
the carburettor is by Auto-Vac. 





ConTrActs.—Messrs. Merryweather and Sons, Limited, 
Greenwich-road, S.E.10, have recently received an 
order for a combined motor turntable ladder and fire 
pump for the City of Leeds, similar to that which they 
supplied to the Leicester Fire Brigade, which was 
described and illustrated on page 132 of our volume cxxv. 
—Messrs. Alfred Herbert, Limited, inform us that their 
licensees in Belgium have secured a repeat order for 
atritor pulverisors from the Fabrique de Soie Artificielle 
de Tubize, Tubize, Belgium.—It is announced that a 
contract has been placed with Messrs. Sir W. G. 
Armstrong, Whitworth and Company, Limited, by the 
Chilean Naval Commission in London, for the con- 
struction of two oil-tank steamers of a special type, for 
working with the fleet.—We are advised by Messrs. 
Cammell Laird and Company, Limited, that the Siamese 
Royal State Railways have placed orders with the Mid- 
land Railway Carriage and Wagon Company, Birming- 
ham, for 30 steel coaches, with the Metropolitan Carriage 
Wagon and Finance Company, Birmingham, for twenty 
wooden coaches, and with Cravens Railway Carriage and 
Wagon Company, Sheffield, for sixteen wooden coaches. 
—Messrs. Metropolitan-Vickers Electrical Company 
Limited, Trafford Park, Manchester, have received an 
order for 21 electric passenger locomotives, each weighing 
100 tons, for the Great Indian Peninsula Railway. The 
same firm has also secured an order for two 42,000-kw. 
turbo-generating sets for the Rotterdam a 
These two contracts together total nearly 500,000/. 
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NOTES FROM THE SOUTH-WEST. 


CarpiFF, Wednesday. 

Miners’ Wages.—Sir Francis Taylor, independent 
chairman of the South Wales Conciliation Board, has 
rejected the owners’ application for a reduction in the mini- 
mum wage, which is 28 per cent. above the 1915 stan- 
dard, and the men’s claim for an increase. The former 
asked for a reduction to 20 per cent., and the latter for 
an increase to 35 per cent. With respect to the subsis- 
tence wage of 8s. 0d. per shift, which the men requested 
should be raised to 8s. 6d., and the owners lowered to 
7s., Sir Francis has decided on a reduction to 7s. 104d. 
per shift, but wilful absenteeism is to be penalised by the 
forfeiture of the allowance for the week in which 
the offence occurs. Recent audits have shown that the 
subsistence wage allowances have represented less 
than 5d. per ton, and the reduction from 8s. 0jd. to 
7s. 103d. represented a decrease of only 2-3 per cent. 
in the amount required to pay the allowances. 

Nixon’s Pits.—Messrs. Nixon’s pits, employing 5,000 
men, which have been idle for two months, and were 
recently taken over by Mr. W. M. Llewellyn, will re-open 
on Monday next. The Navigation pit, employing some 
2,000 men, which was stopped in June last, will remain 
idle for the present, but the other five pits at Mountain 
Ash and Merthyr Vale will resume operations. The 
process of the absorption of workers will be slow, as a 
considerable amount of repair work will have to be done. 
Mr. Wm. Morgan, manager of the Ynysfaio Collieries, 
Treherbert, has been ig aepony agent for the Mountain 
Ash section of the pits, but so far no final arrangement 
has been made with respect to the Merthyr Vale section. 
Mr. R. W. Burgess, accountant to the Troedyrhiw and 
Ynysfaio Colliery companies has been appointed secretary 
and commercial manager of the new company, which is 
to be formed to take over the property. 

The Coal Trade.—Shipments of coal as cargo foreign 
in the past week amounted to only 204,710 tons, in conse- 
quence of the intervention of the Christmas holidays 
and stoppage of work at the docks for half the week. 
At Cardiff, clearances totalled 91,790 tons, at Newport 
55,120 tons, at Swansea 32,820 tons, at Port Talbot 
13,400 tons, and at Llanelly 11,580 tons. Shipments to 
France amounted to 77,010 tons, while Italy took 25,500 
tons, Spain 22,470 tons, and the Argentine 22,900 tons. 

Orders for New Steamers.—The Burntisland Shipbuilding 
Company, Limited, has secured orders for two cargo 
steamers to be built for South Wales owne1s. The pro- 
pelling machinery in each case is to be supplied by Messrs. 
David Rowan and Co., Limited, of Glasgow. Messrs. 
Ambrose, Davies and Matthews, Limited, Swansea, 
managers of the Brynymor Steamship Company, Limited, 
have ordered a steamer of 7,750 tons deadweight, and 
Messrs. Richard W. Jones and Company, Newport, 
managers of the Uskport and Uskside Shipping Com- 
panies, have contracted for a steamer of 4,450 tons 
deadweight. 








OvutrutT oF MARINE MACHINERY FOR THE YEAR 1928. 
—NMessrs. Swan, Hunter, and Wighain Richardson, 
Limited, Neptune Engine Works, Newcastle-on-Tyne, have 
constructed propelling machinery for 20 ships, making 
together 31,860 h.p. This total includes four Bauer- 
Wach exhaust-turbine installations, aggregating 7,000 h.p. 
—Messrs. David Rowan and Company, Limited, 231, 
Elliot-street, Glasgow, were the builders of the machinery 
of 25 vessels, having a total i.-h.p. of 76,110.—Thirty-nine 
sets of steam engines, aggregating 10.300 i.h.p., were 
constructed by Messrs. McKie and Baxter, Limited, 
Copland Works, Govan, Glasgow, S.W.1.—The total 
horse power of the propelling machinery supplied by Messrs. 
John Dickinson and Sons, Limited, Palmers Hill Engine 
Works, Sunderland, for 11 vessels, was 28,330.—Messrs. 
John Readhead and Son ;Limited, West Docks, South 
Shields, built the machinery and boilers for six vessels, 
representing an aggregate of 14,400 i.h.p.—The total horse 
powerof marine geared turbines constructed by Messrs. 
The Parsons Marine Steam Turbine Company, Limited, 
Turbinia Works, Wallsend-on-Tyne, was 155,600. In 
addition, the total horse power ofmechanical gearing manu- 
factured by the firm, ra, used in association with marine 
steam turbines, was 138,000.—The output of marine- 
propelling machinery from the Central Marine Engine 
Works, West Hartlepool, comprised fourteen sets, having 
an aggregate h.p. of 43,170.—Messrs. R. W. Hawthorn, 
Leslie and Company, Limited, St. Peter’s Works, New- 
castle-on-Tyne, have constructed the engines of seven 
vessels, making together 93,200 i.h.p., which total includes 
the 80,000-i.h.p. propelling machinery of H.M.S. Sussex. 
—Messrs. The North Eastern Marine Engineering 
Company, Limited, Wallsend-on-Tyne, have supplied the 
engines for 28 vessels, the total ih.p. involved being 
75,470. In addition, superheaters, of the firm’s smoke- 
tube type, aggregating 157,300 i.h.p., have been fitted to 
cargo and passenger vessels.—Four sets of engines, 
totalling 65,000 i.h.p., were constructed by Messrs. John 
Brown and Company, Limited, Clydebank. Three of 
these, namely, for the S.S. Duchess of Bedford, Duchess of 
Richmond and Duchess of York, had as.h.p. of 18,000 and 
above.—The aggregate | orse power of the engines built by 
Messrs. Barclay, Curle and Company, Limited, Whiteinch, 
Glasgow, was 33,350.—The total output of marine 
propelling machinery from the Naval Construction Works, 
at Barrow-in-Furness, of Messrs. Vickers-Armstrongs, 
Limited, was 31,700 h.p. The largest unit was an 
8,000 b.h.p. Diesel engine for the submarine depot 
ship, H.M.S. Medway.—Airless-injection, opposed-piston 
engines, aggregating 35,050 i.h.p., have been built by 
Messrs. W. Doxford and Sons, Limited, Pallion Yard, 
Sunderland.—Messrs. Cammell Laird and Company, 
Limited, Birkenhead, have constructed the engines of 
11 vessels, the total horse power being 45,150, 
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NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel Trade.—The year closed quietly in the 
Scottish steel trade and at some of the works the stoppage 
was very welcome on account of the difficulty experienced 
during recent months in securing sufficient specifications 
to keep plant running. Those establishments which 
have an interest in, or connection with, some of the 
shipyards have been quite busy on account of the number 
of new contracts booked during the past few months. 
The prospect of more contracts being received in the near 
future has brightened up the outlook in the steel trade, 
and it is anticipated that more plant will be put into 
operation in the early part of the new year than has been 
the case for some time back. The demand from abroad, 
while better, has not been very heavy and inquiries do 
not indicate much improvement in that direction. In 
the black-sheet trade there has been quite good business, 
passing right up to the closing down for the holidays. 
This was mainly in the lighter gauges and galvanised 
sorts, but the demand for the heavier gauges shows no 
improvement whatever. The holiday period in the steel 
trade will last until Monday or Tuesday week, when it is 
hoped that specifications will have accumulated in 
sufficient number to ensure a good start. Prices are 
inclined to be easier, except where officially fixed, and are 
as follow :—Boiler plates, 10/. 10s. per ton ; ship plates, 
8l. 7s. 6d. per ton: sections, 71. 17s. 6d. per ton; sheets, 
tin., 8. 15s. per ton; and galvanised corrugated sheets, 
No, 24 gauge, 13/. 12s, 6d. to 131. 15s. per ton, all delivered 
Glasgow stations. 


Malleable-Iron Trade.—In the West of Scotland 
malleable-iron trade no change of any kind can be reported 
and even up iill the last there was a lack of demand for 
bar iron. On the other hand, there has been quite a 
fair amount of activity in the steel bar re-rolling depart- 
ments and a good tonnage was put through last week. 
Prices are nominally unchanged with ‘Crown ’”’ bars 
called 10/. 5s. per ton for home delivery and 9l. 15s. per 
ton for export, and re-rolled steel bars, 7/. 15s. per ton 
for home and 7l, 10s. to 71. 15s. per ton for export 
delivery. 

Scottish Pig-Iron Trade.—A dull tone has prevailed 
in the Scottish pig-iron trade during the past week and the 
demand has been poor. The restricted output—from 
21 furnaces—has been more than ample to meet the 
calls of consumers, but with impending more active con- 
ditions in the steel trade the outlook for pig-iron is a 
shade brighter. The export side of the business is not 
any better and improvement in the demand from overseas 
would be most welcome. Prices are steady and are as 
follow :—Hematite, 74s. per ton, delivered at the steel 
works ; foundry iron, No. 1, 75s. to 76s. per ton, and 
No. 3, 70s. to 71s. per ton, both on trucks at makers’ 
yards. 

Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending Saturday last, December 29, was better and 
amounted to 1,141 tons. Of that total 1,135 tons went 
overseas and only 6 tons coastwise. For the corres- 
ponding week of last year the figures were 446 tons over- 
seas and 65 tons coastwise, making a total shipment of 
511 tons. 

Shipbuilding Contract.—Another important order has 
been received by the Fairfield Shipbuilding & Engine- 
ering Company, Limited, Glasgow, from the Canadian 
Pacific Railway Company. It is to build two passenger 
steamers, for service between Victoria, on Vancouver 
Island, and Vancouver City. These vessels will be 
365 ft. in length, 52 ft. in breadth, and 19 ft. in depth, 
and will have accommodation for 1,500 passengers by 
day, and sleeping accommodation for 435 by night. 
The machinery will consist of four-cylinder, quadruple- 
expansion, reciprocation engines, on the Yarrow-Schlick- 
Tweedy system, obtaining steam from four oil-fired 
Scotch marine-type boilers. Each of these vessels is to 
cost about 25,0001. 

Locomotive Contract.—Messrs. William Beardmore 
and Company, Limited, Dalmuir, have secured an 
order to build 44 locomotives for the Indian State 
Railways. This contract will amount to about 350,000/. 
and will take about a year to complete. 








CANADIAN GypsuM PRopucTION.—Gypsum was mined 
in Nova Scotia as long ago as 1829. The present annual 
output of over 800,000 tons is more than three times that 
of all the rest of Canada. 





VottacE Drop CatcuLatTor.—A simple slide rule for 
finding the voltage drop in a two-wire circuit, or, alterna- 
tively, for obtaining the size of cable, which will give a 
certain voltage drop, has just been devised by Messrs. 
British Insulated Cables, Limited, of Prescot. The upper 
fixed scale is calibrated in “‘ volts drop,’”’ while the upper 
and lower sliding scales are marked “‘currentin conductor” 
and “size of cable’ respectively. The lower fixed scale 
is calibrated in length of line in yards. To find the voltage 
drop it is only necessary to move the slide until the size 
of cable in use coincides with the length of line and then 
to read off the drop in volts opposite the current in the 
conductor. To find the size of the cable the slide must 
be moved until the permissible voltage drop is in line 
with the current it is desired to carry, and the size of 
the cable can then be read off opposite the length of the 
line in use. The voltage drop in three-phase circuits can 
be obtained by multiplying the results obtained in the 
above way by a constant depending on the power factor. 
A table giving the areas of conductors and their per- 
missible current carrying capacities is also provided. 
This little device should find a wide field of application. 
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NOTICES OF MEETINGS. 


INSTITUTION OF ELECTRICAL ENGINEERS.—To-night> 
7 p.m., Victoria Embankment, W.C.2. Meter and 
Instrument Section Meeting. Discussion on ‘‘ Precau-. 
tions in the Use of Standard Instruments,”’ by Mr. W. H, 
Lawes. Scottish Centre : Tueslay, January 8, 7.30 p.m. 
Royal Technical College, George-street, Glasgow. “‘ The 
Electrical Equipment of X-Ray Apparatus,” by Mr. 
L. G. H. Sarsfield. London; Thursday, January 10, 
6 p.m., Victoria Embankment, W.C.2. General discus- 
sion on ‘‘ The Anticipation of Demand and the Economic 
Selection, Provision and Layout of Plant” (Power 
Systems), by Capt. J. M. Donaldson. (Telephone 
Systems), by Mr. J. G. Hines. 


INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 
7 p.m., Storey’s-gate, S.W.1. Informal Meeting. ‘‘ The 
Engineer Salesman Abroad,” introduced by Major 
A. W. Farrer. North-Western Graduate’s Section : 
Thursday, January 10, 7.15 p.m., Engineers’ Club, 
Albert Square, Manchester. Lecture: ‘* Shoe-Making 
Machinery,” by Mr. W. J. Keily. Glasgow and West of 
Scotland Branch: Thursday, January 10, 7.30 p.m., 
Royal Technical College, Glasgow. Discussion on ‘ The 
Essentials of Engineering Education,’’ introduced by 
Prof. A. L. Mellanby. 


Junion INSTITUTION oF ENGINEERS.—To-night, 
7.30 p.m., 39, Victoria-street, S.W.1. ‘The Geared 
Steam Locomotive,” by Mr. K. W. Williams. Friday, 
January 11, 7.30 p.m., ‘‘ Developments in Spraying 
Apparatus,’”’ by Mr. F. E. Webb. 


Roya InstirutTion.—Saturday, January 5, 3 p.m., 
Institution of Electrical Engineers, Victoria Embank- 
ment, W.C.2. Christmas Lectures: ‘‘ How Sounds 
are Recorded and Reproduced,’ Lecture V, by Mr. 
A. Wood. Tuesday, January 8, 3 p.m., ‘“‘ How 
Sounds are Recorded and Reproduced,’’ Lecture VI, 
by Mr. A. Wood. 


INSTITUTE OF BRITISH FoOUNDRYMEN: Lancashire 
Branch: Saturday, January 5, 4 p.m. College of 
Technology, Sackville-street, Manchester. ** Wood 


Patterns from the Pattern Maker’s and the Moulder’s 
Point of View,”’ by Mr. F. C. Edwards. Birmingham 
Branch: Tuesday, January 8, 7.30 p.m., Girl’s High 
School, Dudley. “Centrifugal Cast-Iron Pipe,” by 
Mr. E. J. Fox and Mr. P. H. Wilson. London Branch : 
Thursday, January 10, 8p.m. Engineers’ Club, Coventry- 
street, W.1. ‘* Alloy Cast-Irons,” by Dr. A. B. Everest. 
Scottish Branch, Falkirk Section : Saturday, January 12, 
6 p.m., Falkirk Iron Company, Limited, Falkirk. 
** Foundry Casting,” by Mr. J. G. Sneddon. Wales and 
Monmouth Branch: Saturday, January 12, 6.30 p.m. 
Technical College, Newport. .‘‘ Making Patterns to 
Expedite Output,’ by Mr. J. Rees. 


BRADFORD ENGINEERING SocteTy.—Monday, Janu- 
ary 7, 7.30 p.m., Technical College, Great Horton-road, 
Bradford. ‘‘ The Manufacture of Boilers and Radiators 
for Central Heating,” by Mr. W. Button. 


INSTITUTE OF TRANSPORT. Bristol and District Sec- 
tion ; Tuesday, January 8, 5.40 p.m., The University, 
Bristol. ‘‘ Coastal Liner Services,’’ by Mr. M. A. Robin- 
son. Scottish Section: Tuesday, January 8, 7.30 p.m. 
Religious Institution Rooms, 200, Buchanan-street, 
Glasgow. ‘‘ Co-Ordination,”’ by Mr. R. F. Smith. 


INSTITUTION OF CIVIL ENGINEERS.—Tuesday, Janu- 
ary 8, 6 p.m., Great George-street, S.W.1. ‘* George 
the Fifth Bridge, Glasgow,’’ by Mr. T. P. M. Somers. 
Wednesday, January 9, 6.30 p.m., Students’ Meeting. 
Institution Lecture: ‘‘ The Development of the Genera- 
tion and Distribution of Electric Power in the British 
Isles,” by Mr. A. Page. 


INSTITUTE OF MARINE ENGINEERS.—Tuesday, Janu- 
ary 8, 6.30 p.m., 85/88, The Minories, Tower Hill, E.1. 
Lecture: “ The Diesel Engine for Passenger Ships and 
Fast Cargo Liners,” by Mr. J. Calderwood, 


SHEFFIELD METALLURGICAL ASSOCIATION.— Tuesday, 
January 8, 7.30 p.m., 198, West-street, Sheffield. Annual 
General Meeting. Presidential Address. 

INSTITUTION OF AUTOMOBILE ENGINEERS.—Tuesday, 
January 8, 7.45 p.m., Royal Society of Arts, John- 
street, Adelphi, W.C.2. ‘‘ Coil Ignition,” by Dr. F, W. 
Lanchester. 

InstiITuUTE oF Metats.— Swansea Local Section: 
Wednesday, January 9, 7 p.m., The Thomas Café, 
High-street, Swansea. ‘‘ Pulverised Coal in Metallurgy,” 
by Mr. G. E. K. Blythe. London Local Section : Thurs- 
day, January 10, 7.30 p.m., Society of Motor Manu- 
facturers and Traders, Limited, 83, Pall Mall, S.W.1. 
‘* The Lead Industry,” by Mr. H. C. Lancaster. 


INSTITUTION OF } NGINEERS-IN-CHARGE.—Wednesday, 
January 9, 7.30p.m., St. Bride Institut :, Bride Lane, Fleet- 
street, E.C.4. ‘‘Smoke Abatement,” by Dr. J. S. Owens. 

British ASSOCIATION OF REFRIGERATION.—Thursday, 
January 10, 5.30 p.m., Institution of Mechanical Engi- 
neers, Storey’s-gate, S.W.1. ‘‘ Some Possible Develop- 
ments in Marine Refrigeration,’’ by Mr. G. W. Daniels. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Thursday, 
January 10, 6.30 p.m., 10, Upper Belgrave-street, 
S.W.1. ‘Methods of American Bridge Erection,” by 
Prof. J. Husband. 


Nortu-East Coast InstTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, January 11, 6 p.m., Mining 
Institute, Newcastle-upon-Tyne. ‘The Rational Utilisa- 
tion of Coal” (a) “Coal Used in its Raw State,” by 
Mr. W. J. Drummond. (6) “‘ Fuels Obtained by the 
Treatment of Coal,” by Mr. W. T. K. Braunholtz. 

KEIGHLEY ASSOCIATION oF ENGINEERS.—Friday, 


January 11. 7.30 p.m., Temperance Institute, Keighley, 
** Modern Tooling Methods,”’ by Mr. C. W. Field. 


Soctety oF CHEMICAL INDUSTRY: CHEMICAL ENGI- 
NEERING GrRoup.—Friday, January 11, 8 p.m., Royal 
Society of Arts, John-street, Adelphi, W.C.2. ‘* The 
Relative Safeties of Mild and High-Tensile Alloyed 
Steels under Alternating and Pulsating Stresses,” by 
Prof, B. P. Haigh. 








NOTES FROM SOUTH YORKSHIRE. 


Sheffield, Wednesday. 

Iron and Steel.—While it is somewhat difficult to gauge 
the trend of iron and steel production owing to the 
continuance of the holiday influence, the prevailing spirit 
among the principal manufacturers is one of quiet hope- 
fulness. Foreign competition is being met much more 
successfully in heavy basic steel, where British quotations 
are more attractive to inland users, and where the 
assurance of immediate delivery gives British furnaces an 
advantage over those operating in competing centres 
abroad. Acid steel is a shade more active, owing to the 
placing of valuable railway orders from South Africa and 
elsewhere, and the gradual release of requirements from 
British railways. Purchasers of pig-iron are buying 
cautiously until price movements are more clearly indi- 
cated, but a hopeful factor is the added strength of the. 
market for steel-making alloys. Quotations are as 
follows :—Siemens acid-steel billets, 87. 15s. to 91. per ton ; 
hard basic-steel billets, 6/. 17s. 6d. to 8. 12s. 6d.; soft 
basic-steel billets, 6/. 12s, 6d. ; Lincolnshire foundry pig 
iron, 6ls.; Lincolnshire basic iron and Derbyshire 
foundry pig iron, each 60s. ; Derbyshire forge iron, 58s.; 
Crown iron bars, 10/. 10s. ; iron hoops, 12/. to 121. 10s. ; 
and steel hoops, 91. Benefit is expected to accrue to this 
district from the arrangement newly reached in respect 
of wire rope and rope wire production. Internal compe- 
tition, which has been a source of considerable worry, 
should be eliminated, and work distributed much more 
evenly. The tool sections are showing renewed life. 
Export sales of hand tools show an encouraging advance. 
Requirements of inland engineers for saws and files are 
substantial, and there is a steady run on picks, shovels, 
and hammers. Foreign buyers are paying more attention 
to British quality in forest and saw milling tools. 


South Yorkshire Coal Trade.—Quiet conditions gener- 
ally prevail. Exports are maintained at their recently 
enlarged level, and there is possibility of further expansion 
with markets on the Continent and elsewhere. Inland 
deliveries are restricted mainly to contract requirements, 
owing to the quietude prevailing among the staple 
industries. There is little movement in either coke or 
slack. Better business is reported in house coal, mainly 
respecting best qualities. Quotations: Best hand-picked 
branch, 26s. to 27s. 6d.; Derbyshire best brights, 23s. 
to 24s, 6d.; Derbyshire best house, 20s. 6d. to 21s. 6d. ; 
screened house coal, 17s. to 18s. ; screened nuts, 16s. to 
18s.; Yorkshire hards, 14s. 6d. to 16s.; Derbyshire 
hards, 14s. 6d. to 16s.; rough slacks, 8s. 6d. to 9s. 6d. ; 
nutty slacks, 4s, 6d. to 6s.; and smalls, 3s. 6d. to 4s. 








SHUTTERLESS RE-INFORCED CONCRETE CONSTRUCTION. 
—In our issue of December 21, 1928, on page 793, 
we should have stated that the chimney built by Messrs, 
Permanent Shuttering, Limited at Lots-road, was 
erected according to the regulations of the London County 
Council, and not for that Authority, which, however, 
has a pumping station close by. The chimney was built 
for a firm occupying an independent site. 





PrRSONAL.—The partnership between Mr. R. 8. Hun- 
ton and Mr. H. C. Hunton, formerly trading as C. A. 
Hunton and Sons, engineers, merchants and contractors, 
has been dissolved. Mr. R. S. Hunton is now general 
manager of Messrs. Hunton, Limited, Fitzroy Court, Tot- 
tenham Court-road, London, W.1.—Messrs. Metropolitan- 
Vickers Electrical Company, Limited, and Messrs. The 
Electric Furnace Company, Limited, 17, Victoria-street, 
London, S.W.1, have entered into an agreement whereby 
each company has the right to manufacture and supply 
coreless induction furnaces, incorporating the Ajax- 
Northrupp and Metropolitan-Vickers patents. 





THE ApvuLiIAN AQuEDUCT ; ADDENDUM.—In our 
recent account of the Apulian aqueduct, we stated that 
provision had been made for increasing the supply of 
water to the centres of habitation if required, and we 
are informed that such an increase has now been made. 
The figures quoted in column one, on page 741 of our 
previous volume, should therefore now be read as follows : 
The allowance of water per head per day in the urban 
centres of under 10,000 inhabitants, is 70 litres (15-4 
gallons); in centres having between 10,000 and 20,000 
inhabitants, 90 litres (19-8 gallons); in centres with 
more than 20,000 inhabitants, 110 litres (24-2 gallons) ; 
and in the larger towns, such as Bari and Foggia, 150 litres 
(33 gallons). 





Coat MINING IN Nova Scorta.—The Sydney coalfield, 
Cape Breton Island, Nova Scotia, Canada, 1s not only 
the largest in that Province, but, according to informa- 
tion received from the Canadian Department of Mines, 
Ottawa, is the most highly-developed and productive 
in the Dominion. The recently-completed No. 1B 
shaft of the Dominion Coal Company, Limited, Sydney, 
sunk primarily for the winning of undersea coal, is stated 
to be one of the best examples on the North American 
Continent of the application of modern devices and 
methods of permanent construction to the requirements 
of coal mining. It is estimated that the life of this shaft 
will be at least 125 years, and that, before it is abandoned, 
some 140,000,000 tons of coal will have been hoisted 





through it. 
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Fig. 56. L.P. CytrnpER on BorinG MILL. 
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MARKET BUILDING. 

Ix taking stock of the prospects of the engineering 
trades in this country—and, indeed, of its industry 
in general—nothing is more evident, nor more 
generally admitted, than their need of enlarged 
markets. This indeed is not the only far-reaching 
improvement the situation demands. ‘The closer 
co-operation of all parties to industry, the more 
effective working and grouping of individual 
enterprises, the release of industrial undertakings 
from some of the crushing burdens of taxation 
by which they are handicapped in their competi- 
tion with other countries, are only a few of the 
ways in which the situation of industry could 
be improved to the advantage of the country. 
Measures to amend it are, happily, under discussion. 
Nevertheless, however successful such measures 
may be, they cannot be sufficient to secure. the 
permanent results which are being sought, unless 
they are accompanied or followed by a great 
enlargement of markets. It may be that by itself 





| industry cannot do all that is desirable or even 


necessary to procure these enlarged markets, and 


| that it will require the co-operation of other parties 


within the State, or even of the State itself, to 


/enable it to attain the most satisfactory results. 


No question is of more immediate importance 
than the means which should be taken with this 
object, and it is scarcely less important that such 


;means should be taken by industry itself. Poli- 
| ticians, if only they were satisfied that the sub- 
ject was of live interest to the public, would 


respond willingly to the call to take it in hand, 


land business men do not need to be told the 


hazard to public interests that would arise if grave 
industrial questions were dealt with on a political 
basis, most of all when such matters are at best 
complex and difficult, and can.in no way. afford 
the compromises that usually are inevitable in 
political dealings. Nevertheless, if it does not 
appear that industry itself is taking adequate 
measures, there seems to be a strong probability 
that the eftort will be made to initiate them in 
other quarters. 

It is not strange, indeed, that public opinion 


7 | and other charges 


position. Very interesting fluctuations and possible 


8 | 

: 

10 | associations of cause and effect are disclosed by 
|the study of such figures, but often the number 


of the statistical trees is too great to permit the 
shape of the wood to be discerned. When they 
are presented to public attention, they seldom 
yield conclusive results, and still more rarely can 
a safe opinion be formed witinout a knowledge of 
the individual trades, which the general public does 
not possess. No such knowledge, however, is 
required in order to see that the aggregate effect 
of all economic statistics put together must balance 
with the overall facts of national income and 
expenditure. In this way, without undertaking 
the difficult task of expressing in figures the progress 
of industry and its position, it is possible to see 
whether industry is notably. better or worse off than 
it was before the war. In a recently published 
work, by Mr. M. Philips Price, on The Lconomic 
Problems of Europe, Pre-War and After (George 
Allen and Unwin, 8s. 6d. net), a considerable 
amount of such statistical material has been 
collected from various sources. Mr. Price’s con- 
clusions, indeed, do not always seem to follow 
from his premises, and appear sometimes to be 
the result of academic and theoretical speculations 
in direct conflict with experience. The statistical 
material, however, has been collected fairly and 
carefully, and, for the present purpose, reference 
may be made usefully to a few figures quoted in this 
work. On the basis of an estimate by Professor 
Bowley and Sir Josiah Stamp, the overall national 
income, after correcting for differences in the pur- 
chasing value of money, is said to be roughly the 
same as it was before the war, and after allowing 
for increase in population, is per head about 5 per 
cent. less than it was. The order of magnitude of 
this income is some 4,000,000,000/. per vear, and 
apart from wages (which remain about the same) 
against it, including rates 
jand local expenses, the amount spent by the 
central government is about four times its pre-war 
figure, the increase being about 300,000,0001. for 
the service of war debt, and a similar amount 
for increased social services. With the same 
income, therefore, and a somewhat larger popu- 
lation, the nation is: spending some 600,000,000/ 
a year more than it did before the war. It is 
evident that under such conditions the country 
will not be in as good a position as it was before 
the war, until it is either spending no more than 
it did then, or paying for what more it spends 
by disposing of more goods and services to an 
equivalent amount. To some extent, industry 
may assist itself to do this by measures of what 
is called rationalisation, whereby its resources are 
used to better advantage. Such measures may 
improve the ability of the industry in question 
to compete, hut in themselves they cannot increase 
the amount which the total markets have to 
distribute. On the other hand, most existing 
markets are making very much smaller demands 
than before the war on the resources of foreign 
industrial suppliers. To a greater or a less extent 
they are producing themseives, and some of them. 
forced by the necessities of the war into manu- 
facturing on a far larger scale than before, are 
not only providing: for themselves what formerly 
they bought frem us, but are seeking outlets 
abroad for their own products in competition with 
other countries. 

It is easy to underrate what can be done in 
competition for the business of existing markets. 
In the enjoyment of a busman’s holiday at sea, 
Lord Weir has been studying recent parliamentary 
debates on unemployment, and in a letter to The 
Times, published appropriately on New Year’s Day, 
has expressed his conviction that, even without an 
increase of world demand, the industries of the 
country could reduce unemployment figures very 
substantially during the next three years. In his 
view, thorough-going reorganisation, preferably 
on a regional basis, could enable the heavy basic 
industries to produce at least as efficiently as 








America, provided they were supported by such a 
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degree of safeguarding as would ensure that the coun- 
try’s entire consumption of iron and steel was pro- 
duced at home. With the weight of his considerable 
experience and authority, he gives reason for believing 
that there is little which the United States produces 
that cannot be manufactured at least. as economi- 
cally and efficiently in this country, and in particular 
points out some fundamentai respects in which the 
British iron and steel trades have tremendous 
advantages over those of the United States, if only 
they were organised with the same competence and 
insight. He does not in terms deny that honesty 
is the best policy, but he asserts that co-operation 
is another best, without which industrial success 
cannot be achieved. While, moreover, his letter 
is devoted mainly to the impressive demonstration 
of what could be done to live prosperously on existing 
markets, he lays stress on the rapidly widening 
field for scientific, technical, and commercial develop- 
ment, which, he sees to be opening beyond all 
precedent in his lifetime. 

Lord Weir’s inspiriting letter comes opportunely 
at a time when various forms of the reorganisation 
to which he refers are under serious discussion. 
The respect in which the programme he outlines 
will be most liable to controversy is his demand 
for safeguarding the basic heavy industries. Though 
in their recent history the iron and steel trades have 
shown a remarkable capacity for keeping advances 
in price much below those of commodities as a 
whole, the industries that are dependent on iron 
and steel, including the engineering trades, are so 
widespread and important that good evidence 
will be demanded to justify the assurance that 
safeguarding will not lead to advance in price. 
Assuming, however, in favour of the effects of internal 
reorganisation everything that the most hopeful 
of those who recommend it are expecting, it remains, 
if left by itself, a mechanism for competing both 
for the home and the foreign markets, and not for 
increasing them. If it succeeds in diverting to the 
manufacturers of this country business that at 
present is going elsewhere, it will leave manufac- 
turers of other countries short to an equivalent 
extent. The problem before the whole world is to 
provide for an increasing industrial population the 
better living it demands, and no solution can be 
permanently satisfactory which confines itself to 
redistributing in competition a fixed amount of 
annual consumption, and does not provide for 
increasing its total. An essential part of the recon- 
struction which, by common consent, is necessary, 
must be the development of markets, not only 
by applying the results of scientific research and 
technical achievement, but also by developing 
commercially markets in which imperfect communi- 
cations and other causes prevent their inhabitants 
from demanding the commodities that: manufactur- 
ing countries could supply. 

To confine reorganisation measures to such as in 
effect serve merely or mainly to perfect the mecha- 
nism of international competition, leaves out of 
account the fact that industry is promoted more 
permanently and effectively by stimulating demand 
from without, than by for securing it an increased 
share of a stagnant demand. The _ prosperity 
of other manufacturing nations is an advantage 
to their competitors, not less real because it is 
indirect, provided it arises from an increase in the 
world production of wealth. Those who benefit 
by such increases must spend them, and the greater 
the total volume so earned, the more the world will 
be spending, and the greater the share for distri- 
bution to each of its suppliers. Technical develop- 
ment whether by way of improven ent of products or 
by enlargement of their variety, must be accom- 
panied by measures to promote the increase of de- 
mand. It is by no accident that, in the past, the 
growth of British industries has been accompanied or 
preceded by large investments in foreign countries, 
enabling them to multiply their own resources and 
to utilize larger quantities of ours. It has been 
an essential part of the mechanism by which foreign 
trade has grown, and to no branch of industry is it 
more important than to the engineering trades, 
which have to provide the most important part of 
this work of industrial fertilisation. Such develop- 


ment is not a matter of secondary interest to these 
trades, which they can leave to be dealt with by 
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academic schemes. In alliance with finance, they 
should themselves be associated with it. 
Whether within the Empire or outside it, there 
are few quarters in the world that do not offer the 
opportunity of such development, and it would be 
difficult to set limits to the results it may produce. 
To obtain the best results, and perhaps even only 
good results, two conditions are indispensable. 
They must be sought with an adequate knowledge 
of both the commercial and the technical aspects, 
and be pursued with the energy and alertness to be 
expected only of enlightened private enterprise. 








ACCIDENTS IN METALLIFEROUS 
MINES AND QUARRIES. 


THE criticism which is not infrequently levelled 
against politicians who endeavour to support their 
arguments with the aid of statistics that figures 
may be made to prove anything is not without an 
element of truth. Statistics which are not compiled 
on a correct basis may be very misleading, but when 
properly applied they undoubtedly serve a very 
useful purpose and enable valuable comparisons 
to be made in almost every sphere of human activity. 
In considering accident rates in a given industry, 
statistics not only provide proof of the relative 
danger incurred in various occupations, but enable 
accurate comparisons with former years to be made, 
and thus a measure of progress in the avoidance of 
accidents can be obtained. Mere figures alone, 
however, are of little practical utility unless they 
are carefully analysed and are also accompanied 
by further data. Thus, if the accident rate in any 
given industry be taken over a period of several 
years, it will be found that, despite certain fluctua- 
tions, the sum at the end of each year or number 
of years remains somewhere near the average for the 
entire period. From this it would be not entirely 
illogical to conclude that accidents are inevitable ; 
their regular recurrence, as shown by the statistics, 
might thus be cited as a proof. As in the case of 
the politician’s statistics, there is a certain amount 
of truth in this conclusion; but to get the entire 
truth it requires something more than the mere 
figures tabulated in statistical reports. Hence by 
studying accidents in detail instead of merely 
collectively or converted into percentages for pur- 
poses of comparison, a more correct perspective 
may be obtained which will permit of conclusions 
being reached as regards the “inevitability” of 
accidents in specified industries. It will first be 
remarked that accidents may be due not only to 
a variety of causes, but may take place under very 
varying circumstances. For convenience, accidents 
in general may here be said to come under two 
categories: (a) Those due to some unforeseen 
occurrence which could not reasonably have been 
provided against ; this type may be considered as 
‘‘ inevitable.” (b) Accidents due to lack of fore- 
sight, skill, or precaution, or infringement of rules, 
which type may be described as avoidable. On 
investigation it will be found that by far the majority 
of accidents fall into the second category, although 
the statistics make no distinction, and the figures 
thus made up for the most part by “ avoidable ” 
accidents might be held up to prove that accidents 
are “ inevitable.” 

In the Reports of H.M. Inspectors of Mines and 
Quarries for 1927 (London: H.M. Stationery Office, 
Adastral House, Kingsway, price ls. net), there is 
nothing equivocal about the accident rates in 
metalliferous mines and quarries. The statistics 
provided therein are accompanied by reports 
dealing with the various kinds of accident in sufficient 
detail to render a clear survey of the situation to 
be made without undue difficulty. Obviously, to 
revert to a previous paragraph, in practice it would 
be as impossible to enter into details of all accidents 
as it would to distinguish definitely between avoid- 
able and inevitable accidents, but the reports, by 
selecting a number of accidents for publication, 
succeed in providing for both the points raised and 
include sufficient examples of both categories to 
make the intelligent reader appreciate the con- 
ditions of the worker infinitely better than mere 
tables of figures alone could do. 

If the question of the “ inevitability ” of accidents 
has here been overstressed, it is merely with the 
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object of refuting a dangerous theory and is an 
attempt to bring the student of statistics into 
correct perspective. In other words, it should 
be realised that although a good deal has been 
accomplished in the prevention of accidents, there 
is actually no limit to the efforts which should 
be made to attain this end. That the position, 
unfortunately, is far from satisfactory in the 
quarrying industry is made clear in the following 
paragraph which we quote from the Report :— 

“It is not to the credit of those connected with 
quarries that in the period 1923-27, the death-rate 
from accidents per 1,000 persons employed inside 
quarries was as great as it was below ground at 
coal mines, where the men work in narrow roadways 
and in dim artificial light; these men are also 
liable to be killed by accidents from which quarry- 
workers are immune, e.g., explosions of firedamp 
and coal dust, and accidents in shafts.” 

Deducting deaths due to these causes, the death- 
rate from accidents in quarries would be 8 per 
cent. higher than for underground workers in 
coal mines. The annual death-rate from accidents, 
when merely stated as 1-18 per thousand persons 
employed, does not convey the amount of risk 
incurred by the quarryman anything like so clearly 
as if—as is done in the Report—the assumption 
is made that 100 men work inside quarries for 
a period of twenty years, when, at the present 
rate, two or three of each hundred will be killed, 
and one-fifth of them will suffer serious injury, 
whilst each person employed will suffer a minor 
accident about once in fourteen years. 

Although the death-rate from accidents inside 
quarries has been reduced during the last thirty 
years by 25 per cent., principally by the decrease 
in the number of accidents from falls of ground, 
deaths due to blasting accidents remain only 
slightly less than they were thirty-two years ago 
(0-16 in 1923-27, as against 0-19, per 1,000 persons 
employed). Falling from ledges and accidents in 
connection with railways and tramways are other 
prolific causes grouped under the ‘ Miscellaneous ”’ 
heading. Falls of ground continue to cause more 
accidents than any other single category, and 
during 1927, 35 deaths and 98 serious injuries 
(out of a total of 53 deaths and 329 cases of 
serious injury) were due to this cause. Many of 
these were due to insufficient precautions being 
taken by officials or workmen, or could have been 
avoided by the adoption of better working methods, 
or the closer observance of the special rules. A 
number of accidents resulted from failure to remove 
the overburden sufficiently far back. In two cases, 
men were killed through rocks or loose stones 
being liberated by a thaw following a severe frost. 
The Inspector of the Yorkshire Division reports 
that at many quarries the special rules have not 
been sufficiently considered, and failure to conform 
has necessitated legal proceedings against one firm. 
Undermining the face is a frequent cause of accidents. 
One case is described of an accident where the 
sand-face, 30 ft. high, slipped and injured several 
men, one fatally. The lower bed at this quarry 
is of finer material than the upper, so it is probable 
that as the former was easily shovelled there 
would be a strong temptation to undermine it. 

In slate and granite quarries, which are often of 
great depth, it is difficult completely to eliminate 
accidents from falls of ground ; experience combined 
with constant and careful supervision will, however, 
accomplish much in keeping the number of accidents 
toaminimum. Cases are described in which careful 
examinations appear to have been made, and 
although the working places were reported safe, 
falls of rock have occurred due to the rock having 
being loosened by a previous blast, from clay joints, 
or “slides.” This type of accident more nearly 
approaches the description of ‘ inevitable” than, 
perhaps, any other. Danger in the use of explosives 
is universally recognised, but when handled with the 
ordinary precautions dictated by experience and 
also laid down in special rules, accidents with them 
need scarcely ever take place. The use of “‘low- 
freezing’? explosives in cold weather will almost 
completely prevent the possibility of the acci- 
dents thit formerly occurred so frequently from 
the use of gelatinous explosives, which had become 
hardened and had not been softened in a warming 
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pan previous to charging. Yor firing a series of 
shots simultaneously, ‘“‘Cordeau Detonant”’ has 
been found to possess marked advantages over other 
methods. With electric firing. there is always a 
danger that one or more detonators may not be 
exploded. and that the fact will not be observed 
owing to the debris caused by adjoining shots 
covering the hole; the “live ”’ cartridges may thus 
cause an accident when work is resumed. With 
Cordeau Detonant (detonating fuse), which consists 
of a lead tube filled with T.N.T. and is fired 
by means of a detonator (the only one necessary) 
all the cartridges in each hole are fired together 
instantaneously, and not, as in ordinary firing, by 
a wave which passes from cartridge to cartridge. 

Whilst quarries over 20 ft. deep provide employ- 
ment to about 80,000 persons, the second industry 
dealt with, metalliferous mines, now only employs 
about 16,000, although fifty years ago nearly four 
times as many were engaged upon it. The annual 
death-rate from accidents in metalliferous mines in 
1927 was 1-61. Applying the risks to a body of 
100 men as before, and assuming them to work 
underground for a period of twenty years, then 
three or four would be killed, 18 will suffer fractures 
or some serious injury, and, in addition, each man 
will receive a minor injury every nine years. It is, 
however, satisfactory to note that in the last fifty 
years the death-rate from accidents has been 
reduced by nearly one-third among underground 
workers and by over two-thirds among those em- 
ployed at mines above the ground. The risk from 
shaft accidents has been halved during the last 
fifty years (from 0-72 per 1,000 persons in 1873-82 
to 0-34 in 1923-27), whilst that from all other under- 
ground accidents has been reduced by one-fifth. 

It is seldom that firedamp occurs in metalliferous 
mines, but two accidents were recorded during the 
past year in lead mines in Derbyshire owing to 
explosions of this gas. As a result of the second 
accident, proceedings were taken against the mine 
officials for not taking the necessary precautions 
and providing only locked safety lamps ; convictions 
were obtained in each case. As in quarries, the 
majority of accidents involving loss of life or resulting 
in serious injuries are due to falls of ground; and 
this type of accident is similarly difficult to provide 
against. Cases are recorded of falls of roof which 
had previously been examined and declared safe. 
Deceptive appearances and errors of judgment 
occur, of course, to even the most experienced men. 

In view of the large number of accidents in these 
industries, there is a very obvious need for efficient 
first-aid arrangements at every quarry and mine. 
Lives are frequently lost from blood-poisoning, and 
complications result from simple injuries, which 
might have been avoided if the injury had been 
properly dressed at first. It is satisfactory to note 
that a marked improvement and increased interest 
is being shown in first-aid arrangements in both 
mines and quarries in certain divisions. This is a 
move in the right direction which should receive 
every encouragement. After all, although every- 
thing possible should be done to prevent accidents, 
so long as these are liable to occur from any cause— 
whether avoidable or not—common humanity 
demands that all possible provision should be made 
for the prompt assistance of the injured and the 
alleviation of suffering. 








HIGHWAY ENGINEERING IN THE 
UNITED STATES. 


THERE are in the United States to-day three 
million miles of rural highways. Of these, less than 
one-fifth, or only 18 per cent. of the whole, are 
surfaced. One of the principal problems discussed 
in the conference on High Engineering, held at the 
University of Michigan in the spring of last year, 
was how the remaining 82 per cent. could be im- 
proved, while still keeping in good condition that 
which had already been constructed. 

Obviously, the kind of surfacing, and also the 
alignment, the grade, and even the bridge and 
drainage works, may be modified on light-traffic 
roads to reduce the cost in keeping with the service 
necessary and the needs of roads ¢ .rrying heavier 
traffic. The same standards as to maximum grades, 
minimum radii on curves, minimum width of road- 
way, and design and depth of metal, should not 
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apply to routes that proper investigation shows will 
carry widely varying amounts of traffic. 

There are 23,000,000 motor vehicles in the United 
States, the radius of travel of which is yearly in- 
creasing. More than 90 per cent. of these are motor- 
cars and light lorries and vans, and nearly all of the 
latter, as well as the motor-cars, are equipped with 
pneumatic tyres. The demand for light, fast-moving 
lorries is increasing. Traffic surveys have shown 
that heavy lorries work near the centres of popula- 
tion, and that traffic of more than 1,500 vehicles a 
day is found near these centres. 

Several States have protected, by legislation, gravel 
and similar types of surfaces from destruction by a 
few heavy lorries at critical seasons of the year, and 
general opinion is that further construction of low- 
cost roads is not only feasible, but highly necessary 
to the welfare of the country. 

Many of the Southern States have, for years 
past, constructed their roads with sand-clay sur- 
faces. It has been found that 12 to 18 per cent. 
clay is sufficient, silt up to 15 per cent. is not 
undesirable, and coarse sand from 65 to 80 per cent. 
is required. The construction methods consist in 
mixing the surfacing material in place on the road 
with ploughs, harrows, and road-machine blades. 
Consolidation is secured by haulage and traffic, 
and maintenance by blading and the addition of new 
material. The cross section in general use is that 
known as the feather edge type, 9 in. to 10 in. at the 
centre, and tapering to 1 in. at the edges. A flat 
crown, } in. to 3 in. to the foot, gives the best service. 
These surfaces are being successfully treated with 
tars and asphalts combined with stone, slag or gravel. 

Gravel is found and used for surfacing in nearly 
every State; while chert, shale, and disintegrated 
granite are found in certain States. Consolidation is 
secured by traffic or by rolling, or by both methods. 
The materials are hauled to the road, spread on the 
sub-grade, shaped and frequently rolled to the 
designed depth. Another method is to apply the 
materials in layers of about 2 in. loose measure, 
each layer being consolidated by traffic, with the help 
of some harrowing and shaping with a road machine. 
These layers are applied periodically until a well- 
compacted surface of 4 in. to 6 in. is obtained. It 
has been very successful in Ohio, where stone and 
slag are also used. 

The bituminous treatment of gravel and of earth 
roads shows, at the present time, considerable varia- 
tion in the methods of applying the material in 
surface treatments and the kind of bituminous 
material in use. Rarely is the bituminous treatment 
over 2 in. thick, unless it has been applied over a 
number of years, and gets deeper by scarifying and 
re-mixing. Variations in the surface treatments 
are due to the experimental or developing stage, 
and the difference in the types of roads, and also 
in subsoils, drainage, climate, and traffic require- 
ments. Bituminous’ surface treatments are now 
becoming very popular, because they eliminate dust 
and conserve material. Estimates place the 
amount of material lost from an untreated gravel 
surface road at about 1 in. to 1} in. per annum, 
depending on the amount of traffic. Statistics 
compiled in Minnesota show that the maximum 
economic limit for gravel roads is 600 cars a day ; 
bituminous treated roads are carrying up to 1,500 
vehicles a day without any signs of distress. Both 
tar and asphaltic cut-back oils have been used, the 
tar treatment giving good results, and the oil being 
used experimentally. The tar is sprayed on the 
prepared surface at a temperature of 130° F.; after 
24 hours the surface is again sprayed and at once 
covered with loose material, the best covering being 
peat gravel. Calcium chloride is being used with 
good results for laying dust and reducing the 
loss of surface aggregates. 

A large mileage of macadam is included in the 
total of the rural highways. For new construction, 
water-bound macadam is not growing in popularity, 
although it is agreed that macadam with a bitumi- 
nous surface treatment gives excellent service. 
Several States east of the Mississippi are faced with 
the problem of making serviceable long mileages of 
old macadam which are now rough, narrow, or of 
insufficient depth. 

We may contrast this expressed opinion on water- 
bound macadam in the United States with the 





19 


growing opinion amongst French road engineers 
that the water-bound broken stone crust, to which 
treatment is applied three to four months after 
construction with tar, bitumen or bitumen emulsion, 
gives the most satisfactory highway from the point 
of view of economy and maintenance. In France, 
the use of cement-grouted crusts and concrete 
mortar macadam is being restricted to stretches of 
roads traversing woods or damp ground. 

In Michigan, a large amount of concrete road 
construction is being carried out on trunk lines, 
and it is evident that the greatest care is taken in 
the design of the road slab, the inspection of mate- 
rials, and the testing for depth and compressive 
strength of cores cut out of the road soon after the 
completion of the work. As a result of laboratory 
research, it is shown that, to secure uniformity of 
strength, it must be possible easily to control the 
amount of the aggregate, the amount of coarse 
aggregate, and the amount of water in each batch of 
concrete. The State Highway Department operate 
one, and sometimes two, core-drill outfits during the 
greater part of each construction season. The 
equipment consists of a short drill mounted on a 
truck. The principal items of the drilling outfit 
are a petrol engine driving a vertical shaft through 
a clutch, to which is attached a cutting head. The 
cutting head is equipped with a hollow cylindrical 
cutting bit which, when rotated on the road with 
chilled steel shot as an abrasive, cuts out a core 
4} in. in diameter for the full depth of the concrete. 
It takes from half an hour to one hour to take a 
core from the road, depending upon the age of the 
specimen and the quality of the concrete. The cost 
of the operation is approximately 35 dols. a day, 
including the rental of truck and drill, supplies, 
and the salary and expenses of the operator and 
helper. As a protection, the State purchases the 
cement and supplies it to the contractor. 

For many years now, hot mixed bituminous 
carpets have been regarded as standard types. The 
two principal ills to which such coverings are liable 
are cracking and “shoving.” Cracks in the surface 
may be only reproductions of those in the rigid 
foundation, and thus not in themselves indicative 
of defective mixtures. 

On the other hand, the surface mixture may be 
incapable of absorbing the contraction stresses 
caused by changes in temperature, and so deteriorate 
from poor design. Shoving, as evidence of insta- 
bility or inability to resist displacement under the 
loads imposed, is far from universal in bituminous 
carpets, but is of sufficiently common occurrence to 
have received much unfavourable attention. Crack- 
ing and shoving seldom occur in the same piece of 
work, but the former, when due to defective design, 
is the more indicative of short life. 

Shoving may, of course, develop to an intolerable 
degree, but is more likely to lead to uncomfortable 
travel than to result in early failure. Attention 
should also be drawn to the fact that rough and 
uneven construction is sometimes mistaken for 
shoving, whereas the mixture itself may be perfectly 
stable. 

In the United States, most of the research has 
been carried on in connection with sheet asphalte, 
composed of sand, filler and asphaltic cement, and 
its theory is closely related to that of the fine graded 
asphaltic concrete, generally known as Topeka 
or stone-filled sheet asphalte, which is itself widely 
used. The experimental results obtained so far 
appear to show that, in general, the stability of 
mixtures increases as the bitumen content is 
decreased. It is dangerous, however, greatly to 
reluce the bitumen content, as the mixture becomes 
friable and will crack and wear excessively under 
traffic. With sheet-asphalte mixtures, with about 
15 per cent. of filler, the amount of asphalte used 
should give a rather light stain in the ordinary 
pat test if the pavement is to be subject to fairly 
heavy traffic. As the filler is increased for the 
purpose of obtaining a gain in the resistance to 
displacement, the proportioning of the bitumen 
becomes increasingly critical, and a slight excess 
is very likely to result in extreme instability. 

A great deal of careful consideration, combined 
with research, is given in the United States to the 
road problem in all its aspects, and the result is 
seen in the value obtained for the expenditure. 
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THE 


HOLLINGSWORTH. | 


Tus issue forms one of the milestones in the | 


history of ENGINEERING. 


LATE MR. ALEXANDER T. | 


| 


In front of that mile- | 


stone, the fortunes of the paper were in great part | 
due to the efforts and work of three men, who in | 


turn, with growing vears 
and with a life of full 
achievement, went to 
their rest ; beyond that 
mile-stone lies the future. 


In the year 1870, Mr. 
Alexander T. Hollings- 
worth, who died last 
Monday, purchased EnG- 
INEERING from  Zerah 
Colburn, its founder. 
Colburn, who was an 


American and had _ pre- 
viously been editor of 
our contemporary The 
Engineer, founded Enat- 
NEERING in 1866. He 
was a genius, but an 
erratic one who soon tired 
of any activity. His 
business methods were 
peculiar, and had ENart- 
NEERING not had _ the 
happy fortune to be pur- 
chased by Mr. Hollings- 
worth, it is possible that 
the journal might never 
have reached the opening 
number of the one hun- 
dred and twenty-seventh 
volume. 

Colburn, from the be- 
ginning, had the assist- 
ance of the late Dr. Maw, 
at that time Mr. W. H. 


Maw, who came to the 
paper from the Great 
Eastern Railway. The 


late Mr. James Dredge 
was also closely in touch 
with the paper from the 
first, and by 1870 was 
acting in an = editorial 
capacity with Maw. Al- 
though Colburn was the 
owner, it is fairly clear 
that the work of the 
paper was being done by 
Maw and Dredge, and 
these two young men 
were not at all pleased 
at the appearance of a 
new owner considerably 
younger even than them- 
In Mr. Hollings- 
words, “* they 
other 
askance for some time.” 
rhe and 
ability of all three, how- 
ever, soon resulted in a 
mutual confidence, which 
developed to friendship 
and ultimately into a 
partnership. Matters 
were put into their final 
shape in 1891, when the 
was made a 
private limited company. 
It was certainly due to 


selves. 
worth’s 
looked at each 


good — sense 


business 


the work of the three 
original partners, Maw. 
Dredge and ~ Hollings- 


worth, that the fortunes 


of ENGINEERING were so well laid in the early | it could be no one’s happiness to fill. 
Mr. Hollingsworth was not an engineer | original partners, Dredge died in 1906, Maw in 


years. 


and never pretended to be one, but his business | 


ability and sound judgment were invaluable, both | alone remained to represent the original partnership. 


in the difficult early times and in later prosperity. | 


Those who have known him in later years have no 
difficulty in understanding how the young proprietor 
was able to establish friendly relations with his 
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editors. The charm of his personality could leave |in Buckinghamshire. At eighteen years of age he 
few people indifferent, and close contact could not | was sent by his father to Paris, mainly with the idea 
but ripen into friendship. With Dr. Maw in par-|of learning to speak French well, but for part of 
ticular, Mr. Hollingsworth’s relations were of the | his time he was employed by a firm engaged in 
happiest kind. Their friendship had long passed | the silk and cloth trade. This firm had a London 
into the stage of affection when the death of the | house, and on the death of his father, in 1866, 
former left a gap in Mr. Hollingsworth’s life which | Hollingsworth returned to this country, but con- 
tinued in the employ- 
ment of the same firm. 
He remained with them 
for two or three years, 
and then joined a firm 
of accountants in the 
City. Mr. Hollingsworth 
has said that at that 
time he was “rather 
struggling to make a 
living,” but this state of 
affairs apparently did not 
prevent him from becom- 
ing engaged to the eldest 
daughter of the late 
William D. Allen, of Shef- 
field. Miss Allen was a 
niece of Sir Henry Bes- 
semer, at that time Mr. 
Bessemer, so that Mr. 
Hollingsworth naturally 
came to know Mr. Bes- 
semer well, and was in- 
troduced by him to Zerah 
Colburn. Apparently the 
suggestion for the pur- 
chase of ENGINEERING 
came from Bessemer. Mr. 
Hollingsworth has con- 
fessed that at that time 
he had never heard of 
the journal. Bessemer, 
with his engineering in- 
terests and judgment, 
evidently well understood 
the state of affairs, and 
the possibilities of the 
future, and was able to 
convince Mr. Hollings- 
worth of the wisdom of 
making the purchase, 
which he could not man- 
age without some diffi- 
culty. The remarkable 
effect of this purchase on 
the fortunes of Mr. Hol- 
lingsworth and those of 
ENGINEERING have al- 
ready been referred to. 
Mr. Hollingsworth, with 
the broad judgment 
which distinguished him, 
confined his activities 
throughout to the busi- 
ness side of the paper, 
and never attempted in 
any way to interfere in, 





or influence, editorial 
policy. 
For this place, Mr. 


Hollingsworth’s connec- 
tion with, and work for, 
ENGINEERING naturally 
form the main interest, 
but in a sketch of his 
career something must 
be said of his outside 
activities. His business 
connections were some- 
what extensive. About 
the year 1878, he made 
the acquaintance of the 
late Mr. J. T. Barratt, 
the chairman of Messrs. 
Of the three| A. and F. Pears, Limited. This acquaintance 
developed into a life-long friendship, and when 
Mr. Frederick Gordon, the founder of Gordon’s 
Hotels, Limited, died, about 1904, Mr. Hollingsworth 
took his place on the board of Messrs. A. and F. 
Pears. As is well known, Mr. Barratt took much 
interest in painting, and utilised that interest in 
a very practical way in the advertising of Pears’ 


1924, so that for some four years Hollingsworth 


Mr. Hollingsworth was born in Birmingham, on 
March 31, 1847. He received his early education 
at King Edward VI Grammar School in that 
city, and later went to West’s Academy at Amersham 
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soap. In the production of Pears’ Annual and simi- 


lar activities of the firm, Mr. Hollingsworth found | 
scope for the utilisation of his knowledge of art, | 


which was extensive and critical. He was a buyer 
of pictures, and amassed a valuable collection at 
his house in Hampstead and his office in Bedford- 
street. 
in the Barbizon School and in English water colours, 


particularly admiring the work of Thomas Collier, | 


of whose pictures he had an important collection. 


A valuable example of this painter’s work, presented | 


by Mr. Hollingsworth, hangs in the South Kensing- 
ton Museum collection. He was also particularly 
interested in the work of T. B. Hardy and Charles 
Green, and was happily associated with Grego in 
connection with the reproduction of that painter’s 
work in Pears’ Annual. 

After the death of Mr. Barratt, Mr. Hollings- 
worth’s connection with Messrs. Pears brought him 
in touch with the late Lord Lev erhulme, with whom 
he established a warm friendship. Mr. Hollings- 
worth’s arti$tic interests were inherited by one of his 


daughters, Miss Ruth Hollingsworth (Mrs. R. H. | 
Hellaby), who is a painter of repute, and several of | 


her pictures were to be seen in Lord Leverhulme’s 
collection. In addition to pictures, Mr. Hollings- 
worth was a great collector of blue and white china. 
Other important business connections of Mr. 
Hollingsworth were with the late Sir George Newnes. 
He was one of the founders of the London Colour 
Printing Company and became its chairman on the 
death of Newnes. He wasalso at one time chairman 
of Weldon’s, Limited, and from 1910 to 1927 was 
chairman of Addressograph, Limited. In addition 
to his interest in painting, Mr. Hollingsworth was 
attracted by the theatre and as an old member of the 
yarrick Club knew, or had known, most of the 
leading stage figures of his time. In addition to the 
Garrick, he was a member of the Junior Carlton Club. 
He was a member of Ye Sette of Odd Volumes, 


Mr. Hollingsworth was especially interested | 
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| THE LATE SIR CHARLES METCALFE. 


ALTHOUGH he will, perhaps, best be remembered 
for his pioneer work in Rhodesia, Sir Charles Met- 
calfe, whose death took place on December 29, 
at Godalming, was also associated with many other 
important undertakings in connection with the 
work of his firm, Sir Douglas Fox and Partners. 





He came of a family with great Indian traditions, | 


and no doubt the spirit of service to the Empire was 
in his blood, as in that of so many others who have 
devoted their life to this object. The first Baron 
| Metcalfe was on the board of the East India Com- 
pany, which did so much to consolidate the British 
position in the country in the critical seventeenth 
and eighteenth centuries. The third baronet, who 


was created Lord Metcalfe, was Governor-General of | 
| India under the Company, in 1835, and the associa- | 


| tion of the family with the country was generally 
maintained down to the fifth baronet, Sir Theophilus 
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| Mashonaland Railway Company, the Beira Railway 
'Company, and several others. He became an 
| Associate Member of the Institution of Civil 

Engineers in 1885, and was transferred to the class 
| of Member in 1897, becoming a Member of Council in 
| 1904. He was also a Past President of the South 
| African Association of Science. 


|THE INSTITUTION OF MECHANICAL 

ENGINEERS ; NORTH - WESTERN 

BRANCH. 

A MEETING of the North-Western Branch of the 
Institution of Mechanical Engineers was held at the 
Engineers’ Club, Albert-square, Manchester, on 
Thursday, December 20, 1928, when a contribution 
which represented the Report of the Cutting Tools 
Research Committee was read in abstract by Mr. E. G. 
Herbert. This contribution had been presented at 
the Institution meeting in London on Friday, December 
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| Metcalfe, the father of the late Sir Charles. The | !4 2nd was reprinted in abridged form in the issues 
of vol. exxvi, ENGINEERING for December 21 and 


connection with India extended to the mother’s 
side, as the latter was the daughter of Lieutenant- 
General Sir John Low, a Member of Council for 
Madras. 

| Charles Herbert Theophilus Metcalfe was born in 
| 1853, and entered Harrow School at the age of 14. 


In 1874, he went up to University College, Oxford, | 


|and although he took a third in Classical Modera- | 
| tions in 1876, and a second in Jurisprudence a year | 
| later, it was not until 1881 that he took his B.A. 
| degree. He distinguished himself in sport, both | 
}at Harrow and Oxford, securing his ‘‘ Blue” for 
| Rugby football in 1875. No doubt the physical 
| resources then displayed served him in good part 
later, when he was called upon to carry out 
| pioneer survey work in South Africa. Contem- 
| poraneously with his residence at University College, 
| Cecil Rhodes was at Oriel, and the warm friendship 
| which then sprang up between the two, at a time 
| when the development of Rhodesia was much in 





December 28, on pages 789 and 803, respectively. 
The discussion upon it was reported in the former 
issue on page 782. The chair at the Manchester 
'meeting was occupied by Mr. H. L. Guy. 


MACHINABILITY. 

Mr. Guy, in proposing a vote of thanks to Mr. Herbert: 
said the paper appealed to him as an excellent example 
of correct research routine. Mr. Herberi’s original 
methods of measurement had rendered it possible to 
obtain a knowledge of the mechanism of cutting 
which could scarcely have been got in any other 
way, and in checking his hypothesis he had selected 
a range of engineering materials so extensive as to be 
representative of the materials which were actually now 
being used. The discovery that machinability might 
be assessed in terms of hardness of the chip held 
many possibilities as to wider knowledge in the cutting 
of metals. Continuing, Mr. Guy said that Mr. Herbert’s 
explanation as to the function of the built-up edge on 
tools might explain a phenomenon he had once come 
across, though the connection was rather remote. The , 


being president in 1893-1894. He was an active | Rhodes’ mind, led; in fullness of time, to a close 
Freemason, and was Past-Master of the Honor and | co-operation in opening up the country. The sub- 
N mcumavier « D cay ale is a ; . 
Generosity and Royal Athelstane Lodges. ,,. | ject of our memoir was articled to the firm of Sir 

In 1870 Mr. Hollingsworth married the Miss | (harles Fox and Sons between 1878 and 1881, and 
Allen already mentioned and celebrated his golden yo. afterwards engaged as an assistant in the 


packing of a steam turbine shaft where it left the 
cylinder was effected by retarding the escape of the 
steam by the use of a built-up edge arising from a 
labyrinth of thin metal strips. In a series of experi- 
ments with labyrinths all had gone well until nickel 





wedding in July, 1920. He had seven daughters and 
two sons, of whom one, John Gordon, who was 
engaged on the publishing side of ENGINEERING, 
joined the Middlesex Regiment and in the war was 
killed in action at Suvla Bay on August 12, 1915. 
Five of Mr. Hollingsworth’s daughters survive him, 
and he had thirteen grandchildren and one great 
grandchild. To Mrs. Hollingsworth and _ her 
children we desire to extend our sympathy in their 
irreparable loss. Of Mr. Hollingsworth himself it 
is difficult to say more than we have already done. 
Those who have had the opportunity of working 


with him during the latter years of his life, have 
known a considerate and ever courteous gentleman, | 


but yet one whose demeanour was based on no 
facile or formless good nature. When a decision 
was necessary he showed no hesitation in making 
one and acting on it. 
ever, he carried no rancour, and has left behind him 
at Bedford Street a memory that it will be the 
privilege of those who come after to carry in their 
hearts. 


AIR-DRYING OF CANADIAN LiGNITE.—-In recent | 
investigations, conducted in the Testing and Research | 


of the Canada Department of Mines, 


Laboratories 


Mr. J. H. H. Nicolls had noticed that Alberta lignites, | 


erushed to sizes of } in. and less, or finely ground, 
and then well dried in an electric oven, would not, 
on re-exposure to moist air, absorb as much moisture 
as would be retained in another sample of the same 
brown coal air-dried in the same atmosphere. In other 
words, there was in every case a gap between the 
moisture curve resulting from air drying and the 
curve resulting from the re-absorption of moisture. The 
different behaviours might have been due to oxidation 
of the lignite in the drying oven, although a current of 
carbon dioxide was passed through the material during 
the experiment, and there was indeed some oxidation. 
But this oxidation did not account for the whole effect, 
and recent experiments recorded in Tnvestigut fons of Fuels 
and Fue! Testing (Canada Department of Mines, No. 689) 
confirm the original observation. The less severe the 
previous drying, the more moisture the lignite will re- 
absorb, and the more rapid this process in the first days 
of exposure. The addition of water to the lignite, either 
raw or dried, previous to exposure to the air-drying 
atmosphere, did not alter the relation between the two 
moisture curves. Lignites of high moisture retained from 
73 per cent. to 52 per cent. of their moisture after air 
drying. 


Whatever the event, how- | 


construction of the Southern Railway of Ireland, 
| and also as assistant engineer on the West Lancashire 
| Railway. In December of the latter year, he was 
| appointed resident engineer on the Southport and 
| Cheshire Lines Railway, and on the Hesketh Marsh 
| Reclamation. From 1884 to 1886, he was resident 
| engineer on the Liverpool, Southport and Preston 
Junction Railway, and in 1886 was appointed joint 
engineer, with Sir Douglas Fox, for the Liverpool, 
St. Helens, and South Lancashire Railway. 

His first experience in South Africa, with which 


was used, and even then there was no visible external 
defect. But on stripping the machine it was found 
that the nickel had apparently the property of attaching 
to itself a chip from the shaft which built up a cutting 
edge so that a semicircular groove 1 in. in diameter 
was formed in the shaft immediately opposite the 
labyrinth. He would like to ask Mr. Herbert, in 
conclusion, whether there was any property of the 
material, and if so, what, which was called into play 
in forming the cutting edge, apart from the shape of 
the tool itself. 

Mr. Alfred Saxon was of opinion that Mr. Herbert's 
paper would prove of value in workshop practice. 





| his connection was destined to continue until his 
death, was in June, 1888, when he became joint 
engineer, again with Sir Douglas Fox, for the 
Bechuanaland Railway. His firm, Sir Douglas Fox 
and Partners, surveyed and supervised the construc- 
tion of the whole of the railway line from Kimberley 
to the Congo, of which only a short section, some 
| 100 miles to the south of Port Francqui, remains 
to be completed. Sir Charles was also joint engineer 
with the late Sir George B. Bruce for the Beira Rail- 
| way, which affords Rhodesia an outlet on the western 
coast through Portuguese East Africa. The firm 
was responsible for the bridge over the Zambesi at 
Victoria Falls, and it can hardly be doubted that 
Sir Charles’s most important work was in connec- 
tion with the line passing over this bridge, and form- 
ing the southern portion of the proposed Cape to 
Cairo route. It was largely due to his prescience | 
that the extension of the existing lines northward | 
beyond Kimberley, which, as originally projected, | 
followed almost a bee-line to the southern extremity 
of Lake Tanganyika, was diverted to the west, in 
order to pass through Bulawayo, Victoria Falls, 
Elizabethville, and Bukama. By this means, a 
series of rapidly-developing areas were traversed, 
with corresponding advantages to the railway from | 
a financial aspect. 

During the war, Sir Charles was Chairman of the 
Committee to report on the standardisation of rail- | 
way equipment, and of other committees, under | 
the Ministry of Reconstruction and the Board vod] 
| Trade. 








At the time of his death, he was consulting | 
|engineer to the Rhodesia Railway Company, the 


The subject needed investigation from many different 
methods of approach, and it was a gain if the man 
in the shops could be impressed with the fact that a 
harder steel would probably cut more freely than 
some of the softer steels. 

Mr. J. Newton commented first on the difficulty of 
arriving at a precise definition of machinability. 
The dictionary afforded no help, and questions put 
to friends in large machine shops only elicited very 
indefinite replies. Of these, the clearest perhaps was 
that machinability might be measured by the weight 
of steel which a given tool would remove in a unit 
of time. This was not a measure given by the author 
who had, on the contrary, suggested three indications, 
i.e., the speed at which the metal could be cut; the 
resistance to cutting ; and the blunting effect on the 
tool. These were such different measures that they 
might give criteria resulting in the metals tested being 
placed in a different order according to which test was 
used. He would ask the author if some clear indication 
of a physical property representing machinability could 
not be given. Something similar to the procedure with 
a Brinell test might be possible. This test gave a figure 
depending on pressure in Ib. per square inch. But, 
if the same material was tested with different pressures 
and different balls, different figures were arrived at, 
so the Brinell test had to be standardised for the 
different pressures on different balls. Mr. Herbert, 
might, therefore, have to standardise certain elements 


|of his problem and say that machinability was a 


quantity which varied in a certain way when those 
were fixed. 

However, Mr. Newton went on to say, though he 
could not help with the theoretical side of the problem, 
he believed he could correctly gauge the relation of 
the paper to workshop practice. A machining opera- 
tion was a definite process, and the depth of cut was 
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generally defined. What then remained to be chosen 
was a suitable cutting speed to allow the tool to operate 
for an economical time. If the tool had to be changed, 
production would be interfered with, and the cost of 
grinding would have to be met. The cost of changing 
the tool, then, would have to be placed against the speed 
of cutting. Mr. Herbert had realised that, for, as the 
paper stated, the object of the investigation was to lay 
down, if possible, a quantitative basis from which 
machinability might be calculated in terms of speed, 
feed, and depth of cut. 
contended, the important factor of the durability of 
the tool had been missed. In the very voluminous 
researches of White on cutting tools, he had laid down as 
a test of a tool, the speed and depth of cut which would 
destroy its edge in 20 minutes. 

The subject was, however, so complicated that he, 
Mr. Newton, hesitated about making any general 
statement on the action of a cutting tool, but he did 
believe, contrary to Mr. Herbert, that an increase in 
cutting speed shortened the life of the tool. 
life of the tool was, moreover, a very important thing 
in ordinary lathe work. It might be necessary to 
change the tool every hour. In the case of milling 
operations, it would probably be necessary to change 
the tool once a day. In gear cutting, he had had a cut 
which had to remain perfectly accurate for 174 hours’ 
continuous cutting. Had too high a speed of cutting 
been chosen the tool, and possibly also the work, 
would have been ruined. 


weeks. Although the paper had not provided as 
definite workshop data as was desired, vet the infor- 


mation relative to work hardening on such a thoroughly | 


representative series of ferrous materials as had been 
investigated was of very definite value. 

Mr. R. W. Bailey, while appreciating the paper as 
opening up a number of avenues of thought, expressed 
disappointment that a law of machinability had been 
_ put forward without there being data to show that the 
law bore a different relation to tests under workshop 
conditions, Mr. Herbert had pointed out that the 
hardness with which the tool had to deal in the material 
was not the hardness of the material at normal tempera- 
tures. What needed to be taken into account was 
that the hardness of the metal at the temperature 
at which it was being operated was probably not the 
hardness which was measured under atmospheric 
temperature and, which, after all, was not the hardness 
with which the tool had to deal. If the basis of machin- 
ability were taken as the hardening of the material, 
then surely the hardening which occurred due to the 
deformation of the material was expressed by the work 
which was being done forming the material. With 
constant conditions of speed and tool angles, it seemed 
clear that the force that the tool had to apply to the 
work was a measure of the forces which had to be 
applied in shearing the material at the temperatures 
at which the tool was actually operating. Would it 
not be correct, therefore, to say that the law of machin- 


ability was the force which the tool had to apply, or the | 


energy which the work absorbed in machining. He 
thought any law of machinability founded on chip 
hardness, for instance, would have to be based also on 
tests of durability and cutting speeds which had 
produced results of appreximately the same order. 

Mr. Bailey then questioned whether there might not 
be two different sets of conditions existing between the 
hack saw tests and the machinability as determined by 
chip hardness. Thus, in the hack saw tests, the cuts 
might be made at very much lower temperatures than 
existed with the tool which was used when the chip 
hardness tests had been made. In the diagram show- 
ing machinability measured by rate of sawing and by 


blunting of saw,* steels 3 EA and 4 EA showed a} 
substantial increase in the height of the curve above | 


the earlier steels, but. in the diagram of summarised 
results of lathe tests+ all the steels up to 22 W.T.F. 
gave work hardness figures of about the same magni- 
tude, and then there was a sharp rise with 16 BB. If 
the hack saw was operating at a different temperature 
to that at which the turning tests were carried out, 
would not that partly account for the differences shown ? 
The curve of the original hardness of the various steels 
shown in the latter figure was interesting, and from the 
limited amount of data available on the behaviour of 
steels at elevated temperatures—ar ything from 400 deg. 
C. to 600 deg. C. or even lower—it would seem that 
they fell into something like the same order as that 
exhibited by the curve. Some tests recently made in 


Germany, for example, on the effect of vanadium and | 


molybdenum on the resistance to flow of steels at 
elevated temperatures, appeared to show that those 
elements had a marked effect, and it was interesting to 
observe that where molybdenum was added to the 
steels in the test, there appeared to be a considerable 
decrease in the machinability. 

Mr. H. Butterworth expressed his pleasure that cast 
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At the same time, Mr. Newton | 


The | 


In the case of a shearing | 
machine, tools had been known to last from 4 to 6 | 
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icon had not been excluded from the paper. In the 
| ordinary jobbing and repair shop, it was known, roughly 
| speaking, what might be expected from steel, but with 
| cast-iron there was considerable variation in hardness. 
| He had used a scleroscope hardness tester for three or 
| four years, and found that it gave a very reliable indica- 
| tion as to the machinability of cast-iron. Centrifugal 
| castings, which were bought out, generally ranged up 
| to a scleroscope figure of about 30. Their own iron was 
| about 40, and if it got up to 50 it was practically not 
machinable. It could still be turned, but not cut in 
the shaper. 

Mr. Daniel Adamson thought the occurrence of the 
built-up edge had received rather undue prominence. 
| He had learned of its existence from the foreman turner 
when he was a boy in the shops. Then had come the 
| high-speed tool steel experiments under Dr. Nicolson, 
and the built-up edge was found on these steels. The 
conclusion reached was that so long as the built-up 
edge remained, a long life could be got out of the tool. 
It. was also supposed that the chips wore away the back 
lof the cutting edge, and eventually the tool would fail 
suddenly. The author had stated that the built-up 
ledge did not form so well at the lower speeds. He 
(Mr. Adamson) thought that perhaps, at the higher 
speeds, the built-up edge had an opportunity to get 
| welded on by a combination of the temperature and 
| pressure. 
| The results obtained on stainless steel were interest- 
ing, and more would be heard in future about this 
material, as also about work hardening. Stainless 
| steel was the worst material they had come across yet 
lin work hardening, not only in machining it, but in 
| flanging it. As soon as the temperature fell it became 
comparable with ordinary mild steel when that material 
‘was at atmospheric temperature. The result was that 
very little work could be done on it at a time. It had, 
however, one virtue, which was, that on putting it 
back into the furnace for reheating, it did not scale so 
greatly as mild steel did. The time taken over it was 
much increased by the fact that not only was it less 
easily worked if it fell below the very high temperature 
assigned to it, but as soon as it was worked at all, work 
hardening occurred. Soft wrought iron had been men- 
tioned in the paper. In the older form of boiler furnace, 
where a soft iron caulking ring was interposed between 
two mild steel flanges, the iron had invariably given 
trouble in construction by being so much harder to drill 
than the steel. 

Mr. J. S. G. Primrose was glad to see the use made 
of the microscope in the researches, and contended 
that some of the photographs reproduced in the paper 
showed that the machinability depended, not on the 
composition, or the hardness, but on the constitution 
of the metal, particularly was this the case where 
the annealing of normalised steels was spoken of. The 
words “hard” and “soft”? might quite well be 
reversed in the workshop and the laboratory. This 
might be illustrated by an actual example. Some 
| steel parts, in the main 3 ft. in diameter by ? in. thick, 
with certain built-up projections, had widely varying 
constitutions, due to the different steels used, some 
of which were alleged to be very hard to machine. 
The parts had been put into a large annealing furnace, 
normalised, and their Brinell hardness raised from 
100 to 150. They were then easy to machine. In 
shop parlance they were “ soft,” though really harder 
than before. Machinability depended, therefore, on 
constitution, and what was wanted was to put the 
steel into such a condition as to favour the building up 
of the little bit of metal which sheared, not cut, the 
other metal off; in other words, to provide the tool 
| with an advance guard to help it to do its own job. 
| Mr. Herbert then replied to the discussion. He 
was, he said, much interested in the Chairman’s 
| account of the built-up edge on the tiny strip of metal 
j}in the labyrinth gland of a steam turbine. He had, 
| however, only investigated tool steels or carbon steels, 
|and could not say what might be the effect of other 
metals in this phenomena of building up. But he 
|} could imagine that there might be an affinity between 
certain metals which would cause them to weld very 
|rapidly. Thus, in turning aluminium there was almost 
a chemical action going on between the point of the 
| tool and the metal, which became firmly attached. A 
|fusing action rather than a welding one seemed to 
take place, although no high temperature was involved. 
He was pleased with Mr. Saxon’s reference to the tests 
proving of value in workshop practice. He had stuck 
as closely as possible to actual workshop conditions, 
and had used the production tools in his own shop, 
and not in the laboratory. 

He was not prepared to meet Mr. Newton’s challenge 
to give a concise definition of machinability, and 
thought that the one depending on the weight of 
material removed in a given time, as quoted by 
Mr. Newton, would ultimately be found to be based 
upon such continuous sharpening of the tool as would 
interfere with production. He did not think there 








was any one criterion of machinability, which property 





shared with the term hardness, a considerable difficulty 
of definition. The durability of the tool, of course, 
always came in, unless it was actually the measure 
of machinability, as in the succession of hack-saw 
tests in which durability was the criterion. In the 
ordinary way, if any other measure was taken, dura- 
bility of a certain length would have to be assumed, 
as had been done by Taylor. It should either be 
assumed definitely, or something of that kind should be 
implied. As to Mr. Newton’s disagreement from him 
on the point of low speeds wearing out the tools 
quickly, many other engineers shared Mr. Newton’s 
view, but he, himself, thought that his tests showed 
the real result because he had made them on a tool-steel 
testing machine. This permitted him to go much 
lower than engineers would ever think of going. His 
standard cutting had been ;,),; in. in thickness, and 
at this low speed there was no built-up edge. 

Mr. Herbert. then dealt with Mr. Bailey’s comments. 
He said he would have liked to have checked the 
machinability law by some prolonged tests under strict 
workshop conditions, but unfortunately the process 
of testing machinability by how much metal could be 
cut away in odd day runs involved the burden of 
larger amounts of time and heavier costs than could 
be assumed by a private individual. He did not quite 
know which temperature effect Mr. Bailey had in 
mind. The chip could not get hot enough to affect 
its ductility under the conditions of his experiments as 
it was kept under an ample flow of water. There was 
another temperature effect which was highly important, 
which was, that if a work-hardened metal were deformed 
and then put up to quite a moderate temperature, its 
hardness would be increased. This was being investi- 
gated and turned to practical use both in Great Britain 
and America. It had occurred to him that the work 
hardening might be affected by the temperature 
which was generated in cutting, and to test that he had 
cut one of those materials in which the chip seemed to 
be hardened to a greater extent than the pendulum 
showed to be possible. It might be that in this case he 
had been hardening by low temperature annealing. To 
test this possibility he had flooded a piece of the same 
steel with water and had let the tool run at a very slow 
speed, so that it was creeping slowly in a pool of water. 
He had then measured the hardness of the chip, and got 
the same hardness as in cutting. The conclusion was then 
inevitable that any possible low temperature annealing 
did not affect to any considerable extent the hardness 
of the chip he had been measuring. He did not think 
that any effect of relatively high temperature that 
would be necessary to affect the ductility of the 
material would come in at all. 

Continuing, Mr. Herbert said that, with reference to 
Mr. Bailey’s suggestion that an equally good measure 
of machinability might be the force required, or the 
machine power consumption, yet, while there was no 
doubt but that to cut a material which was hard to 
machine would take more power than a softer one, other 
things being equal, it was not certain that a good measure 
of machinability could be based on elements which in- 
troduced still more factors. There was some relation- 
ship, but the very able experimenters who had carried 
out investigations for the U.S.A. Bureau of Standards, 
had tried to co-relate the power consumption with 
machinability of material, and, as far as he remembered, 
had not found the former a reliable measure of 
machinabil ty. Mr. Bailey had also suggested that the 
hack saw tests might give different results to the lathe 
tests, because of the lower temperature at which the 
hack-saw was supposed to be cutting. The hack-saws 
were made of high-speed steel and run at the highest 
speed the blades would stand. The temperatures at 
the tooth of the saw had been measured and found to 
be very high indeed. A hack-saw could be run right 
up to the softening point of high-speed steel in the 
neighbourhood of 700 deg. C. The temperatures in 
both series of tests were quite comparable, water- 
cooling being applied in both of them. 

He had not heard much before of the efficacy of 
the scleroscope tests for cast-iron as mentioned by 
Mr. Butterworth. The material was a very coarse 
structured one, but he would expect to find similar 
results to those described. He would assure Mr. Adam- 
son that he made no claim to be the discoverer of the 
built-up edge. On the contrary it was Dr. Nicolson’s 
results which gave him his first insight as to what 
happened at the point of the tool. The results obtained 
on wrought iron had been what he had expected. The 
hack-saw tests with this material were, however, some- 
what surprising. A particularly acute and effective 
built-up edge had formed. He agreed with Mr. Prim- 
rose that the constitution of a metal was very impor- 
tant. The point that speaker had made about the 
constitution of the metal being favourable or not to the 
formation of the built-up edge was one of the great 
mysteries of the subject. He, himself, had not come to 
any conclusion as to the real cause of the apparent 
refusal of a particular metal to give the tool any 
assistance by the formation of a built-up edge. 
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4-6-0-TYPE PASSENGER LOCOMOTIVE FOR THE GREAT WESTERN RAILWAY. 
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4-6-0-TYPE LOCOMOTIVES FOR THE 
GREAT WESTERN RAILWAY. 


In the accompanying figure we illustrate a new 
class of locomotive, of which 80 are being built at 
the Swindon works of the Great Western Railway 
Company, to the designs of Mr. C. B. Collett, O.B.E., 
M.Inst.C.E., Chief Mechanical Engineer. These loco- 
motives are intended to replace 4-4-0 type locomotives, 
which are incapable of handling the present-day trains, 
owing to their increased weight. 

The engines have two outside cylinders, 18} in. in 
diameter, and with a stroke of 30 in. The driving 
wheels are 6 ft. in diameter, and with a boiler pressure 
of 225 lb. the tractive effort works out at 27,275 lb., 
the adhesive weight in working order being 56 tons 
10 cwt. The cylinders are fitted with piston valves. 
The boiler is conical, and of the standard No. 1 type 
of the railway, with Belpaire firebox and conical 
barrel. 

The bogie is spring controlled, and has wheels, 
3 ft. in diameter. The driving wheel-base is 14 ft. 9 in. 
and the bogie wheel-base 7 ft., the total for the engine 
being 27 ft. 1 in. The axle load on the two rear 
coupled axles is 18 tons 19 ewt. in each case, and for 
the leading coupled axle 18 tons 12 ecwt., the weight 
on the bogie being 18 tons 10 ewt. The total weight 
of the engine is thus 75 tons in working order, while 
light it is 69 tons. 

The engine is fitted with the vacuum brake, provided 
with a new pattern of 4-cone ejector. The brake 
rigging is equalised. 

The tender is of the Great Western standard 6-whee! 
type, with water pick-up. The tank capacity is 
3,500 gallons, and 6 tons of coal can be carried. The 
weight of the tender empty is 18 tons 5 cwt., and 
full 40 tons. 

The total weight of the locomotive in working order 
is thus 115 tons, while the total wheelbase is 53 ft. 43 in., 
and the length over buffers 63 ft. 03 in. 








THE Royat Sanitary Instirute.—The health 
exhibition, which is to be held in connection with the 
fortieth congress of the Royal Sanitary Institute at 
Sheffield, will take place in the Cutlers’ Hall, Church- 
street, from July 15 to 20, 1929. The exhibits will 
include appliances for housing and general sanitation, 
and will relate to all matters connected with health and 
physical welfare. Further particulars and forms of 
application for space at the exhibition may be obtained 
from the secretary of the Institute, 90, Buckingham 
Palace-road, London, S.W.1. The forms should be 
returned not later than June 22, 1929. 








YEAR BOOKS AND ANNUALS. 

Jane's Fighting Ships, 1928.—Founded in 1897 
by the late Mr. F. T. Jane, the thirty-second annual 
issue of that weli-known reference book, Jane’s Fighting 
Ships, has just been published. Its arrangement. is 
identical with that of former issues and, like its pre- 
decessors, the present edition constitutes a complete 
record to date of naval progress throughout the world. 
The volume contains upwards of 3,009 reproductions 
of photographs and other illustrations. The recognition 
silhouettes, which have always formed an attractive 
feature of the work, were completely redrawn in 
1927, as far as British warships were concerned. 
This year, the policy has been extended, and over 200 
silhouettes covering the Japanese, United States, and 
German fleets have been redrawn. It is quite evident, 
even from a cursory glance through the book that 
the information has been efficiently revised and amend- 
ments and additions made wherever necessary. The 
high standard reached during recent years has been 
more than maintained and the editors, Messrs. Oscar 
Parkes and F. E. McMurtrie are to be congratulated on 
the excellence of their joint achievement. The volume 
is published by Messrs. Sampson Low, Marston and 
Company, Limited, 100, Southwark-street, London, 
S.E.1. The price is 42s. net. 





Surveyors’ Tables and Diary, 1929.—This useful 
little pocket book and diary contains 64 pages of 
miscellaneous mformation compiled for the use of 
surveyors, architects, structural engineers, and builders. 
Tn addition to numerous tables of weights and measures 
used in connection with building construction, roofing, 
flooring, decorating and plumbing, the book contains 
data regarding the London Building Acts, 1894 to 1909, 
regulations concerning the erection of scaffolding and 
hoarding, conditions respecting vaults, pavement 
lights, the fitting of unloading cranes, and other 
matters of interest to the building contractor. The 
book is published by Messrs. Metchim and Son, 32 
Clements-lane, Lombard-street, London, E.C.4. It 
is paper-backed, and the price is 2s. 6d. net. 





The International Register of Telegraphic and Trade 
Addresses.—The aim of the compilers of the Inter- 
national Register is the facilitating of overseas 
trade, and with this end in view, they have drawn up 
a representative list of the registered cable addresses 
of the principal buying and selling firms of the world 
and of the chief telegraphic codes employed by each 


concern. A classified trades directory is also to he 








with 


furnished 
In order 
to increase the scope of the Register a limited number 
of firms are included which, although not directly 
engaged in actual international trade, are nevertheless 


found in the volume. This section is 
indexes in French, German and Spanish. 


of considerable national importance. Particulars of 
these concerns are given in the classified trades but 
not in the alphabetical section of the work. The register 
is neatly printed and well turned ont ; it is now in its 
seventh year of publication and comprises 1,700 pages. 
The publishers are Messrs. The Marconi International 
Code Company, Limited, Marconi House, Strand, 
London, W.C.2. The price of the volume is 27s. 6d. 
net. 


The South and East African Yeur Book and Guide. 
The 1929 issue of the South and East African Year 
Book constitutes the thirty-fifth edition of the work. 
As was the case with former issues, the subject is 
divided into three sections :—Part I deals with South 
Africa, and Part II with East Africa. Part III is 
devoted mainly to information respecting hunting 
and fishing, game laws, &c. The first two parts cover 
very fully such subjects as means of transport and 
communication, imports and exports, climate and 
topography, farming, irrigation, currency, weights and 
measures, timber and forests, and mining and minerals, 
in South and East Africa respectively. The specially 
prepared atlas of 64 pages of maps in colour, which 
forms part of the volume, has always been a highly 
useful feature. The general index of the book contains 
over 2,000 place names; it constitutes, therefore, a 
serviceable gazetteer. The volume, which contains 
nearly 1,000 pages, is edited for the Union-Castle Mail 
Steamship Company, Limited, 3, Fenchurch-street, 
London, E.C.3, by Messrs. A. Samler Brown and 
G. Gordon Brown, and is published by Messrs. Sampson 
Low, Marston and Company, Limited, 100, Southwark- 
street, London, S.E.1. The price is 2s. 6d. net, by 
post 3s. 


The Practical Engineer Electrica! Pocket Book and 
Diary for 1929.—-The increased attention that is now 
being paid to the illumination of factories and workshops 
on scientific lines is reflected in the two sections of 
The Practicai Engineer Electrical Pocket Book: and Diary 


for 1929, published by Mr. Humphrey Milford, Oxford 


University Press, Amen Corner, London, at 2s. 6d. net, 
which deal with electric photometry and illumination 
and electric lamps respectively. In these sections the 
practical aspect of illumination under modern conditions 
is emphasised, and data is given which shouid enable 
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a lighting installation to be designed without calcula 


tions being made. The remaining sections, 


cover the whole field of electrical engineering, have | 


been revised for this edition, and the information given 
is concise and up-to-date. The illustrations, though 
net particularly numerous, are informative. A useful 
feature is a short glossary of electrical terms in French, 
Spanish, and Russian. 


The Colliery Manager's Pocket Book.—I\ssued by 
Messrs. The Colliery Guardian Company, Limited, 
30 and 31, Furnival-street. Holborn, London, E.C.4, The 
Colliery Manager's Pocket Book, Almanac and Diary 
for 1929, is in its sixtieth year of publication. The 
book is edited by Dr. J. Vincent Elsden and Mr. H. 
Greenwell, and contains much detailed information 
regarding mining in all its branches. Chapters are 
devoted to such subjects as mining progress during 
1928. mining statistics, coal and its by-products, 
mine ventilation, ambulance and rescue work, and 
electricity in and about mines. 
sives, approved safety lamps, mining-examination 
regulations, mining institutes and trade 
and Government Departments and committees con- 
cerned with mining, are also included. The book con- 
stitutes an encyclopwdia of the subject with which it 
deals, and should be in the hands of all colliery officials 


and engineers. It is strongly bound in cloth, and 
contains upwards of 400 pages; the price is 3s. Od. 
net. 

Diaries and Pocket Books.—We have received ‘a 


handsome leather-bound pocket diary from the foundry 
sales department of Messrs. The Staveley Coal and 
Iron Company, Limited. near Chesterfield: | many 
pages of tables reiating to cast-iron pipes for water, 
vay and sewage, and of miscellaneous information 
intended for engineers and metallurgists. are included. 

A neat little diary reached us from Messrs. 
Walter Slingsby and Company, Limited, Woodhousc- 
road, Keighley, Yorks, makers of malleable-iron pipe 
fittings. —A useful leather pocket wallet and note-case 
combined has been sent to us by Messrs. John I. 
Thornyecroft and Company, Limited, Thornycroft 
House, Smith-square, London, 8.W.1.—Messrs. Oi! Well 
Supply Company, Pittsburgh, Pa.. U.S. have 
forwarded to us a handy pocket diary containing 
illustrations of their oil and gas weil drilling equipment, 
boilers, gas and other engines, and pumps.—We have 
received from Messrs. General Electric Company, 
Limited, Magnet House, Kingsway, London, W.C.2, 
a handsome pocket diary, bound in leather and con- 
taining tabulated information of interest to electrical 
engineers. 


has 





e- 


We have received monthly 
tear-off calendars from Messrs. Crofts (Engineers), 
Limited, Leeds-roacd, Bradford, Yorks : the 
Bristol Aeroplane Company, Limited, Filton, Bristol ; 
Messrs. Thomas Robinson and Son, Limited, Railway 
Works, Rochdale: Messrs. Crossley Brothers, Limited, 
Openshaw, Manchester; Messrs. Hulse and Company. 
Ordsal Works, Manchester: Messrs. C. A. Parsons and 
Company, Limited, Heaton Works, Newcastle-on- 
Tyne ; 
Queen-street. London, S.W.i:; Messrs. Aiton 
Company, Limited, Derby: Messrs. Mawdsley’s, 
Limited, Zone Works, Dursley, Gloucestershire ; Messrs. 
Clayton, Son and Company, Limited, Hunslet, Leeds ; 
Messrs. S. S. Stott and Company, Laneside Foundry, 
Haslingden, near Manchester; Messrs. Sir W. G. 
Armstrong, Whitworth and Company, Limited, Kin- 
naird House, Pall! Mall East, London, S.W.1: Messrs. 
the D.P. Battery Company, Limited, Bakewell, Derby- 
shire ; and Messrs. John f. Thornycroft and Company, 
Limited, Thornycroft House, Smith-square, London, 
SW... Daily tear-off calendars have reached us from 
Messrs. Wm. Jessop and Sons, Limited, Brightside 
Steel Works, Sheffield ; Messrs. Henry Simon, Limited, 
20, Mcunt-street, Manchester; Messrs. Vernon Proctor 


fimanacs and Calendars. 


Messrs. 


and Company, Foster's Buildings, 22, High-street, 
Sheftield: Messrs. S. G. Brown, Limited, Western- 
avenue, North Acton, London, W.3; Messrs. the 
Davenport Engineering Company, Limited, Harris- 
street, Bradford; and Messrs. -\shwell and Nesbit, 
Limited, Barkby-lane, Leicester Messrs. Demag 


\ktiengeseilschaft, Duisbure, Germany, have sent us 
refills for their daily calendar and scribbling pad. 
We have received monthly calendar refills from Messrs. 
British Insulated Cables, Limited, Prescot, Lancashire. 
In connection with their desk calendar refills, Messrs. 
The Reason Manufacturing Company. Limited, Lewes- 
road, Brighton, Sussex, have sent us a pair of folding 
pocket scissors enclosed in a metal case. A tri-daily 
tear-off calendar has come to us from the administra- 
tion of the Deutsche Reichsbahn-Gesellschaft. A 
fortnightly tear-off desk calendar and note pad has 

us from Messrs. A. Borsig, G.m.b.H., Berlin- 
Germany. Greeting cards have reached 


come to 


Tegel, us 


from the Chief Commissioner and officers of the New 
South Wales Government Reilways. 


which | 


Data regarding explo- | 


societies, | 


Messrs. the tronite Company. Limited, 11, Old | 
and | 
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THE PRICES OF METALS. 


(Specially Compiled from Official Reports of London Metal Markets.) 
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Nore.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of 
the London Metal Exchange for “ fine foreign’? and ‘‘ standard” metal, respectively. The prices shown for 


lead are for English metal, whilst those for spelter are for virgin metal. 
| for steel plates and rails, and also for hematite and Cleveland pig-iron. : 
plates are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. 


Middlesbrough prices are plotted 
The prices given in the case of steel 
The pig-iron 


prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price of quicksilver is per 
bottle, the contents of which vary from 70 Ib. to 80 lb. The price of tin-plates is per standard box, but in 
other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 
lines represent 1/. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each. 


SHIPBUILDING IN 1928,—The total tonnage launched at 
the shipyards on the rivers Clyde, Tyne and Wear, 
owned by Messrs. Swan, Hunter, and Wigham Richard- 
son, Limited, was 154,342; the total h.p. amounted to 
106,430. The largest vessel was the 11,650-ton motorship 
Coptic.—Messrs. Napier and Miller, Limited, Old Kil- 
patrick, launched four ships, aggregating 15,898 gross tons. 

-The gross tonnage of the six vessels launched by Messrs. 
Barclay, Curle and Company, Limited, Whiteinch, 
Glasgow, amounted to 33,432. The largest ship was the 
6,583-ton motorship City of Lille-—Ten dredgers and 
similar craft, having a total gross tonnage of 4,156 and an 
i.h.p. of 5,110, were built and engined by Messrs, Lobnitz 
and Company, Limited, Renfrew.—Of the four vessels 
launched by Messrs. John Brown and Company, Limited, 
Clydebank, three, namely, the 8.8. Duchess of Bedford, 
Duchess of Richmond, and Duchess of York, were over 
20,000 tons. The fourth, the Rangitiki, had a tonnage of 
17,950.—Messrs. 8S. P. Austin and Son, Limited, Wear 
Dock Yard, Sunderland, launched two colliers, the 
aggregate tonnage of which was 4,445.—The steamers 
and motorships launched by Messrs. Cammell Laird 














and Company, Limited, Birkenhead, numbered 10, and 
the total gross tonnage amounted to 78,161. The largest 
ship was the 10,190-ton vessel S.S. Gretafield.—The total 
tonnage of the 6 ships launched at the Hebburn-on-Tyne 
yard of Messrs. R. and W. Hawthorn, Leslie and Com- 
pany, Limited, amounted to 22,079. The largest was 
H.M.S. Sussex, which had a displacement tonnage of 
10,000.—Messrs. W. Doxford and Sons, Limited, Pallion 
Yard, Sunderland, launched seven vessels, the tonnage of 
which totalled 28,447.—Two vessels, aggregating 8,618 
gross tons, were built by Messrs. A. MeMillan and 
Son, Limited, Dumbarton.—Messrs. Vickers-Armstrongs, 
Limited, Barrow-in-Furness, launched six vessels, the 
gross tonnage of which totalled 31,350. The largest 
unit was the 14,500-ton submarine depot ship, H.M.S. 
Medway; the other vessels comprised 4 submarines 
and a fleet repair ship.—Five dredgers were launched 
by Messrs. Wm. Simons and Company, Limited, Renfrew. 
The total tonnage was 5,231 and the i.h.p. of the engines 
9,715.—Messrs. John Readhead and Sons, Limited, West 
Docks, South Shields, launched 6 vessels aggregating 


32.025 tons. 
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THE QUENCHING OF STEEL. 
By P. J. Hater, M.B.E., M.Sc. 

Ir a piece of high-carbon steel is heated through the 
upper critical range and then quenched in water, hard 
steel is produced. This is due to the fact that steel of 
practically any structure may be changed to that of 
a solid solution or to austenite by being heated through 
the upper critical range. When it is cooled quickly, 
the austenite is converted into martensite, but, in large 
specimens, some of the interior martensite is changed 


into other constituents. In all cases, hardening reduces | 


the specific gravity, and increased volume theoretically 
follows. But it is only in small specimens that the steel 
distorts as indicated by theory, and apparently it is 
impossible to discover any laws which enable us to 
predict the volume changes of steel or to state why 
some steels are liable to crack. The view is advanced 
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| far as to state that the speed of cooling is independent 
|of the velocity of plunging, or, in other words, the 
distortion is independent of the cooling velocity. 
This statement is not in accordance with modern 
research, for an alteration in the speed of an object 
through a liquid can produce a marked difference 
in the wake, and it has been shown that, for circular 
discs, discontinuous flow or turbulence takes place 
on the down-stream side of the discs at velocities 
of over 30 cm. per second (approximately 1 ft. per 
second).* 

Since hardening has been practised for over 3,000 
years, it is remarkable how little is known of the 
speed a man can plunge an object, or the various 
factors which influence this speed. With hand plunging, 
the speed is limited by the depth of water available, 
or the depth the gauge or tool can enter the water. 
For instance, a gap gauge, with 2-in. jaws, will not 





in the following article that warping is largely due to | be allowed to enter the water more than 2} in., so 
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the action of the quenching fluid, which produces 
differential cooling on the various faces. 

Quenching theories generally assume a vapour layer 
surrounding the red-hot steel, the vapour being carried 
away by convection. This theory being enunciated as 
follows :—‘‘ On immersing a heated bar in water at 
0 deg. C., the first thin layers of water in contact with 
the surface of the bar are rapidly heated to their boiling 
point and steam is formed, which, expanding outwards, 
causes @ fresh layer to come in contact with the surface, 
the process being repeated. The surface of the bar 
alternates then between 0 deg. C. and 100 deg. C., 
while the steam acts as a carrier of heat to the body 
of the liquid.”* The same idea was expressed in another 
paper :—‘‘ But the immediate effect of the sudden 
immersion in water, for example, is to surround the red- 
hot steel with a heat-insulating envelope of steam, and 
there is often sensible delay before the cold water 
comes into effective contact with the red-hot metal 
and sets up rapid cooling.”’+ 

In these and other theories, the velocity of plunging 
is ignored, and some experimenters have gone so 





* «A Contribution to the Theory of Hardening.” 
McCance, Journal I. and S. Inst., vol. lxxxix, page 192 
(1914), and ENGINEERING, vol. xcvii, page 825 (1914). 

¢ “Permanent Magnets in Theory and Practice.” 
Evershed, Journ. Inst. of E. E., vol. lxiii, page 785 (1925). 
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speed of entry; the subconscious mind is getting 
ready for the reverse. 

In other cases it was found that, for 20-in. plunging, 
the greatest average speed of groups of individuals 
was 6 ft. per second, but with other persons it only 
reached 3-6 ft. per second. It may be assumed that, 
with a good depth of water, gauges may be plunged 
with an average velocity of 6 ft.-per second, but if a 
bucket of 10 in. depth is used, then the velocity cannot 
exceed 2-6 ft. per second.* Rotary furnaces are often 
adapted to dump or gravity quenching. Obviously this 
is absolutely unscientific,for, generally, the heated speci- 
mens reach the bottom of the tank red hot, become 
surrounded by hot water and are thus irregularly hard- 
ened. In dump quenching, the velocity depends upon 
the distance the specimen is released above the surface 
of the liquid. If it is released 1 ft. above the surface 
of the water, it will enter the water with a velocity of 
8 ft. per second, and at the end of the first foot in 
the water, will have a velocity of 11 ft. per second. 

The theoretical velocity is slightly reduced by the 
resistance of the water, but dump or gravity quenching 
will produce greater distortion than hand plunging, 
as the figures in Table I show. 

It will thus be seen that the distortion is increased 
from two to three times by the speed of plunging. 
Besides obtaining some definite figures for plunging 
velocities, the author studied the subject of quenching 
by 

(a) Taking an object with a stream of cold water 
flowing over it. 

(6) Taking a similar object made of fine insulated 
wire and heating it at a pre-determined moment, and 
in each case finding out the effect on the stream-line 
flow. 

(c) Measuring the distortion and 
quenched objects. 

Consider what happens when a cylinder is plunged 
into cold water, assuming that the following statement 
is true :— 

“When a cold object is plunged into water, the 
results, as far as stream-line flow .is concerned, are the 
same as if the object were suspended in a stream of 
water flowing at the same velocity.’’t 

Fig. 1 shows the flow past an infinitely long cylinder 
with its axis at right angles to the direction of flow. 
The fluid divides at A and reunites at B. Its velocity 
at both of these points is zero, but the pressure is 
amaximum. At C, the velocity would be a maximum, 
hence the pressure is a minimum. As the speed of 
flow increases, the point B tends to move away from 
the obstacle, owing to viscous friction, and the particles 
leaving C do not attain the dead-water point B. There 
is thus a body of water, of which the flow is retarded, 
tending to move to the point of minimum pressure, 
pushing away the outer current and producing 
a vortex at the surface of the two differential 
flows. Thus the space behind the cylinder becomes 
filled with a slowly eddying, vortical motion. As the 
speed increases, the point of minimum pressure falls 
back a little and the vortical motion gradually changes 
to that of a turbulent motion.{ 

Fig. 2 shows the state of affairs in the case of a station- 
ary heated cylinder. On the underside of the cylinder, a 
ring of water is heated for about 0-1-in. in thickness, 
whilst above, the liquid is turbulent. As the heated 
cylinderis plunged into deep water by dumping or hand 
quenching, it travels at a speed which would produce 
turbulence on the upper side with a cold specimen. 
Thus the underside is cooled by conduction, the maxi- 
mum cooling effect being at the zone of maximum 


hardness of 





TABLE I.—AVERAGE DIAMETRAL DISTORTION OF Srx, 0°9-IN. By 2-In. Cast-STEEL SPECIMENS. 


velocity whilst the natural turbulent zone on the upper 




















| Vertical. Horizontal. 
Type of om aerate g te a err — = a | ee 
Plunging. - | 
| First End | : | Last End = te | 
| to Enter Water. Middle. | to Enter Water. | ae ll 
! ! u sen a ' ce eatlte 
ee, | : | . | | , | ; | i 
| in. in. | in. in. | in. in. 
Hand 0 -0008 0 -0007 | 0 -00045 | 0 -00075 | 0 -00055 60-0011 
Gravity .. ae 0 -0026 | 0-002 0 -00174 | 0-0019 | 0 -0037 0-0021 
that the back of the gauge may be kept soft. By| side is intensified by the heated specimen. As the 


means of a travelling carriage and a vibrating reed, 
various velocities of plunging have been obtained. 
For instance, where only a 2-in. plunge was allowed 
and an unrestricted speed of withdrawal, the average 
velocity of entry varies from 0-59 ft. per second to 
0-46 ft. per second, whilst the withdrawal speed rose 
to 0-82 ft. per second. If the forward depth of 
plunge, without withdrawal, is only 2 in., then the 
average velocity in feet per second reaches 1-2. It 
will be noted that withdrawal reduces the average 





* «Phenomena Down Stream of a Body in a Viscous 
Fluid.” Camichel, ENGINEERING, vol. cxxiii, page 29, 
(1927). 








upper side is shielded, the clinging steam is not freely 
swept away, and the uneven cooling warps the specimen, 
(Figs. 3 and 4.) In gauges, the length of the cylinder 
is moderate when compared with the diameter, and 
there will be a separate end-cooling effect. 

A view of the cylinder from underneath is given in 
Fig. 5; this shows the points at which maximum 





* «Quenching; a Practical Study in Rapid Cooling,” 
Haler, Mechanical Engineering, Am. Soc. Mech. E., vol. 
xlix, page 1187 (1927). 

¢ Camichel, ENGINEERING, vol. cxxiii, page 29 (1927). 

{ “The Generation of Vortices in Fluids of Small 
Viscosity.” Prandtl, ENGINEERING, vol. cxxiii, page 627, 
(1927). 
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Fig. 1. 


pressure ends. Flow takes place over the ends of 
the cylinder. These are again in a turbulent zone, 
but, in this case, the steam is swept away by the 
movement through the water and will not tend to 
cling as it does on the upper face. 
state of affairs when the axis of the cylinder is vertical. 
The underneath side will have the point of maximum 


pressure at the centre, and maximum velocity near the | 


edge, whilst turbulence commences at the edge. On 
the circumferential surface, the water will sweep away 
the steam, but, in the turbulent wake, the steam will 
tend to cling on the last entry face. It will thus be 
seen that the underside is cooled by conduction, whilst 
on the remaining faces the latent heat will be of 
importance. If the theory of cooling, as formulated 
by McCance and others, is correct, then a symmetrical 
object should distort symmetrically. 

The following experiments on a double-shear steel, 
containing from 0-95 per cent. to 1-05 per cent. carbon, 
show that the distortion is not symmetrical and proves 
that the cooling is not the same on all faces. The 
specimens were heated to 850 deg. C. and plunged by 
gravity quenching. In each case, a small steel rod was 
screwed into the specimen in an appropriate position 
to give either horizontal or vertical quenching, and at 
the end of the rod a ring was fixed so that the swivel 
allowed the specimen to be picked up and guided into 
the quenching tank correctly. 
taken along several diameters, as shown in Fig. 7. 
Some of the results are given in Table II. 

It will thus be noted that, in horizontal quenching, 
the circular cross section changes into an elliptical 
shape. It is also well known that long rods quenched 
horizontally warp. Fig. 7 shows the alterations in 
diameter to scale. 
in vertical quenching the entry tip shrank —0-0004 in., 


}-in. farther back the diameter increased to 0-0011 in., | 


in the centre of the length this had risen to 0-0022 in., 
whilst on the last end to enter the water the diameter 
only increased by 0-0001 in. At the end of three 
hours, the horizontally-quenche, specimen had shrunk 

0-0040 in. in length and the vertically-quenched 
specimen —0-0026in. It is important after quenching 
to take measurements for similar time periods, as steel 
commences to “ age ” 
“creep”? reaches a maximum in about 24 hours.* 
each case there is a bulging in the centre of length due 
to thermal stress and a distortion due to the method 
of quenching. 

There must be a minimum velocity for the red-hot 
steel to travel through the fluid to generate steam ; 
a velocity which is varied by turbulent or non-turbulent 
flow. (It has been shown that there can be no spon- 
taneous generation of steam. See Power House, vol. xv, 


page 19, 1922), Velocity again is of importance, for the | 


* “ Ageing of Steel.’’ Haler, American Machinist, vol. 
Ixviii, No. 1, page 2E (1928). 
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Fig. 6 shows the | 


Measurements were | 


There is also another difference : | 


and the alteration in form or | 
In | 
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| TABLE II. 


| Diameter. Horizontal Quenching. Vertical Quenching. 
| 2 ee ee 

Se... 0-9033 0-9021 
fae 0-9018 0-9021 
|HD.. 0-9020 | 0-9021 

GC .. Ne 0-9013 | 0-9021 

Original mea- 

surement. . 0-8991 | 0-8996 


| specific volume of a given steel is proportional to the 
| amount of carbon in solution, so that it follows that, 
far as carbon is concerned, there is a minimum 
velocity of cooling which will keep it in solution and, 
| once attained, no further increase produces any change. 
| This accounts for the fact that it is difficult to find 
| changes in hardness in high-carbon steels, but examples 
will be given later. 
| Fig. 8 is a cross-section of a heated cube sinking 
| into water. The point of maximum pressure is at the 
|centre of the underside. 
| meet at each corner, with maximum turbulence. The 
| liquid over the top face will be turbulent, but the steam 
| will not be swept away as it is on the sides. At the 


| as 





| corners and edges, cooling is obviously going on from | 
|surfaces which are being cooled in different ways. | 


| An examination of the underside of the quenched 


|centre and again at the edges, whilst the bulging 
| at the sides is not characterised by the double curvature. 


|The following are average hardness tests taken from | 
160 determinations on the sides and 40 each on the top | 


| and bottom of a cube with approximately 1-in. side :— 
| Average hardness of the first face to enter the 


water... = aoe on am --- 63-5 
| Hardness of the last face to enter the water ... 64-9 
| Hardness of the four sides . 69-36 


| The variations in hardness of a 0°95 to 1-05 per 
|cent. carbon-steel cylinder, 0-9-in. diameter by 3 in. 
long, were as follows :— 

Hardness of the first face of the cylinder to enter 


the water sae a ste eas . 63-45 
| Hardness of the last face to enter the water ... 65:2 
| Hardness of the circumferential face - 65°75 | 


| periphery averaged 63-9 as against 74-9 for an inner 
zone j in. from the centre of the vertical sides. 
It has been shown that, in a severe quenching, the 


periphery of a cube is always softer than the central | 
| portions, this anomalous phenomenon being explained | 


| by the presence of arrested austenite in martensite.* 
| It is suggested that the uneven cooling, as explained in 
| this paper, causes this phenomenon. 





* «‘Cause of Quenching Cracks.’’ Honda, Matsushita 
and Idei, Journal I. and S. Inst., vol. ciii, page 251 (1921), 
| and ENGINEERING, vol. exi, page 596 (1921). 


Surfaces of confluence will | 


block showed that there was a slight swelling in the | 


In the cube mentioned above, the hardness of the | 
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‘THE SALVAGE AND RECONSTRUC- 
TION OF THE M.V. “« LOCHMONAR.’’* 


By James Harney. 

Tue M.V. Lochmonar is a vessel of about 8,000 tons, 
built in Belfast in 1924. 

In the early hours of the morning of November 30, 
1927, she was sailing up the Mersey Channel on the 
high tide completing a voyage from California, and was 
| deeply laden with fresh and dried fruits for the Christ- 
|mas market, when, without any apparent reason, she 
| suddenly sheared off her course and struck the revet- 
| ment which is a sort of wall built along each side of the 
fairway to prevent sand from the extensive sand flats 
on either side silting up the channel. As far as I know, 
no satisfactory reason has been put forward why the 
vessel should suddenly change her course, as the 
weather was fine and clear, the steering gear was in 
perfect working order and no other shipping was so near 
that a change of course was necessary. We do know, of 
course, that very strong currents run in the Mersey 
Channel, carrying with them great quantities of sand 
which might possibly settle in unexpected places 
forming a sand bank. It is, therefore, quite possible 
that the Lochmonar was caught in a particularly strong 
set of the tide, or she may have grounded on a sand 
bank, either of which would have the effect of swinging 
her round across the revetment. These are, of course, 
| only conjectures on my part as to how the accident 
could have occurred, and, as it is not the cause, but 
rather the effect, or after effects, with which we are 
dealing, I will leave it at that. 

Every effort was made during the day to refloat 
the vessel, but without success, and as the tide left her 
supported amidships on the wall with the after end 
suspended over the channel, and at the same time laden 
with cargo, the stress on the upper structures became too 
great, until at 10 o’clock on the same night (November 
30) she broke her back across the wall. It very soon 
became apparent that it was impossible to save the 
| fore part of the vessel, and therefore all efforts were 
concentrated on the after portion which contained 
the propelling machinery and valuable cargo, and it 
was realised that only if fine weather continued would 
this be possible, as a rough sea would certainly cause 
the after part to pound on the wall, and more than 
| likely damage the engine-room bulkhead. If this were 
damaged, the engine room would be flooded and the 
after portion of the ship sink in the channel. 

The cargo in No. 2 hold and ’tween deck, that is in 
| way of the fracture, was hastily discharged and divers 

set to work to cut through the decks and girder, a task 
which could only be carried out at low water, as with 
| the rise of the tide the ends of the vessel rose, bringing 





| Paper read before the Belfast Association of Engin- 
eers, Belfast, on Wednesday, December 12, 1928. 
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Fie. 3. Fore anp Art Enps In Dry Dook BEFORE JOINING UP. 


the jagged edges of the torn plating together, when 
it was too dangerous for the divers to work. The 
work of cutting away the material which still held 
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was entirely for trimming purposes, as it was feared that 
the stem might dip too deeply into the water; also the 
declivity of the ways at the forward end was made 


the two parts together was continued day and night | rather in excess of the usual to give the ship greater 


until Wednesday, December 7, when several charges of | velocity over the critical period, that is, just from the 
gelignite were fired in an attempt to sever the after | time the fore end begins to lift until the after end is 
end from the forward end. Next morning, six tugs/|clear of the ground ways. All these arrangements 
started towing at right angles to the hull to break| were duly made and the keel laid on January 26, 
through the last remaining threads, and when after some | the completed fore end being launched on August 2. 

time the stern began to move, the Lochmonar’s engines| _It will be seen from Fig. 1 that the ends of a number 
were started and the stern floated away clear of the | of shell and deck plates are left projecting beyond the 





wreck. That, briefly, is the story of the salvage. 


The | buikhead, also these projections are of varying lengths 


after portion was towed to dock at Liverpool and|so that they may pick up the original butts on the 


made watertight and seaworthy in preparation for 
towing to Belfast. 

In the meantime, the owners had placed an order with 
Messrs. Harland and Wolff for the construction of a new 
fore end, about 177 ft. 1 in. long, to be built on to the 
after portion. Before the fore end could be definitely 
laid down, several questions had to be gone into and 
decided. (1) How will the new portion behave when 
it is launched ? Will it be sufficiently stable to stand 
upright or will it heel over on its side ? (2) Will it trim 
properly, that is, will it float on a reasonably even keel, 
or will the fine end be submerged and leave the bluff 
end up in the air? (3) How much ballast, if any, 
and where should it be placed, to give the vessel a 
reasonable trim. (4) If this ballast is put in, wil! it 
have the effect of plunging one end too deeply in the 
water, with the danger of striking the bottom when 
launching, and (5) How should this half ship be 





after portion of the vessel. Where the original shell 
butts were a few spaces forward of the bulkhead, short 
filling-in plates were fitted between the butt and the 
bulkhead to obtain water-tightness during the launch- 
ing operations. 

After the launching arrangements, which I have 
already mentioned, were settled, the actual launching 
operation presented no greater difficulties than that 
of an ordinary ship. 

Fig. 2 is a view taken immediately after the vessel en- 
tered the water showing that she stood upright and trim- 
med beautifully, the draught being 13 ft. 8 in. forward 
and 9ft.34in. aft. Although this draught was quite satis- 
factory for launching and towing purposes, it was not 
suitable for joining up with the after end, and additional 
ballast had to be put on board, consisting of two large 
tanks each holding about 80 tons of water, and a further 
40 tons of cables were placed at the after end of No. 2 





launched, that is, should she go into the water stem| hold, also about 6 tons of inclining weights placed 
first, or are the launching conditions such that it will| abreast No. 2 hatch on the upper deck. The primary 
be advisable to launch her aft end first and, finally, | reason for the inclining weights will be shown later. 
would it be commercially economical to put the after |The object in view was to have the bow portion trim- 
end in dry dock and build the new fore end to it. | ming about 2 in. by the stern: therefore just sufficient 
All these points were carefully considered and gone | water was run into the tanks mentioned previously to 
into by calculation or experiment, and it was decided | obtain this condition which, with the weights as stated, 
that the fore end could be built on a slip and launched | gave a draught of 11 ft. 10 in. forward and 12 ft. aft. 
like a new ship, but she would have to be launched | The draughts of the after portion were 16 ft. forward and 
stem first, and the following arrangements made :—| 18 ft. 6 in. aft, which, it will be seen, was much in excess 
Launching weight, including ballast, to be 1.900 tons ; | of the forward portion, and it was this condition which 
declivity of ways 1 in. per foot forward, and 4% in. per | made it possible to join the two portions in dock without 
foot aft. | the aid of launch ways or other elaborate appliances. 
; The ballast, which was placed at the aft end, con-| The keel blocks in the Thompson Graving Dock were 
sisted of about 50 tons of anchors and cables and 383 | fitted with new oak capping pieces and sighted for 
tons of water in No. 2 tank. The reason of the ballast | alignment. Both portions of the vessel were floated 














ForE AND Art ENDS BEFORE CLosING-IN PLATES WERE FITTED. 


into drydock, and pumping out was commenced.% The 
after portion of the vessel having the greater draught, 
took the keel blocks first, and great care was exercised 
to ensure that she was shored perfectly plumb and on 
the centre line of the blocks. The forward portion 
of the hull was placed on the blocks about 20 ft. clear 
of the after portion, but similar care was taken to keep 
her plumb and in alignment. 

The ragged edges of plating, where the two portions 


| had broken asunder, were still attached to the after 


end, as shown in Fig. 3, and the work of cutting these 
out, along with other damaged portions on the bottom, 
was put in hand, the shell deck and tank-top plating 
being cut back to the selected butts to suit the arrange- 
ment of closing-in plates. 

While the damaged material was being cut away, 
preparations had been going on in other directions for 
the joining up of the two portions. The Lochmonar 
has what is called a slab keel, consisting of a 10 in. 
wide by 2 in. thick flat steel bar riveted on to the 
keel plate, and a V-shaped cradle 10 in. wide at the 
base was made on the keel blocks as a guide for this 
slab keel. Electric winches were fitted on the upper deck, 
one port and one starboard, alongside No. 3 hatch, and 
eye plates riveted to the deck in suitable positions to 
take a tackle, the other end of which was secured to 
bollards on the forward portion for heaving the bow 
portion into position. 

To form additional guides, and as a check to stop the 
bow portion when it was in its correct relative fore and 
aft position, two 14-in. logs of timber were bolted on 
the ship’s side, port and starboard. These logs were 
carefully cut to exact lengths of 25 ft. 104% in. for the 
upper two, and 25 ft. 104 in. for the lower two, and large 
angle lugs were bolted in correct position on the after 
part of the vessel to form stops for the ends of these 
logs. The slight difference in the length of the upper 
and lower logs was made as an offset against the 2-in. 
trim by the stern, which, it will be remembered, was 
given to the bow portion. So far, provision has been 
made to keep the keel in its correct position, and the logs 
on the side of the ship will ensure the correct overall 
length and also act as a rough guide for keeping the 
centre line of the ship in alignment, but it will be under- 
stood that a log of wood which overlaps each body of 
the vessel by only 12 ft. could not be relied upon as 
being sufficiently accurate for a length of 177 ft., so two 
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sight lines were run along the upper deck of both bodies, 
for a length of about 60 ft., and a wire stretched taut 
over these. To check the upright position, two plumb 
bobs were hung on No. 27 bulkhead. 

After all these preparations had been made, the dry 
dock was again flooded, but with just sufficient water 
to float the bow portion 6 in. clear of the keel blocks, 
which, of course, was not deep enough to float the 
after portion. The winches were brought into opera- 
tion and the bow gradually drawn up to the stern until 
the side logs brought up on the stops. The two shores 
at each side of the stern bar and at the after end of 
bow portion were carried along the deck with the ship, 
and since these shores were cut to the correct length there 
was never any chance of the ship getting more than a 
fraction of an inch out of position either way. The 
water was then pumped out of the dock until the aft 
end of the keel slab was just touching the blocks, and 
the bow was then checked and corrected for list by means 
of the inclining weights which were placed on the 
upper deck for this particular purpose. The sight lines 
on the deck were also checked for alignment and cor- 
rected where necessary by means of the side shores 
already mentioned. - The dock was then pumped dry, 
the bilge shores fitted and the keel sights checked. 
There only remained then the removal of the tem- 
porary wood bulkhead on No. 17 frame, which was 
titted for the towing of the after portion from Liver- 
pool to Belfast, the cutting out of the closing plates 
on the shell of the fore part, which were fitted tem- 
porarily for watertightness at launching. The per- 
manent shell plates, beams deck plates, and girders 
bridging the gap were then fitted and the bow and 
stern portions made into one, a complete ship again. 
The two portions of the vessel, before the closing plates 
were fitted, are shown in Fig. 4. The first docking of 
the two portions took place on August 6, and they were 
successfully brought into position and joined together 
on August 10. On September 12, all work was com- 
pleted and the vessel as a whole undocked, the joining 
up only occupying 28 working days. 

To indicate the accuracy of the work, I need only 
mention that the Board of Trade measurement of the 
length of the ship when she was built was 485 -65 ft., 
whereas the measurement recently made by the same 
authority was 485 -675 ft., a difference of 0-025 ft., 
roughly, of }-in., which I think it will be agreed is as 
near as any two individuals could come in measuring 
even the same object over a length of almost 500 ft. 
A different tape line might have been used on each 
occasion, which would account for the }-in. variation. 

Although the feat of joining a new fore end to an 
existing after end is not without precedent, a similar 
occasion being the Suevic in 1907, when a new fore end 
was, built at Belfast, towed to Southampton and 
joined to the after end of the ship at that port. The 
remarkable feature of the Lochmonar case was the 
almost entire absence of elaborate appliances for 
getting the two portions into correct position and 
retaining them there while the joining up material was 
being fitted ; in fact there was nothing above what is, 
required for the dry-docking of any ship. The whole 
success of the operation depended on the fine adjust- 
ment we were enabled to make in the draught and trim 
of the two sections of the hull, and the accuracy of the 
calculations in deciding the amount and position of 
ballast. 
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COAL-DUST EXPLOSION TESTS. 


We have on various occasions referred in these 
columns to the activities of the British Safety in 
Mines Research Board and the co-operative agreement 
made with the United States Bureau of Mines for 
joint research in mine safety, including coal-dust 
explosion investigations. Of interest in this connection 
is the publication by the Bureau of Mines of a bulletin 
dealing with a series of coal-dust explosibility tests 
carried out at the experimental mine near Bruceton, 
Pennsylvania. 

Tests of this nature were necessarily suspended 
during the war to enable the Bureau to carry out 
work in connection with military problems, such as 
sound ranging, tests of explosives, and experimental 
work with liquid-oxygen explosives, &c. The possi- 
bility of storing helium gas under high pressure, up 
to 100 atmospheres, was also investigated in mine 
chambers, lined and unlined, instead of in metal 
bottles. It proved difficult to make such chambers 
gas-tight, owing to the elasticity of the walls. After 
the war, the experimental mine was used for testing 
the effectiveness of a new method of ventilating 
underground tunnels in which internal-combustion 
motors—motor cars and lorries—are used. The 





results of this investigation, which have been recorded 
in previous articles in ENGINEERING, were required 
in connection with the Holland vehicular tunnel 
under the Hudson River. 

Although the number of accidents from explosions 
in the United States decreased from the high figure 
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of 882 killed in 1907, to 41 in 1918, 81 in 1919, and 
47 in 1920, to only 16 in 1921, as compared with about 
2,000 killed each year by falls of roof and other 
causes, in the following three years the number of 
fatal explosions began again to increase. Thus in 1922, 
the number killed by this cause was 264, and in the 
following year 286, while in 1924 as many as 445 men 
were killed by coal-dust explosions, which was the 
highest figure since 1907. 

This naturally caused considerable disquietude in 
the coal-mining industry, and the question was raised 
why the recommendations which had previously been 
made by the Bureau for rock dustmg had not been 
followed in the United States in like manner to similar 
recommendations made by government agencies in 
Great Britain and France. In 1923, Mr. George S. Rice 
visited Europe to examine the methods of rock dusting 
employed in Great Britain, France and Germany, 
the testing of coal dusts was resumed at the experi- 
mental mine, and Mr. H. P. Greenwald, assistant 
physicist, was sent to the British testing station at 
Eskmeals, where he was placed by Dr. Wheeler in 
charge of a group of coal-dust tests of English coals 
in the main explosion gallery, and where he also 
conducted tests to compare the Pittsburg standard 
dust used at the Bureau’s experimental mine with 


the silkstone dust used as standard at Eskmeals. | 


It is interesting to note that the results of these 
comparative tests showed that the British standard 
coal dust behaves essentially like the American 
standard dust from the experimental mine, thus 
confirming results of similar comparative tests made 
in that mine. 

In the period covered in the bulletin now under 
notice (Coal-Dust Explosion Tests in the Experimental 
Mine, 1919-24, inclusive*), the results of tests were 
found largely to confirm those previously reported 
in Bulletin 167, and although no strikingly new 
fundamental principles were developed, more precise 
information was obtained regarding the factors which 
control coal-dust explosions, especially as to the 
effect of the size of dust particles on their relative 
explosibility in air and the great influence of fire- 
damp in increasing the explosibility of dust mixtures. 
The sensitiveness to ignition and propagation of all 
coal dusts is increased by the presence of firedamp, 
but the effect is most marked on the low volatile 
coal dusts, and coarse coal dusts which, in the absence 
of firedamp, are not so explosive. 

The progress of explosive combustion was studied 
by taking samples of gas before, during and after the 
passage of the flame, and analyses showed that, at the 
moment of explosion and for a short time following 
the passage of the flame, the products of combustion 
near the centre of the entry differ widely in composition 
from those near the sides or walls, and that combustion 
is much more complete near the centre than at the 
side. In the case of explosions with low flame velocity 
(200 ft. per second or less), combustion is not so 
complete, near either the centre or the sides, as in 
explosions having high velocities. There is no free 
oxygen present in the gases near the centre in high- 
velocity explosions (500 ft. per second or more), 
and any excess or unburned coal dust may be distilled, 
giving hydrogen, methane, and possibly ethane, with 
as much as 5 per cent. to 10 per cent. carbon monoxide, 
and in violent explosions, ethylene. 

The general agreement of duplicate tests showed a 
striking uniformity with previous results. For ex- 
ample, with no coal dust in the ignition zone, the flame 
of the cannon shot of 4 lb. of black blasting powder 
was 25 ft. long, and with 50 ft. of pulverised Pittsburgh 
coal dust in the ignition zone, the flame extended 
50 ft. into the dustless zone, or 100 ft. from the cannon. 
These results agreed with previous determinations. 
In a test of Pittsburgh coal dust which had passed 
20 mesh, it was found to be more explosive when the 
percentage of 48 and 100 mesh dust was increased, the 
200-mesh content remaining constant at 20 per cent. 
If this is confirmed by further tests, it may indicate 
the necessity of a more complete standard of dust 
fineness than simply the percentage of 200 mesh. 
It has hitherto been assumed that the proportions 
which would pass through finer sieves when a coal is 
crushed to pass a 20-mesh sieve, would be appreciably 
the same, and more or less independent of the quality 
of the coal. 

The chief problem dealt with in the experimental 
mine during the period under review, was the testing 
of coal dust prepared from samples sent from producing 
mines, which was so prepared that it had, as nearly as 
possible, the same fineness as the average size of dust 
found in the mine from which it originated. Samples 
of dust from roadways from most of the mines show 
an average of less than 20 per cent. dust passing through 
200 mesh, whilst dust lying on timbers runs to as much 
as 85 per cent. through 200 mesh. Taking an average 
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of the sizes of all kinds of dust, from roadways, ribs, 
and roofs, in proportion to the weights found in practice, 
usually shows that slightly over 20 per cent. passes 
through 200 mesh, but occasionally there are dusty 
parts of a mine where enough dust may be found on 
the rib, roof,'and timbers to propagate an explosion ; 
frequently this dust is dry, though that on the roadway 
may be damp. Tests were made with dust from 13 
different mines to ascertain the amount of stone dust 
which must be added to prevent ignition and propaga- 
tion. 

The left entries were extended from 350 feet to a 
total distance of 525 feet from the main air course, 
and, in 1920, a series of 20 tests was carried out under, 
the new physical conditions of these entries. Previous 
experiments had demonstrated that explosions could 
not be produced in these left entries as in the main 
entries, probably on account of the rooms which 
afford relief to the pressure. The later tests support 
the theory that loss of pressure into rooms not charged 


| with coal dust is undoubtedly the cause of the slowing 





up of the earlier explosions. In another test, the 
pressure reached 36 lbs. per square inch at a point 
275 ft. from the cannon, whereas in a similar earlier 
test the pressure was 13 lb. at 300 ft. from the cannon, 
but in the former case the explosion travelled a greater 
distance before passing a room neck. It should, 
however, be noted that in these tests there was no dust 
in the rooms; the effect of the presence of coal dust 
in quantities such as is usually found at entrances 
and within the rooms has not yet been determined. 
The results of these experiments indicate that if there 
were no rooms on the side entries, the pressure would 
build up in the same manner as in the main entries. 
Important data on the action of explosions in room 
entries with open cut-throughs was obtained in tests 
in these left entries, using coal dust of which 10 per 
cent. passed 200 mesh. It was shown by the recording 
instruments that the explosion wave, while advancing 
with respect to the explosive media, at times may be 
retreating with respect to fixed points in the mine 
entry, confirming previous observations in the main 
entries. 

A series of tests on the effect of stoppings in cut- 
throughs, which had been reported in a previous bulle- 
tin, were continued. It was found that whether 
no stoppings, weak, or strong stoppings are used 
in the cut-throughs or crosscuts, an explosion will 
travel the entire length of both left entries. When 
strong stoppings which withstood the pressure were 
used, the explosibility limit (determined by the per- 
centage of stone dust required to prevent propagation), 
was increased. However, a stopping which is strong 
enough to withstand the air blast from ordinary blast- 
ing will be strong enough to withstand a weak explo- 
sion, and the failure of a stopping does not affect a 
violent explosion sufficiently to check its progress, 
particularly if coal dust is present in the crosscut. 

As a result of work by the Bureau on various types 
of rock-dust barriers, a number of models were developed 
by officials of commercial mines which were cheaper 
in construction than those of the Bureau which had 
been found to be efficient in stopping explosions in 
the experimental mine. Some of the important 
requirements were overlooked in the commercial models. 
such as sensitiveness to weak explosions, rapidity of 
discharge, capacity, &c. The facilities offered by the 
Bureau of Mines were of value in testing a concentrated 
barrier submitted by one company which, in its original 
form, had failed, but after being modified as a result 
of the tests was able to meet the requirements. 
Tests of small V-shaped troughs were also made, 
and their limitations determined. Most of these small 
troughs failed in the tests in the experimental mine 
owing to their limited capacity and their failure to 
discharge their contents over a period of time. 








AUSTRALIAN Imports OF Motor Cars AND TyYRES.— 
Statistics have been received by the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1, 
from His Majesty’s Senior Trade Commissioner in 
Australia, which show the imports into the Common- 
wealth of motor vehicles, rubber tyres, &c., according 
to the countries of origin, during the month of May, 
1928. As a matter of interest to manufacturers in this 
country, we propose to quote the principal figures in each 
group as follows :—Chassis assembled, United States of 
America, 449 valued at 59,1501.; United Kingdom, 
78, valued at 12,889/.; France, 17, valued at 2,6111. 
Chassis unassembled, United States of America, 3,874, 
valued at 321,670/.; United Kingdom, 691, valued at 
77,6551. ; Canada, 44, valued at 2,716. Bodies, United 
States of America, 881, valued at 106,310/.; United 
Kingdom, 69, valued at 6,0951.; Italy, 18, valued at 
1,805/. Covers for pneumatic tyres, Italy, 130,185 Ib., 
valued at 19,3487. ; United States of America, 109,134 lb.. 
valued at 16,0667. ; France, 70,139 lb., valued at 9,3701. , 
Canada, 44,314 lb., valued at 6,7771.; United Kingdom ; 
27,100 Ib., valued at 5,2991. Pneumatic-tyre tubes, 
United States of America, 7,822 lb., valued at 1,5501. ; 
France, 6,907 lb., valued at 897/.; United Kingdom, 
3,848 lb., valued at 8427. 
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THE CONTINUOUSLY-LOADED 
SUBMARINE TELEGRAPH CABLE. 


SomE information, interesting to engineers engaged 
in all branches of the profession, as well as to metal- 
lurgists, was given in a paper on “ The Continuously 
Loaded Submarine Telegraph Cable,’ which was read 
by Messrs. A. E. Foster, P. G. Ledger and A. Rosen 
before the Institution of Electrical Engineers, on Thurs- 
day, December 6. No paper on transoceanic submarine 
telegraph cables, the authors pointed out, had been 
read before the Institution since 1899. This was 
somewhat surprising, in view of the fact that 90 per 
cent. of the world’s submarine cables, the length 
of which was more than 300,000 miles, had been con- 
structed within a few miles of Savoy-place, and that 
they represented a capital expenditure of more than 
50,000,0007. Interest in long-distance submarine teleg- 
raphy had, however, been stimulated recently by the 
increase in speed it had been possible to achieve by 
the use of loading. 

Our knowledge of the theory of submarine tele- 
graphy was founded on the work of Kelvin.* who 
showed how to predetermine the “ arrival curve,” and 
introduced the CR law, which remained as a guide to 
the signalling speed of non-loaded cables. The advent 
of the loaded cable was due, first, to the theories of 
transmission originated by Heaviside,} and developed 
by Breisig,{ Malcolm§ and others; and, secondly, to 
the discovery that certain alloys possessed unique 
magnetic properties, which rendered them particularly 
applicable to telegraphic conditions. 

A review of the characteristics of non-loaded cables 
showed that, in spite of the many improvements in the 
termina] apparatus which allowed a great increase in 
the sensitiveness to be obtained, and thus enabled 
the great obstacle which a long cable offered to the 
passage of a comparatively weak current to be over- 
come, the cables had reached a limiting size, owing 
to the mechanical difficulty of laying them in deep 
water and the still greater problem of lifting them for 
repair. The heaviest non-loaded cable nowin use weighed 
1-77 tons per nautical mile, and no satisfactory 
method had yet been devised of successfully lifting 
heavier cables. The operating speed of such a cable was 
718, 404 and 259 letters per minute for lengths of 
1,500, 2,000 and 2,500 miles, respectively. 

It was reasonable to assume, therefore, that the 
maximum economic size of non-loaded cables had been 
reached, and it was improbable that any effective 
modification of the design of such cables would be 
made until a material having a higher conduc- 
tivity than copper became available, or a suitable 
insulating material was produced having a lower 
specific inductive capacity than gutta-percha. During 
the past few years, however, a great step forward in 
the direction of high-speed signalling had been made by 
the discovery that certain alloys possessed special 
magnetic properties. These alloys, when applied to the 
copper conductor in suitable form, enabled the theories 
of Heaviside and other mathematicians to be put into 
practice. The advantages derivable from increasing 
the inductance of telegraph circuits had long been 
known. The effect was to retard the growth of the 
current and maintain it when established. Malcolm 
had demonstrated that the arrival curve of an impulse 
transmitted through an inductively-loaded conductor 
would present a definite wave front. As only the 
steep head of each impulse was recorded. signals 
following each other in rapid succession would thus be 
readily identifiable. 

The application of these theoretical investigations 
had, however, been impracticable, since the permea- 
bility of ordinary commercial iron at the low magnetis- 
ing forces used in telegraphy did not give a sufficiently 
high inductance to serve any useful purpose. Progress 
in signalling speed by the aid of inductive loading was, 
therefore, dependent upon the discovery of material 
having appropriate magnetic properties, and investiga- 
tions showed that alloys of certain metals of the 
magnetic group, principally nickel and iron, when 
appropriately annealed, developed high permeabilities 
with very low magnetising forces. These alloys were 
known as Permalloy, Mumetal, Invariant, etc. Taking 
the first as typical of the group, tests revealed that 
while with comparatively high magnetising forces its 
permeability was no higher than that of iron, at lower 
magnetic intensities it was much greater. In tele- 
graphic transmission, the magnetising force was of the 
order of 0-00001 to 0-15 gauss, and the alloy had the 
permeability necessary to fulfil the requirements thus 
imposed. The hysteresis loss of this material, for values 
of B from 3,000 to 10,000, could be expressed by the 
equation :— 

Ergs per cubic centimetre per cycle = 0-00014 B-, 





* Proceedings of the Royal Society, vol. vii, page 782 
(1855). 

+ The Electrician, vol. xix, page 79 (1887). 

t+ Theoretische Telegraphie (1910). 

§ Theory of the Submarine Telegraph and Telephone 
Cable (1917). 
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The resistivity of Permalloy, consisting of 78-5 per 
cent. nickel and 21-5 per cent. iron, varied from 17 
microhms to 19 microhms per cubic centimetre, but 
this value was considerably increased by the addition 
of chromium, manganese, tungsten or other elements, 
without its permeability being reduced. Such additions 
also made the material more amenable to mechanical 
manipulation. The resistivity of chrome-Permalloy 
was of the order of 45 microhms per cubic centimetre, 
but a resistivity as high as 100 microhms per cubic 
centimetre could be obtained by making modifications 
in the alloy. A further advantage of the incorporation 
of these elements was that they reduced the rate of 
change of the flux density with the magnetising force, 
thus producing the desirable feature of greater uni- 
formity of inductance under operating conditions. 
The magnetic properties of these alloys depended upon 
their heating and cooling treatment, and upon the 
mechanical processes which were applied to reduce 
specimens to a convenient form for testing. Any 
conclusions drawn from the results of magnetic and 
electrical tests were therefore of little value without a 
detailed description of the processes of production and 
preparation. 

In the preparation of the alloy, the purest nickel and 
iron were used. The melting was effected in an 
induction furnace to ensure freedom from carbon. This, 
together with protection from oxidation during an- 
nealing, was essential to the acquisition of the magnetic 
qualities which characterised the alloy. High perme- 
abilities were only attained after appropriate heating 
and cooling treatment, prior to which the magnetic 
properties were inferior to those of iron. The high 
permeabilities found at the lower magnetic intensities 
were very elusive, and were considerably reduced when 
the material was subjected to mechanical stress or to 
the influence of stray magnetic fields, but they were 
restored by the repetition of the heating and cooling 
treatment. Obviously, the method employed for 
constructing a cable must take this into account. 

For the practical manufacture of a loaded conductor 
it was necessary that the alloy should be of cylindrical 
wire or flat narrow tape, and it was produced in these 
forms by a succession of forging, rolling and drawing 
operations, the ultimate dimensions depending upon 
the inductance required. The wire or strip was wound 
helically round the conductor and in contact with it. 
On the Fanning Island-Fiji portion of the 1926 Pacific 
cable, the diameter of the copper conductor was 126 
mils, the loading consisting of 80 turns of chrome- 
Permalloy wire, 11 mils in diameter, per inch of 
conductor. The operation of lapping the loading wire 
round the conductor had to be performed by machines 
revolving at a high speed to ensure a reasonable rate of 
production, but even at 7,000 r.p.m. the length of 
conductor loaded per week was only about 0-5 nautical 
mile per machine without allowing for stops. 

At this stage of manufacture stresses. had been 
imposed on the alloy, firstly, by the operations involved 
in producing it in the required form, and secondly, by its 
application to the conductor. Heat treatment was, 
therefore, necessary to restore the materia] to the 
condition essential for the development of its magnetic 
properties. Arising from this heat treatment there 
were other matters to be considered. For instance, 
copper expanded to a greater degree than nickel-iron, 
and upon subsequent cooling the alloy contracted the 
more rapidly, as it was in more intimate contact with 
the cooling medium. Tensile stresses, which would be 
a source of danger to high permeability, were thus set 
up in the loading material. Further, the physical 
effect of the annealing process upon the copper itself 
must not be overlooked. 

There were, therefore, three problems: (a) The 
prevention of stresses during annealing and cooling, 
due to the fact that the rate of expansion and contrac- 
tion of the loading material and copper differed. (5) 
The restoration of the permeability lost in drawing the 
wire and applying it to the conductor. (c) The 


‘prevention of the reduction of the permeability of the 


loading material and injury to the copper arising from 
oxidation and gases formed during the heat treatment. 
The first of' these problems was one of design and 
assembly. It had been suggested that the copper 
should be wrapped with a thin layer of paper or other 
fibrous material, which would be burnt off when the 
loaded conductor entered the furnace, thereby creating 
space for the unhindered expansion of the copper. 
This method had the disadvantage of introducing 
carbonaceous matter during annealing. When the 
conductor consisted of a central cylindrical copper wire 
surrounded by a number of flat copper strips, which 
was the form usually employed for telegraph cables, 
the outer sheath of strips must not be rolled too 
tightly round the central wire, but be applied or 
assembled loosely, so that sufficient space was left for 
the copper to expand or contract without appreciably 
distorting the loading material. The allowance to 
be made was best determined by actual trial. In 
the case of a conductor with a diameter of about 4 in., 





29 


where no allowance was made for expansion, the 
inductance was found to be reduced from 20 to 30 
per cent. below its normal value. 

The final heat treatment was of the utmost import- 
ance, as the transmission efficiency depended on it to 
a considerable extent. The chief consideration was 
the attainment of high and uniform permeability 
without detriment to the mechanical or electrical pro- 
perties of the conductor. This necessitated the employ- 
ment of an annealing process, in which the conductors 
were drawn lengthwise through the furnace at a uniform 
speed, so that all parts of the loading material were 
equally affected. As uniformity of temperature was 
also essential to ensure uniform permeability, an elec- 
trically-heated furnace was used. The pattern described 
in the paper was arranged for accommodating five con- 
ductors simultaneously. The five heating tubes were 
made of nichrome and were about 14 ft. long. The 
furnace was equipped with a caterpillar mechanism at 
the supply end, for feeding the loaded conductor into the 
heating tube. Similar gear at the other end ensured 
that the wire in its passage was kept approximately 
horizontal and the transmission of any stress to the 
portion of the conductor in the tube was prevented. 
To prevent oxidation of the loading material, the 
introduction of brittleness and a reduction of conduc- 
tivity, a stream of inert gas was forced through the 
heating tubes in a direction opposite to that in which 
the conductors were moving. From the heating tubes, 
the wires passed through water-cooled tubes about 8 ft. 
long, and finally to the receiving mechanism and storage 
drums. 

Since the Chatterton compound, which was usually 
employed for filling the interstices of stranded conduc- 
tors, had a tendency to harden and decompose, it was 
unsuitable for use with conductors loaded with highly- 
sensitive alloys, owing to the loss of permeability which 
resulted from the deformation due to the great 
hydrostatic pressures to which cables were subjected 
when on the bed of the ocean. Compounds such as 
refined bitumen of natural origin, which remained fluid 
at the temperatures and pressures encountered, were 
therefore used. The effect of hydrostatic pressure on 
the inductance was of interest. Tests made while the 
insulated conductor was subjected to a pressure of 
9,000 lb. per square inch at a temperature of 2 deg. C. 
(approximately the mean temperature of the Pacific 
Ocean at depths greater than 2,000 fathoms) showed 
that the inductance first diminished with the pressure 
to an extent which depended on the age of the core. 
If the pressure is maintained, however, the inductance 
returns to approximately its original value. 

As regards insulation, gutta-percha was still the only 
material that need be seriously considered for submarine 
work. Present-day gutta-percha was not, however, 
exactly the same material as that used in the early days, 
since, forsome years, it had been undergoing modification 
partly on economic grounds and partly with the object 
of improving its electrical characteristics. Improved 
methods of preparation had enabled the specific 
inductive capacity of the dielectric and its cost to be 
reduced. Owing to increasing scarcity and the high 
price of the best grades of gutta-percha, collectors 
resorted to the practice of mixing the latter with 
inferior grades containing a higher percentage of resin 
and waste products. These had to be extracted to 
restore a suitable hydrocarbon-resin ratio. With the 
development of submarine telephony, it was found 
that there was considerable attenuation owing to the 
comparatively high leakance of gutta-percha. It was 
found that balata possessed a much lower leakance, and 
it was therefore now largely used. 

In the concluding sections of the paper, transmission 
characteristics and testing were dealt with, while as 
regards the economic aspect, the authors stated that 
a loaded cable capable of transmitting 1,000 letters per 
minute in one direction over a distance of 2,000 miles 
would involve only half the capital outlay needed for 
a system of non-loaded cables of equal transmitting 
capacity. Moreover, investigation revealed that when 
high transmitting speeds were assumed, or when 
greater distances had to be spanned, even larger 
savings would be effected. On the other hand, it 
might reasonably be urged that, in view of the liability 
to interruption of submarine cables, the wisdom of 
installing single units of large capacity was open to 
question, and therefore the apparent advantage of 
loaded cables, based on initial outlay only, might be 
over-estimated. As a rule, the failure of a non-loaded 
cable caused no serious interruption to the service, as 
alternative lines were available, but in the event of 
the cable being one of the high-speed type working at 
full capacity, very serious congestion and delay would 
arise unless the alternative lines were equally efficient. 








Tin-Fom Manvracture.—According to the current 
issue of the journal Tin, 2,993 tons of tin were used 
throughout the world, during 1925, in the manufacture of 
tinfoil. The corresponding figure for 1927 was 4,193 tons, 








an increase of 40 per cent. 
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ELECTRICALLY-HEATED BOILERS. 


AurHouGH. the electric boiler is a creation of the | 
war period, and first began to be widely adopted when 
coal became very scarce and its price extremely high, | 
experience in the last few years of general depression | 
in practically every trade has shown that it is not only | 
a useful help when fuel is difficult to obtain, but is also | 
a valuable piece of apparatus at normal times in any 
power station. By means of the electric boiler, any | 
surplus electric energy can be utilised, and not only 
can large savings be effected in the coal bill, but the | 
economy of working of the electric-generating plant | 
can also be increased. The electric boiler, for raising 
steam and for heating water, has proved useful in many 
industries, and, according to the work for which they are | 
installed and the time when current can be taken from | 
the mains, they are constructed either for raising | 
steam and heating water for immediate use, or for | 
storing the steam and water until required. It is | 
therefore necessary to differentiate between electric 
hot-water boilers, electric hot-water accumulators, 
electric steam boilers, and electric steam accumulators. 

In the course of time, two systems of electric heating | 
have been developed, the field of application of each | 
being limited by the kind of current used and the | 
load required. Small electric steam and hot-water 
boilers, absorbing only a few kilowatts of either | 
direct or alternating current, and boilers for which | 
only direct current is available, are made on the 
indirect resistance principle, t.e., they are fitted with | 
coil or strip resistances of high-grade heat-resisting | 
material, mounted on insulators and inserted in heating | 
tubes, as shown in Fig. 1. In order to be able to| 
regulate the load on such boilers to suit the momentary | 
demand for steam or hot water, the heating tubes | 
are coupled in groups and connected to the mains 
through suitable switches and fuses. If electric | 
resistances, such as are used for small steam and hot- | 
water boilers, were adopted for larger plants, many 
difficulties would arise owing to the numerous con- 
nections and contacts then required making them 
unsuitable for such work. 

For heavy loads, and in special cases even for loads 
of over 10 kw. and particularly for voltages exceeding 
500, the only plants suitable are those designed on the 
electrode system, in which the water itself is utilised 
as a resistance. This system, however, can only be 
adopted when alternating current is available, aince | 
direct current would decompose the water into hydrogen | 
and oxygen, forming an explosive mixture. It was | 
formerly thought that a similar gas mixture would be 
generated by an electrode system, even when con- | 
nected to a source of alternating current, and that 
consequently there would be a risk of explosion, but | 
tests have shown that the quantity of hydrogen and | 
oxygen formed is so slight that the oxygen combines | 
at once with the iron parts, and the small quantity | 
of hydrogen mixes with the steam. It should, however, | 
be noted that the amount of hydrogen and oxygen | 
formed at the electrodes is greater with low than with 
high periodicities, and is also greater at high than | 
at low voltages. Careful tests have shown that the | 
quantity of gas formed, even with alternating current 
of 15 periods, is so slight that there is no danger to be 
feared from explosion. | 

Alternating current is now available practically | 
everywhere, and it can be introduced directly into 
electric steam and hot-water boilers at pressures up 
to 16,000 volts without any transforming down being 
necessary. Transformers, which would greatly increase 
the cost of the installation, are therefore eliminated, 
and the overall efficiency of a plant with the electrode | 
system is higher than one fitted with metallic heating- 
resistances. Until now, electric steam and hot-water 
boilers have been supplied by Messrs. Sulzer Brothers, 
of Winterthur, whose London address is 31, Bedford- 
square, W.C.1, for loads ranging from 10 kw. to 
6,000 kw., although it is possible that larger units will 
be available in the near future. 

As mentioned above, the water in the electrode boilers 
serves as the resistance for converting the electric energy 
into heat. The resistance of the water depends, of 
course, on its chemical composition and on the tempera- 
ture. Water containing a large quantity of dissolved 
salts is a much better condactor than soft water. 
The water used in Switzerland varies in conductivity | 
from 10 to 100 per cent., according to the locality. | 
With regard to the variation of conductivity with | 
temperature, ice is practically a non-conductor, | 
while water at a temperature of 59 deg. F. has an | 
average resistance of from 1,800 to 6,000 ohms per 
cubic centimetre. This diminishes as the temperature | 
is increased, until, at 212 deg. F., it is from about 500 to 
2,000 ohms per cubic centimetre. When further heated | 
to 400 deg. F., the specific resistance is 15 per cent. lower. 

In designing an electrode system, the conductivity | 
of the water does not play such an important part as 
might be imagined, since it can be kept at a practically 
constant and suitable figure by the addition of chemicals 
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and by blowing-down as frequently as required. It is 
important to note, however, thatthe resistance should be 
chosen to be as high as possible, since the distance 
between the electrodes and their cross-section can then 
be kept large; by this means, small specific loads per 
unit area and per unit volume are obtained. In 
general, Sulzer electric boilers work with specific 
resistances varying between 500 and 1,000 ohms 
per cubic centimetre. Electric boilers, however, are 
sometimes designed for considerably lower specific 
resistances, and in such cases are smaller in size, but 
the specific load is greater and the reliability of working 
is considerably reduced. In many instances, the load on 
such boilers has had to be kept much below the originally 
rated figure, in order to avoid the necessity for changing 
the electrodes too frequently, as they are quickly 
eaten away under the high specific load. In boilers 
of the Sulzer type, in which the electrode system has 
been designed for a high specific resistance, the boilers 
can be heavily overloaded by altering the specific 
resistance, without unduly increasing the wear on the 
electrode material. 

It has been found, when using high voltages, that 
there is a certain minimum load for each voltage, 
below which it is not permissible to go, since other- 
wise the safety at normal load would be affected. For 
this reason, Messrs. Sulzer do not generally supply 
boilers for loads of less than 50 kw. at 3,000 volts, 
100 kw. at 5,000 volts, 200 kw. at 8,000 volts, and 
500 kw. at voltages higher than 10,000. three-phase. 

If electric boilers are constructed, as they sometimes 
are, with the electrodes not completely immersed, 
sparking occurs at voltages higher than about 1,000 
volts at the surface of the water, thus causing the load 
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on the boiler to fluctuate and the electrodes to wear 
away rapidly. For this reason, the electrodes in 
Sulzer boilers are wholly immersed, and current is 
conducted to them by a suitable connection in the top 
of the boiler, covered by an insulating tube. A 
system of electrodes for use with a low-voltage boiler 
is shown in Fig. 2, in which only one phase is indicated. 
The electrode system consists essentially of the connec- 
tions A, the fixed electrodes B, the movable counter- 
electrodes C, and the regulating gear D. The position 
in which the counter-electrodes are shown in the sketch 
corresponds to maximum load. The current flows 
from the electrode cylinders B to the counter-electrode 
cylinders C. The area of section through which the 
current flows is comparatively large, and, since the 
distance the current has to traverse can be kept very 
short with low voltages, large loads can be carried by 
these systems in a small volume. At minimum load, 
the counter-electrodes are raised completely out of 
the electrode cylinders, so that the cross-section 
traversed by the current is small, and the distance the 
current has to flow can be made large by raising the 
counter-electrode cylinders; the minimum load can 
thus be kept small. Electrode systems on this principle 
have been made for loads up to 2,500 kw., for working 
on low voltages, and the results obtained have proved 
highly satisfactory. 

The Sulzer high-voltage electrode system, illustrated 
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in Fig. 4, consists of an electrode A, completely immersed 
in the water, and surrounded by a movable insulating 
tube B, the so-called evaporating tube. At any posi- 
tion of the regulating device, the evaporating tube is 
completely immersed in the water. The position 
shown in Fig. 4, corresponds to the minimum load 
of theYelectrode system. Current flows through the 
water in the lower and upper parts of the electrode A 
in the evaporating tube to the earthed parts of the 
boiler. The water in the evaporating tube is there- 
by heated, and consequently rises, the colder water 
flowing in below to take its place. By raising the 
evaporating tube, the path of the current from the 
lower edge of the electrode to the lower edge of the 
evaporating tube is shortened, the resistance is 


Fig.¢ ELECTRIC BOILER FOR 
HIGH VOLTAG 
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pump which keeps the water in the boiler circulating 
through the electrodes. 

In order to enable a steady, uniform load to be 
maintained in boilers carrying high loads at high 
voltages, the electrode systems have, for some years, 
been designed as shown diagrammatically in Fig. 3, 


Fig.5. SECTION THROUGH 
A 6000 K.W. 
ELECTRIC BOILER. 
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decreased, and consequently the load is increased. 
The load reaches the maximum when the electrode 
is still about 2 in. inside the evaporating tube. 

With this arrangement, only relatively small loads, 
up to about 150 kw. per electrode, can be carried, at 
voltages up to about 8,000. At higher voltages, the 
steam bubbles formed round the electrodes are not 
effectively removed from the electrodes by the upward 
flow of the water, and as they adhere to the electrodes, 
they act as insulators, and cause a temporary decrease 
in the effective electrode surface, and consequently 
also fluctuations in the load. This drawback, in the 
case of heavy loads, is overcome by removing the 
bubbles by forced circulation, effected by means of a 
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where only one phase is indicated. The diagram on 
the left of Fig. 3 shows the position of the evaporating 
tube at minimum load. The current flows out from 
the electrode, upwards and downwards through the 
water column in the evaporating tube 1, to the earthed 
parts of the boiler or to the counter-electrode. In 
order to increase the loading, both the evaporating 
tubes 1 and 2 are raised by a regulating gear, so that, 
at normal load, they come nearly into the position 
shown in the central diagram. The diagram on the 
right corresponds to the position of maximum load. 
The greater part of the electric energy is always con- 
verted into heat in the space below the electrode in the 
various positions, and the figures show that small 
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quantities of water take part in this conversion at 
low loads and large quantities of water at high loads. 
The mean specific load per unit volume with the elec- 
trode system therefore remains approximately constant 
for all loads. By means of the telescopic movement of 
the evaporating tubes, a steadily rising regulation curve 
is obtained, so that the increase in load is always nearly 
proportional to the height the tube is raised. 

The electrode system described has a further advant- 
age, in that it can be constructed of smooth, cylindrical 
insulating tubes, in place of insulating pieces of com- 
plicated shapes that are necessarily employed for the 
purpose. The stresses in the material of smooth 
tubes caused by the change of temperature are much 
smaller than in complicated parts, especially when there 
are several changes in the cross-section of the material. 
Electrode systems of the type shown in Fig. 3 are made 
for loads up to 6,000 kw., and for voltages up to 
16,000, three-phase. 

Fig. 5 is a section through an electric boiler for a 
load of 6,000 kw. Here a telescopic arrangement is 
adopted for adjusting the evaporating tubes A and B, 
which are suspended from a three-armed piece. This in 
turn is supported on a spindle C, the regulating spindle, 
which passes out of the boiler through the stuffing 
box D. Stops are fitted in the boiler to limit the 
movement of the spindle, so as to determine the maxi- 
mum and minimum loads which can be worked. The 
spindle can be adjusted by hand, by means of a cross 
piece, as shown diagrammatically in Fig. 2; by worm 
gear driven by an electric motor, operated by push 
buttons, as in the boiler shown in Fig. 5; by hydraulic 
pressure by means of a servo-motor, operated by hand by 
a regulating valve, as in Fig. 4; or automatically, 
by means of a servo-motor, which is operated by appara- 
tus controlled by the boiler pressure or by the momen- 
tary load on the boiler. 

An electric boiler about 6 ft. in diameter and 10 ft. 
high, similar to that shown in Fig. 5, has been supplied 
to a nursing home at Baile, and is equipped with an 
electrode system for a maximum load of 2,400 kw. on 
a 6,400-volt, three-phase supply. The plant comprises 
the electric boiler with a pump for forced circulation, 
a servo-motor, various automatic devices for regulating 
the load, pressure and water level, an electrically- 
driven feed pump, feed-water filter, switchgear, and 
steam piping to the three existing coal-fired boilers. 
The plant works absolutely automatically, either at 
constant pressure or at constant load. 

As already mentioned, the resistance of the water 
depends on its composition, all water containing some 
salts which increase its conductivity. By the evapora- 
tion of the water the conductivity is continually 
increased, so that, after a time, it is not possible to run 
the boiler at the minimum load. In boilers taking a 
low load, it is sufficient to blow down once a day in 
order to prevent the conductivity from becoming too 
high, but in large boilers it is necessary to blow down 
continuously. The water drawn off is then led through 
a heat exchanger in order to avoid heat losses. 

The efficiency of an electric boiler supplying steam 
for direct use is very high, since the heat losses due to 
radiation are slight, owing to the small surfaces exposed, 
and the losses from blowing down are not very great 
with normal feed water. If the steam is passed into 
an accumulator, the efficiency of the plant will depend, 
to a large extent, on the quality of the lagging. During 
1926, tests were made to determine the efficiency of 
several large electric boilers, including that in the 
nursing home at Bile. In one of these tests, which was 
conducted for a period of 2 hours 45 minutes, the 
energy consumed, including that for the pump motor, 
was 2,980 kw.-hours, and the water evaporated 
4,084 kg. The mean steam pressure was 8-23 atmo- 
spheres (gauge), and the mean temperature of the 
feed 62-4 deg. C. These figures give an efficiency of 
96-05 per cent. Three-phase current at about 6,220 
volts was used, the average load being 1,033 kw. 
The loss in an electric boiler is the same at all loads, 
so that the efficiency at a load of 2,400 kw. would 
amount to 98-3 per cent. This efficiency is very 
high and is due to the boiler having to be blown down 
very little. 

Fig. 6 illustrates a typical installation of an electric 
steam boiler plant with a heat accumulator. By 
energy taken during the night, the water in the electric 
boiler A is heated to a temperature somewhat higher 
than that of the water in B and partly converted into 
steam. The mixture of steam and water passes 
through a pipe into the heat accumulator C, raising 
the temperature of the contents. The steam formed 
here passes partly through G, and the nozzle D into the 
coal-fired boiler B, which can also serve as a second heat 
accumulator. The rest of the steam raised in C is 
reduced to the pressure in B by means of the reducing 
valve E, and passed to the distributor F and thence 
to the apparatus in which it is used ; the steam formed 
in B also passes to the same distributor. The feed 
water is ‘supplied to C by-pump. H is the control 
valve for operating the hydraulic gear for adjusting the 
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electrodes. This enables the load on the boiler to be 
regulated in accordance with the amount of steam 
required at the moment. 

Fig. 7 shows an electric boiler working on a 
10,000-volt supply. The maximum load amounts to 
3,500 kw., corresponding to the raising of about 
4,500 kg. of steam per hour. The boiler is installed 
in the Utzenstorf paper mills, Switzerland, and is 
supplied with electric energy during the night only 
or at times when it cannot otherwise be used. The 
motor driving the circulating pump and the pump 
itself can be seen in the illustration, and in the! 
background is seen the apparatus for automatically | 
regulating the water level. On the left of the illus- 
tration is the switchgear, and on the right, above | 
the boiler, the steam separator is visible. In electric | 
boilers, the evaporating surfaces are very small in | 
comparison with the load, and for this reason water | 
is very liable to be carried over with the steam. This | 
drawback is overcome by fitting a separator in the | 
steam piping, as in the installation illustrated. 

Fig. 8 shows an example of an electric steam storage | 
plant installed in a cheese factory. Cheese-making is | 
carried on at a time of year when power stations are in | 
a position to supply energy during the night at | 
very low rates. As can be seen from the illustration, | 
the plant consists of two systems of accumulators. | 
Each has an electrode system for taking a load of | 
10 kw. to 60 kw., from a 500-volt three-phase supply. | 
The maximum pressure in the steam accumulators 
is seven atmospheres, and about 300 kg. of steam | 
can be taken from each accumulator before the | 
pressure falls below 14 atmospheres. 


The two accu- | 
mulators, each of which is 4 ft. 3 in. in diameter by | 
11 ft. 2 in. in length, are installed in the cellar under | 
the factory. The electrical instruments are located | 
in the cheese-making room, together with the hand- 
regulating gear for each accumulator. The attendance 
required by the plant consists in filling up the accu- 
mulators in the evening to the normal level and 
then switching on the boiler and adjusting the load 
on it to the amount desired. Current is switched off 
in the morning by a time switch, and a temperature 
switch is provided for switching off when the permissible 
pressure has been reached. 

The cleanliness and simplicity of electric boilers 
render them particularly suitable for all trades dealing 
with foodstuffs. Electric boilers are also suitable 
for central heating and hot-water supply. In such 
installations, the demand fluctuates considerably in 
accordance with the external temperature. The most 
suitable and practicable method of utilising electric 
energy for economising fuel in heating buildings, con- 
sists in operating an electric boiler in parallel with a 
coal-fired boiler. This auxiliary plant allows the 
whole of the heat requirements in spring and autumn 
to be supplied by electric energy, while during 
periods of severe cold, the coal-fired boiler can also 
be put into service, the extent to which it is employed 
depending on the capacity of the electric power station 
from which the supply is obtained. The coal-fired 
boiler would also serve as a stand-by to take the whole 
load in case of a total failure of the electric supply. | 

For such installations electric boilers offer the follow- 
ing advantages: The utilisation of electric energy at 





hours when the demand is otherwise low; suitability 
for all kinds of supply and voltages up to 16,000; | 
high efficiency ; large range of adjustment ; reliability 
in working; small space requirements; absence of | 
smoke and soot, and of danger from fire or explosion ; | 
cleanliness ; small cost of attendance ; and low capital 


cost. 
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CATALOGUES. | 


Mine Fans.—A description of mine-ventilating plant, | 


including a large installation at Bethune, is given in the | 
bulletin of the Rateau Company, 40, Rue du Colisee, | 
Paris. 

Air Heaters.—A list of steam and electric air heaters | 
in a variety of forms and sizes is to hand from the 
Blackman Export Company, Limited, 374, Euston-road, 
London, N.W.1. 

Ball Bearings. —The Hoffman Manufacturing Company, 
Limited, Chelmsford, Essex, have issued a pamphlet | 
illustrating many machines to which their ball and 
roller bearings have been successfully applied. H 

Elecirical Supplies.—A_ priced and. illustrated list of | 
plugs and sockets, switch plugs, switches, connectors, | 
fuses, and a cooker control board is to hand from Messrs. | 
M. K. Electric, Limited, Wakefield-street, Edmonton, | 
London, N.18. 

Cement.—The quick-hardening Portland cement, known | 
as Ferrocrete, is described as applied to buildings, 
bridges, piers, sea-walls, &c., in a bulletin issued by the | 
Cement Marketing Company, Limited, Portland House, | 
Tothill-street, London, 8.W.1. 

Refractories.—Messrs. Adolfshutte, Bautzen, Germany, 
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Fie. 8. Exzotric STEAM STORAGE 


Hand Lamp.—A circular of an electric hand lamp, 
or torch, containing a small spring motor generator 
instead of the usual battery is to hand from Messrs. 
Cunliffe, Hillstead, Macdonaid and Company, Limited, 
6, Duke-street, St. James’s, London, S.W.1, who are 
agents for the makers. 

Oil Firing—A pamphlet describing their oil-firing 
apparatus, as designed for application to Cochran 
vertical boilers, is to hand from Messrs. Laidlaw Drew 
and Company, Limited, Simon-square, Edinburgh. 
The arrangement of the tank, burner, valves and piping. 
and the range of variation of the flame are illustrated, 
and a table of test results is given. 

Electrical Supplies.—Messrs. Donovan and Company, 
47, Cornwall-street, Birmingham, have issued a new 
edition of their catalogue of electrical supplies, including 
all the materials and accessory articles used in fitting up 
and maintaining electric lighting and heating instal- 
lations, telephones, fans, &c. The items are well arranged 
and fully indexed, price and dimension tables being given. 

Scavenging Blowers.—Messrs. Brown, Boveri and 
Company, Limited, Baden, Switzerland, have sent us 
a list of ships, and plants in which their scavenging 
blowers for two-stroke oil engines have been installed. 
We have also received descriptions of an aerial ropeway 


have sent us a catalogue of firebricks and silica bricks | automatic hydro-electric power station, railway motor 


(called Dinas bricks) for furnaces, ovens, kilns, &c., 
including arch, slab, and other shapes generally used. 


The catalogue is printed in German, French, and English. | 


|chambers from the solid 


coaches and other works completed by them. 


Forgings.—The forging of large drums, tubes, and 
for high-pressure steam, 





INSTALLATION IN CHEESE Factory. 


chemicals, or reaction processes is explained in a very 
interesting catalogue issued by Messrs. John Brown and 
Company, Limited, Sheffield. Some notes are given on 
the effect of high temperatures on the mechanical 
qualities of steel, and also on the special heat-resisting 
steels. 

Malleable Castings.—Circulars showing that their 
malleable castings can be qnite easily machined are to 
hand from Messrs. Ley’s Malleable Castings Company, 
Limited, Derby. A test mentioned is that 39,000 
nipples 1} in. diameter were screwed with about six 
threads with one grinding of the screwing dies, the dies 
cutting straight on the black metal. 


Flow Measurement.—The Lea Recorder Company, 
Limited, 28, Deansgate, Manchester, have issued a 
catalogue dealing with the application of their instru- 
ments to mining work and illustrating several important 
installations. In gold mining the records of the flow 
through the depositing tanks are used to check the prac- 
tical as compared with the theoretical efficiency of the 
process. 

Electric Block.—The Vaughan electric block, made by 
the Vaughan Crane Company, Limited, Openshaw, 
Manchester, is a lifting unit, with motor, made to lift 
from } ton to 5 tons, and, with the necessary additions, 
is suitable for use on runways and cranes of various kinds. 
A catalogue we have recently received shows a number of 
adaptations, and gives full particulars of capacities, 
dimensions, etc. 
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TORPEDO BOAT DESTROYERS AND 
FLOTILLA LEADERS. 


Ir was recently announced in the press that the 
French Ministry of Marine had placed orders for the 
construction of six flotilla leaders, two in Govern- 
ment Dockyards, and four by private shipbuilders. 
It was also stated that the new vessels are to be 
422 ft. in length and 38} ft. in beam, with a Wash- 
ington displacement of 2,450 tons, corresponding to 
2,630 tons with oil fuel, whilst the engines are to 
develop 64,000 shaft horse-power, giving a speed of 
38 knots. The official return, “‘ Fleets (The British 
Empire and Foreign Countries),” published early 
last year, includes six flotilla leaders to be laid 
down by France in 1928, the displacement, the only 
detail given, being quoted as 2,400 tons. The parti- 
culars of three of the same type ordered in 1926, 
are: , Displacement, 2,646 tons; engine power, 
64,000-h.p., and speed, 36 knots, whilst those 
ordered in 1927 are stated to have the same displace- 
ment and speed, but to be fitted with engines of 
70,000 shaft horse-power. The 1926 vessels have an 
armament of five 5}-in. and four smaller A-A guns 
and six torpedo tubes, those of 1927 having an addi- 
tional 54-in. gun. Five slightly smaller vessels of the 
same type completed in 1926 and 1927 are of 2,359 
tons, 50,000-h.p., and 353 knots, the armament 
being five 5-1-in. and two 3-in. A-A guns, and six 
torpedo tubes. It would appear from the displace- 
ment quoted for the six vessels recently ordered, 
that they are to be practically repeats of those 
ordered in 1927. There is a slight discrepancy in 
the powers and speeds stated in the press for the 
new vessels, and those given in the official return 
for those of the 1927 programme, but if the 70,000- 
h.p. of the engines is taken as correct, the large 
increase on power over the vessels with 50,000-h.p. 
completed in 1926 and 1927 should result in the 
higher speed of 38 knots being attained. 

Of the navies of other countries included in the 
return the flotilla leader appears only in those of 
the British Empire and Italy. The particulars of the 
British leader Codrington of the 1927 programmie are 
not included, but the largest of this type completed 
are the seven vessels of the Campbell class laid down 
in 1917, these having a displacement of 1,800 tons, 
engines of 40,000-h.p. and 363 knots speed, the 
armament consisting of five 4:7, one 3-in. A.A., and 
seven smaller guns and six torpedo tubes. In 1927, 
the Italians laid down twelve flotilla leaders of 
1,968 tons, 50,000-h.p. and 38 knots speed, with an 
armament of six 4-7-in. guns and six torpedo tubes, 
whilst three of the type completed in 1925 are of 
1,954 tons, 42,000-h.p. and 34 knots speed, mount- 
ing eight 4-7-in. and two 3-in. A.A. guns and six 
torpedo tubes. A comparison of the foregoing 
details with those for the new French vessels, shows 
that the latter are of considerably greater displace- 
ment, which should be attended by better seagoing 
qualities, and mount a more powerful gun arma- 
ment than those of the other two nations. Twenty- 
five years ago, when warship displacements were far 
more moderate than at present, the French flotilla 
leaders would have been classed as cruisers. 

The precursor of the flotilla leader was the British 
warship Swift, laid down at Messrs. Laird’s, in 1905, 
and which at the outbreak of war was designated 
a flotilla cruiser, having attached to her the fourth 
destroyer flotilla of twenty vessels. Three cruisers 
of the Boadicea and eight of the Sentinel classes 
were at the heads of other destroyer flotillas. The 
Swift was 345 ft. in length, 2,200 tons displacement, 
and fitted with turbine machinery developing 
30,000-h.p., giving a speed of 35 knots, the arma- 
ment being four 4-in. guns and two 18-in. torpedo 
tubes. In 1913 and 1914 the British Admiralty 
placed orders for four vessels—Marksman class— 
which appear to have been the first termed flotilla 
leaders. These were of 1670 tons, 36,000-h.p. and 
34-knots speed, with an armament of four 4-in., and 
seven smaller guns and four 21-in. torpedo tubes. 
Italy also laid down in 1913 two of the same type, 
Aquila and Falco, the displacement being 1,705 tons, 
engine power 40,000-h.p., and speed 35 knots, 
mounting five 4-7 and four 3-in. A.A. guns and four 
torpedo tubes. The French did not adopt the type 
until 1923, and neither the United States nor Japan 
has yet built any vessels of the type, although the 
former has nine projected, but not yet authorised. 
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The original purpose of the type, as the designation 
implies, was to act as the leader of a flotilla of 
destroyers, and to carry the commander of the 
flotilla and his staff, with all the necessary facilities 
for directing the operations of the mosquito fleet. 
For this purpose it was necessary that the flotilla 
leader should be capable of maintaining her position 
at the head of the flotilla in all circumstances of 
weather, sea, and condition of bottom. A superiority 
in sea-going qualities was thus an essential, and 
this was secured by a greater displacement, com- 
bined with a designed speed equal or superior to 
that of the other units of the flotilla, which for 
the greatest efficiency was composed of vessels of 
one class. A comparison of the particulars of the 
flotilla leader with those of contemporary des- 
troyers indicates how this superiority has been 
obtained, the British vessels being necessarily 
of earlier dates of construction than those of the 





The return quotes the number of flotilla leaders 
built, building, and projected, by Japan, as nil, but 
a glance at the particulars of 11 destroyers ordered 
for the Japanese Navy in 1926 and 1927 indicates 
that these have the usual attributes of leaders, 
being of an appreciably greater tonnage, and 
mounting a more numerous gun and torpedo arma- 
ment than the Japanese destroyers immediately 
preceding them, and than the contemporary des- 
troyers of other navies. These 11 vessels are stated 
to be of 1,700 tons, and 34 knots speed, with an 
armament of six 4-7-in. guns’ and nine torpedo 
tubes, compared with 1,450 tons, 34 knots speed, 
four.4-7-in. guns and six torpedo tubes for des- 
troyers laid down in 1925 and 1926. 

The particulars of the nine projected American 
leaders are not stated, in the return, but of the 
309 completed destroyers with U.S. Navy about 





60 per cent. are of 1,215 tons, 35 knots speed, 


TABLE I.—Comparison: or FLoTIttA LEADERS AND DESTROYERS. 





















































Flotilla Leaders. Destroyers. 
| BRITISH. } 
1905 ..| Swift .| 2,200 tons -| Four 4-inch guns..| 1905 .. Tribal class ..| 865-1,140 tons. .} Two 4-inch guns. 
| 30,000 h.p. -| Two T. tubes. 14,500 h.p. Two T tubes. 
35 knots. 33 knots. 
1913 ..| Marksman ..| 1,670 tons -| Four 4-inch guns..; 1913 .. M class -| 1,030 tons -| Three 4-inch guns. 
36,000 h.p. Two 2-pdrs. 27,000 h.p. Two 2-pdrs. 
34 knots. Four T tubes. 34-35 knots. Four T tubes. 
1916 ..| Shakespeare 1,550 tons .| Five 4-7-inch guns| 1916 .. R class -| 1,065 tons -| Three 4-inch guns. 
40,000 h.p. One 3-in. H. A. gun. 27,000 h.p. Six smaller guns. 
36 knots .| Six Torpedo tubes. 36 knots ..| Four T tubes. 
1917 ..| Campbell 1,800 tons .-| Five 4-7-inch guns| 1918 .. V class -| 1,350 tons .-| Four 4-7-inch guns. 
40,000 h.p. .-| One 3-in. H.A. gun. 30,000 h.p. .-| Seven smaller guns. 
| 364 knots .| Six Torpedo Tubes | 35 knots .| Six Torpedo Tubes. 
FRENCH. | 
1922 ..| Jaguar .| 2,859 tons ..| Five 5-1-in. guns..| 1923 .. Simoun class | 1,437 tons ..| Four 5-1-in, guns. 
50,000 h.p ..| Two 3-in. H.A. guns 33,000 h.p. --| One 3-in. A.A. gun. 
354 knots .-| Six torpedo tubes. 33 knots ..| Six torpedo tubes. 
1926 ..} Lion .. .| 2,646 tons .-| Five 5}-in. guns ..| 1926 .. Basque class..| 1,471 tons -| Four 5-1-in. guns. 
64,000 h.p. .| Four smaller A.A. | | 35,000 h.p. —...| One 3-in A.A. gun. 
guns. 33 knots -| Six torpedo tubes. 
36 knots ..| Six torpedo tubes. 
| 
ITALIAN. 
1921 ..| Tigre .| 1,954 tons ..| Eight 4-7-in. guns | 1922 .. Q Sella .| 1,132 tons --| Three 4-7-in. guns. 
42,000 h.p. ..| Two 3-in. A.A. guns! | 28,000 h.p.  ..| One A.A. gun. 
*| 34 knots .| Six torpedo tubes. 35 knots -| Two smaller guns. 
Four torpedo tubes, 
1927 ..| U. Vivaldi ..} 1,968 tons ..| Six 4-7-in. guns ..| 1926 .. Zeffro .| 1,334 tons .»| Four 4-7-in. guns. 
50,000 h.p. .| Six torpedo tubes 35,000 h.p. .-| Three A.A. guns. 
38 knots. 36 knots. -| Three smaller guns. 
Six torpedo tubes. 
| 
TABLE II.—Ftoritta LEADERS AND DESTROYERS BUILT OR BUILDING. 
Flotilla Leaders. Destroyers. 
— | British | United British | United | | 
Empire. States. Japan. France. Italy. Empire. States. Japan. | France. Italy 
Built 17 Nil Nil 7 11 150 | 309 114 | 45 64 
Building 1 Nil Nil 12 12 8 Nil 12 19 3 
Projected .. 2 9 Nil 6 Unknown. 18 |) Nil 13 | Nil Nil 
Totals 20 9 Nil 25 23 176 | 309 | 139 | 64 | 67 























French and Italian navies. This comparison is 
given in Table I, the details being mainly derived 
from the official return already referred to. 

In addition to the gradual increase in the size of 
the two types of war vessel, the tonnages inserted 
in the table show that whilst the latest quoted 
British and Italian leaders are 450 and 634 tons 
respectively larger than the contemporary des- 
troyers, the difference between the two French types 
is 1,175 tons. The 1913 and 1916 British leaders 
are of the same maximum speed as the destroyers 
laid down in the same years, but the Campbell class 
are faster than the R. & V. classes by 3 and 14 knots 
respectively, compared with differences of 2 knots 
and 3 knots for the latest Italian and French types 
quoted in the table. The numbers of torpedo tubes, 
in both types in the three navies is the same, viz., 
six in the latest examples, and the primary artillery 
armament in all destroyers consists of four guns. 
The British and French leaders mount one more 
of the largest calibre gun than contemporary 
destroyers, but the 1927 Italian leaders have six 
guns of the largest calibre, and this number is being 
adopted in later French leaders than those included 
in the table. The 4-7-in. gun with a projectile of 
50 Ib. is the largest gun mounted in British and 
Italian vessels of both types, as compared with 
5-1-in. guns with a projectile weighing 70 lb. in 
French destroyers, and 5-5-in. with projectiles of 








80 lb. in French leaders. 


carrying four 4-in. and one 3-in. A.A. guns, and 
12 torpedo tubes, the heaviest torpedo destroyer 
armament afloat. 

The purpose of a flotilla leader being to serve 
as the flagship of a flotilla of destroyers, the number 
required in a navy will be governed by the numbers 
of destroyers, and of the units comprising a flotilla. 
A reference to the Navy Lists shows that in 1914 
15 to 20 destroyers formed a flotilla, but at present 
these are reduced to eight. Table II above gives 
the numbers of leaders and destroyers built, build- 
ing, and projected for the various navies, and is 
compiled from the return. 

Of the 176 British destroyers, 15 are in the 
Australian and six in the Canadian Navy, leaving 
155, which with the 20 leaders would form 20 flotillas 
of seven or eight, the latter being the number 
already mentioned. The 139 Japanese destroyers 
include 22 which have already passed the effective 
age limit of sixteen years, and are now to be used as 
mine-sweepers, leaving 117 serviceable for the 
ordinary purposes. If the 11 large destroyers laid 
down in 1926 and 1927 and referred to above are 
deducted, the remaining 106 would form 11 flotillas 
of nine or ten units each, with the 1,700-ton vessels 
as leaders. The large numbers of French and 
Italian leaders, especially in comparison with those 
of the destroyers, together with the fact that no 
more of the latter type are projected, suggest that 
the leaders are not to be used wholly for the same 














purpose as those of the British and Japanese, but 


possibly as independent units, the very powerful 
gun armament and high speed of the latest French 
vessels rendering them suitable for such a purpose. 

The torpedo-boat type has almost entirely 
disappeared, and no more are building or projected. 
The French are credited in the return with seven, 
and the Italians with 47, but all are of relatively 
small displacement, and the majority are aged and 
of little military value. The designation torpedo- 
boat destroyer has thus gradually become a mis- 
nomer, the type now serving the purpose for which 
the torpedo boat was formerly intended, whilst, 
judging from the latest French and Italian develop- 
ments, the flotilla leader is assuming the functions 
of the destroyer, and will he allotted the duty of 
annihilating the latter by its superior gun armament. 

Those who have read the interesting volume 
“The Life of Sir Alfred Yarrow” will, perhaps, 
remember it is there recorded that in 1892 Sir 
Alfred—then Mr.—Yarrow called on Sir John 
Fisher, Controller of the Navy at the time, and 


informed him that the French were building a} 


number of exceptionally fast torpedo boats, which 
were superior to British vessels of the same type. 
Sir John requested him to furnish a full report on 
the matter, and also to prepare the design of a 
vessel with qualities which would surpass those of 
the French torpedo boats. The design was pro- 
ceeded with, and after examination by the Admiralty 
experts, an order was placed with Messrs. Yarrow 
for two vessels, Havock and Hornet, and about the 
same time Messrs. Thornycroft were ordered to 
build Daring and Decoy to their own design. The 
Havock was completed in January, 1894, and was 
the first of the torpedo-boat destroyer type. She 
was 180 ft. in length, 240 tons displacement, was 
fitted with locomotive boilers and reciprocating 
machinery developing 3,700 i.h.p. to give a designed 
speed of 26 knots, which was exceeded on trial. 
The armament consisted of one 12 and _ three 
6-pounder guns and two torpedo tubes, the cost of 
the vessel being about 37,000/. The latest vessel 
of the same type—Ambuscade—designed and con- 
structed by Messrs. Yarrow and completed in 1927, 
is 307 ft. long, 1,173 tons standard displacement, 
has geared turbine engines of 33,000 shaft horse- 
power and 37 knots designed speed, the armament 
consisting of four 4:7-in. and seven smaller guns 
and six torpedo tubes. Her cost is given in the 
current Navy Estimates as 328,000/. A comparison 
of the particulars of the two vessels indicates the 
progress made in this type of warship in 33 years. 
The tonnage is between five and six times as great, 
the horse-power of the engines is ninefold, the 
speed is 11 knots greater, the gun armament seven 
times as powerful, the torpedo armament is greatly 
increased, and the cost is nearly nine times as great. 
Some of the intermediate stages in the development 
of the type for the several navies can be traced in 
the official return, which has been so freely quoted 
in the course of this article. 








THE RECONSTRUCTION OF HOLT 
FLEET BRIDGE, WORCESTERSHIRE. 


Tue reconstruction of Holt Fleet Bridge, spanning 
the River Severn about six miles north of Worcester, 
has recently been carried out by a somewhat unusual 
method. The bridge is a single span of 150 ft., being a 
cast-iron structure supported on masonry abutments, 
and consists of five arch ribs connected by cross 
bracings at intervals between ribs, the wholeextrados 
of the arch being also connected by pierced plating. 
Upon this arch rest the vertical and inclined cast- 
iron struts of cruciform cross-section tapering at top 
and bottom, forming the spandrel members, which 
in turn support longitudinal cast-iron bearers and 
deck plates. Figs. 1 and 2 show the bridge prior 
to commencement of reconstruction work. 

The bridge was built in 1826, and, although 
authentic record is not available, it is believed to 
have been designed by Mr. Thomas Telford, since 
in 1823 he built another similar bridge over the 
Severn at the Mythe near Tewkesbury, and, apart 
from the fact that Holt Fleet bridge is 24 ft. less in 
span, the two are nearly identical in detail. 

It was found that, owing to the insufficient lateral 
stiffening, the excessive vibration, due to modern 
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consequent fracturing of members, most of which | 
were much too slender for modern loads. 

In view of the successful strengthening of certain 
cast-iron railway bridges in France, the late Mr. | 
C. F. Gettings, then County Surveyor for Worces- 
tershire, made some preliminary study of the 





|methods employed, but his unfortunate decease | 
| prevented his pursuing the matter. Mr. Gettings’ 
| successor, Mr. B. C. Hammond, A.M.Inst.C.E., to | 
| whom we are indebted for the particulars contained | 
jin this article, subsequently took up the question 
| of the application of the proposed method to the | 
| bridge at Holt Fleet, and in the course of his 
| investigation visited several large bridges over the | 
| River Rhone on the Paris, Lyons and Mediterranean | 
| Railway which had been, or were in course of being, | 
| strengthened by means of special application of | 
| ferro-concrete details. An important example of | 
| this class of work was, it will be remembered, 
described in ENGINEERING in 1925 (see vol. cxix, 
page 159). In consultation with MM. Boulongne | 
and Gueritte, of Paris and London respectively, Mr. | 


Hammond prepared the present scheme, which was | 
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heavy traffic, was causing eccentric loading of the | duly embarked upon by the Worcestershire County 
component members, and the continued loosening | Council, the Authority responsible for maintenance 
of many joints secured by keys and wedges, with | of the bridge. 


The method adopted consisted of strengthening 
the arch ribs and various other members with 
ferro-concrete, the component steel bars being 
electrically welded to the cast-iron structure at 


| various points. The drawings given in Figs. 3 to 


15, Plate VIII, and Figs. 16 to 18, page 35, as well 
as the views Figs. 19 to 24, on page 48, will help to 
make the alterations clear. The first stage com- 
prised the construction of a vaulted intrados con- 
necting the lower flanges of the arch ribs together 


| with the enclosing of both flanges of each rib, all in 


ferro-concrete. These were connected with a sub- 
stantial springing beam at the abutments partly 
enclosing the heavy casting at the springing, since 
the latter was bolted to the rest of the structure. 
Fig. 19, on page 48, shows part of the intrados steel- 
work in position, and the bearing casting at the 
springing, whilst Fig. 20 shows the steelwork of 
the lower flange of the external rib. Figs. 8 and 9 
will make these features clear. 

A portion of the extrados of the arch near the 
springing was next encased or decked, and certain 
of the spandrel struts supporting the decking were 
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similarly encased, those most nearly vertical being 
treated, as seen in Figs. 8 and 9. In the latter 
detail the reinforcement consists of eight bars to 
each strut confined by steel bar hoops welded at 
points of contact. These details are well shown in 
Figs. 16 to 18, below. The struts nearest to the 
abutments were embodied into a large ferro-concrete 
portal frame (Fig. 8) designed to transmit thrust 
from the upper portion to the springing. Fig. 21 
shows the steel in position for the foregoing details, 
with light bars in extrados decking, heavy bars at 
the bases of struts, forming reinforcement of upper 
flanges of arch ribs, and struts prepared with bars 
in position, together with bars for the portal frame 
in front of the abutment. The latter reinforcement 
is well shown on the left half of Fig. 8. 

The next stage was the removal, in carefully 
selected sections, of the cast-iron deck plates, the 
longitudinal members carrying these being encased 
in ferro-concrete, with new cross beams inserted, 
each prolonged to form cantilevers beyond the outer 
ribs to effect the widening of the roadway decking. 
The latter replaces the old cast iron deck plates and 
is homogeneous with the longitudinal and cross 
beams. Fig. 22 shows bars in longitudinal and cross 
beams at a point midway between crown and spring- 
ing. Fig. 23 further illustrates the arrangement near 
deck ievel, and shows the old cross bracing between 
arch ribs at one end of the centre segment of the 
arch; also the completed half-section near the 
middle of the span with the steel therein temporarily 
bent up for facility in working. The deck beams, 
slab and reinforcement are shown in the drawings, 
Figs. 3, 8, 9 and 12 to 15, &c. Details of the 
reinforcement of the deck, &c., near the crown, are 
to be seen in Fig. 3. 

The new decking carries on its outer edge a sub- 
stantial curb beam to which is bolted the old cast 
iron ballast plates and parapet railing which was 
re-used. The steel bars throughout are electrically 
welded to the cast-iron at special points to secure 
homogeneous distribution of stresses and to avoid 
much bending of bars, &c., at the intersection of 
various cast iron members. Welding was also 
largely employed to minimise the lapping of the 
larger bars in order that the concrete surrounding 
the same should not have its effective thickness 
reduced thereby. It may be noted that the placing 
of the steel bars and concrete called for great care 
and ingenuity on the part of the contractors, as may 
be appreciated when it is realised that traffic had to 
be maintained, although weights and speed of 
vehicles were strictly limited. 

The old deck plating constituted practically all 
the lateral bracing above the arch ribs, so that it 
could only be removed in small sections at a time. 
Great care was necessary in the earlier stages to avoid 
uneven stresses in the old members, so that the 
introduction of new deadweight had to be carefully 





regulated. For example, the introduction of 
the vaulted intrados of the arch was arranged by | 
first placing the concrete at the crown for about | 
one-fifth of the span, subsequently working from 
each abutment simultaneously, to avoid possible | 
distortion of the arch. | 

Another special point is the fact that the whole of | 
the work on the span was carried out on timbering 
suspended from the structure, no temporary piers 
or falsework whatever being placed in the river, 
apart from a coffer-dam around the west abutment 
for the purpose of strengthening this part, the 
eastern abutment being on the river bank. The 
river was kept fully open for navigation which 
here comprises large pleasure steamers and tug and 
barge traffic. 

The abutments are strengthened by 12 reinforced 
concrete buttresses encased with a facing of red 
sandstone to match the masonry of the abutments. 
The buttresses have footings set into the sandstone 
rock, underlying the river bed, upon which the 
bridge is built. The wing walls being high, with 
a tendency to spread due to weight of filling plus 
rolling loads, have been further strengthened by 
reinforced concrete cross-beams connecting the 
buttresses in pairs below road level, together with 
reinforced concrete beams extending longitudinally 
between tops of buttresses. A reinforced concrete 
decking, similar to that on the span, carried on the 
foregoing will further distribute the loading. The 
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external or visible concrete details above the 
buttresses are of concrete suitably coloured to 
match the red sandstone masonry. 

The arrangement of the abutment strengthening 
is intended to prevent spreading of the wing walls 
under the combined effect of arch thrust plus weight 
of filling and traffic thereon behind the walls, 
and was so carried out as to be sufficiently in 
advance of the augmented loading of the span. 
A minor feature of the abutment work is the filling 
of internal fissures in the masonry so far as possible 
by means of cement grout injected under pressure 
by the cement gun process. Fig. 24 illustrates the | 
nearly completed work on the north side of the 
western half of the bridge, and shows that the 
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strengthening will not materially alter the appear- 
ance of the original structure. 

The scheme has been designed in accordance with 
the Ministry of Transport standard loading, and 
the effective width of the roadway over the whole 
structure will be increased from 20 ft. to 24 ft. 
The cost of the works is anticipated at approxi- 
mately 11,000/., and has been carried out under 
Mr. Hammond’s supervision, by the Worcestershire 
County Council, with financial aid from the Ministry 
of Transport. The contractors were the Yorkshire 
Hennebique Construction Company, Limited, of 
Leeds, who, it may be said, have carried out 
a somewhat difficult undertaking in an excellent 
manner. In the earlier stages of the work, although 
these were arranged for the latter part of the summer 
of 1927, progress was almost impossible at times 
owing to floods due to unusual weather conditions. 

It is considered that the cost of a new bridge 
would have been fully two and-half times the cost of 
the present scheme, which has the additional merit 
of preserving the original outlines and much of the 





excellent work put into the bridge over 100 years ago. 


DIAMONDS. 


On December 10 last, Sir William Bragg concluded 
a series of four lectures at the Royal Institution, on 
diamonds. In his introduction, he pointed out that 
the first Royal Institution lecturers on the subject, 
Story Maskelyne in 1851 and Roberts Austen, had 
already suggested that carbon, dissolved in fused 
metals, might crystallise in the diamond modi- 
fication when a quenched spherule of the fused metal 
was contracting. Diamonds crystallised in many 
different forms, but the shapes could all be traced 
down to the regular tetrahedron with the four 
carbon atoms situated at the corners and a fifth at 
the centre of gravity, i.e., at a point one quarter of 
the height of the tetrahedron above the basal plane. 
This Sir William explained with the aid of models 
and diffraction gratings and their spectra of different 
orders. When sets of planes were passed through 
the base A,, the centre, C, and the apex (which 
would belong to the base plane A, of the tetra- 
hedron next above), and the distances between 
two consecutive bases, A, A,, were such that their 
reflected rays differed by 2A in phase, the phase 
difference between rays reflected from the base A, 
and the plane C, would be A/2. The rays would thus 
be in opposite phases and neutralise each other, 
and the second order spectrum should vanish. This 
was observed by X-ray examination of diamonds, 
and Sir William had confirmed the conclusion that 
the atoms must be arranged in this way by having a 
special diffraction grating ruled at the National-Physi- 
cal Laboratory. This grating consisted of pairs of 
parallel lines, the distance d between the two 
lines of a pair being am in., while the distance 
between the pairs was 3 d. Such a grating sup- 
pressed the spectra of the 2nd, 6th, 10th, &c., orders. 
None but the tetrahedral structure could give this type 
of diffraction spectra, but the siructure also occurred 
in other minerals; the carborundum crystal (SiC) 
might be regarded as a mixture of two tetrahedra. 

The interpretation of X-ray diagrams was often 
very difficult, but the spacings so determined in Ang- 
strom units (A.U.) were as exact as any measure- 
ments. When we imagined the carbon atoms 
closely packed in layers of spheres, there was only 
one way of fitting the second layer over the first, 
but with the third layer two ways become possible, 
right and left, as it were, and this accounted for the 
frequent twinning in diamond crystals. Snow 
crystals showed much greater variety, which might 
possibly be explained by changes in temperature 
and other conditions. 

The brilliancy and fire of the diamond were due 
to its high index of refraction (2-5) and high 
dispersion, and to the consequently small angle 
of total internal reflection. The object of the 
diamond cutter was to arrange the angles of the 
facets in such a way, that a ray, which entered 
the stone in front, could not leave again except 
from the front, owing to the fact that the 
internally-reflected rays always struck other 
facets at angles which only permitted further reflec- 
tion, and did not allow the ray to pass out of the 
stone. The grinding of diamonds was done with 
the aid of diamond dust, the diamond being 
pressed against a horizontal rotating disc of iron. 
It had been found that grinding was easy in 
certain directions but difficult in others, and this 
had been studied by Mr. V. Stott at the National 
Physical Laboratory in connection with the research 
on diamond pivots. The diamond model showed 
that it would be difficult to push an atom in a line 
along which it would meet other atoms, and that 
it would find more open space in other directions. 
Looked at in another way, the atoms appeared to be 
arranged in furrows of obtuse angles; grinding was 
easy across a ridge, but not along a ridge. The high 
transparency of diamonds was shown during the 
lecture by placing a cut diamond in the path of a 
narrow pencil of light rays. A great number of 
bright spots were seen, recalling the appearance of 
a Laue radiogram ; cut glass, on the other hand, gave 
only indistinct spots. A piece of glass, immersed 
in a salt solution of its own refractive index, 
became invisible, but a diamond appeared black in 
the solution. 

In the fourth lecture, Sir William dealt with 
the extraordinary differences between the three 











ite, and diamond, and their mutual conversions. 
Graphite was soft, slippery, black and a conductor 
of heat and electricity ; diamond, though blackish 
as bort, was colourless when pure, highly trans- 
parent, very hard and a non-conductor. Yet these 
modifications all burned in oxygen when preheated 
to the same temperature, 650 to 700 deg. C. A 
burning diamond would swell up, develop triangular 
crystal faces and turn into coke and graphite. This 
had been observed by Sir Charles Parsons and Mr. 
A. A. Campbell Swinton in 1907, when they bom- 
barded a diamond crystal in a bulb by the rays from 
two cathodes which were alternately energised. In 
his attempts to convert carbon into diamonds, 
Moissan had first aimed at liquefying the carbon 
directly, but the carbon vaporised, and Sir Charles 
Parsons, whose experiments were commenced in 


1886, showed that the expansion pressure of the | 


solidifying iron (used as solvent for the carbon) 
did not exceed 7,000 atmospheres, and the com- 
pressive forces of the contracting iron ingot were 
partly relieved by the cracking of the spherules 
which allowed the imprisoned gases to escape. 


The lecturer reviewed the many varied experiments | 


of Moissan, Crookes and Sir Charles Parsons,* who 
studied manifold thermal and chemical reactions 
under momentary pressures of 300,000 atmospheres, 
and with currents of 80,000 amperes. 


vaporised and then condensed. Whenever minute 
crystals, apparently of diamonds, were found in 
the experiments, however, contamination with the 
very elements (iron, silicon, magnesium, aluminium, 
&c.) which are associated with the occurrence of 
natural diamonds was possible. This was particu- 
larly the case in the German experiments made 
with mineral magmas as solvents for carbon. As 
the minute crystals of Moissan, Crookes, Parsons 
and others had resisted all chemical attack, they 
had, more or less, been accepted as diamonds, but 
Mr. H. M. Duncan (assistant of Sir Charles), repeat- 
ing the various analyses, found recently that certain 
artificial spinels, made at high temperatures from 
magnesia and alumina, were almost immune from 
attack, and that none of the supposed diamonds 
would burn in oxygen at 900 deg. C. This last, 
exceedingly difficult, test made it very doubtful 
that artificial diamonds had yet been prepared. 
Mr. Duncan moreover, had been informed that 
all the specimens of Moissan and his slides had 
disappeared. 

Continuing, Sir William stated that the recent 
X-ray work of J. D. Bernal (Davy Faraday Labo- 
ratory) and of H. Mark and Hassel (Ludwigshafen), 
disclosed differences in the structures of diamond 
and of graphite which helped to explain their 
different properties. The atoms of graphite were 
arranged in parallel planes which were networks of 
contiguous hexagons; the distance between the 
planes, 3°41 A.U., was greater than in the diamond, 
whilst the distance between the neighbouring 
atoms of a hexagon was smaller than in diamond, 
1°42 against 1-53 A.U. The unit cell of graphite 
contained four atoms. The loose packing accounted 
for the lower density of graphite (2-25, against 3-52 
in the case of diamond), for the ease with which the 
graphite scales would slip over one another and 
would break up into finer scales, and for the difficulty 
of powdering the scales, that is, breaking up a 
hexagon. 

The experiments of Ruff, G. Schmidt and 
Olbrich (Breslau) suggested a gradual transition of 
heated amorphous carbon into graphite. They heated 
different kinds of charcoal, lampblack, coke, graphite, 
tar, &e., to 2,800 deg. C. for many hours, and ob- 
served gradual chemical changes and the appearance 
of graphite X-ray lines, though externally graphitis- 
ing could not be noticed. K. A. Hofmann and C. 
Rochling (Berlin) obtained a bright, very hard and 
elastic carbon, which conducted electricity (though 
not well), by condensing the vapours of hydrocarbon 
flames on glazed porcelain; the higher the tempera- 
ture, the harder the carbon. These experiments 


had been interpreted to mean that amorphous | 


earbon would finally, at high temperature, pass 





* Cf. ENGINEERING, May 3, 1918, pages 485-487. 
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cations. The experiments also confirmed the 
observation, made during the war in gas-mask 
researches, that the activity of amorphous carbon 
and its capacity of absorbing gases and liquids 
| diminished when the carbon had been exposed to 
high temperatures and was nil in graphite, as Sir 
William demonstrated. He considered that there 
was but one crystalline form belonging to graphite 
|and to all the charcoals. The great differences in 
|the properties were probably due to variations in 
the sizes and arrangements of the crystals. All 
single crystals were soft ; a single crystal of copper 
| could be bent, but the bending itself would harden 
|the metal. If we were able to understand the 
‘nature of the atomic bonds, we should also under- 
| stand the great differences between the modifica- 
| tions of carbon. 








| A HIGH-SPEED ENDURANCE TESTING 
| MACHINE FOR LEAF SPRINGS.* 


By J. Braprey, B.A., B.A.I. 


A RESEARCH on the properties of laminated 
|springs is in progress at the National Physical 
| Laboratory, for the Springs Research Committee of 





the Department of Scientific and Industrial Re- 


Carbon and | 
its compounds were either directly transformed | 
into soft graphite and amorphous carbon or first | 


Fig.1. 
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photographs of the machine are reproduced in 
Figs. 2 and 3, opposite. 

The test piece (T) is an 18-in. length of plate of 
a section not exceeding 2 in. by 3 in. It may be 
either straight or cambered, and requires usually 
no preparation except cutting to length. It is 
held firmly at the ends in a pair of clamps, and is 
bent by the application of four equal parallel forces. 
Two of these forces are supplied by the links B, B,, 
which support the inner ends of the clamps, and 
which are in turn supported by the bar A. This 
bar A is pivoted on a horizontal axis at its middle 
point, and therefore guarantees the equality of 
the forces in the links B, B,. The other two forces 
are supplied by the pull rods C, C,, which act on 
the outer ends of rigid extensions of the clamps. 
From the symmetry of the arrangement, the forces 
in the pull rods are equal to those in the links B, B,, 
and the portion of spring between the clamps is 
subjected to a uniform bending moment. 

A vertical oscillatory movement is given to the 
pull rods C, C, by a simple link-work mechanism 
operated from a two-throw crankshaft (E). The 
crank gives an oscillatory motion to the lower ends 
of the links D, D,, the upper ends of which are pivoted 
on stationary pivots K, K,. Each of these pivots is 
adjustable to any position on the arc of circles, 
whose centres coincide with the extreme outward 
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WoOhler Test. 























Test Mark. R " | | | Fati | R: f Fati 
| est. Mark. ange of | sa | Fatigue ange 0 atigue 
| | Stress. | Reversals. Result. | Range. | Stross. Reversals. Result. Range. 
| | | 
| Tons j { ) Tons | { Tons 
| per sq. in. | | persq. in. per sq. in. 
D.P.H. + 25 278,000 B | + 24°6 84,300 B 
| + 23 512,000 | B_ | 19-8 | + 21) 386,600 B + 20-5 
| + 20 4.409.000 | B + 20-5 10,000,000 N.B. 
| + 19-6 | 6,000,000 | N.B. | + 19-9 | 10,000,000 N.B. 





search. Such endurance tests as were necessary 
for the research were made originally on full-size 
laminated springs in a specially-designed machine, 
which applied a suitable dead load and a pre- 
determined range of deflection to each spring. 
This machine ran at a speed of 150 r.p.m. to 200 
r.p.m. As the research developed, it became 
necessary to study the behaviour of single plates 
rather than that of complete springs, and it 
appeared that the existing machine, even if modified 
to suit these new conditions, would still be unable 
to deal with the amount of work involved. 

An entirely new machine was therefore designed 
and built in the Engineering Department of the 
|Laboratory. It became available for use in 
| December, 1927, and since that time has given 
|continuous and satisfactory service. In designing 
\this machine, the following features were regarded 
las essential :—{1) The speed should be not less 
|than 1,000 cycles per minute. (2) The test piece 
| should be of a form requiring little or no preliminary 
machining. (3) The test piece should be subjected 
/to a uniform bending moment over a length of 
/several inches. (4) The stress applied should be 
independent of the speed of the machine. 

The arrangement adopted to meet these require- 
|ments is shown diagrammatically in Fig. 1, and 











* Communicated from the National Physical Laboratory. 


position of the joints L, L,. This adjustment controls 
the amplitude of the vertical movement of the pull 
rods and permits any assigned range of strain to be 
applied to the test piece. The initial strain on the 
test piece is adjusted by raising or lowering the 
trunnion head carrying the centre pivot of the bar 
A. Since this adjustment does not affect the 
range of movement of the pull rods, it is possible 
to apply to the test piece any desired combination 
of initial strain and range of strain. 

The forces applied to the test piece are measured 
in a very simple manner by observing the deflection 
which they produce in the bar A. This is done 
by means of a small tilting mirror in conjunction 
with a telescope and scale. If it is required to 
measure the forces while the machine is running, it 
becomes necessary to make a correction for the 
forces which arise from the inertia of the moving 
parts. The magnitude of this correction is readily 
obtained by running the machine without a test 
piece and observing the scale reading. The rigidity 
of the moving paris of the machine is sufficient to 
ensure that the bend applied to the test piece is 
independent of the speed. There is, however, & 
very slight and unavoidable increase in the stress 
applied to it owing to its own inertia. At 1,000 
r.p.m., this increase of stress amounts very nearly 
to 0-5 per cent., a figure which is small enough to 
be generally ignored. 
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The stress on the test piece is calculated from the 
formula :— 


. Pl 6.Pl , 
= Zz OF 5. ga (for rectangular leaves) 


where S = stress. 
P = load in each pull rod. 
Pl = bending moment on the test piece. 
Z = modulus of section of test piece. 
= width of test piece. 
d = thickness of test piece. 
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purpose of stopping the machine when the test 
piece fails, a cut-out is provided (See Fig. 3). This 
consists of an arm extending parallel to the 
test piece and just above it. This arm carries six 
screws, which are adjusted so as just not to touch 
the test piece in its position of maximum strain. 
When the test piece cracks, its contour changes 
sufficiently to foul one or other of the screws, and 
so move the arm and open a switch in the motor 
circuit. The screws are usually set so close to the 
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The stress is also calculated from the alteration 
in the radius of curvature of the test piece. The 
curvature is determined by means of a simple 
form of dial indicator gauge. It has been found 
that the two methods of stress measurement are 
in perfect agreement. The dynamical balance of 
the machine is very satisfactory, and no trouble 
due to vibration has been experienced. This result 
is partly due to the fact that a light alumininm 
alloy has been used for most of the moving link 
work. 

The machine is driven by a 1-h.p. electric motor 
having a speed range of 500 r.p.m. to 1,500 r.p.m. 
The actual power required to run the machine is 
only a small fraction of a horse-power, but a high 
torque for starting is occasionally required when 
a test piece is to be heavily loaded. For the 





test piece that the insertion of a piece of paper will 
cause a stop. This fact confirms the statement 
made above that the strain on the test piece is 
independent of the speed. 

A sufficient number of tests have been made to 
show that there is not any marked discrepancy 
between results from this machine and from the 
Wohler test. The table on the previous page gives 
the results of alternating fatigue tests in both machines 
on a 0-5 per cent. carbon steel (unhardened), having 
a Brinell hardness of 220. 

The new machine gives a slightly lower fatigue 
range, a result which appears reasonable, in view 
of the fact that it subjects a considerable length of 
test piece to the range of stress, whereas in the 
Wohler test, the maximum stress is applied only at 
a point. 
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AUTOMOBILE ENGINE TESTS. 

A SERIES of tests on a six-cylinder Durant engine 
has recently been carried out at the University of 
Toronto, and forms the subject of a paper by Professor 
A. E. Alicut, M.I.Mech.E., of the University, to be read 
in February before the Engineering Institute of Canada. 
The following information is drawn from an advance 
proof of the paper, published in The Engineering 
Journal. The engine had a cylinder bore of 2% in., 
and a piston stroke of 4} in.; the compression ratio 
was 5-35 to i. The speed range investigated was 
from 850 r.p.m. to 2,800 r.p.m., the tests being made 
on full throttle, with the ignition adjusted to give 
maximum power in all cases. The drive was taken 
through a gearbox to a Heenan and Froude dynamo- 
meter. Exhaust temperatures were taken with a 
thermo-couple, and exhaust pressures with a mercury 
gauge. Four series of tests were made, the first being 
on the effect of varying the mixture strength, the 
second on the efficiency on different fuels, the third 
on the effect of altering the cooling-water temperature, 
and the last on the admixture of patent lubricants 
with the fuel. As some of the deductions made from 
the test results pre-suppose a high degree of accuracy 
in the measuring apparatus, it is to be regretted that 
no information has been given in the paper as to how 
the gear-box losses were estimated, and also whether 
any check was made upon the accuracy of the dynamo- 
meter. Heenan and Froude brakes, although in general 
remarkably accurate, are primarily intended for 
commercial use, and most investigators regard some 
form of cradle dynamometer as essential for research 
work. 

The results of the variable-mixture tests are interest- 
ing since they indicate that, as the mixture strength 
was varied at constant speed, the brake M.E.P. 
varied but slightly over a considerable range. This 
result is hardly in conformity with the observations 
of other investigators, who have found a marked increase 
in the mean effective pressure as the mixture strength 
was increased. The author suggests that, as the 
majority of previous determinations had been made on a 
single-cylinder engine, they are not necessarily applic- 
able to a multi-cylinder engine such as the Durant. 
The only obvious difference in the functioning of the 
two types lies in the relative degree of surge in the 
respective induction systems, and before a true com- 
parison can be made, it would be necessary to ascertain 
the relation between M.E.P. and mixture strength in 
each individual cylinder of the multi-cylinder unit. 
In the absence of any statement to the contrary, it 
may be assumed that the analyses of the exhaust 
gas in the investigation on the Durant engine represent 
the average contents of the discharge from all the 
cylinders, and the work of other investigators suggests 
that individual cylinders may show a wide variation 
from the mean content. There is no particular diffi- 
culty in obtaining simultaneous gas samples from each 
cylinder, and a further investigation of the Durant- 
engine on these lines might prove illuminating. To 
obtain a true comparison with a single-cylinder engine 
however, it would also be necessary to obtain simul- 
taneously the brake M.E.P. for each cylinder, and this 
offers almost prohibitive difficulty. Apart from the 
operating difficulties associated with a battery of optical 
indicators, recent investigations tend to confirm the 
suspicions that have long been held as to the accuracy 
of such instruments in securing quantitative results. 
It is, in fact, doubtful whether such results can now 
be accepted if they are obtained by any method other 
than the electrical indicator, and we are not aware 
that any investigator has yet achieved successfully 
the simultaneous indication of a multi-cylinder engine 
by this means. It may, however, be stated that such 
work as has been carried out suggests that the individual 
cylinders in such an engine may be varying relatively 
widely in performance, due, no doubt, to surging 
effects in the induction system, and thus may possibly 
explain the results given in the paper. 

The performance of an engine running on different 
fuels has already been the subject of many exhaustive 
tests, and is closely related to detonation problems. 
The tests carried out on the Durant engine were 
mainly made on fuels not readily obtainable in this 
country, but the general results are in conformity 
with those of previous investigators. The conclusion 
is reached that it is doubtful whether any benefit is 
derivable from the use of anti-detonating fuels in 
engines having a compression ratio of less than 5} to 1, 
given a well-designed combustion space in which de- 
tonation would not normally occur. This figure may 
be compared with those given by Ricardo in a paper 
read before the Institution of Petroleum Technologists 
some little time ago, in which the author stated that, 
with a side-by-side valve engine fitted with a Ricardo 
head, the highest useful compression ratio lies between 
5-4 and 6 to 1, depending upon the degree of turbul- 
ence provided, and upon the spacing of the valves; 
while with an engine of the same type having a con- 
ventional head, it is only in the neighbourhood of 4°3 
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SIXTY-TON DYNAMIC BALANCING MACHINE. 


CONSTRUCTED BY 





MESSRS. CARL SCHENK, 





to4-6to 1. Anti-detonation fuels are now in common 
use, both in America and in this country, and advant- 
age has been taken of this fact, particularly by certain 
British makers, to introduce engines having a compres- 
sion ratio which renders their use practically essential. 
Apart from such engines, however, there is no doubt 
that many car owners find that anti-detonating fuels 
give an improved performance with engines having 
a comparatively low compression ratio; and this is 
probably due to the fact that a dirty engine is more 
likely to detonate than a clean one. Laboratory tests 
are usually run on engines in first-class condition, and 
it may be suggested that test figures obtained in this 
way are not always applicable to similar engines in 
the hands of the average user. 

The tests carried out on the Durant engine on cooling 
water temperatures indicated that this factor had no 
appreciable effect on either brake horse-power or on 
brake thermal efficiency, the decrease in volumetric 
efficiency practically balancing the decreased piston 
friction under normal running conditions. This result 
is also generally in conformity with the work of other 
investigators on engines of the same type, although the 
claim is frequently made that car engines on the road 
run with a marked increase in efficiency when the water 
is at a relatively high temperature. Those who make 
these claims, however, are very apt to ignore the tem- 
perature of the intake air and of the induction system, 
the engine being much more sensitive to changes in 
these factors than in the cooling water temperature. 

The tests on the addition of special lubricants to the 
fuel were made with Mixtrol and Mix-Ur-Oil, neither 
of which is readily obtainable in England. Somewhat 
similar products, however, appear on the home market 
from time to time, and it is, therefore, interesting to 
note that although the author found a fall of about 
24 per cent. in fuel consumption in both cases, the 
extra cost of the special lubricants, more than counter- 
balanced the gain in economy. 


COMBINATION IN  Roap AND Ratt TRANsportT.—It 
is announced that an agreement has been arrived at 
between the Great Western Railway Company and the 
National Omnibus and Transport Company, under which 
a new company has been formed, having the title of the 
Western National Omnibus Company, Limited. This is 
to take over all road services for passengers now being 
run by the respective parties in an agreed area in the 
Western Counties. The two companies will have equal 
representation on the board, and Sir John Jarvis will be 
its first chairman. 
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'60-TON DYNAMIC BALANCING 
MACHINE FOR THE VICTORIA 
FALLS POWER COMPANY. 

On this and the following pages we give illustrations 
of what is claimed to be the largest machine yet 
constructed for the balancing of alternator and turbine 
rotors. 
Limited, of Darmstadt, Germany, to the order of 
the Victoria Falls and Transvaal Power Company, 
Limited. A general view is given in Fig. 1. 
machine is installed in the Rosherville shops of the 
company, and is designed for balancing rotors 
from 34 tons up to 60 tons in weight, with a 
maximum diameter of 11 ft. 2 in., and a total length 
between bearing centres not exceeding 20 ft. In 
view of the size and weight of the rotors, for which 


the machine is intended, all the main adjustments | 


required are effected by means of electric motors. 
Electric indicators are also provided by means of 


which the operator in charge can see at a glance} 
the condition of certain elements of the machine, | 


and electric means can also be employed for making 
some of the necessary measurements. 
In essentials the balancer consists of a massive 


bedplate, at one end of which are mounted a 500-h.p. | 
electro-motor and the gear box through which the} 
rotor under test. | 


drive is communicated to the 
This rotor is supported on two movable headstocks, 
which can be traversed along the bed by power. sa 
as to suit rotors of different lengths. Each of these 
movable headstocks supports on a thin vertical steel 
plate a spherically-seated bearing, and it is in these 
bearings that the rotor to be balanced is mounted. 
Owing to the use of the thin flexible plate for the 
support of these bearings, each of these is capable 


of taking, transversely to the axis of the machine, | 
a small horizontal displacement on either side of its | 


central position. The amount of this possible dis- 
placement is limited by appropriate springs and stops. 
Hence when a rotor is in place on the machine, 
either end of it can be displaced laterally, relatively 
to the other, the angular displacement involved in 
such a motion being provided for by a slight rotation 
of the bearing bushes in their spherical seats. 

In making a balancing test one bearing is clamped 
firmly in its central position by means of wedges 
operated by a hydraulic press. Hence at this end 


of the rotor, the only motion possible to the bush | 
is an angular displacement on its spherical seat. | 
_At the other end, however, the bearing is free to 
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It was constructed by Messrs. Carl Schenk, | 


The | 


GERMANY. 
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| oscillate, the possible amplitude of this oscillation 
| being controlled by means of a spring as is explained 
in detail below. 

As is well known, every rotating body tries to 
rotate about one of its principal axes of inertia. If 
it be mounted on bearings the axes of which, though 
co-linear with each other, do not coincide with a 
principal axis of the rotor, the effort of the latter to 
rotate about this axis gives rise to oscillating forces 
|on the bearings. Under these oscillating forces the 
| ‘free’? bearing of the balancing machine vibrates 
| horizontally, so that a coloured pencil or other marker 
held against the rapidly-rotating rotor in the neigh- 
bourhood of this *‘ free” bearing, will touch it over 
only a short are instead of all the way round, as it 
would do were the rotor turning at only a slow speed. 
The interrupted markings thus produced on the 
rotor indicate the position of the radius along which 
weight must be added in order to bring the principal 
axis of the rotor into coincidence with the actual 
axes of its journals. The amplitude of the oscillation 
set up is also recorded, and provides the means for 
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SIXTY-TON DYNAMIC BALANCING MACHINE. 
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seen in Figs. 2 and 4. The pinions are driven by an 
electric motor of 14-h.p., through a worm-reduction gear 
and transmission chains, the rate of traverse provided 
for being about 10 ft. per minute. The markers, which 
scribe, on the chalked surface of the rotor under test, 
the arcs by means of which the position of the balancing 
weights is located, are shown at C, C, Fig. 3. The 
magnetic clutch by which the rotor is coupled up tothe 
gear box, is shown at D. The switch controlling this 
clutch is fixed to the front of the gear box casing E. A 
second switch is provided for controlling the 14-h.p. 
motor, by which the cross-traverse of the 500-h.p. driving 
motor F is effected. As indicated by the dotted lines in 
Fig. 4, this motor can occupy two alternative positions. 
In its central position it drives the rotor under test 
at its own speed, whilst when shifted to the position G 
(Fig. 4), the test body is driven at a reduced rate 
through helical gearing, which runs in a oil bath, and is 
further flooded with jets of oil supplied under pressure. 
The auxiliary motor by which the driving motor is 
shifted from one to the other of its alternative positions, 
is provided with a slipping clutch, which comes into 
action, when the carriage on which the driving motor 
is mounted is brought up against either of the stops, 
which locate it accurately in the desired position. 

As stated, the motor for the main drive is rated at 
500-h.p. This large power is provided in order that 
heavy alternator rotors may be run at an overspeed of 
20 per cent. With these rotors, there is always the 
possibility that the windings may shift under centri- 
fugal stresses, and hence after a preliminary balance 
at a moderate speed, the rotor is run up to a 20 per 
cent. over speed, after which it again undergoes a 
balancing test. During the over-speed runs, guards 
of wire netting are placed round the rotor, in order to 
catch the temporary balance weights, should they 
become detached during the test. 

The construction of the movable headstocks isshownin 
detail in Figs. 5 to 8, on this page, and it should be noted 
that the upper half of Fig. 6 is a cross-section on a 
different plane from that represented by the lower half 
of the figure. The position of the two planes of section 
is shown by the chain dotted line in Fig. 5. At H, in 
Fig. 5, is shown the thin vertical plate, by which the 
weight on the bearing is transmitted to the base plate 








of the head stock. At its upper 
end this plate is bolted to the cast- 
ing I, which carries the bearing on 
which runs the rotor under test. 
This frame I is prevented from 
tipping sideways by the spring plate 
J, to which it is coupled by the 
thin flexible plate K and the rectan- 
gular bars L (Figs. 5 and 6). These 
bars are firmly secured to the casting 
I, but have a large clearance in the 
holes by which they pass through 
the side plates of the headstock. 
They can, however, be securely 
locked to the headstock frame by means of the gear, 
best shown in Figs. 10 and 11, page 41, where for 
greater clearness, certain subsidiary details have 
been omitted. As there indicated, the bars L are 
straddled by a pair of wedges, which slide on the bar M 
and are normally held apart by the springs shown. 
They are, however, embraced by a fork N, which moves 
in guides fixed to the headstock frame. This fork can be 
raised or lowered by the servo-motor shown at O, 
which is supplied with oil at a pressure of 220 Ib. per 
square inch by a three-throw pump P (Fig. 11). This 
is driven by a 1}-h.p. electric motor. When the fork N 
is pushed up, it closes the wedges on to the sides of the 
bars L, thus clamping them solidly to the headstock 
frame, and in this way the bearing is locked in its 
central position. An electric signal lamp is provided 
which lights up when the clamp is closed. 

When the fork is lowered the bearing can oscillate 
through a small range by bending the spring plate J 
(Fig. 5). This plate is clamped at its foot firmly to 
the headstock framing, and there is, there will be seen, 
a second clamp at a higher level by which J is held 
against the block R, the position of which can be 
adjusted by the screw and bevel gear shown. By 
shifting this block, the periodicity of the spring J can 
be varied. If a larger variation of periodicity be re- 
quired than can thus be effected, the spring plate is 
replaced by another, the normal equipment being three. 
The most flexible of these is used for rotors weighing 
from 3 tons to 15 tons, the intermediate size for rotors 
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rotors up to 60 tons in weight. The spherical 
bush to which reference has been made in the 
earlier part of this article is held between the upper 
part of the casting I and the cap S. The spherical 
seats are finished by grinding, and are liberally provided 
with oil-ways, which are fed with lubricant at a high 
pressure by the same pump as that which supplies the 
servo-motor. The high pressure is needed because the 
bush must be a nice fit in its spherical seats ; and a high 
pressure is also needed for the journal bearings, since in 
balancing tests the large clearances now usual in the 
working bearings of steam turbines and alternators 
should be reduced toa minimum. The oil which escapes 
from the lubricated surfaces is drained back into the oil 
tank shown at T, Fig. 5. 

The spherically seated bush is bored to a diameter of 
900 mm. (39:4 in.), but a series of centring rings or 
liners are provided, which are finished externally to this 
dimension but are bored to take the running brasses 
of the rotors to be tested. These running brasses are 
also lubricated by high-pressure oil, baffles being fitted, 
as is usual, to collect the spent oil and direct it into 
the drains. 

To provide against a possible but improbable fracture 
of the thin supporting plate H, the two tubular stays 
shown at U (Figs. 5 and 6) are provided. These 
bind together the side frames of the headstock, and 
pass, with a clearance of a few millimetres, through 
holes in the casting I. Hence, if the plate H does fail, 
this casting is caught before it has fallen far enough to 


weighing from 10 tons to 25 tons, and the stiffest for | occasion serious damage. 














ENGIN 


41 


SIXTY-TON DYNAMIC BALANCING MACHINE. 


CONSTRUCTED BY 























MESSRS. CARL 







~ 


ZW 


Ca 
DSR 






JSW™Ww} SS 
ld lldlddklscr 


CESSES 





SCHENK, ENGINEERS, DARMSTADT, GERMANY. 






— bok ——- 
<i | 
TWCKR Mig 
Kegel 


DSSS SS SESS RAY 





























--+200---» 
































ao 


2 See = 

SSSA Gg 
fh 
i 


Nt OG, 
2 KK 








Valve 


















Sw) PAN 
a) | 


O10 


Overflow to Tank. 


7 























; 





Y 








E ncineerRtne 





Fie. 15. 


The motor by which the headstock is traversed along 
its bed is shown at V, Figs. 5 and 8. It drives by a 
chain the worm gear W, and a second chain couples this 
to the pinions, by which the headstock is traversed 
along the bed of the machine. 

The magnitude of the oscillations, when there is 
resonance with the spring plate J, is measured by the 
indicator shown at X, Fig. 9. An electrical oscillation- 
meter is also provided and is shown in position at Y, 
Fig. 6. It consists essentially of an armature and a 
field coil which is coupled to the bar L and vibrates 
with it. The strength of current generated provides a 
measure of the magnitude of the oscillations. With 
this device the operator can obtain his measurements at 
a distance from the machine. 

As shown in Fig. 9, the operating handles and 
switches are mounted on one of the faces of the head- 
stock. The hand wheel shown to the left of Fig. 9 
raises or lowers the block R (Fig. 5), whilst the handle 
controlling the clamping gear motor is shown at Z. 
Immediately above comes the switch for the oil-pump 
motor, and above this again, the signal lamp, which 
shows whether the bearing is free or clamped. An 
oil-pressure gauge is to be seen immediately above this 
switch. The usual provision is made for automatically 
stopping the main motor should the oil pressure fail, 
and a relief valve against over-pressurein the oil main 
is also provided. 

For smaller rotors other bushes are provided and 
by means of liners they can readily be adapted to 
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| an indefinite number of journal diameters. A photo- 


graph of one of these bushes is reproduced in Fig. 15, 
annexed, and in the background is shown the casting I 
(Fig. 5). Further dctails of the bearings and the liners 
provided are shown in Figs. 12 to 14, above. These 
show also the method of lubricating the bearing. The 
oil is supplied through the pipe a, Fig 12, and enters 
the brass at mid-point. Oil grooves ensure a proper 
distribution of the lubricant. The spent oil escaping 
from the ends of the bearing is trapped by grooves 
turned in the brass, and dropping through the holes 9, 0 
escapes finally by the pipe 6, 





LIMITS OF INFLAMMABILITY OF 
GASES AND VAPOURS. 


THE experimental research on the limits of inflam- 
mability of gases and vapours, which the experimental 
station of the United States Bureau of Mines has been 
conducting since 1925, is reported on in Bulletin 279 
of the Bureau (price 20 cents). It covers a wide range 
of gases and vapours, on some of which hardly any data 
were available previously. The experiments have been 
conducted, under the supervision of Mr. A.C. Fieldner, 
by Mr.G. W. Jones, of the Bureau, and Dr. H. F. Coward, 
of Sheffield, representing the British Safety in Mines 
Research Board, and the Bulletin is only a summary 
of the material collected. The actual limits of inflam- 
mability, itis well known, depend much upon the experi- 
mental conditions, mode of ignition (by electric spark, 
hot wire, pilot flame, tuft of guncotton, &c.), gas purity, 
temperature, pressure, humidity, size of vessel and 
flame propagation upward, downward or horizontal 
in wide or narrow tubes, from the open or closed 
end. All these conditions were studied in the deter- 
mination of the lower concentration limit, at which a 
mixture of the gas or vapour with air or oxygen begins 
to propagate a flame, and the upper limit, at which it 
ceases to do so for want of oxygen. The figures of 
various experimenters differ a good deal, and it is 
really of little practical importance whether the limits 
of inflammability, e.g., of pentane, are between 1 and 8 
per cent. or of a wider range. The essential point is 
that there is danger wherever pentane vapour accumu- 
lates ; at some point the mixture will be inflammable, 
and gases take peculiar unexpected paths, rising when 
light, or spreading along the floor when heavy. 

The experiments are difficult, apart from the risks. 
It is not generally known, for instance, that the flame 
of pure hydrogen, burning in pure oxygen, is invisible ; 
the limits of inflammability of hydrogen are about 4 
and 80 per cent. Ammonia, not usually regarded as 
combustible, will burn when submitted to a succession 
of sparks in concentrations between 16 and 26 per cent. 
Carbon monoxide is inflammable within the limits 1 to 
50 per cent.; methane, on which most work of this kind 
has been done, between the limits 5 and 14 per cent. For 
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carbon disulphide, the limits are 1 and 50 per cent. and 
for the simple paraffin hydrocarbons, including natural 
gas, the additive rule of Le Chatelier can be used for 
calculating the lower inflammability of a mixture from 
the inflammability of its constituents ; for mixtures of 
hydrogen and hydrogen sulphide the rule fails, as it does 
with the cool flames of ether and acetone, especially 
with upward propagation. The lower limits for alcohol 
and benzene are 6 and 63 per cent. ; the higher limits 
in air are difficult to determine, but they have been 
determined in mixtures with other gases. The limits 
for petrol vapour are 1°7 and 6 per cent., for water gas 
9 and 55 per cent., for illuminating gas 5°3 and 31 per 
cent., and for blast-furnace gas 35 and 65 per cent. ; 
but these figures are not all comparable, having been 
obtained under different conditions. Much information 
is given on the influence of impurities and diluents, 
but the subject of inflammability is theoretically bound 
up with the unsolved problems of flame propagation. 








WatTeER FILTRATION PLANT aT OTTrawa.—The citizens 
of Ottawa have given approval to a by-law providing 
for the expenditure of 1,315,000 dois. on the construction 
of a rapid sand filtration plant at Lemieux Island on the 
Ottawa River. The Engineering Department of the 
City is to proceed immediately with the necessary 
laboratory and research work in order that the final 
purification plant may be commenced without delay. 


SHIPBUILDING IN 1928.—Messrs. Short Brothers, Limi- 
ted, Sunderland, launched six vessels, totalling 33,053 tons 
during the year.—Tugs, trawlers and similar vessels, to the 
number of 28, aggregating 7,597 gross tons and 15,000 
ih.p., were launched by Messrs. Cochrane and Sons, 
Limited, Ouse Shipbuilding Yard, Selby.—Five vessels, 
representing a total of 20,102 gross tons, were launched 
by Messrs. Cowpen Dry Docks and Shipbuilding Company, 
Limited, Blyth.—Two 3,549-ton steamers were launched 
from the Thornaby Yard, Stockton-on-Tees, of Messrs. 
Craig, Taylor and Company, Limited.—Messrs. Earle’s, 
Shipbuilding and Engineering Company, Limited, Hull, 
have launched two vessels aggregating 521 gross tons.— 
The shipping launched from the Tyneside yards of Messrs. 
Sir W. G. Armstrong, Whitworth and Company, Limited, 
comprised 15 steamers, representing totals of 61,641 tons 
and 33,550 h.p. The largest units were the 7,000-ton 
tank ships, Scottish Chief and Scottish Heather.—Messrs. 
Palmers Shipbuilding and Iron Company, Limited, 
launched twelve vessels, aggregating 48,906 tons, from 
their Jarrow and Hebburn yards.—The vessels launched 
by Messrs. Henry Robb, Limited, Edinburgh Docks, 
Albert Road, Leith, numbered 33, and the gross tonnage 
totalled 4,538.—The tonnage of the shipping launched 
by Messrs. John I. Thornycroft and Company, Limited 
amounted to 7,897. In this total are included six 1,196-ton 
torpedo-boat destroyers for the Chilean Government.— 
Messrs. Harland and Wolff, Limited, have launched 
101,786 tons of shipping from their yards at Belfast, 
Glasgow, Greenock, and North Woolwich. The largest 
vessels launched were the 14,137-ton Highland Monarch, 
Highland Chieftain and Highland Brigade. 








LABOUR NOTES. 


AN interesting understanding on the question of the 
employment of non-union men has been reached by the 
London General Omnibus Company and the Trans- 
port and General Workers’ Union. In the course of 
a letter to the Union, which has been circulated to the 
staff, Mr. G. J. Stave, the operating manager and chief 
engineer says :—‘‘ We are prepared to agree that, in 
the event of a man lapsing his membership with your 
union by refusing to pay his dues, or intimating his 
intention to secede from or leave the union, unless 
from what can be considered justifiable cause, the name 
of such man shall be submitted to this office. We will 
then call the employee to this office, and afford him an 
opportunity of stating his reasons for his attitude 
towards the union. If the reasons so advanced for 
lapsing or secession are of a general nature, it is recom- 
mended that the individual be advised by us that he is 
expected to continue his membership with your union. 
The undertaking to apply where evidence is supplied 
by the union prior to the inquiry, that the individual 
concerned has been a member of the union during his 
employment with the company. With reference to new 
employees, the old condition of calling their attention 
to the relationship between the union and ourselves, to 
be continued.” 


In the London General Omnibus Company’s Rule 
Book, there are these words on the same point :— 
‘* While there is no obligation on the part of any member 
of the staff to join a trade union, the company has found 
it mutually convenient to have some organisation 
representing the staff with which to negotiate collec- 
tively on their behalf, and, therefore, has not in any 
way discouraged membership of a trade union. The 
company recognizes the Transport and General 
Workers Union as representing drivers, conductors, 
and inside garage staff (other than craftsmen).” 


At a meeting, in Birmingham, of representatives of 
trade unions and employers’ associations, convened by 
the Engineering and Allied Employers’ Association, it 
was unanimously agreed :—(a) That an appeal be 
made to employers to do what lies in their power to 
make a contribution to the Lord Mayor’s fund worthy 
of Birmingham industry and the wholly exceptional 
need for which the fund is being raised. (b) That all 
employers be requested to communicate to their 
workers, including office staffs, the suggestion of the 
joint conference that the workers and staffs agree to 
levy themselves to the extent of ld. for every 11. of 
wages each week for 12 weeks. 


Mr. Alexander Ramsay, chairman of the Birmingham 
and District Engineering and Allied Employers’ 
Association, pointed out, in the course of the discussion, 
that whatever might be the solution of the position in 
the mining areas, there was not the least possibility 
of any immediate improvement in employing power. 
Indeed, he said, the grouping and mechanisation 
which would be inevitable would, in all probability, 
displace more workpeople. The same considerations 
applied in the steel trade. That meant that the problem 
would be more acute in six months’ or twelve months’ 
time than it was to-day, and it was no solution for a 
situation of this character to think only in terms of 
temporary relief. A solution must be found, but it 
would not be found unless the whole country looked 
for it and was prepared to accept it. If an industrial 
community like Birmingham had no valuable opinion 
to offer on the situation, then it was hopeless. It was 
agreed to adjourn the conference in order to give the 
parties an opportunity to consider the matter in all 
its bearings with a view to a further discussion. 

On Tuesday, the Parliamentary Secretary of the 
Ministry of Labour, Mr. H. B. Betterton, M.P., 
received a deputation representing local authorities 
in Lancashire, Cheshire and Yorkshire. The deputation 
was accompanied by Mr. Briggs, M.P.,and Mr.Compton, 
M.P. The deputation called attention to the unemploy- 
ment position in the three counties which they repre- 
sented, and urged that unemployment was a national 
problem. They stated that little advantage could be | 
taken by authorities in these counties of the new | 
grants in aid of relief schemes which were conditional 
on a proportion of labour being transferred from 
depressed areas, and asked for the removal of the 
present limitations on grants in aid, which were intro- 
duced in December, 1925, so as to enable them to 
provide work for the unemployed in their areas. 
The Parliamentary Secretary promised to place their 
representations before the Government. 

On December 31, 1928, the number of unemployed 
persons on the registers of Employment Exchanges in 
Great Britain was 1,520,700, as compared with 
1,271,122 on December 17, 1928. Owing to the 
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dismissal of workers engaged for the Christmas trade, 
and to extended short time working, there is normally, 
the Ministry of Labour explains, a large increase in 
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Among these are the staffs of the hotel industry, 
those of the international sleeping-car companies, 
the employees of commercial undertakings dealing 


the number registered as unemployed immediately | in clothing and furniture, employees and workers in 
A y| 


after Christmas. Last year the total for January 2 | 
was 232,248 more than that for December 19, 1927. 
Of the 1,520,700 persons on the registers on 
December 31, 1928, 1,019,600 were wholly unemployed, 
426,700 were temporarily stopped, and 74,400 were 
persons normally in casual employment; 1,183,700 
were men, 42,900 boys, 258,700 women, and 35,400 
girls. Of the 1,271,122 workers on the registers on 
Decémber 17, 1928, 950,589 were wholly unemployed, 
245,934 were temporarily stopped, and 74,599 were 
persons normally in casual employment: 1,010,219 
were men, 31,184 boys, 202,752 women, and 26,967 
girls. On January 2, 1928, the number of unemployed | 
persons was 1,336,303, of whom 1,077,320 were men, | 
38,183 boys, 189,058 women, and 31,742 girls. 





Industrial News, a weekly organ of the Trade Union 
Congress General Council, states that an American | 
trade union, the Amalgamated Clothing Workers of | 
America, has been awarded a gold medal and a money | 
prize of 1,000 dols. for ‘‘ outstanding public service.” 
The award has been made by a body known as the | 
Harmon Foundation, which was established in 1922 | 
by a wealthy philanthropist, in order to foster better 
civic social and economic conditions. It spends its | 
money on various objects ranging from the provision | 
of playgrounds for children to the loan of money to 
students who could not, without such help, get through | 
college; and it gives awards for “‘ constructive and | 
creative achievement.”’ The award for 1927 has been | 
made to the Amalgamated Clothing Workers for | 
specific achievements, whick include its unemployment | 
insurance scheme, the ‘small loan’ departments | 
of the Union’s banks, and the Union’s co-operative 
residential apartments. 


A return, issued by the Chief Registrar of Friendly 
Societies, shows that at the end of 1927 there were 487 
industrial trade unions, as compared with 485 at the | 
end of the preceding year. The membership in | 
1927 was 3,903,048: in 1926 it was 4,147,653. The 
aggregate funds of the unions at the beginning of 
1927 amounted to 8,468,611/., as compared with 
12,586,920]. at the beginning of 1926. At the end | 
of 1927 they amounted to 9,709,538/., as compared with | 
$,478,371/. at the end of 1926. The organisations of | 
employers ranking as trade unions numbered 91 in| 
1927, and 92 in i926, the membership being 44,144 in | 
the later year, and 44,319 in the earlier. The aggregate | 

! 
! 
| 


funds of the organisations at the beginning of 1927 

amounted to 172,809/., and at the end of the year to 

189,087/. pe 
| 


According to the Berlin correspondent of The Times, 
German unemployment figures show the sharp rise | 
characteristic of the mid-winter period in several | 
recent years. The total number of persons in receipt | 
of relief at the end of December was 1,417,000, as 
compared with 647,000 in July, the lowest total of 
the year. As a contributory cause, there has been 
the shipyard strike, which affected some 50,000 men 
directly, and has been in progress since October 1, 
work having been at a standstill in nearly all the 
Baltic and North Sea yards. 


Last week, the German Minister of Labour declared 
the arbitrator’s award in the shipyard wages dispute 
binding on both parties, thus bringing the strike to 
an end. The award, which was rejected by both 
employers and workers, fixed working hours at 
50 per week, and granted the workers increases in 
wages of from one to five pfennigs per hour. 





Industrial and Labour Information, the weekly 
official organ of the International Labour Office, 
states that the Head of the Italian Government 
recently announced that the principal organisations 
of employers and workers have deposited with the 
Ministry of Corporations the texts of more than 
80 collective agreements of national or inter-provincial 
scope, with a view to publication, as laid down in 
the Legislative Decree of May 6, 1928. Special 
mention is made of the inter-provincial agreements | 
for the weeding of rice fields. Many collective agree- 
ments of provincial scope have been concluded for | 
the regulation of the relations of tenant farmers | 
and landlords, and the conditions of labour of agri- | 
cultural workers. Most of the leading credit insti- | 
tutions have published or deposited the texts of | 
regulations and collective agreements concluded with | 





|the staffs under their control, in accordance with | 


the national banking agreement. The principal | 


occupational groups belonging to the trade union | 
organisation of commercial workers have concluded | 
national agreements, which will be published shortly. | 


restaurants, cafés and bars, commercial travellers 
and employees of tourist agencies. 


The national agreements deposited relating to 
industry concern cement workers, metal workers, 
the sugar industry, various chemical industries, 
paper factories in Central and Southern Italy, the 
Rome Electricity and Gas Company, &c. There will 
shortly be published a national collective agreement 
for the staffs of motor transport undertakings, and 
several inter-provincial agreements for the auxiliary 
staffs of railways. The Confederation of Seaman and 
Airmen has in course of publication three national 


| agreements for the staffs of air transport lines, and 


is now discussing the new collective agreement for 


| seamen. 


Discussing the question of co-partnership in the 
course of a_recently-published article, Mr. Gino 
Olivetti, the General Secretary of the Italian Fascist 
Confederation of Industry, said that it would be 
interesting if one of the large undertakings could 
see its way closely to study the problem. When the 
time and place were suitable it might stimulate its 
employees to become shareholders. Undertakings 
that were in a precarious position would have to be 
excluded, and ‘ the price of the shares must be such 
that they represented a certain guarantee against 
the possibility of losses.” Moreover, the idea should 
be followed up in order to avoid the re-appearance of 
a social mentality which was against the interests 
of the country, and to develop among the masses 
the idea of their becoming, by work and thrift, an 
ever-growing part of the capitalist power of the 
nation. =o sm 

The Independent Federation of French Civil Servants 
has passed a resolution of which the following is a 
translation :—‘‘ As the regulations proposed by the 
Government aim at undermining the organisations of 


| civil servants, and at isolating them from the working 


class by denying or restricting their rights of association 


| and of Federation ; and these limits to the free exercise 


of the rights of association constitute an exceptional 
measure tending to place civil servants outside ordinary 
law, under the pretext of restoring order in the State 
sérvices ; this Federation declares that the eagerness of 
the authorities to set aside trade union control and to 
restrict the freedom of organisations, the constructive 
capacity of which no longer requires demonstration, is 
inexplicable. The law being the same for all, it is not 
conceivable that it should be desired to impose a special 
system on the employees of the State, who, no less than 
other workers, have occupational interests to defend.” 


The writer of an editorial note in the Railway Review, 
the organ of the National Union of Railwaymen, sug- 
gests that the companies, ‘“‘ owing mainly to their 
aloofness,’ have not achieved all that they might have 
done in 1928. ‘‘ Many Station and Local Departmental 
Committees,” he says, “have rarely, if ever, met, 
despite the new lease of life promised them in the 
autumn of 1927 at those remarkable district or area 
gatherings. That regrettable ‘ Old Adam ’ has returned 
viz., the antipathy towards most of our active 
worker, on one system in particular. Further, there 
still remain a few strike victims unreinstated. These 
two drawbacks have certainly tended to deprive the 
co-operation movement of that rich fruition it deserved 
to achieve. The titantic effort put in by the staff 
to secure the Roads Act was ample proof of their 
genuine desire to assist. That no effort or inclination 
to permanently harness this enthusiasm was present 
seems almost tragic.” 





In a New Year Message “ to all workers in all lands,”’ 
the Executive Committee of the National Minority 
Movement sends its ‘‘ best wishes for success in the 
heavy fights that face the workers in 1929.” ‘‘ We 
extend,” it says, “our thanks and appreciation to all 
our members, whose sacrifices, untiring work and 
loyalty have enabled us to emerge stronger than ever, 
in spite of the vicious attacks made upon the M.M. in 
1928. We call for a continuation and extension of this 
work in 1929. Win new members, increased circulation 
for the Worker, fight for every position (however 
nominal or minor in character) that gives us increased 
opportunities for our work—that of building up fighting 
organisations of the working class, attacking and 
exposing the defeatist and reformist leadership at 
present in control of the Trade Union Movement, of 
preserving and developing the historic traditions of a 
thousand heroic fights, and finally of overthrowing 
capitalism and establishing the rule of the working 
class.” 
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THE LATE SIR HENRY TRUEMAN 
WOOD. 


Tue Royal Society of Arts does not, perhaps, 
altogether receive the recognition to which it is justly 
entitled from the greater part of the engineering 
profession. This may be partly due to its common 
title, which is really an unfortunate abbreviation, and 
does not connote technical proficiency. In reality, it 
has proved, at innumerable periods, of real service to 
engineers. and particularly so under the regime of the 
late Sir Henry Trueman Wright Wood, who was its 
Secretary from 1879 to 1917. Altogether, Sir Henry 
was actively engaged at the Society’s headquarters 
in John-street, Adelphi, for some 47 years, a fine 
record of conscientious work. He died, we regret 
to record, in his 84th year, on January 7. He was 
not an engineer by training or profession, but a 
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connection of quite considerable length with the Patent 
Office gave him a really wide and accurate knowledge 
of the mechanical side of engineering. Sir Henry, who 
was knighted in 1890, was educated at Harrow and 
Cambridge, taking a good classical degree at the 
University, and leaving it in 1870 at the age of 25 to 
take up a clerkship at the Patent Office. Here, he 
afterwards stated, he was able to utilise his classical 
knowledge by volunteering to translate some old Latin 
manuscripts, and thus came into direct contact with 
the head of the Office, Mr. Benet Woodcroft, whose 
knowledge of the history cf invention was both 
extensive and minute. After two years in the Patent 
Office itself, he joined the outside staff, and, until 1890, 
continued to be associated with Official Patent Office 
publications. During this period he also edited the 
Journal of the Society of Arts. 

In 1876, however, another opening presented itself, 
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and Mr. Wood, as he then was, was appointed Assistant 
Secretary to the Society, becoming Secretary three 
years later, on the death of Mr. Le Neve Foster. 
During his long period of office, advance was made in 
every direction, in the standard of the papers read, in 
membership, in the scale of the Society’s examinations, 
and so forth, advance recorded in the admirable history 
of the Society which Sir Henry completed in 1913. 
His interest in the technical side of the Society’s activi- 
ties did not diminish with the passage of time, and it 
wasa source of regret to him that the premises in 
John-street were not large enough to house the 
mechanical models and apparatus, many of them 
of great historic interest, which had accumulated 
since the first exhibition of the Society in 1761. These 
had been ruthlessly discarded from time to time, and 
on one occasion, when lamenting the loss of Sturgeon’s 
first electro-magnet, once in the Society’s keeping, he 
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stated that he was almost ashamed of the conduct of 


his predecessors in failing to provide for such relics. | 


Another proof, too, of his interest in technical matters 
was his frequent allusion to the information contained 
in many of the Society’s Reports and nowhere else 
recorded, 

In this latter connection, it may be recalled that 
the Society of Arts, in the early days, awarded prizes 
with the object of stimulating invention in many 
directions. Even an outline of the subjects covered 
would make a long list, but it may be said that while 


some of them were trivial, others were of first-rate | 


importance and, in reality, were in advance of their 
day. 
medal was awarded for a steam tramway engine which 
anticipated a modern revival in steam traction. Such 
examples could be greatly multiplied. Its modern | 
work in engineering science is reported in these columns. | 
Sir Henry Wood’s activities were, however, not limited | 
to the Society of Arts only. He did much to promote | 
exhibitions, including the series at South Kensington 
in the late ’eighties, and occupied official positions in 
connection with the Paris Exhibition of 1889 and the 
Chicago Exhibition. He was also concerned in the 
formation of the City and Guilds of London Institute, 
and for some six years was honorary secretary of 
Section G., Mechanical Science, of the British Associa- 
tion. He was president of the Royal Photographic 
Society from 1894 to 1896. He was the author of 
several books, of which that on Industrial England in 
the Middle of the Eighteenth Century, published in 1910, 
is perhaps the most outstanding. After his retirement 
from the oftice of Secretary ir 1917, Sir Henry was 
appointed treasurer, and became chairman of the 
Council in 1919. But some three years or so ago, 
increasing age rendered his visits to the Society more 
infrequent. He leaves behind him a memory of a wide 
culture, a genial manner, and a record of unusual | 
capacity and industry. | 








Thus, in 1873, under the Howard Trust, a gold | ~ 
| Channel. 





THE LATE MR. G. HOLT THOMAS. 


| 

| 

| Mr. Georce Hour Tuomas, who died at Cimiez on 
January 1, at the age of 59, was a man whose enthusiasm 
and business ability enabled him before, during and 
after the war to do much to stimulate progress in 
aviation. In the early days, he was the leading spirit 
in a small concern, which was established at Merton, 
and later at Hendon, for turning out Maurice Farman 
machines. In 1910, he played a considerable part in 
the inauguration of the first air station in England. 
This was at Dover and was used in connection with 
| the circuit of Europe event in that year, when, for the 
| first time, aeroplanes in any number crossed the English 
He always insisted on a distinction being 
drawn between an aerodrome and an air station, the 
former being fully equipped with hangars and work- 
shops, while the object of the latter was mainly to 
provide a convenient site for setting down or taking up 
passengers. 

The outbreak of war naturally caused a great 
expansion of the Hendon factories and led to the 
establishment of the Aircraft Manufacturing Company. 
This firm manufactured the whole range of de Havilland 
machines, employed between 7,000 and 8,000 people, 
and at one time was producing an aeroplane every 
45 minutes. 

The aeroplane of any importance made by them for 
war purposes was the famous D.H.2. This was followed 
by the D.H.4 two-seater and the D.H.9 and D.H.9a., 
the latter a type which is still being used in the Royal 
Air Force. To carry on this important work success- 
fully meant careful organisation and planning, in both 
of which Mr. Holt Thomas took a large share. He 
was also engaged, both at the Hendon factory and at 
Hythe on Southampton Water, in the manufacture of 
flying boats. 

After the armistice, though his belief in the speedy 
coming of a new era in transport was not realised, 





'Mr. Thomas set to work to produce civil aircraft and 


| manufactured the D.H.18 aeroplane, which was illus- 


PRopUCTION OF ALUMINIUM.—According to statistics 
issued some time ago in the United States, the world 
output of aluminium during 1927, was approximately, | 
200,000 tons. Out of this total, the United States 
supplied 71,000 tons; Germany, 32,000 tons; Canada, 
27,000 tons ; Norway, 20,000 tons ; France, 19,000 tons ; | 
Switzerland, 19,000 tons; and the United Kingdom, 
7,100 tons, 


trated and described in detail on page 238 of our 
110th volume. His connection with this machine, 
however, ceased with the dissolution of the partner- 
ship between himself and Captain de Havilland. 





| 


|In the meantime he had taken steps to inaugurate a! subsequently invented three successful 
civilian transport service between this country and | systems. 


two passengers. It is not surprising that this was not 
a success, or that, after about a year, he was forced to 
dispose of the organisation. The subsequent suggestion 
that a national air company should be formed, however, 
received his support and led, with the approval of the 
Hambling Committee, to the establishment of Imperial 
Airways, Limited. He later rendered good service in 
bringing together the three companies operating from 
Croydon and the Flying Boat Company, which worked 
between Southampton and the Channel Islands. He 
was always a strong supporter of the use of aircraft 
for carrying mails. 








THE LATE MR. W. T. E. BARKER. 


It is with regret that we have to announce the death, 
on December 28 last, of Mr. William Thomas Edward 
Barker, who had held the position of technical director 
of Messrs. David Rowell and Company, Limited, 14, 
Howick-place, London, S8.W.1, for the past fourteen 
years. Mr. Barker was born at Euston, Suffolk, on 
September 9, 1873, and received his general education 
at Barnham School, Suffolk, and at Redenhall Com- 
mercial School, Harleston, Norfolk. Having a decided 
penchant for mathematics and mechanics, he entered 
upon a mechanical-engineering apprenticeship of three 
years in the shops of Mr. J. Lusher Chamberlain, agricul- 
tural engineer, Barnham, in 1890. During the years 
from 1894 to 1900 he was employed as junior draughts- 
man by Messrs. Brock and Sons, contractors, Alburgh, 
Norfolk, and afterwards by Messrs. Harcourt Runnacle, 
of Halstead, Essex. He subsequently became draughts- 
man in the constructional-engineering department, 
Ipswich, of Messrs. Wrinch and Sons, Limited, and later. 
head draughtsman in the offices of Messrs. Robert 
Boyle and Son, Holborn, London. He was able 
to continue his studies in his spare time, attending 
evening lectures on surveying at Ipswich Technical 
School, and subsequently took courses in constructional 
steelwork at the Polytechnic Institute, Regent-street, 
and at Goldsmiths’ College, New Cross. 

Mr. Barker’s long association with Messrs. David 
Rowell and Company began in 1901, when he joined 
the firm as draughtsman and outside engineer. In 1903, 
he was appointed chief engineer and manager, and 
ventilation 
He was offered a partnership in the firm in 


| France, using a D.H.4 machine, which only carried | 1914 and joined the board as technical director, a 
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Fia. 6. UNDERFRAME SHOWING Rapius Rops. 











Fig. 8. Prtrot-DRIVEN STARTING ENGINE. 


position he continued to occupy until his death. He 
designed and superintended the erection of a number 
of steel suspension bridges in several parts of the 
United Kingdom. He was also the designer of a 
300-ft.-span road suspension bridge over the Rio 
Gallegos, Southern Patagonia, Argentina ; two suspen- 
sion bridges for the King of Siam ; and various bridges 
of the N-girder and Warren type, the span of which 
ranged from 50 ft. to 160 ft., for various towns in 
South America. He also designed and supervised the 
carrying out of a number of large engineering-workshop 
and mechanical, ventilation systems. Mr. Barker 
became a member of the Institution of Heating and 
Ventilating Engineers in 1911, and was elected to 
membership of the Institution of Mechanical Engineers 
in 1914, 





CRUDE-OIL ENGINE LOCOMOTIVE. 


THE advantages of the internal-combustion engine 
as the motor unit of either an industrial or main 





line locomotive have been frequently referred to in 
these columns, but are largely offset by the inherent | 
(lifficulties involved in the starting of such an engine | 
under load. The locomotive illustrated in Figs. 1 to 9, | 
on pages 43 and 44, and on this page, has an engine of the 
Diesel type which actuates the driving wheels by mechan- 
ical transmission, through a gear box and clutches, and is 
started by a small petrol-driven engine. This latter | 





Fia. 








Fie. 9. LocoMoTIvVE ON 


Stoke-on-Trent, to whom the Diesel engine used in the 
example illustrated was supplied by Messrs. J. & H. 
McLaren, Limited, Leeds. 

The general arrangement of the locomotive is shown 
in Figs. 1, 2 and 3, pages 43-44, and its external appear- 
ance in Fig. 9 above. As will be seen, it is of the 0-6-0 
type of 60 cm. (23°6in.) gauge. In connection with this 
last dimension, it may be stated that a cardinal feature 
of this locomotive is the semi-adjustable construction of 
the underframe. This is made in such a manner that, by 
a change of the wheels and axles, the locomotive can be 
adapted to run on any gauge from the above-mentioned 
figure up to 3 ft. 6 in. In a test which we were given 
the opportunity of witnessing, the nominal gauge was 
2 ft., the line on which the locomotive was running 
being the Welsh Highland Railway. This Railway has 
terminal stations at Dinas and Portmadoc, and passes 
through the mountainous Beddgelert and Aberglaslyn 
districts. From the nature of the country, it can be 
conjectured that curves are numerous and gradients 
severe, the latter being for considerable stretches of the 
order of 1 in 30. The locomotive has, for some time, 
been employed in hauling trains on this line, carrying 
coal and slate. 

The locomotive in question is fitted with a 60 brake 
horse-power McLaren Diesel engine. This has four 
cylinders, each 135 mm. (5-31 in.) in diameter by 200 m. 
(7-87 in.,) stroke, and runs at a maximum speed of 
800 r.p.m. It is watercooled, the radiator being situated 
in the driver’s cab, and exhausts through a horizontal 
silencer mounted on the casing over the engine and 
gear-box. It is mounted on stiff longitudinal girders 





turns the crankshaft and is automatically cut out| attached to the underframe, with its centre line some 
when the Diesel engine commences to fire regularly. | 3 in. to one side of that of the locomotive itself. As, 
The locomotive is manufactured by Messrs. Kerr, | however, we propose to deal with the Diesel engine in 
Stuart and Company, Limited, California Works, | more detail in a later issue, we shall not describe it 





STOKE-ON-TRENT. 





7. UNDERFRAME SHOWING CHAIN DRIVE. 


2-Fr.-Gaua@E RAILWAY. 


further here, except as may be necessary in making 
clear the control system. 

Referring to Fig. 1, it will be seen that motion is 
transmitted to the driving wheels through chains 
from a jack shaft, which is driven from an inclined 
gear-box coupled to the engine shaft by a friction 
clutch, part of which is shown in Fig. 4. The hub of 
the clutch is at the the right hand of the figure ; the rim, 
which engages in a conical recess in the engine flywheel, 
is not shown. The clutch is, however, a simple 
conical one with a Ferodo friction face, a design which 
has proved satisfactory under load test apart from the 
inherent advantages of the type in positive disengage- 
ment. The engaging spring bears upon a plain washer, 
instead of the more usual ball thrust, in order to bring 
the cone itself to rest more quickly when it is withdrawn. 
In the centre of the figure is the telescopic drive. This 
consists of a muff coupling having internal teeth 
instead of a splined shaft, and the general construction 
of the withdrawing gear, it is claimed, eliminates the 
risk of jamming. The left hand of Fig. 4 shows the 
bearings of the bevel driving pinion in the gear-box. 

Fig. 5 gives details of the gear-box. The first- 
motion shaft carries a pair of bevel wheels, which are 
loose on the shaft but can be coupled to it at will by 
the sliding double reversing dog-clutch between them. 
Outside the bevel wheels are two double cbain wheels, 
keyed to the shaft and each of a different diameter. 
The second-motion shaft also carries two double chain 
wheels of differing diameters, both being loose on the 
shaft. Between them is a sliding double dog-clutch. 
The two shafts are connected on each side by very 
heavy duplex Coventry chains. By means of the 
clutches, the chain drive at either side of the box can 
be used as desired, either forward or in reverse, so 
that two transmission ratios are available, Lubrication 
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of the gear is effected from an oil bath at 
lower end. As the box is inclined, the action of the 
ascending chains is comparable to a bucket elevator, the 
oil being lifted to the top of the box, and there dis- 
tributed, by means of trays, to the bevel gear, first- 
motion shaft, &c. 
ball bearings are used throughout. 

The second-motion shaft carries, outside the gear 
box, a pinion which meshes with a spur wheel on the 
jack shaft. The shaft is also fitted with a sprocket 
wheel from which the drive is transmitted, by a heavy 
roller chain of 2}-in. pitch, to a similar sprocket wheel 
on the leading axle. This wheel is seen in both Fig. 6 
and Fig. 7, which show the method by which the middle 
and trailing axles are driven. The end of the leading 
axle remote from that carrying the sprocket wheel for 
the jack-shaft drive, is also fitted with a sprocket from 
which a chain drives the middle axle. The middle axle, 
in turn, drives the trailing axle by a chain on the 
opposite side to that from which it receives its own 
motion. A positive drive is thus ensured to each pair 
of wheels. 

The two figures just referred to also show the method 
by which the wheels are attached to the frame. There 
are no horn plates, the axles being carried in the firm’s 
standard axle boxes, which are bolted to strong semi- 
elliptic springs. The springs are attached to strong 
channel bars bolted to the underside of the frame. 
When the locomotive is to be altered to suit another 
gauge, these channels are moved transversely inwards 
or outwards, as the case may be, to suit the new axles 
and wheels. Up to 1 m. gauge, the arrangement 
remains as shown in Fig. 7. Above that gauge, the 
sprocket wheels are placed inside the driving wheels 
instead of outside. The axle boxes are maintained in 
position by the radius rods seen in Fig. 6, the trailing 
pair of wheels being anchored to rods which are carried 
by a cross-member of the frame. The middle and leading 
pairs of wheels are anchored by rods to the axle boxes 
behind them. As the radius rods are fitted with a 
right and left-hand screw adjustment, this arrange- 
ment allows the correct degree of chain tension to be 
maintained. The radius rod anchorages to the frames 
are designed for transverse adjustment coincidently 
with the movement of the longitudinal channels. 

The control gear is best followed in Figs. 1 and 3, 
As stated earlier, the Diesel engine is started by a small 
petrol engine. This is of the air-cooled type, similar 
to the engine commonly used on motor cycles, and 
is of 4h.p.; it is shown in position in Fig. 8. It is 
readily started in all sorts of weather conditions, and is 
sufficiently powerful to rotate the Diesel engine on full 
compression long enough to heat up the latter to its 
correct temperature, an operation which takes about 
24 min. to 3 min. with the engine cold. The starting 
engine is disconnected by a throw-off clutch when the 
main engine is running properly. The main engine is 
thereafter controlled by a trigger on the foot plate and 
automatically by a governor on the fuel pump. The 
governor can itself be controlled by a hand accelerator, 
so that reduced speeds, for idling or to suit the road, 
can be worked up to the full speed, or vice versa. The 
pedal lever, seen in Fig. 1, operates the main clutch, and 
the two levers just above it operate the reverse and two- 
speed gears, respectively. The longer hand lever con- 
trols a band brake on a drum on the jack shaft. This 
arrangement is very effective, as the drum runs at a 
considerably higher speed than the driving wheels. 
All maneeuvring, switching, &c., is done with this 
brake, but, for use down long inclines, there are also shoe 
brakes fitted to the leading and trailing wheels. These 
are operated by a handwheel of the usual type, the 
gear being clearly shown in Fig. 1. 

The casing and cab do not call for much comment. 
They are of sheet steel throughout. The fuel is carried 
in a tank of 42 gallons capacity situated over the shaft 
muff coupling. The cab is quite comfortable, as the 
fan behind the radiator draws air through it, and this 
neutralises any heat radiated from the engine. The 
square projection on the upper part of the casing in 
Fig. 9 is a sand box. As regards performance, a 
locomotive of this size, which weighs 10 tons in working 
order, is capable of hauling, on the high gear, a load of 
133 tons on a level, or 7 tons on a gradient of 1 in 20, 
both at a speed of 11-27 miles per hour and exclusive of 
its own weight. On the low gear, it will haul 268 tons 
on a level, or 22 tons on a gradient of 1 in 20 at a speed 
of 5-8 m.p.h. At 4 m.p.h., the corresponding capaci- 
ties are 302 tons and 27 tons. 

On the test referred to above, two bogie coaches with 
passengers were handled with ease on gradients of a 
maximum of | in 35, and the train was stopped and 
restarted without any difficulty on top gear. Any class 
of fuel oil may be used. Messrs. Kerr, Stuart build this 
locomotive in several other sizes ; thus, there is a 30-h.p. 
locomotive with a two-cylinder engine, and one of 90 
h.p. with a six-cylinder engine. All three powers are 
made either of the type above described, or as 0-4-0 
locomotives. A heavier series of locomotives embraces 


& range of powers from 160 h.p. to 1.000 h.p. 


ite | 


Timken roller bearings or Hyatt | 
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National Roumain. 

Notes on Half Round Sleepers of Saland Teak. By W. A. 
Batmtgy, F. E. Coie and L. N. Seaman. Technical 
Paper No. 269. Calcutta: Government of India. 


Central Publication Branch. [Price As. 12 or 1s. 3d.] 
eronautical Research Institute. Tokyo Imperial Univer- 
sity. Report No. 45. Some Problems of Shocks 
Transmitted in Bars and in Plates. By K. Sizawa. 


Tokyo: Aeronautical Research Institute. [Price 
65 yen. | 
The Broken Trident. By E. F. Spanner. London: 


EK. F. SPANNER. [Price 2s. 6d. net.] 








NOTES FROM THE NORTH. 


#LASGOW, Wednesday. 

Scottish Steel Trade.—With the holiday period now 
over, a start has been made at most of the Scottish steel 
works, and, although the accumulation of specifications 
has not been as large generally as makers would have 
liked, some establishments are assured of a fairly steady 
run for the next month or two This year has certainly 
been commenced with a more optimistic feeling than 
has prevailed for some time, and producers are very 
hopeful of trade opening out and keeping plant more 
fully employed than during last year The reduction in 
railway rates, which came into operation a month ago, 
improved the outlook to some extent, and the other 
most important factor was the recent steady flow of new 
shipbuilding orders. Another item of great importance 
to the steel industry is the relief of local taxation under 
the Government de-rating scheme, but this, unfor- 
tunately, will not come into full operation until October ; 
nevertheless, it is responsible for a certain amount of 
confidence in the future prosperity of the industry. 
During last year the local makers did everything they 
could themselves to stimulate trade by their rebate 
scheme, and also by their other scheme for a closer 
arrangement regarding export business. Both of those 
agreements are understood to have had a _ beneficial 
effect since they came into operation, and makers are 
quietly confident that better times are in store for them. 
Prices are steady and are as follow :—Boiler plates, 
10/1. 10s. per ton ; ship plates, 8/. 7s. 6d. per ton ; sections, 
71. 17s. 6d. per ton, all delivered Glasgow stations. The 
only difference in these prices from those of a year ago are 
that ship plates and sections are 5s. per ton higher. Each 
of these are subject to a rebate of 10s. per ton under 
the scheme in operation. Export prices are unchanged 
from a year ago, and are 10/. 10s. per ton for boiler plates, 
71. 12s. 6d. per ton for ship plates, and 7/. 2s. 6d. per ton 
for sections. 

Black-Sheet Trade.—In the black-sheet trade, conditions 
are fairly sati<factory at the moment, and makers are 
looking forward with hope to the spring demand being 
up to standard. There is quite a fair amount of work 
on hand for light gauges and galvanised sorts, but the 
heavier gauges are not in much request, although, 
perhaps, a shade better than recently. Last year the 
industry was rather quiet, on the whole, until the demand 
for autumn deliveries arrived, when more activity 
became general all round. Prices current are 8l. 15s. 
per ton for }-in. sheets and 13/. 12s. 6d. to 13/. 15s. per 
ton for 24-gauge galvanised corrugated sheets, both for 
home delivery. 

Malleable-Iron Trade.—In the West of Scotland 
malleable-iron trade there continues to be a very dull 
and quiet tone and the demand is no better than it has 
been for months past. As a matter of fact, there has 
hardly been one bright spot in the industry for very nearly 
a year, and bar iron has almost been out of favour. 
The steel re-rolling branch is better placed and order 
books are fairly satisfactory, although for a part of 
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last year the conditions were not very encouraging. 
The present prices are :—‘“‘ Crown ”’ bars, 10/. 5s. per ton 
for home delivery and 9/. 15s. per ton for export ; and 
re-rolled steel bars, 7/. 15s. per ton for home delivery and 
7l. 10s. to 71. 15s. per ton for export. 

Scottish Pig-Iron Trade.—Conditions in the Scottish 
pig-iron trade are of rather a depressing nature and are 
very similar to what they were about this time last 
year. Throughout the whole of the past twelve months 
there has scarcely been one ray of brightness, and at 
no time did there ever seem to be a possibility of the 
demand improving. At present business is very much of 
a hand-to-mouth description, and stocks are quite equal 
to practically all calls. Hematite is, perhaps, just a 
shade better than foundry grades. The following are 
the current market quotations :—Hematite, 74s. to 75s. 
per ton, delivered at the steel works ; foundry iron, No. 1, 
75s. to 76s. per ton, and No. 3, 70s. to 71s. per ton, both 
on trucks at makers’ yards. It is rather a noteworthy 
fact that the above quotations are the same as a year ago 
and that they have never varied over that period. 

Scottish Pig-Iron Shipments——The shipment of 
Scottish pig iron from Glasgow Harbour, for the week 
ending Saturday last, January 5, was'only 30 tons. 
Of the total, 10 tons went overseas and 20 tons coastwise. 
For the corresponding week of last year the figures were 
152 tons overseas and 36 tons coastwise, making a total 
shipment of 188 tons. 

Scottish Shipbuilding.—The past year was a note- 
worthy one in the shipbuilding industry in Scotland in 
several ways, and chiefly from the fact of the large 
tonnage launched. The figures given below show that 
active conditions have been a feature during most of 
the year, and the employment has been good. The details 
of the output from the different areas are as follow :— 





1928. 1927. 
Vessels. Tons. Vessels. Tons. 

The Clyde 241 604,611 274 462,565 

The Forth 52 25,714 58 21,633 

The Tay ... ll 32,242 10 24,513 
The Dee and 

Moray Firth ... 34 6,475 35 9,717 

338 669,042 377 518,428 


All districts, it will be seen, except the north, show a 
larger output than during the previous year, and the 
Clyde total is the seventh highest on record. It falls 
short of the great output of the year 1913 by just over 
152,000 tons, but marks a steady advance. The machin- 
ery output on the Clyde for 1928 was 673,907 h.p. against 
647,874 h.p. for 1927. Of the total vessels launched on the 
Clyde no fewer than 72 were steamers with reciprocating 
engines, and represented 283,560 tons, an average of 
nearly 4,000 tons each. Motorships numbered 25, with 
a total of 172,256 tons, and then came 7 turbine steamers, 
representing 72,779 tons, 3 warships—21,540 tons, 
1 turbo-electric steamer of 19,300 tons, and a Diesel- 
electric vessel of 8,947 tons. The remaining tonnage for 
the year was made up of smaller vessels of one kind 
and another—all of which were, however, of importance 
from different standpoints. When the orders on hand 
were getting well advanced rather a gloomy turn began 
to creep over the industry as fresh contracts were coming 
along very slowly and many berths were empty. A 
brighter side began to show itself during the late autumn 
and many fresh contracts were secured by Clyde ship- 
builders, and, although the number booked more recently 
has been much less, scarcely a week passes without more 
new work being reported. One of the features of the 
orders on hand is the number of general cargo-carrying 
vessels which, would seem to strike a note of confidence 
on the part of shipowners as to the prospects of a revival 
of foreign trade. Should such a state eventuate the 
probability would be that other owners might place orders 
also for more modern tonnage. While the past year has 
been a fairly good one on the Clyde the outlook for this 
year, while not yet over bright, is not unduly dull. 








Mintna ComPaANIES IN CanapDA.—The Department of 
Overseas Trade, 35, Old Queen-street, London, 8.W.1, 
has received, from His Majesty’s Trade Commissioner’s 
office at Winnipeg, lists containing the names of mining 
companies operating in northern and central Manitoba, 
and in the Patricia area of Ontario. United Kingdom 
firms, desirous of receiving a copy of these lists, should 
communicate with the Department at the above address, 
quoting reference number A. X.7254. 


ContrRActs.—It is announced that Messrs. Sir W. G. 
Armstrong, Whitworth and Company, Limited, have 
received a contract, from the Crown Agents for the 
Colonies, for the construction of 12 passenger locomo- 
tives and tenders, of 5-ft. 6-in. gauge, for the Ceylon 
Government Railways.—Messrs. Alloy Welding Pro- 
cesses, Limited, have been successful in securing the 
contract for the supply of a motor-generator electric 
arc-welding plant for two operators for the Assam 
Bengal Railway Company.—Recent orders for Mirrlees- 
Diesel engines received by |Messrs. Mirrlees, Bickerton 
and Day, Limited, 7, Grosvenor-gardens, Westminster, 
S.W.1, include two three-cylinder 225-h.p. engines, and 
one two-cylinder 40-h.p. engine for Marconi’s Wireless 
Telegraph Company, Limited; a six-cylinder, 600-h.p. 
engine for the Rafaela Power Station, Argentina; a 
four-cylinder, 200-h.p. engine for the Alexandria Water- 
works, Egypt; and two six-cylinder, 330-h.p. engines 
for the new electric generating station at Beira Port, 
Mozambique.—We are informed by Messrs. Combustion 
Steam Generator, Limited, 1, Southampton-row, London, 
W.C.1, that their associates, Combustion Engineering 
Corporation of America, have secured an order for two 
combustion steam generators for the Philip Carey 
Magnesia Company. 
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NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—Steady conditions prevail in most 
sections of the Welsh steam-coal trade. Many collieries 
are comfortably placed as regards orders for shipment this 
month, and with shipping in good supply, loading opera- 
tions are active in spite of difficulties occasioned by 
frost. In fact, pressure is being experienced at Cardiff, 
Barry and Penarth, where vessels have been waiting 
turn to load every day. Prices, however, except in a 
few isolated cases, are steady on the basis of the minimum, 
with sellers here and there, able to command a small 
premium for smalls, which are scarce as a result of 
the Christmas holidays having depleted stocks. The 
question of reparations coal is at the moment being 
freely discussed in coal trade circles in view of the 
Paris conference at the end of the month to consider and 
frame final and definite proposals for the settlement 
of the reparations problem. It is estimated that delivery 
of reparations coal to Italy, France and Belgium by 
Germany has meant the loss of trade to South Wales 
in the neighbourhood of 7,000,000 tons per annum in 
addition to the loss of another 5,000,000 tons as a result 
of the Navy and liners using oil. In the light of these 
facts it is hoped that something will be done to enable 
the Welsh coal trade to recover much of the business lost 
through reparations deliveries, which were decided at a 
time when there was a scarcity of coal, whereas, at 
present, there is a glut. 

Pits Re-Opened.—Messrs. Nixon’s pits, which were ac- 
quired by Mr. W. M. Llewellyn, were re-started on Monday 
after two months’ idleness. The pits, which normally give 
employment to about 5,000 men, will in future be known 
as Nixons-Llewellyn pits, thus commemorating two 
great names in the Welsh mining industry About 
1,000 men were started on Monday, and it is expected 
to start another 2,000 next week The Bedwas pits, 
employing over 2,000 men, will also resume operations 
next week, the men having decided to accept the pro- 
posal of the owners, and work on the yardage system of 
payment instead of the tonnage method. 


'p s’ Activities—In spite of the fact that 
31 vessels owned in South Wales were sold or lost in 
1928, the number controlled by Welsh firms at the 
end of the year was increased by 5, and the tonnage 
by 150,510 tons deadweight. This was due to the enter- 
prise of a number of owners in ordering new tonnage. 
No fewer than 25 vessels aggregating 203,000 tons were 
launched during the year, while 11 vessels of 55,100 tons 
were bought, so that the fieets were increased by 36 
vessels totalling 258,100 tons, against a loss through 
sales and casualties of 31 vessels of 107,590 tons. 
Prominent amongst the owners to place orders were 
Sir W. R. Smith, Bart., Lord Glanely, Mr. Dan Radcliffe, 
Mr. Pardoe Thomas, Newport, and the Hain Steamship 
Company, Limited. 


Shi: 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—There is a greater feeling of optimism 
manifest, and the ‘staple industries are expected slowly 
to consolidate their positions. The number of inquiries 
in circulation for all kinds of steel products indicates 
a better flow of orders in the future. Foreign competi- 
tion in raw and semi-finished materials has moderated. 
The tendency of Continental prices to rise coupled with 
the inability of foreign manufacturers to guarantee early 
delivery is resulting in a certain amount of overseas 
work being diverted to British furnaces. The call for 
basic steel is stronger, and output is assuming bigger 
dimensions. Acid varieties are not making the progress 
anticipated. The booking of railway rolling-stock 
orders is likely to have a beneficial effect, but on the 
whole, the demand is well below production capacity. 
Siam, China, South Africa, and South America have 
provided for some useful contracts. Home railways are 
calling for steel in connection with the manufacture of 
rolling-stock in their own workshops. Shipyards in 
the north are taking steel, castings, and forgings from 
this district for use in connection with orders recently 
booked. There is also a growing demand for steel pit 
props, beams, and steel plates. Special steels used in 
the motor-car, aircraft, chemical, and dye trades are 
active lines. A falling-off in the requirements of agri- 
cultural machinery users abroad is counterbalanced by 
a corresponding increase in home consumption. Makers 
of electrical plant of all kinds report a brisk demand. 
The tool trades have not yet recovered from the holiday 
interval. Makers of farm and garden tools are busy 
preparing for next season’s trade. Saws and files are 
recovering, while engineers’ tools of all descriptions are 
stronger. 


South Yorkshire Coal Trade.—Despite the fact that 
the amount of business conducted is confined to small 
tonnages, an early improvement is anticipated. Indus- 
trial fuel has not yet recovered from the recent shutting 
down of plant for the holidays. Export business is also 
somewhat restricted. House coal is similarly situated. 
The spell of colder weather has had the effect of stimu- 
lating the demand, but current requirements are well 
below normal. The coke market is marking time. Steel 
coke is only in limited request, but varieties used for central 
heating are more active. Foundry and furnace coke are 
steady at 19s. to 19s. 6d., while gas coke is fetching 21s. 
to 22s. 6d., all f.0.b. the Humber. Quotations: Best 
hand-picked branch, 26s, to 27s. 6d.; Derbyshire best 
brights, 238. to 24s. 6d. ; Derbyshire best house, 20s. 6d. 
to 21s. 6d.; screened house coal, 17s. to 18s. ; screened 
house nuts, 16s. to 18s.; Yorkshire hards, 14s. 6d. to 
16s.; Derbyshire hards, 14s. 6d. to 16s. ; rough slacks, 
8s. 6d. to 9s. 6d.; nutty slacks, 4s. 6d. to 6s.; smalls, 
3s. 6d. to 4s. 











ENGINEERING. 
NOTICES OF MEETINGS. 


JunIoR INSTITUTION OF ENGINEERS.—To-night, 7.30 
p-m., 39, Victoria-street, S.W.1. Lecture: ‘“‘ Developments 


in Spraying Apparatus,” by Mr. F. E. Webb. Sheffield 
and District Local Section: Wednesday, January 16, 
7.30 p.m., Cutlers’ Hall, Sheffield. Lecture: ‘‘ Early 


Aviation,” by Lieut.-Col. J. T. C. Moore-Brabazon. 
London: Friday, January 18, 7.30 p.m., 39, Victoria- 
street, S.W.1. ‘* Notes on the Fitting and Operation of 
Michell Bearings,”’ by Mr. J. F. Petree. 


Socrery OF CHEMICAL INDUSTRY: CHEMICAL ENGI- 
NEERING GRovuP.—To-night, 8 p.m., Royal Society of 
Arts, John-street, Adelphi, W.C.2. ‘The Relative 
Safeties of Mild and High-Tensile Alloy Steels under 
Alternating and Pulsating Stresses,” by Prof. B. P. 


Haigh. 

INSTITUTE OF BRITISH FOUNDRYMEN.—Scottish Branch, 
Falkirk Section : Saturday, January 12, 6 p.m., Falkirk 
Iron Co., Ltd., Falkirk. ‘‘ Foundry Casting,’”’ by Mr. 
J. G. Sneddon. Wales and Monmouth Branch : Saturday, 
January 12, 6.30 p.m., Technical College, Newport. 
“Making Patterns to Expedite Output,” by Mr. J. 
Rees. Scottish Branch : Saturday, January 19, 4 p.m. 
Royal Technical College, Glasgow. ‘‘Some Notes on 


Patternmaking,” by Mr. R. Ballantine and Mr. J. 
Delaney. 
InstTItTUTE OF TRANSPORT.—Monday, January 14, 


5.30 p.m. Institution of Electrical Engineers, Victoria 
Embankment, W.C.2. ‘Some Transport Problems of 
the Empire,” by Brig.-Gen. F. D. Hammond. Tuesday, 
January 15, 5.45 p.m. Informal Meeting. ‘“ The 
Development of New Traftic by Transport Undertakings,” 
by Mr. A. E. Sewell. Birmingham and District Section : 
Tuesday, January 15, 6 p.m., Queen’s Hotel, Bir- 
mingham. ‘‘ Some Impressions of Transport in Canada,” 
by Mr. J. H. Stirk. 


Society oF ENGINEERS. —Monday, January 14, 5.30 
p-m., Geological Society, Burlington House, Piccadilly, 
W.1. “The Vacuum Power Oil Lamp,” by Major E. 
Scott-Snell. ‘‘ Neu-Flame,” by Mr. C. Scott-Snell. 


INSTITUTION OF ELECTRICAL ENGINEERS.—Monday, 
January 14, 7 p.m., Victoria Embankment, W.C.2. 
Informal Meeting. Discussion on “ Electric Trolley 
Omnibuses,”’ opened by Major A. Jenkin. North-Eastern 
Centre : Monday, January 14, 7 p.m., Armstrong College, 
Newcastle-on-Tyne. General Discussion on ‘‘ The Anti- 
cipation of Demand, and the Economic Selection, Provi- 
sion, and Layout of Plant ’’ (Power Systems), by Capt. 
J. M. Donaldson, (Telephone Systems) by Mr. J. G. 
Hines. North-Midland Centre: Tuesday, January 15, 
7 p.m., Hotel Metropole, Leeds. ‘‘ Recent Developments 
in Electricity Meters, with Particular Reference to Those 
for Special Purposes,”’ by Mr. J. L. Carr. 


INSTITUTION OF AUTOMOBILE ENGINEERS.—Birming- 
ham Centre: Monday January 14 7 p.m. Queen’s 


Hotel Birmingham. “Coil Ignition” by Dr. F. W. 
Lanchester. 
InstituTE oF Merats.—Scottish Local Section : 


Monday, January 14, 7.30 p.m., Institution of Engineers 
and Shipbuilders in Scotland, 39, Elmbank-crescent, 
Glasgow. ‘‘ Recent Developments in the Manufacture 
of Condenser Tubes,” by Mr. A. Spittle. North-East 
Coast Local Section: Tuesday, January 15, 7.30 p.m., 
Armstrong College, Newcastle-on-Tyne. ‘‘ Some Aspects 
of Steam Turbine Development and Application,” by 
Mr. R. Dowson. Birmingham Local Section : Thursday, 
January 17, 7 p.m., Engineers’ Club, Waterloo-street, 
Birmingham. ‘* Refractories for Use in Metallurgical 
Furnaces,”” by Mr. A. J. Dale. 


Royat Institution.—Tuesday, January 15, 5.15 p.m., 
Albemarle-street, W.1. ‘‘ Critical Phenomena in Satu- 
rated Solutions.”? Lecture I, by Mr. F. A. Freeth. 
Friday, January 18, 9 p.m. ‘“‘ Further Progress in Crystal 
Analysis,”’ by Sir W. Bragg. 

2R0YAL INsTITUTE OF BRITISH ARCHITECTS.——Tuesday, 
January 15, 5.30 p.m., 9, Conduit-street, W.1. ‘ The 
Development of South London,” by Mr. H. V. Lanchester. 


INSTITUTION OF MECHANICAL ENGINEERS.—South 
Wales Branch: Tuesday, January 15, 6.30 p.m., Royal 
Metal Exchange, Swansea. Annual General Meeting. 
“* The Electrification of a Small Railway,” by Mr. J. W. 
Burr. North-Western Branch : Thursday, January 17, 
7.15 p.m., Engineers’ Club, Manchester. Annual Meeting. 
“Steam Storage,” by Dr. E. G. Ritchie. Yorkshire 


Branch: Thursday, January 17, 7.30 p.m., Hotel 
Metropole, Leeds. Annual General Meeting. “‘ Power 
Transmission by Belts,” by Dr. H. W. Swift. London : 


Friday, January 18, p.m., Storey’s-gate, S.W.1. 
«Modern Feed-Water Circuits,’’ by Mr. J. G. Weir. 


SHEFFIELD METALLURGICAL ASSOCIATION.—Tuesday, 
January 15, 7.30 p.m., 198, West-street, Sheffield. 
“America,” by Mr. J. H. 8S. Dickenson and Dr. W. H. 
Hatfield. 


INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScotLanD.—Tuesday, January 15, 7.30 p.m., 39, Elm- 
bank-crescent, Glasgow. ‘‘ Low-Temperature Carbonisa- 
tion of Coal,’’ by Col. W. A. Bristow. 


NorRTHAMPTON ENGINEERING COLLEGE ENGINEERING 
Socrety.—Wednesday, January 16, 5.30 p.m., St. 
John-street, E.C.1. ‘‘ Low-Temperature Carbonisation 
jn Great Britain,” by Mr. K. C. Burden. 


INSTITUTION OF CiIvi, ENGINEERS.—Wednesday, 
January 16, 6 p.m., Great George-street, S.W.1. In- 
formal Meeting. Discussion on “ Merits and Demerits 
of Alternative Methods of Taking Water for Modern 
Power-Stations from Tidal Waters,” introduced by 
Mr. H. H. Dalrymple-Hay. Manchester and District 
Association: Wednesday, January 16, 6.45 p.m., 36, 
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George-street, Birmingham. ‘‘ Water Pipes—Ancient 
and Modern,” by Mr. 8S. G. Barrett. 

InstITUTE OF FuEL.—Wednesday, January 16, 6 p.m., 
Chemical Society, Burlington House, Piccadilly, W.1. 
“Continental Experience in Pulverised-Fuel Practice,” 
by Mr. Berg and Mr. E. Vogt. 

Royat METEOROLOGICAL Socrery.—Wednesday, 
January 16, 7.30 p.m., 49, Cromwell-road, South Kensing- 
ton, S.W.7. Annual General Meeting. Address on 
“* Amateurs a& Pioneers,” by Sir R. Gregory. 

Betrast ASSOCIATION OF ENGINEERS.—Wednesday, 
January 16, 7.30 p.m., Municipal College of Technology, 
Belfast. ‘“‘ Modern Locomotive Practice,” by Mr. 8S. J. 
Symes. 

Roya Soctrty or Arts.—Wednesday, January 16, 
8 p.m., John-street, Adelphi, W.C.2. ‘‘ The Domestic 
Smoke Problem: A Practical Solution,’’ by Prof. C. R. 
Darling. 

ELECTROPLATERS’ AND DeEposiTors’ TECHNICAL 
Socrery.—Wednesday, January 16, 8.15 p.m., Northamp- 
ton Polytechnic Institute, St. John-street, E.C.1. ‘* The 
Progress of Nickel Deposition in Recent Years,”’ by 
Mr. D. J. Macnaughton and Mr. R. A. F. Hammond. 

INSTITUTION OF MINING AND Metatiurey.—Thursday, 
January 17, 5.30 p.m., Geological Society, Burlington 
House, Piccadilly, W.1. ‘“‘ The Possibilities of Reviving. 
Non-Ferrous Metallurgy in Great Britain,” by Mr. W. 
Cullen. 

Optica Socrery.—Thursday, January 17, 7.30 p.m., 
Imperial College of Science and Technology, South 
Kensington, 8.W.7. “ The Function of the Lens Capsule 
in the Accommodation of the Eye,” by Mr. E. F. Fincham, 
**A Double Reflexion Level,’’ by Dr. D. 8S. Perfect. 
“ Photographs of Reflexion Caustics,” by Mr. T. Smith, 
Dr. J. 8. Anderson and Mr. L. C. Cordle. 

British INSTITUTE OF RaproLogy.—Thursday, Janu- 
ary 17, 8.30 p.m., 32, Welbeck-street, W.1. * The 
Ionisation Method of X-Ray Measurement,” by Prot. 
J. A. Crowther. ‘‘The Comparison of the Electro- 
magnetic and the Electrostatic Methods of Measuring 
X-Ray Intensity,” by Prof. G. A. Owen and Mr. H. I. 
Jones. 

InstituTION OF CHEMICAL ENGINEERS.—Friday, 
January 18, 6.30 p.m., Institution of Civil Engineers, 
Great George-street, S.W.1. ‘“‘The Reactivities of 
Solid Carbon in Fuel Processes,”” by Prof. J. W. Cobb. 

Huu. Association OF ENGINEERS.—Saturday, Janu 
ary 19. Municipal ‘Technical College, Park-street, Hull. 
““Modern Steam Condensers and Feed Systems,’ by 
Mr. J. Evans. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MipDLEsBrRouGsH, Wednesday. 

The Cleveland Iron Trade.—Stocks of Cleveland pig 
have increased somewhat, as is not unusual at this 
season of the year, but they are regarded as little 
heavier than sufficient for ordinary trading, and makers 
adhere firmly to their fixed prices, which have ruled for 
nine months past. JIronmasters’ own consuming depart- 
ments promise to absorb most of the pig output, and 
marketable parcels are expected to realise recognised 
rates notwithstanding continued keen competition of 
pig producers in other home iron centres. Midland 
iron is still underselling Cleveland qualities, and deliveries 
of the former continue to be made to firms in Scotland, 
which, at one time, drew their supplies almost entirely 
from Teesside. No. 1 Cleveland is 68s. 6d.; No. 3 
g-m.b., 66s.; No. 4 foundry, 65s.; and No. 4 forge, 
648. 6d. 

Hematite.—Supply of East Coast hematite iron 
none too plentiful, and the increased output by the 
lighting up of an additional furnace is expected to be 
fully absorbed. Local and other home demand is 
steady, and some improvement in Continental buying 
is reported. Quotations are not definitely fixed, and 
consequently, terms on which business is put through 
vary a little, but it is difficult to place orders at below 
the equivalent of 71s. for ordinary qualities. 

Blast-Furnacemen’s Wages.—As the result of the 
certified average net selling price of No. 3 Cleveland 
pig iron, for the last quarter of 1928, being 63s. 4-045d. 
per ton, blast-furnacemen’s wages on the North East 
Coast are advanced by 0-25 (one-quarter of one) per 
cent.) for the current quarter. The average selling 
price for the previous three months was 63s. 1-91d. 
per ton. 

Foreign Ore.——Difference of ideas between buyers 
and sellers as to values, maintain business in foreign ore 
within narrow limits. Sellers refuse to accept prices below 
the basis of best rubio at 22s. 6d. c.i.f. Tees, and predict 
early upward movement. 

Blast-Furnace Coke.—Durham blast-furnace coke is 
in rather better request, but sales are not heavy. Good 
medium kinds are from 17s. 6d. to 17s. 9d., delivered here, 

Manufactured Iron and Steel.—Finished iron and 
steel quotations are steady. General expansion of 
business is expected. Specifications for shipbuilding 
requisites promise to be fairly freely distributed, and 
producers of railway material hope to book further 
orders. Common iron bars are 101. 58.; best bars, 
101. 15s.; double best bars, LI/. 5s.; treble best bars, 
1ll. 15s. ; packing (parallel), 7/. 10s. ; packing (tapered). 
101. ; iron rivets, 11/. 5s. ; steel billets (soft), 62. 12s. 6d., 
steel billets (medium), 7/. 2s. 6d.; steel billets (hard), 


is 


7l. 128. 6d.; steel rivets, 11/.; steel ship plates, 
8l. 7s. 6d.; steel angles, 71. 17s. 6d.; steel joists, 
7l. 178. 6d.; heavy sections of steel rails, 8/. 10s. ; 


black sheets (No. 24 gauge), 101.; and galvanised 
corrugated sheets (No. 24 gauge), 131. 12s, 6d. 
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A Forest Propvcts LABORATORY FOR AUSTRALIA,— 
The Council for Scientific and Industrial Research 
of the Commonwealth of Australia asked the Govern- 
ment of India, in 1927, for the loan of the services of 
Mr. A. J. Gibson, Conservator of Forests at Bihar. 
Mr. Gibson arrived in Fremantie early in August, 
1927, and left again in November, after spending more 
than three months in the study of forest products 
roblems. In Pamphlet No. 9 of the Research Council 
ne reports in favour of the creation of a Forests Products 
Laboratory at Maribyrnong, Victoria, estimating the 
capital cost at 49,0007. and the expense for annual 


Bream AND Deck WorkK NEAR CENTRE OF SPAN. 











maintenance and _ personnel at 19,000/. Previous 
reports on Australian forests by I. Th. Boas, who had 
made a worldwide tour of forest research institutions 
in 1918 to 1920, and by G. C. Robertson, 1926, had 
expressed the opinion that not less than 24,500,000 
acres of forest would permanently be needed for a 
population soon likely to reach 28,000,000, and that 
this area was not secure with the increasing claims 
for land settlement. Subjects for urgent study are 
the seasoning, testing, and preservation of timber, 
wood pulp, tanning materials, oil, fibres, resins, &c. 
With the usual methods of air seasoning the timber 








Fig. 24. Nortu SipE oF BRIDGE, APPROACHING COMPLETION. 


has to be stacked for two years, while artificial seasoning 
would make the wood available in six or twelve weeks, 
while the waste due to the unscientific treatment of 
lumber is heavy. The logs are cut up in small mills 
close to the forests, and then sent to wood factory 
districts. But wood for motor bodies, for joiners and 
for furniture makers should receive special treatment, 
in the way it is sawn, from the first. A scheme for 
the organisation of the Research Laboratory, which 
would inquire also into forest culture, entomology, forest 
education and advisory activities, is outlined in the 
pamphlet. 
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ALTERNATIVE FUELS FOR MOTOR 
VEHICLES. 


In view of the present situation in the coalfields, 
it may be regretted that the motor-vehicle returns 
show a pronounced falling-off in the employment 
From many points of 
view, it is desirable that the greatest use should be 
made of native rather than imported fuels, but 
nothing can ultimately be gained by the artificial 
stimulation of an uneconomical means of transport. 
We do not propose to enter at length into the causes 
which are leading to the gradual supersession of the 
steam vehicle, but the main factors are undoubtedly 
the marked improvement of heavy petrol lorries, 
and the high price of coal since the war. It is of 
interest to recall that at one time steam enjoyed a 
virtual monopoly in mechanical road transport, 
and it is justifiable to speculate whether petrol, 
which is now in the same happy position, is destined, 
in its turn, to be superseded. In the newer countries, 
and to a lesser extent on the Continent of Europe, 
the light hydro-carbons have never been accepted 
as the final solution of the road transport problem, 
and it is in these countries more particularly that 
alternative fuels are making a strong bid for wider 
adoption. Over 200 lorries fitted with heavy-oil 
engines are now in use in Germany, while over 
1,000 vehicles equipped with producer-gas installa- 


|tions are in operation in France. In a sense, 


these numbers may be regarded as negligible, as 
even the latter represents only about one-half per 
cent. of the total number in use in the country 
concerned, but it may not be without profit to 
enquire to what extent they are significant of 
future prospects. Before entering into this question 
in detail, however, a word may be said about other 
alternative fuels. 

During the war the shortage of petrol led to the 
fairly extensive adoption of vehicles running on 
coal gas, occasionally stored under pressure in 


cylinders, but more usually in a somewhat unwieldy 


“| a satisfactory substitute for the petrol vehicle. 








said that the gas-storage vehicle was thoroughly 
tried out during that period, the experience gained 
was not such as to encourage further efforts to 
develop the system, and the promptitude with which 
the vehicles were reconverted to utilise light fuels, 
immediately the latter became available, is a fair 
indication of the estimation in which the system 
was held. It would hardly be necessary to refer 
to it at all had it not again been receiving attention 
in France—a country untiring in its efforts to develop 
In 
a recent paper read before a joint meeting of the 
Institutes of Transport and Fuel, Monsieur A. 
Métral put forward the suggestion that coke-oven 


;|gas should be stored, presumably in gasometers, 
;|as produced, and that it should subsequently be 


transferred to suitable distributing centres either by 
tank wagon or pipe line. The former method is 
favoured, refrigeration cars being employed to 
render the transport an economic proposition. 
The design of storage cylinders, which could be 
transferred to the actual vehicle requiring them 
at the distributing centres, has been given careful 
consideration, and types are actually available 
offering improvements on anything existing during 
the war. The latest containers weigh only 6 kg. 
per cubic metre of expanded gas. The pressure 
at which the gas is stored is not mentioned, but 
as pressures up to 1,000 Ib. per square inch were 
in use during the war, it would presumably be 
higher than this. The only other alternative fuel 
requiring comment is paraffin, and it is exceedingly 
doubtful whether its price, as compared with petrol, 
is sufficiently low as to justify its employment. 
While satisfactory for small stationary engines, its 
disadvantages for road-vehicle use are too well 
known to need elaboration, and although it might 
have a future for direct burning under the boilers 
of steam cars under certain circumstances, such 
circumstances are extremely unlikely to arise. It 
is possible that our natural coal resources may 
yet prove valuable for road transport by a further 
utilisation of their volatile products, or even by 
use in the powdered form, but present indications 
do not greatly favour the prospects in either 
direction. 

Returning to the more promising alternatives, 
we commented on the present position of high- 
speed heavy-oil engines comparatively recently, 
and deplored the fact that British manufacturers 
were relying on continental designs. The striking 
success obtained with the high-speed rail-car engine, 
made by one of our leading firms, encourages the 
hope that this state of affairs is not to continue 
indefinitely, and we learn with satisfaction that 
another British firm, with a long experience in 
the manufacture of heavy-oil engines, has achieved 
good results from an experimental engine suitable 
for use in heavy road vehicles. We also commented 
on the position of the producer-gas vehicle as recently 
as May last, but we may return to this subject in 
view of some very interesting information on the 
present position in France, given in Monsieur 
Métral’s paper. We mentioned in our previous 
article that producer-driven vehicles in France 
enjoy substantial advantages from the point of view 
of taxation. The actual position in this respect is 
that a rebate of 50 per cent. of the horse-power tax 
is allowed on such vehicles, and in addition, the 
Government grants a subsidy, which, in the case of 
a lorry with a useful load capacity of 44 tons, 
amounts to 13,000 francs (approximately 108/.). It 
is somewhat surprising to find, however, that even 
with these very substantial advantages, Monsieur 
Métral draws the conclusion that a producer lorry 
is more costly than one running on petrol, the 
disparity being greatest in the case of small lorries. 
If this is true in France, it certainly applies with 
greater force in England, where petrol is cheaper and 
charcoal is relatively scarce, but it does not neces- 
sarily follow that no object would be gained by 
further endeavours to develop this type of vahicle. 

As we have previously had occasion to point 
out, the true market for producer lorries at present 
lies in countries where petrol is dear and difficult 
to obtain, while suitable fuels for burning in pro- 
ducers are abundant, and more than one such 
country exists within the boundaries of the British 
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Empire. Apart from this, we hardly find ourselves 
in full agreement with Monsieur Métral. His con- 
clusions are based in part upon the fact that, other 
conditions being equal, the producer vehicle is | 
slower than one running on petrol, and that there- | 


: : ee | 
fore the earning power is reduced. This is only | 


cular materials and structures he had been using, | suggestions to be made for improving their acoustic 
and by the accumulation of such experience he deve- | properties, and problems relating to panel heating, 
loped a technical practice, which enabled him to carry | including the suitability of various types of plaster 
out new work in the art by the analogy of what |for covering heating coils, have been investigated 


|had happened before. This knowledge was useful, ‘experimentally. A large variety and number of 


however, only to such extent as the conditions of individual defects in building materials and struc- 


true if the competing vehicles have cylinders of | the later work were similar to those of the earlier, and | tures have been studied in order to ascertain the 
equal dimensions, which should not be the case, | the art was carried on through the experience and | cause and possible means of cure. Such enquiries 


and the comparison would have been more con- | skill of those who had practised it and, by natural 
vincing if made on a basis of equal powers. In| gift or acquired habit, were able most accurately 
addition, it is stated that experience shows that | to recognise the similarities between the conditions 
the cost of repairs is 20 per cent. higher on account | of the new and the old work and the differences 
of relatively rapid producer wear, and finally, that | between them. In no arts has the result of this 





drivers are entitled to higher wages to cover the 
extra work entailed and the wider experience 
needed. Possibly, however, the most important 
item on the debit side is the diminution in the useful 
load carried due to the weight of producer plant 
and fuel stocks, and in this connection, the introduc- 
tion of a new fuel, ‘“‘ Carbonite,” in France is of 
great importance. Coke and anthracite were 
frequently employed a few years ago, but their use 
appears to have been entirely abandoned on the 
Continent, on account of the trouble and difficulty 
involved in dealing with the clinkers and ashes 
produced. While it may be admitted that these 
fuels are not readily available in the countries 
which offer the most promising field for the pro- 
ducer vehicle, both are freely available in England, 
while coke is abundant on the Continent. It is 
possible, therefore, that a producer adapted to the 
employment of one or other of these fuels might 
become an economic proposition in the home market, 
or on the Continent, if a marked rise took place in 
petrol prices, or if the fuels became cheaper. While 
the difficulties associated with the use of anthra- 
cite have not been overcome, it is satisfactory to 
note that one of the best-known British producers, 
although primarily designed for charcoal, has proved 
satisfactory on coke in extended trials, its construc- 
tion being such that the difficulties associated with 
the use of this fuel have been overcome. 

The employment of charcoal, as compared with 
green wood, appears to be on the increase, not only 
in France, but in the French colonies. It was 
originally employed in the commercial form, which 
possessed the disadvantages of low density, 
friability, and irregular size, but in the last three 
years, considerable attention has been given to the 
production of a charcoal fuel without these defects. 
The best results have been obtained with the product 
known as Carbonite, to which we have already 
referred. This is prepared from wood waste, and the 
producing company has set up travelling factories 
consisting of batteries of two to four vertical 
retorts. Cylindrical receivers are loaded, passed to 
the drying oven, and finally to the carbonising 
retort. The tar is recovered by a centrifugal extrac- 
tor. The charcoal and tar obtained are conveyed to 
a factory situated at a convenient centre, where the 
tar is converted into a binder and mixed with the 
charcoal in powdered form. The mixture is then 
pressed into balls about 1 in. in diameter, and having 
a composition of carbon, 90-5 per cent. ; hydrogen, 
3-5 per cent.; oxygen and nitrogen, 1-5 per cent. ; 
ash, 1-5 percent.; and moisture, 3 per cent. The 
balls are regular in size, and have density of 
approximately unity, as against about 0-23 for 
ordinary charcoal. In addition, they have a high 
resistance to crushing, and are unaffected by the 
weather. The manufacture of 1 ton of Carbonite 
requires 6 tons of wood waste, 4 tons being used in 
the actual carbonisation and 2 tons for heating, 
and for supplying the lorries transporting the mobile 
factory. One kilogram of carbonite (2-2 lb.) is prac- 
tically equivalent, both by weight and volume, to 


process led to better established practice than in 
those of building, and when in modern times it 
was sought so to analyse the operations and struc- 
tures of the building art as to permit a forecast of 
the results to be expected on using changed 


materials and conditions, those who were keenest on | 
making this sciei:titic analysis realised most clearly | 


that the great arts they proposed to study had 


not been derived mainly from a knowledge of the | 


chemical, physical, or even mechanical properties of 
the materials, but from the life-long experience of 
those engaged in the building trades. Nevertheless 


the whole of this experience was insufficient to | 


provide the information by which this analysis 
could be made. The processes that went on in 
practice had to be studied in the light of a variety 
of sciences, and at the present time the study of 
practice and of theory has to be conducted in 
parallel. The knowledge of the properties of 
building materials is not yet sufficient to serve by 
itself as a foundation for practice, though it lies 
at the bottom of any explanation of the practical 
art, and must be obtained before the best use 
can be made of building materials and methods. 
The needs of practice are immediate, and all 
available knowledge must be applied to solving its 
problems, without waiting to apply the elementary 
knowledge which has still to be obtained. Never- 
theless until the properties of the elementary 
materials and products used in the building art are 
known and can be measured, building practice can 
be developed only with the slowness and uncertainty 


inherent in empirical operations, and will become | 


more rapid, extensive, and precise with the growth 
of the elementary knowledge. 

No better evidence is needed that there is a 
prospect of such a development than the two 
annual reports of the Building Research Board, 
the second of which, covering the year 1927, has 
just been published (H.M. Stationery Office, 3s. net). 
The Board took to issuing annual reports when 


have included failures of breeze and clinker concrete, 
buckling of floor coverings and corrosion through 
| the action of oxychloride flooring and other causes, 
failures of plaster, decay of timber and stone, and 
| failures of reinforced concrete, including the forma- 
tion of cracksin precast floors. Waste materials 
| were examined for suitability for use as aggregates in 
making concrete blocks. Tests for building materials, 
while conducted on the same general scheme as 
/was described in the earlier report, have been 
improved in the details of methods and apparatus. 

The widening circle of sources from which such 
inquiries have been received shows that this part of 
the Station’s service is being recognised increasingly 
| by those who are in the best position to appreciate 
it, and it seems as though the provision of some 
practical means for dealing with difficulties such 
as those that have been submitted is limited only 
by the extent to which the industry and the other 
parties to building operations make fuller use of 
the facilities which the station provides. An 
interesting consequence of the success by which the 
Board’s operations of this kind have been attended, 
|is that, in connection with the research by the 
| Institution of Civil Engineers into the deterioration 


|has been arranged between that body and the 
| station in which the effect of various pozzuolanas in 
concretes for marine structures is to be examined. 

It is evident, therefore, that the station pro- 
| vides the building industry with a hopeful means 
of curing individual failures and solving some 
special problems. The benefit of this service will 
increase as fuller use is made of it, and it represents 
probably the best possible means of dealing with 
difficulties in regard to which immediate action is 
required. So far, however, as concerns the ultimate 
efficiency of the industry, a more important part 
| of the station’s work lies in its general investigations. 
For one thing, the station is well found both as 
|regards the scientific and technical strength of its 
| staff and the variety of its equipment, and much 
| of its work could hardly be done at any other institu- 
| tion in the country. The purpose of these investi- 
| gations is, moreover, far more general than those 
‘involved in the solution of individual problems. 





| of structures by sea water, a co-operative research. 





0-85 litre (1 pints) of petrol. | 


————————————— | 
| 


THE ART AND SCIENCE OF | 
BUILDING. | 


the opening of its Building Research Station at | At the present time, for example, the importance 
Watford first enabled it to begin extending its work | of concrete as a building material is probably as 
on the lines it had contemplated from the beginning, | great as that of steel, but far less knowledge exists 
though then it had no adequate means of carrying | of its physical properties. The work that has been 
them out. By the year under notice its equipment | done already by the Board, and for it, has shown that 
and organisation were completed in all essential | the mechanical strength of cement and concrete, as 
respects, and it has been enabled to show both the | well as that of some other building materials, varies 
variety of directions in which it will work and | from time to time with the conditions of humidity in 
the kind of results it is likely to attain. | which it finds itself. Such materials expand and 

The Board is a Committee of the Department of contract as their moisture varies, and concrete 
Scientific and Industrial Research, and its work | experiences a plastic flow under load. The move- 
includes both the duty of facilitating and encou- | ments so produced may be many times as great as 
raging research by industrial and other bodies, and | the elastic movements for which provision is made in 
the prosecution of researches of essential importance | the design of structures, and further data are required 
to the industry. The report shows very clearly | as to the nature and extent of these variations before 
that its activities in each of these directions are | designs can make due and not excessive allowance 
now in full swing. The most concrete evidence | for them. The many changes that are produced by 
of this is found in the increasing extent to which | weathering, again, may come from a variety of 
other bodies—the Committees of the British | causes, and can be prevented only by applying an 
Engineering Standards Association, Government | intimate knowledge of these causes and their 
departments, local authorities and professional | manner of operation, which as yet is very far from 
institutions, firms in the building industry, manu- | being complete. Even in the composition of cements 
facturers of building materials and practising engi- | and their corresponding properties much remains 
neers, architects and surveyors—are submitting to | to be learnt, and it seems likely to be more profitable 
the stations any problems that present unusual | to obtain the needed knowledge by direct experiment 
difficulty. and the more complete insight which it gives, rather 

Experiments have been made with building | than by working on the results of foreign investiga- 

















In the oldest and most widely practised arts man | materials and constructions old and new, experi- 
had to learn how to get things done long before he | mental cottages, wood-cement mixtures, natural and 
was able or had the time to discover why he could do | artificial stones, clay and sand-lime bricks, porous 
them, or to measure how much he could do with a| concrete, wall boards, roofing tiles and fiooring 
given method and material, and how long the work | materials, asbestos cement and plaster lathing, 
of his hands would endure after he had made it. | etc., with the object of determining their durability 
In doing the work, indeed, and in living with it|or their suitability for particular purposes. An 
after it was done, he learnt something of the parti- | examination of the designs of buildings has enabled 


| tors and with materials found in the country only to 
| a limited extent or not at all. 

The present report shows that, in the year with 
which it deals, substantial progress has been made 
in acquiring information of this character. The 
nature and properties of cement and concrete are 
being learnt, further knowledge is being obtained 
of constituent and allied materials, such as plasters 
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and pozzuolanas, and the adhesion between con- 
crete and steel has not only been studied experi- 
mentally, but a theory of the action has been 
developed, which has been applied to the experi- 
mental data with reasonably close concordance for 
moderate lengths of embedment. The vibrations 
transmitted to building structures through the 
ground, and the pressure of wind on structures, are 
among other enquiries that are being continued by 
both experimental and mathematical methods. For 
more reasons than one it is important that the 
industries should co-operate in the Board’s 
researches more extensively than at present. From 
the material point of view, subjects of investigation 
arise in which the station funds or facilities allow it 
to carry the work only up to a certain point, and 
both the technical and the financial co-operation 
of the industries is necessary if the results already 
obtained are to receive the further development and 
the effective application without which much of 
their value may be lost. Frequently, moreover, as 
the report points out, the industry and individual 
branches of it alone possess the technique neces- 
sary for applying the results under investigation, 
and are in a position to conduct tests on the required 
scale. Already some important cement manufac- 
turing companies are co-operating for industrial 
research in their common interest. The Board hopes 
that their example may be followed in other branches 
of the building trades. 











ENGINEERING AND NATURAL 
PHILOSOPHY. 

Many people, still alive and active, may remem- 
ber that in their blameless youth the studies now 
known as physics were called natural philosophy. 
At that time, indeed, the methods of those studies 
were essentially the same as now, and with the 
addition of more recently developed branches, so was 
their subject matter. The older title has, nevertheless, 
some historical interest, for it takes the subject back 
to a still earlier time, when philosophy had a much 
greater share in determining the methods of study 
than it has now or ever will perhaps have again. 
The difference, indeed, is perhaps rather of degree 
than of kind, at least in the period during which 
active advance has been made in physical science. 
At no such time could physics have been regarded 
as other than an objective science, dealing with 
things as they appeared, or confused with meta- 
physics in a search for what things are, as 
distinguished from what they appear. For a long 
time past science has been distinguished from 
philosophy as being objective, where philosophy is 
subjective and metaphysical. By accepting this 
distinction science has imposed considerable restric- 
tions on those who follow it. They are tied down 
to facts obtained by accurate observations, and 
also measured, if the subject matter is susceptible 
of measurement; whereas at all times there 
have been thinkers whose imagination has been 
greater than their stock of facts, and could supply 
the facts they wanted to complete their reasoning 
with much less trouble than would be required for 
observing and collating them. The school-boy 
may have had some such trammelled thinkers in 
his mind when he seemed to remember that a 
lying tongue, though it is an abomination before 
the Lord, is a very present help in time of trouble. 
In earlier times intellectual imagination was probably 
at least as active as it is now-a-days, if not always as 
fruitful, and though even now scientific men are short 
of a great many facts they would like to have, their 
poverty in them in earlier days was deplorable. 
In modern times, indeed, they may sometimes find 
that they have more facts than are convenient, and 
could get along with their argument much better 
if they could leave some of them out of account. 
Theirs, however, is the lesser evil. The scientific 
men of earlier days, with much more imagination 
at play than they had facts to use it on, were worse 
off than their successors of the present day. 

Notable among such scientific men were the old 
engineers. They had few convenient and well- 
ascertained theories from which, as Mach points out 
is the chief purpose of science, they could recall 
past and predict future experiences. A large number 
of the more important facts were lacking from which 
such theories could be derived, and even the possible 
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existence of such facts, such as those of thermo- 
dynamics, had not then been recognised. The 
methods of physical science had become more defi- 
nite than those of philosophy, but those who practised 
them were still grouped with other thinkers as philoso- 
phers, and the temptation to provide a speculative 
basis when no better could be had was often difficult to 
resist. In those days, too, it was the more insidious 
because of the less prospect that error would be 
revealed by accurate measurement. It was not 
that scientific engineers were seeking to beguile a 
credulous audience with sophistical arguments. No 
one would have been better pleased than the engineer 
to learn the fallacy of any theory he might have 
adopted, for nothing could have done more to help 
him to what he was seeking. The position was that 
it was of extreme consequence to him to understand 
the phenomena with which he was dealing, and he 
felt that it was better to guess at an explanation 
than to dispense with one altogether. In such cir- 
cumstances, the most remarkable aspect of his 
performance was the dogged persistence with which 
he stuck to his job and carried through, in spite of 
the imperfect scientific knowledge which alone was 
at his disposal. 

Considerations such as these are suggested by the 
Extra Publication which the Newcomen Society 
has just issued. It consists of a translation by 
Mr. Are Waerland, of Marten Triewald’s Short 
Description of the Atmospheric Engine, published 
originally at Stockholm in 1734, and now presented 
with a Foreword by the translator, and an Intro- 
duction by Mr. Rhys Jenkins. Triewald was a 
Swede of good education, the son of a smith, and 
came to England in 1716, at the age of 25. He re- 
mained here for ten years, during which time he de- 
voted himself mainly to practical work on the New- 
comen engines, the first of which had been erected 
at Dudley in 1712. It happened, in fact, that one 
of his friends, Nicholas Ridley, of Newcastle, had 
taken a licence to erect a Newcomen engine at a 
coal mine that belonged to his family, and wanted 
a trustworthy and intelligent person to keep an 
eye on the youngster who had the erection of the 
engine, so that he might not give away the design 
to Ridley’s competitors. When he went back to 
Sweden, Triewald took with him a licence from 
Newcomen to erect an engine there, and, in fact, 
did erect at the Dannemora mine the largest engine 
that had been built up to the date at which the book 
in question was published. The book deals, there- 
fore, partly with a description of the circumstances 
of the earlier manufacture of Newcomen engines, 
partly with the particulars of the engine the author 
built at Dannemora, and partly with his views on 
the large scope for engines at that time and some 
explanation of the manner in which they worked. 
Triewald was evidently an observant, as well as an 
energetic and versatile person, and the simplicity 
and candour with which he describes the considerable 
amount of material he had accumulated makes his 
work a charming addition to the literature of the 
subject, which will be the more acceptable to readers 
because of the delightful manner in which, accord- 
ing to its custom, the Society has had it made up 
and printed. Under each heading of its context, 
too, it contains matter of considerable interest. 
According to modern ideas of invention, Newcomen’s 
design, which in essence consisted in condensing 
steam in a pump cylinder, though it might be, and was, 
used in combination with a force pump, was prob- 
ably quite distinct from Savery’s. From Triewald’s 
account it appears that Newcomen visited the mine 
as a dealer in iron tools, and in that way became 
acquainted both with the great need of some more 
economical and effective manner of unwatering 
mines and keeping them dry than the use of the 
horse whim. Quite independently of Savery, 
he worked out what seemed to be his essentially 
different solution of the problem. Nevertheless, it 
appears from Triewald’s statement that Newcomen 
and the plumber Calley, with whom he worked out 
his invention, joined Savery in forming a company 
and collected royalties on the Newcomen invention. 
Newcomen, therefore, benefited by a share of these 
royalties, a circumstance of which, without Triewald’s 
evidence, there appears to have been some doubt. 
The minute particulars of the Dannemora engine, with 
its quaint but explicit woodcut, amplify the know- 
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ledge that was previously available, and some of the 
directions other than draining mines, in which it 
was suggested that the engine might be used, 
throw a light not generally recognised on the 
engineering conditions of the times. It appears, for 
instance, if Triewald is rightly informed, that at 
this period there was no dock in England into which 
a ship could enter except at high tide. In the 
introduction and appendix, too, the remarkable 
versatility of Triewald is shown. He was a Fellow 
of the Royal Society and a founder of the Royal 
Academy of Science of Sweden, and both in England 
and in Sweden he seemed to have been particularly 
addicted to lecturing. The subjects of his Swedish 
addresses included not only physics and mechanics, 
but ranged through a large variety, from experi- 
mental horticulture, veterinary science, and the effect 
of camphor on a lunatic, to the birth, increase and 
maturing growth of mineral in the earth. 

His subjects, indeed, are more various than the 
space here at disposal allows to be quoted, but the 
essential interest of the book lies, of course, in its 
account and discussion of the steam engine. The 
reference to it in the present connection arises from 
the fact that it is a peculiarly good example of the 
manner in which an energetic engineer of that day 
could carry through constructions of a thoroughly 
practical character, while at the same time enter- 
taining views about reasons and prospects which 
were wholly unsupported or even contradicted by 
evidence or experience. The Dannemora engine, 
though it was completed and worked, was ulti- 
mately abandoned and the horse whims which it had 
superseded, replaced ; but this, as Mr. Jenkins sug- 
gests, was probably due to the difficulty of getting 
suitable labour in Sweden. With the help of Halley’s 
and Boyle’s experiments, Triewald got a quite accu- 
rate conception of the action of atmospheric pressure, 
and gives a number of figures to show how it worked 
out. At the same time, however, he declined to 
admit the steam as being anything except moist 
air, and states without reservation that the cylinder 
will defy time and be better after a hundred or even 
a thousand years’ use than when it was new 
and had never worked. Here the engineer is seen 
drawing on his imagination for the facts, which 
observation has been unable to supply, though he 
asserts that on first seeing the machine work he 
conceived a more complete theory of it than the 
inventors themselves possessed up to the very 
moment of their end. How far this may be correct 
does not appear further than this statement. A 
great voice, however, is introduced into the discus- 
sion when Newton is quoted as correcting the views 
of the inventors, who ascribed the power of the 
engine to its steam. Newton observed that the 
steam does not produce the power, but is merely the 
vehicle that conveys it; surely an adumbration of 
the mechanical theory of heat, which came most 
appropriately from such a speaker. 


THE ENGINEERING OUTLOOK. 
1.—Economic RETROSPECT AND PROSPECTS FOR 1929. 

A worp of caution is again necessary at the be- 
ginning of 1929, with regard to extravagant pro- 
phecies of a coming trade boom. Last year the 
prophets of optimism were comparatively silent, 
although in our forecast it was found possible to 
anticipate an improvement as far as the engineering 
industry was concerned during the year 1929. We 
then wrote, ‘‘If the more permanent and _ basic 
handicaps of the British engineering industry re- 
main, its prospects nevertheless are more favourable 
to-day than they have been since the war.” During 
the past year the engineering industry has justified 
this prediction by increasing its volume of produc- 
tion and in many branches by improved trading 
results. The position as outlined in the above quota- 
tion has not altered in any essential respect. In 1929 
the progress of the industry should continue, though 
it is so slow as to be scarcely perceptible. 

Before proceeding to internal analysis, it will be 
desirable, as before, to consider the engineering group ° 
of industries as a whole in relation to the external 
economic situation. As anticipated, the slow expan- 
sion continued during the first six months of 1928, 
and as no friction arose at the end of the negotiated 
period of six months’ stabilisation of wages— 
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the most probable disturbing factor—progress was 
maintained, subject to seasonal fluctuations, through- 
out the year. In making comparisons of employment 
statistics for the past few years, a peculiar difficulty 
arises in 1928. As a consequence of the new Pensions 
Act, all persons of 65 years of age and over are 
excluded from the scope of the Unemployment 
Insurance system. Thus, in the following Table I 
figures for the year 1928 apply only to persons 
between the ages of 16 and 64, and are not compar- 
able with preceding years. 


TABLE I.—Engineering, Construction of Motors, Cycles 
and Aircraft, and Allied Industries. 











ae Numbers Numbers Numbers 
Week Ending Insured. Unemployed.) Employed. 

July 23, 1923 1,115,940 | 932,292 

28, 1924 1,080,000 | 946,764 

27, 1925 1,100,850 | 978.411 

26, 1926 1,100,350 | 924,200 

25, 1927 1,094,150 | 994,387 

23, 1928 1,075,330* 103,386 | 971,944 

} 





* Persons between the ages of 16 and 64 only. 


In interpreting the above statistics, it must be 
borne in mind that in 1927 there were in this group 
of industries no less than 33,170 persons of 65 years 
of age or over, Although in the long run the tendency 
under the new system will be for such people to | 
retire from industry, it is probable that in the first 
year of the new system there was no general replace- 
ment of them by younger persons. Even allowing 
for the high mortality to be expected in this group, 
it would not be surprising if 25,000 of the 33,170 were 
still retained in the industry in 1928 on the ground 
of experience, or for sentimental reasons. If this 
supposition is correct, there would be a slight in- 
crease in the total numbers insured on the old basis, 
and in the total number actually employed. The 
slight increase in the numbers unemployed can be | 
explained on the ground that in 1927 this figure 
was abnormally low owing to special activity in 
overtaking the arrears of the 1926 stoppage. 

The above table by comparing the numbers 
insured with the numbers unemployed at the same 
date, gives the actual number employed at these 
dates, and is free from errors incidental to calcula- 
tions based on the unemployment percentages. It 
will be seen, therefore, that, in contrast with the 
general experience of British industry in 1928, | 
employment in engineering has been well main- | 
tained, and perhaps slightly increased. This is partly 
attributable to an improvement in the export 
position. In Table II the volume, value and value 
per ton of machinery exported in recent years is 
given :— 
TaBLE Il.—United Kingdom Exports of Machinery. 


| | —_ 
rl y s | Declared | Value per 
Year, | Volume. | alae. | inn 

| | | 

| Tons. £ | £ | 
1913 ++ 689,389 | 33,602,474 48-7 
1923 ne 432,486 | 44,516,164 | 102-9 
1924 = | 463,447 | 44,782,960 96-6 
1925 | 517,152 49,163,045 95-0 
1926 | 476,333 | 45,686,987 95-9 
1027 512,460 | 49,043,569 Q7-4 
1928* 566,339 i; 53 149 4-9 








* Estimate on incomplete returns. 


A very satisfactory increase in volume to the 
highest level of post-war years has been accom- 
panied by a corresponding increase in value, leaving 
value per ton at about the level which has been 
maintained in recent years. It is also satisfactory 
to record that imports of machinery for 1928, though 
still high, and in excess of the pre-war figure, have 
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partly also specialised machine tools in the manu- 
facture of which certain of our competitors enjoy 
the advantages of a large home market. Both 
import and export figures would suggest, however, 
| that the demand for high grade engineering products 
|is on the increase, both at home and abroad. A 
gradual increase of this nature now that the currency 
of almost the whole world has been stabilised must 


scope to the British industry. 

What are the circumstances external to the 
industry that are likely to promote or impede this 
gradual improvement ? In the first place a general 
revival of home demand arising from an industrial 


of British industry generally has been unsatisfactory, | 
and there has been a temporary suspension of the | 
slow progress of recent years. In 1929 it may at) 
best be hoped that this slow progress will be resumed, | 
| though there are no indications that this will be so | 
in the immediate future. The basic handicap of | 
sheltered wages alluded to in the first series of these 
articles, still dominates the competitive position. | 
There is no prospect in the near future of a lower | 
Bank Rate, nor as long as the present financial | 
policy continues, of a rise in wholesale prices. | 
Stability or very slow improvement is the probable | 
outlook in the absence of adverse indications. | 

Of these there is at present no sign. The immi- | 
nence of the General Election with its attendant | 
uncertainty is likely to retard the psychology of | 
expansion for the first six months. Nor can it be | 
said that any of the possible results of the election | 


TasLe IlI.—United Kingdom Retained Imports of | 








Machinery. 
| | . f 
Year. | Volume. — | % —- . 
Tons. £ | £ 

1912 7 5,960,866 | 42-0 
1923 8,202,301 163-9 
1924 9,290,777 167-2 
925 154-7 
1926 y 153-2 
1927 95,399 | 151-1 
Q28* 93,698 163-0 





| 





* Estimated on incomplete returns. 


is likely to arouse enthusiasm or promise political 
stability. In so far as the political aspect is con- 
cerned, its effect is likely to be depressing to enter- 
prise, but this effect should not be overstressed. 
The balance of payments this year promises to be 
far more satisfactory than for some years past. 
The flow of gold out of the country in recent months, 
if continued, might lead to a rise in the bank rate, 
but a continuation is not to be expected at this 
season of the year. No doubt a considerable effort 
may be made to reduce the burden of taxation in the 
coming budget, but at present it is difficult to 
foresee how a substantial reduction can be possible. 
On the other hand the coming reduction in freights 
should afford some immediate relief. On balance no 
great improvement is to be expected in the natural 
course of events, though a conscious policy of 
national reconstruction in such fields as road con- 
struction and railway electrification would of course 
alter the outlook were it adopted by the present or 
succeeding Government. 

Abroad, the return of France to the gold standard 
removes the last great obstacle to currency stability. 
Although she is generally prosperous and her engi- 
neering industry has made further great strides, 
the end of unfair competition made possible by 
depreciated and fluctuating currency is in sight— 
a matter of particular importance, in competition, 
to British engineering. The United States con- 
tinues to increase her exports of machinery, but 





for the first time since 1923 fallen slightly in volume. 
In Table III. the Import Statistics for recent year | 
are given on the same basis as Table IT. 

The value per ton of imports has increased sharply | 


having surmounted the presidential election, it is 
probable that much of her energy will be concen- 
trated on the home market at the beginning of 
1929. Germany, as predicted in the first of this | 





be soundly based, and should offer constantly greater | 
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the Dawes plan had come into play. In order to 
make possible the transfer of reparation payments, 
now amounting to 125,000,000/. per annum, Ger- 
many may now be compelled to a further effort 
to attain and maintain an active balance of trade. 
This balance will be achieved only by a further great 
increase in her engineering exports, and consequently 
more severe competition than that which has 
recently made itself felt so keenly by the British 
‘industry in neutral markets. That she will be 
| compelled to do so would seem clear from the recent 
| pronouncement of the agent-general for reparation 
| payments that “Germany can pay.” At least the 
|new commission of experts appointed to examine 





boom may be ruled out. During 1928 the position | and determine finally Germany’s obligations is 


not likely to relax the pressure in 1929 or 1930. 

The great export markets of the Empire continue 
to hold their own. In Australia conditions have 
improved after a severe recession early in 1928, 
and she should prove a better customer in the 
New Year. South America is enjoying prosperity, 
and an improvement in China may be looked for 
sooner or later, as a result of the treaties recently 
negotiated. The general prospect for export is 
satisfactory, and in spite of ever-increasing com- 
petition it is not unreasonable to hope for further 
moderate progress towards the pre-war level in 
1929. But here again no expansion of real mag- 
nitude can be expected in the ordinary course of 
events. The one great market still lying fallow 
and capable of providing activity on the largest 
scale for a long period is closed to our industries 
from political considerations. There is evidence 
that the Russian Government, with a view to 
expediting the re-habilitation of that country, is 
now prepared to recognise the debts of the old regime 
on a negotiated basis, as the indispensable prelimi- 
nary to restoring her credit and attracting capital. 
Were the industrialists of this country to urge the 
British Government to encourage this attitude 
with the inducements of recognition and assistance, 
a fruitful market, for our engineering industry in 
particular, might be secured for a generation. 

It is perhaps too much to hope either that the 
home market for engineering products will be 
increased by a policy of National reconstruction, or 
that the export position will be revolutionised by 
the re-opening of the Russian market. If so, the 
indications for 1929, for the reasons already ad- 
vanced, are that the engineering industry will 
continue its slow and painful convalescence. It 
must not, however, be overlooked that production 
is still less than in 1913, and that having regard to 
increased population and capacity for production 
it should be greater. Moreover, internal friction 
might arise in the course of this year. There is 
evidence that the engineering unions may seek to 
terminate national wage negotiations, and endeavour 
to secure advances in selected sections of the 
industry which they deem to be prosperous. At 
the same time the signal good sense which has 
characterised the engineering wage negotiations on 
both sides in recent years may be expected to rule 
out a conflict which could only be disastrous to 
all connected with the industry. 

Whatever the outcome of the Election, it is 
unlikely that the industry will be affected during 
1929 by the imposition or removal of import duties. 
For this year, safeguarding may therefore be left 
out of account in assessing the prospects of the 
industry. In view of the industry’s straitened 
circumstances, and its restricted basis of produc- 
tion, it is heartening to see the great measures of 
reorganisation recently carried out by Vickers, 
Cammell-Laird’s, and Armstrong-Whitworth’s. Last 
year the preliminary arrangement affecting the first 
and last of these concerns caused us to ask “If 
it was too much to see in these movements the 
first stirrings of rationalisation in British engi- 
neering ?”’ Developments during 1928 in these and 
other engineering firms, notably in electrical and 


and bears now a higher ratio to that of exports than | series of articles, has enormously expanded her | motor engineering, make it clear that the process, 


in 1913. It appears regrettable that with 100,000 
British engineers unemployed, it should continue 
to be impossible for British firms to supply these 
goods, which from their high value per ton must 
include high-grade products. To some extent these 
imports are of machinery for new and rapidly- 
developing industries, such as sugar-beet, and 





exports of machinery. Every year since the incep- | 
tion of the Dawes Plan has been marked by a great | 
increase of finished goods, particularly machinery. | 
In 1928, however, all previous records have been | 
broken, and her pre-war position has been regained. | 
And yet it was not until September, 1928, that | 
the full pressure of her maximum obligations under 
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albeit slow, and somewhat overdue, is seriously 
under weigh. It is one which should immediately 


bear fruit in increased competitive efficiency. With 
this general economic background an attempt will 
be made in subsequent articles to define the outlook 
of the more important branches of engineering 
individually. 
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THE LATE MR. J. C. LLOYD. 


THE news of the death, after an illness of three 
weeks, of Mr. John Christian Lloyd, at his home, 
Shandon, Alexander-road, Reading, in the early 
hours of January 3 last, will be received with’regret 
by all railway engineers, and more particularly by 
those connected with the Great Western Railway, 
of which Mr. Lloyd was Chief Engineer. The eldest 
son of the late Mr. Ernest Henry Lloyd, of Brynt- 
irion, Neath, Glamorgan, John Christian Lloyd was 
born on November 1, 1867. He received his general 
education at various private schools and, in 1884, 
when 17 years of age, he was articled to his father, 
who was then Divisional Engineer to the Great 
Western Railway Company at Neath. In 1888 he 
joined the staff of the Railway Company and was 
appointed assistant to his father at Neath. He 
continued to serve in this capacity until 1891 when 
he was transferred to the Plymouth Divisional 
Office as new works assistant engineer. He had 
charge of the Cornish lines of his company during 
the conversion from the broad to the normal gauge 
in May, 1892. Afterwards he carried out a number 
of line widenings, and superintended the recon- 
struction of several bridges and stations. Appointed 
resident engineer of the Construction Department 
of the Great Western Railway at Cardiff, in 1898, 
he became actively engaged upon work in connection 
with a number of extensive undertakings. These 
included the new Filton to Avonmouth line, the 
Halls Road extension, the widening of the Western 
Valley lines by the quadrupling of the tracks, the 
doubling of the Ely Valley and Bridgend to Tondu 
line, and the erection of a station and bridges at 
Roath, and of a passenger rolling-stock shed at 
Cardiff. 

On January 1, 1901, Mr. Lloyd was made chief 
assistant to the Divisional Engineer at Bristol, and 
during the succeeding five years he gained much 
valuable experience of general railway maintenance 
in all its branches. Among other works he was in 
charge of the reconstruction of Fleet Viaduct, near 
Weymouth, and of the new station at Portland; he 
also supervised a considerable amount of bridge and 
tunnel repair work. Towards the end of 1906, 
he was transferred to Gloucester, again as chief 
assistant to the Divisional Engineer. He continued 
to occupy this post for three years and on January 1, 
1911 he returned to Neath to take over the duties 
of Divisional Engineer, his father’s old position. 
He remained at Neath until 1919, and while there 
had charge of nearly 600 miles of main and branch 
lines in South Wales, including docks and harbours 
at Briton Ferry, Llanelly, Neyland, and Fishguard. 
The regular staff under his orders, it is interesting 
to note in passing, comprised over 1,300 men. 
On July 1, 1919, he was appointed permanent-way 
assistant to the Chief Engineer and transferred 
to Reading. Just over a year later, on November 5, 
1920, he was promoted to the position of Assistant 
Chief Engineer of the Great Western Railway. 
Further promotion came on January 1, 1924, follow- 
ing upon the retirement of Mr. W. W. Grierson, 
C.B.E., Chief Engineer, when in conjunction with 
Mr. W. Waddell, Mr. Lloyd became Joint Chief 
Engineer. On the retirement of Mr. Waddell on 
January 1, 1926, Mr. Lloyd was appointed Chief 
Engineer. He had been elected a full member of the 
Institution of Civil Engineers on March 8, 1921. 

Among the important works which were being 
carried out under Mr. Lloyd’s supervision just prior 
to his death was the reconstruction of the land spans 
of the Royal Albert Bridge across the river Tamar 
at Saltash. The original structure was the work of 
I. K. Brunel, and was opened in 1859. With the 
exception of the addition of 401 new cross girders 
in 1905, and the reconstruction of the first two 
spans at the Cornish end to enable the double line 
at Saltash station to be carried on to the bridge, 
the original design has remained unaltered. Some 
time ago it was decided to replace the main girders 
of the remaining land spans. The undertaking was 
divided into two sections in order to reduce to a 
minimum the interruption of traffic. The first 
section comprised the seven spans on the Devon- 
shire side of the bridge, and the second, the eight 
spans on the Cornish side. The work of recon- 
structing the land spans on the Devonshire side was 
begun on Sunday, March 18, 1928, continued on 
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succeeding Sundays, and was completed on Sunday, 
July 29, 1928. Good progress is being made with the 
renewal of the girders of the eight land spans on 
the Cornish side of the bridge. The efficient and 
ingenious manner in which the work is being con- 
ducted is a tribute to the efficiency of the Engineer- 
ing Department of the ,Great Western Railway 
Company. ; 

Mr. Lloyd was very popular with all grades of the 
staff with whom he came into contact, and his 
fairness and sound common sense in all questions 
placed before him were much appreciated by his 
subordinates. One of his outstanding character- 
istics was an exceptional knowledge of the tracks 
on the Great Western Railway system. Mr. Lloyd 
is survived by his wife and daughter. His only son 
was killed during the European war while serving 
as an officer in the South Wales Borderers. 
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Rating of Machinery and Plant in England and 
Wales, July, 1928. By JoHN Scotr HENDERSON, 
Barrister-at-Law. London: Offices of ‘‘ Rating and 
Income Tax,” and The Argus Press, Limited. [Price 
5s. net.] 

In 1925 an act was passed for the purpose (inter alia) 

of deciding, by legislation, the question whether 

machinery is, or is not, rateable. Theretofore a 

somewhat vague answer to the question had been 

supplied by a decision of the House of Lords in 

Smith v. Willesden, &c., Assessment Committee 

(1919), 19 L.J., K.B., 137, where it was laid down 

that the rateable value of premises equipped with 

machinery for use in connection with the heredita- 

ment was to be measured by the rent which a 

hypothetical tenant would be willing to give for 

the right to occupy the premises and to use the 
machinery, it being assumed that both premises 
and machinery were provided by the hypothetical 
landlord. ‘“‘ The effect of that decision,” according 
to Mr. Henderson in his introduction to the work 
before us, “‘ was to lay down that the full annual 
value of all the machinery and plant upon the 
premises have to be ascertained as if it were the 
property of the landlord and actually let as part of 
the premises.” Simple as it is to state, this rule 
has been found difficult to apply in practice ; 
so difficult, indeed, that there has been a great 
lack of uniformity in its application in various 
parts of the country. By Section 24, (1) of the 

Rating and Valuation, Act, 1925, all doubt is sought 

to be removed by roundly declaring that except 

in the case of a hereditament the value of which 
is ascertained by reference to the accounts, receipts, 
or profits of the undertaking carried on therein :— 
(a) All such plant or machinery in or on the 
hereditament as belongs to any of the classes 
specified in the 3rd Schedule to this Act shall 
be deemed to be a part of the hereditament. 

(6) Subject as aforesaid, no account shall be 

taken of the value of any plant or machinery 

in or on the hereditament.” 

What, in plain language, is the meaning of this 
section ? It amounts to this: that railways, water 
and gas undertakings, canals, harbours, tramways, 
and divers other public utility undertakings are 
to be rated as heretofore, and that, in the case of a 
factory or other industrial concern, certain of the 
machinery therein contained is to be taken into 
account. The method adopted of defining that 
machinery appears to be something new in the 
history of legislation in this country. Having been 
roughly outlined in a schedule to the act it was 
left to a committee appointed by the Minister of 
Health to prepare a schedule of machinery which 
is to be rated. That schedule has been prepared 
and embodied in a statutory order. Broadly speak- 
ing, it comprises five classes :—(1) (a) Machinery 
and plant used for power ; (1) (b) Machinery and 
plant used for heating ; (2) Passenger lifts ; (3) Rail- 
way and tramway lines and tracks ; and (4) Parts 
of plant and machinery which form part of a 
building or structure. The list may be amended 
from time to time. If a ratepayer is dissatisfied 
with an assessment on the ground that machinery 
has been improperly taken into account, he may 
appeal to quarter sessions in the usual way or he 
may (but only by agreement with the assessment 
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committee) allow the matter to be decided by a 
referee. A list of referees, appointed by the Lord 
Chief Justice in accordance with the Act, is pub- 
lished in the volume before us. 

Such, in bare outline, is the proposed reform of 
this branch of the law of rating. Mr. Henderson 
has set forth and commented with great skill upon 
the new legislation and the resulting statutory 
orders. He has indicated and suggested the 
proper answers to a number of difficult questions 
which are bound sooner or later to arise for con- 
sideration. For example, machinery used in the 
“main transmission of power” is rateable. It 
is defined in the schedule ; but it is by no means 
easy to determine where main transmission ends 
and process plant or machinery begins. Again 
heating apparatus may be used partly for the 
comfort of persons using the premises, and partly in 
connection with the process of manufacture. 
Is it to be rated wholly or in part, or at all? In 
view of all these questions and of many others which 
are foreshadowed, it is by no means clear that this 
reform will lead to simplicity in the administration 
of the law. But Mr. Henderson has done his best 
to explain, in language “to be understood of the 
people,” the general effect of the new legislation. 





Drafting for Engineers. By Professor C. L. SVENSEN, M.E., 
of Texas Technological College, U.S.A, London: 
Blackie and Son, Ltd. [Price 12s. net.] 

Tuts book is intended to provide a systematic course 
of study in engineering drawing for colleges and 
technical schools. In many respects the treatment 
of the subject is typical of American practice, and 
differs somewhat from that adopted in this country. 
The author’s contention that the essential founda- 
tion work of all engineering drawing is the same, and 
that specialisation in any one of the various branches 
should only take place after completion of the 
fundamental principles, will be readily admitted. 
This is given as the reason for including a great deal 
of work of an elementary character in the earlier 
portion of the book, and several chapters are devoted 
to simple plane geometry, intersections and develop- 
ments of solids, orthographic projection, &c., 
without introducing any novel feature, and in a 
way which has long been familiar. In arranging 
the plans and elevations in his drawings, the author 
naturally adopts “third angle,” or, as it is known, 
in this country, American projection. This, while 
in no sense incorrect, is quite unlike “first angle ” 
projection, which is the universal practice here, and 
it is unfortunate that the consequences are likely 
to be rather confusing in regard to the interpreta- 
tion of drawings to some of those who may study 
the book in this country. 

Having disposed of preliminaries, the author 
proceeds to illustrate the preparation of working 
drawings, commencing with a somewhat complicated 
example of an automobile engine, which it is to be 
feared will prove to be beyond the comprehension 
of most beginners. The transition from mere 
fundamental constructions might with advantage 
have been effected more gradually by means of a 
properly graded series of examples of simple machine 
details with which it is very important the student 
should obtain some acquaintance. 

The inclusion of a certain amount of building 
construction and of structural engineering, under 
the headings of architectural and _ structural 
drafting, respectively, is unusual, and would not 
appear to have much to recommend it. It is not 
easy to see what useful purpose can be served by 
devoting so much space to a description of a two- 
storied dwelling house and its details. Such work 
would be much better taken in a course of building 
construction, for which a separate text-book is 
required, as the ground cannot possibly be ade- 
quately covered in the space at the author’s disposal. 
Similarly, the chapter on “ Electrical Drafting” 
can only be understood by students already possess- 
ing some knowledge of electrical engineering, 
and would be much better included in a course in 
that subject. 

Throughout the book nothing is said about the 
design of the simplest details, and the most elemen- 
tary calculations of strength are omitted, even in 
the case of rivets, bolts, &c., of which mere sketches 
are given. A large number of problems for practice 





are given in the final chapter, but these are mostly 
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of a very simple character. Much greater use might 


have been made of actual machine details for the 
purposes of illustration instead of constantly revert- 
ing to simple solids, pyramids and cones. 

The book is well produced, although perhaps its 
large size and weight, its wide margins and large 
type might have been curtailed without in any way 
impairing its utility. 





Underground Practice in Mining. By BERNARD BERINGER. 
London: Mining Publications, Limited, Salisbury 
House, E.C. 2. [Price 29s. net. ] 

In view of the considerable number of text-books 
which exist on metalliferous mining and the more 
recent tendency to publish treatises which specialise 
on some particular aspect of the subject, it requires 
considerable courage and some apology at the present 
time to produce a volume which professes to embrace 
underground practice as a whole. 

Mr. Bernard Beringer has shown that he has the 
necessary courage and, by way of an apology for 
the appearance of his book, he points out in his 
preface that none of the existing works on metalli- 
ferous mining deals ‘‘ with the subject exclusively 
from the point of view of underground efficiency.” 

Underground Practice in Mining may, therefore, 
be said to take up an hitherto unoccupied position 
midway between the older form of manual, which 
dealt at length with mining in all its ramifications, 
and the newer works, which specialise in one aspect 
of mining, such as shaft sinking or ventilation. 
Apart from now being out of date, many of the older 
text-books had certain disadvantages from the 
practical man’s point of view. Much of the material 
was of purely historical interest and much space 
was occupied with describing obsolete methods and 
apparatus. Frequently ore-dressing, surveying, 
hoisting and haulage machinery, and other such 
subjects were dealt with in the same volume, so 


that if any attempt at completeness were aimed | 


at the work was bound to be unwieldy 

The volume before us aims at describing the 
essentials of metalliferous mining solely from the 
point of view of the best modern practice. The 
author has included those branches of the subject 
which are inseparable from mining proper and the 
organisation of the modern mine. Thus, the only 
machinery which is described is that used in con- 
nection with the actual breaking of ground, viz., 
air-compressors and drills. One feels also in perusing 
the book that it has been the author’s endeavour 
to be as succinct as possible ; and as a result of this 
his style has suffered. Another point which strikes 
one is the entire absence of any bibliography. 
Although the author acknowledges obtaining infor- 
mation from a number of standard text-books, he 
does not again refer to any of these in the body of 
the book. Although continuous references to other 
works are sometimes irritating to a reader, never- 
theless they also serve a useful purpose in enabling 
the student to find sources for more detailed infor- 
mation on any matter which may be of particular 
interest to him. This is perhaps especially desir- 
able in a work, which, like the present, does not deal 
exhaustively with the matters treated. This brevity 
of treatment may have been necessary to encompass 
the subject-matter within the limits of a small 
volume, but in some cases it has the appearance 
of having been carried too far. For the price at 
which the book is published, we think it might well 
have been allowed to run on for another hundred 
pages or more without danger thereby of becoming 
too bulky. In this connection it may be remarked 
that the section dealing with ventilation occupies a 
greater proportion of the total space than is usually 
devoted to this subject in books on metal mining. 
lt is true that the ventilation of metal mines has 
become an important factor and one which must 
receive increasing attention from the metal-mining 
engineer; but it is unfortunate that this subject 
should receive adequate treatment at the expense 
of the remainder of the book. 

On page 68, under “Subsidiary Development,” 
there is a paragraph which appears to have evaded 
the proof-reader, viz., “‘ The length of a shaft station 
will be regulated by the amount of storage space 


required; for example, it is often done to lower | 


timber during the night-shift and to allow it to 
remain on the station for distribution during the 
day time.” 
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Apart from these defects—and after all no book is 
| perfect—the author may be congratulated for carry- 
| ing out the task which he set himself ; a task which 
| must have involved considerable labour and one 
| which was none the easier for the fact that it re- 
_quired the employment of much discrimination in 
|selecting the really useful information from the 
'masses of material available. The chapters on 

Mine Sampling are particularly good, and the final 
|chapter which is on Mine Organisation, although 
| suffering from the common fault of too great brevity, 
is certainly very much to the point. 
| The book deserves to find a place amongst the 
| literature of metalliferous mining, and should prove 
of utility to the student and to the practical engineer. 
In its present form, it would be much in its favour 
if the price could be somewhat reduced. 





Der Transformer im Betrieb. By Dr. Mitan VipMar. 

Berlin: Julius Springer. [Price 19 marks.] 

Tuts book was conceived as a second edition of 
Dr. M. Vidmar’s book Moderne Transformatoren- 
fragen, published in 1915. So much development 
has, however, taken place in the intervening years, 
that it is now regarded by the author more as a 
sequel to his other book Die T'’ransformatoren, which 
is a treatise on design and construction. The two 
books together form a comprehensive study of 
transformer practice from both the design and 
|operation points of view. The author, in his 
| pleasing and philosophical preface, says, “It is an 
|untenable position that between the designer and 
|the operating engineer the only intermediary 
|should be the salesman. He is familiar with neither 
i design nor operation. The blame for failures falls 
at one time on the designer and at the other on the 
| operator. They are in reality both to blame because 
| they do not speak direct to one another.” While 
our sins of omission in the matter of contact between 
| designer and operator are not so grievous as this 
| passage would indicate, nevertheless we would 
endorse the author’s plea that the designer should get 
out more into the operating field, especially in these 
days of early and intensive specialisation. 

The present book covers exhaustively modern 
operating problems in such a manner as will benefit 
both designer and operator. The treatment is 
practical, but mathematical, and as such may not 
appeal to the average operating engineer. The 
difficulty is not so much that writers treat such 
subjects mathematically, as that the average 
practical engineer has forgotten his mathematics 
in his occupation with ‘“ commercial” engineering. 
The essentially practical nature of the book will 
be evident from the fact that Chapter I plunges 
directly into price questions, and deals with the 
relation of price to output and voltage. The 
relation of price to efficiency is also considered, and 
the price paid for high efficiency is emphasised. 
This is followed by a chapter dealing with the 
application of transformers from the standpoint of 
service. The ratio of iron to copper loss, and the 
overload capacity in relation to lighting and power 
service is analysed. A whole chapter is devoted to 
the no-load current, and here the author touches on 
various design methods for reducing the no-load 
current of a transformer. Attention is called to 
the effect of the transformer magnetising current 
on the power factor of a system where two, three or 
four transformations occur. 

The chapter on connections is one of the most 
complete in the book. This embraces all the usual 
three-phase connections, including an exhaustive 
study of the zig-zag connection (inter-connected star). 
Star/zig-zag connected three-phase transformers 
are very common in Europe, but not in England, 
where the equivalent delta/star connection is the 
usual practice. Chapters V and VI deal with 
/current and pressure rises (Uberstréme and Uber- 
| spannungen) respectively. ‘These probably concern 
\the operating engineer the most of any operating 
| problems. Current conditions on switching and on 
|short circuit are fully analysed. The thermal and 
istress effects of short-circuit currents are both 
|treated adequately. In stating that the larger 
transformers are designed with higher impedance 
voltage which limits the short-circuit current to a 
greater extent, the author proposes a graded time 
setting for the circuit breakers decreasing with the 
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size of transformers on the network, from 6 seconds 


to 2 seconds, so that the larger transformers which 
are better able to support a short circuit are the 
last to come out. It is not stated whether this 
practice is actually adopted in service. In Chapter 
VI, prominence is given to voltage rises due to 
lightning and circuit interruptions. Protective 
choke coils occupy a large amount of space, but we 
should have liked more information on the design of 
windings with reference to the reinforcement of the 
turn-to-turn insulation against modern voltage 
rises, on which European and American practice 
have differed appreciably. 

In the chapter on Cooling, we note with 
pleasure a section headed ‘The importance of 
liberal ventilation of the transformer chamber.” 
This is a matter which is too often overlooked in 
installing transformers, and the operating engineer 
suffers by not being able to utilise his transformer 
capacity to the full. Under “ water-cooled trans- 
formers,” the author gives typical figures for copper 
loading up to five amperes per square millimetre, 
and flux density in the core up to 15,000 lines per 
square centimetre. These figures represent rather 
severe working of the active material, higher than is 
usual in England or America, and represent German 
practice which allows of higher operating tempera- 
tures than are usual in other countries. The Interna- 
tional Electrotechnical Commission is endeavouring 
to secure international agreement on temperature 
limits; and it is to be hoped they will succeed. 
The final chapter deals with various operating 
problems, such as parallel operation, tappings, &c. 
It is a practical and useful chapter. Under “ con- 
nections for parallel operation,” we should have liked 
to see the appropriate classified diagrams from the 
Vereines Deutscher Ingenieure Rules reproduced. 
In this chapter, sound counsel regarding the use 
of oil conservators is given; the author warns 
operators against the temptation to use a low-grade 
oil, in consideration of the protection which the oil 
conservator affords. We have an idea that the oil 
conservator was born in Germany, to some extent 
with a view to using a cheap and low-grade oil, and 
the author’s advice to use only first-class oils is 
worthy of note. The book is written in a discoursive 
and clear style, but we think it might with advantage 
have been more concentrated in parts. The text 
and diagrams are printed with the usual standard of 
excellence of Julius Springer, and the book should 
be for reference in the hands of every designer and 
operating engineer who is able to follow the sinuous 
course of the German language. 








A Merat Ruter.—A useful foot rule for office use 
has recently come to us from Messrs. Brook Motors, 
Limited, electrical engineers, Empress Works, Hudders- 
field. The rule is made of white-enamelled metal sheet 
and is covered with celluloid; inches are marked off 
along one edge and centimetres along the other. 


TENDERS.—We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, 
S.W.1., particulars of tenders invited by various bodies 
in the British Possessions and in foreign countries. Fur- 
ther details and information relating to these may be 
obtained on application to the Department at the above 
address, the reference number given below being quoted 
in each case :—The Railway Department, New Delhi, 
is inviting tenders for the supply of metal sleepers and 
fittings. Closing date, January 30. (Ref. No. A.X. 
7339.)—Tenders are invited by the South African Rail- 
ways and Harbours, to be presented in Johannesburg 
by February 14, for the supply of wheels and axles. 
(Ref. No. A.X. 7329.)—It is reported from Morocco that 
the Direction Generale des Travaux Publics is inviting 
tenders for a contract involving the survey, laying, &c., 
of a pipe-line, about 50 km. in length, for the supply of 
drinking water to the town of Rabat. Closing date 
January 15. (Ref. No. A.X. 7320.)—The City ot Cape 
Town Electricity Department is calling for tenders for 
the supply of pumping equipment. Closing date, Febru- 
ary 20. (Ref. No. A.X. 7345.)—It is reported from Sara- 
jevo, Jugoslavia, that a local firm is calling for tenders, 
to be presented by January 23, for the supply of two min- 
ing winches. (Ref. No. A.X. 7354.)—Tenders are invited 
by the Colombian Ministry of Public Works for the 
supply of machine tools. Closing dates, March 1, 4 and°5. 
(Ref. No. A.X. 7322.)}—Tenders for the supply of two 
electric travelling cranes, to be presented in Santiago by 
January 30, are being called for by the Chilian Ministry 
of Marine. (Ref. No. A.X. 7353.)—The Egyptian 
Ministry of Public Works is calling for tenders, to be 
presented by February 28, for the supply and erection of 
an aerial ropeway at Sollum. (Ref. No. A.X. 7344.)— 
The Commercial Secretary at Santiago reports that the 
Chilean Government are in the market for steamers for 
the transport of coal. (Ref. No. A.X. 7361.) 
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THE PHYSICAL AND OPTICAL 
SOCIETIES’ EXHIBITION. 


THE nineteenth annual exhibition of electrical, 
optical and other physical apparatus, organised by 
the Physical and Optical Societies, was held on the 
Tuesday, Wednesday and Thursday of this week, 
in the afternoons and evenings, at the Imperial 
College of Science and Technology, South Kensing- 
ton. Asin recent years, the exhibition consisted of 
a trade section and of a research and experimental 
section, illustrating, in its three groups, historical 


experiments, recent advances in research, and im- | 


provements in laboratory practice and new lecture 
apparatus. Last year, the arrangements, pre- 
viously in charge of the honorary secretary of the 
Physical Society, were taken over by the secretary 
of the Institute of Physics, Mr. Thomas Martin, 
M.A. The number of exhibiting firms rose last year 
to 80, and increased this year to 82. Several of the 
firms were also represented by their research depart- 
ments in the research section, to which 29 exhibi- 
tors contributed, together with other firms and 
institutions not exhibiting in the trade section. 
Of these we mention the National Physical Labora- 
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‘in front contains the galvanometer, which is of 
| light weight and is entirely shielded by soft iron. 
The squarebox crossing above it is the string 
| (fibre) case which has its two terminals on the top, 
| through which the fibre unit is inserted, and in front 
has two heads for adjusting the sensitivity and for 
focussing. The third head adjusts the position of 
| the fibre with respect to the camera, which is in the 
| large square box on the left-hand side. The string 
/is a short fibre of glass or quartz, coated with 
gold by cathode bombardment, and mounted in 
a flat brass sheath provided with a small round 
window through which the lamp beam passes on to 
| a silvered lens underneath the camera, and also on 
to a rotating time marker. The mirror reflects the 
tay back to a mirror near the lamp which, in its 
turn, reflects it back to the camera window; thus 
the path of the ray is trebled in length and the 
| deflection of the string is magnified 600 times. 

| The camera takes a film of standard size 
| (6% in. by 3} in.), which is wrapped round a cylin- 
drical holder in the dark room; a metal cylinder is 
| there slid over the film, so that the holder can be 
| inserted into the camera in full daylight. The film 
|is divided longitudinally into three sections for 
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tory, the Meteorological Office, the Rothamsted 
Experimental Station, the Science Museum, Messrs. 
W. & F. Avery, Limited, Birmingham, and Messrs. 
The General Electric Company, Limited, London. 
In both sections, the exhibits and numerous 
demonstrations, as well as the three evening dis- 
courses, were highly instructive, and much of the 
apparatus was exhibited for the first time. The 
first of the discourses was by Professor F. Lloyd 
Hopwood, on Experiments with High-Frequency 
Sound Waves, the second by Mr. Conrad Beck, 
on Lenses, and the third by Mr. A. J. Bull, 
on Some Colour Problems in Photo-Engraving. 
Mr. J. R. Humby demonstrated his Experiments 
with Sound Waves on the afternoons of Tuesday 
and Wednesday. 

The new portable electrocardiograph of the 
Cambridge Instrument Company, Limited, of 
45, Grosvenor-place, S.W.1, which gives photo- 
graphic records from an Einthoven string galvano- 
meter, is remarkable for its great compactness, 
neatness and convenience, and embodies several 
novel features which will be equally valuable for 
other instruments. As illustrated in Fig. 1, the 
instrument requires a space of 23 in. by 11} in. by 
11} in., which is less than a third of the space 
occupied by its predecessor. The box on the right- 
hand side contains the driving mechanism in the 
upper compartment and a 12-volt filament lamp in 
the lower. A push-button switch and the main 
switch are seen on the top, and the heads of a 
standardising switch (next to the voltmeter) and 
a compensator at the side. The cylindrical casting 


taking three photographs, and there are three 
shutters which are opened one after the other, 
by hand. When all is ready, the protecting film 
cylinder is partly pulled out of the camera by 
means of the handle shown in the photograph, 
exposing the film, but the cylinder is still held 
in the camera by a sliding pin which locks the 
parts inside. A push-button switch can now be 
depressed against the pressure of a spring, and 
the film spindle makes one revolution at a constant 
speed. The time marker is actuated at the same 
moment and rules lines at intervals of ;'; second 
and heavier lines at } second intervals on the film. 
The new Duddell high-frequency oscillograph 
shown has the same high sensitivity as the original 
high-frequency instrument, i.e., 3 milliamperes per 
millimeter on the film at 60 cm. distance for vibra- 
tors of 0-0003 second undamped, though it is capable 
of taking three seconds records on the same film or 
plate. The three vibrator units are separately 
mounted in oil baths between the poles of an electro- 
magnet, and each vibrator can be separately tilted or 
rotated. The light from a carbon arc is projected 
through three small lenses on to each vibrator and 
reflected back through a cylindrical lens to give a spot 
on the film of the camera. When the film shutter is 
closed, the light is reflected by a stainless-steel mirror 
on to a transparent screen, and the spots are viewed 
in a rotating mirror which is driven by a belt from 
the camera spindle, itself driven by an independent 
electric motor. The exposure device consists of 
a horizontal slit in the fixed front of the box, and 





a movable shutter plate with a corresponding slit 
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behind it. This shutter is spring-operated, and its 
position is controlled by two electromagnets supplied 
from a 12-volt battery through an adjustable contact 
on the driving spindle of the camera. There are two 
contacts, one fixed and one movable, on the same 
shaft; the second contact can be set to operate at a 
desired fraction of a revolution, }, } or }, after 
the first. The shutter moves and opens the aper- 
ture fully when the first contact is energised ; the 
second electromagnet closes the aperture again. As 
an eye observation should precede the photographic 
process, a tapping key is provided which prevents 
the shutter from operating before a record is desired. 
The width of the film actually exposed is 6-4 cm., 
and its length 48 em. ; this applies to the drum film. 
When longer records are required, a camera film of 
the same width, but 30 m. in length, can be used. 
In this case, the shutter opening is effected by means 
of a lever. The photographic timing device com- 
prises an electrically-maintained tuning fork, to 
each prong of which a horizontally-slotted metal 
plate is fixed, and a lamp. 

The new photoelectric microphotometer is a simple 
modification, by Dr. W. B. Skinner, of Bristol, of the 
microphotometer of Dr. G. M. B. Dobson, of Oxford, 
which we illustrated on page 403 of our 122nd 
volume, as used in connection with a Lindemann 
electrometer. Although the stage micrometer has 
lonly a range of 50 mm. along the plate and a 
| calibrated screw movement of 30 mm. across it, 
| lengths of 200 mm. can be measured by mani- 
|pulating the plate. The opacity meter of the 
|firm resembles the instrument used by the U.S. 
| Bureau of Standards for testing the transparency 
|of tracing paper and cloth. The instrument is a 
/metal box, about 1 ft. cube, lined inside with opal 
|} glass and illuminated from behind partitions by 
|long-filament lamps. There is an eye piece in 
front of the box, and at the back are two bodies, 
lor areas of standard colour, viz., a small box 
painted inside dead black, into which the observer 
looks through a hole in the front wall, and a white 
spot above that hole. When the box is empty, 
the observer sees, through the analysing Nicol 
prism, a disc, half black and half white, but 
when a piece of the paper to be tested is inserted 
before the two areas, the semi-discs appear of 
different shades, until the Nicol prism is turned 
through an angle sufficient to give equal illumina- 
tion to the two halves. The tangent of that angle 
indicates the opacity of the material. 

The last instrument of the Cambridge Instrument 
Company to which we propose now to refer is an 
extensometer for testing the expansion and contrac- 
tion of paper under various humidity conditions. A 
metal box, about 14 in. by 12 in., with a removable 
glass top, is provided with inlets and outlets for 
air or steam, and with a fan for circulating the air 
or vapours. The parallel strips of the paper are 
stretched in the box under small load. The box is 
closed and charged for some time with dry air to 
dry the paper. By means of a lever, the paper is 
perforated, one hole in each strip, to mark the dry 
zero line. Moist air, the humidity of which is 
measured by a hair hygrometer, is then admitted, 
and a new line of perforations is produced. The 
distances between the points are measured with the 
aid of a microscope. 

The Foster Introscope, exhibited by the Foster 
Instrument Company, of Letchworth, is a new 
instrument for the internal examination of tubes, 
bores and other hollow spaces, and is a modification 
of the cystoscope, a German invention, used by the 
medical profession. When a narrow cavity is 
illuminated by a reflected beam or by the insertion 
of a lamp, the source of light should be shielded and 
the angle of view should be wide. In the diagrams, 
Figs. 3 and 4, the light from the lamp L passes out 
of the tube through the aperture AB, and an 
image of the surface of the hole into which the 
tube is inserted is transmitted to the prism P by 
the mirror SS, and by the prism to the objective 
U. Other lenses, the number of which varies 
with the length of the tube, and the eye piece D, 
reverse the image, so that the surface examined is 
seen as if it were viewed by an eye at C. Any 
irregularities in the surface appear in high relief, 
but the eye is not dazzled by the direct light 








from the lamp, and the angle of view is wide, both 
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axially and circumferentially, so that the peer also improved forms. The new pattern of 
circumference can be covered by three rotations | the Admiralty echo sounder, which we described 
of the tube about its longitudinal axis. elon page 103 of our issue of January 27, 1928, is 
smallest Introscope made is 6 mm. in diameter and | arranged for scale readings to 500 fathoms. A 
600 mm. in length. The instrument is modified | compass provided with domed glass to magnify 
for the examination, e.g., of the bottom of a bottle | the card and scale, which it appears to raise when the 
or of a compressed-gas cylinder. The tube is then | compass is brought up to the level of the eye, 
of larger diameter, and the prism is so mounted that | and, further, with a mica ring, is of the type used 
it can be turned about a transverse axis to view| by Amundsen in his flight to the North Pole. 
first the sides and then the bottom of the cylinder. | We may also mention the Waage course corrector, 
By the aid of a camera attachment, permanent | which consists of two discs, one of white celluloid, 
records of internal defects can be obtained. The | the other smaller and transparent, so connected 
steel tube contains the lamp leads and fits into the | that only relative parallel movement is possible ; 


case, Fig. 2. 
The other exhibits of the Foster Company com- 


| the speed and direction of the wind are found 
| by two drift observations on two different courses. 


prise novel modification of the temperature control |The new Jessen combined chart holder is a com- 
apparatus of the firm. In the thermocouple pyro- | bination of a parallel rule, a protractor and a chart 
meters, use is made of mercury switches sealed with | board enabling a navigator on aircraft to check his 
an inert gas in glass vessels. These mercury switches | course, by the use of one hand. 
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are, however, excluded from the indicator case,”as 
any breakage in transit would ruin the whole 
instrument. The automatic control of low tem- 
peratures is effected by means of a Wheatstone 
bridge and electric resistance thermometers. The 
pointer of the indicator, which is the bridge galvano- 
meter, is periodically depressed by a small motor, 
and this depression closes the primary circuit of 
one of two robust relays as soon as the balance is 
disturbed, in order to correct the temperature. The 
moving system of the galvanometer is fitted with 
the Resilia spring mounting of the firm. The 
various forms of strip recorders, also shown, mark 
new applications of the recording apparatus which 
we illustrated last year. The automatic signalling 
four-way strip recorder takes four contemporaneous 
records from four thermocouples by the aid of an 
automatic commutator, fitted with incorrodible con- 
tacts, while, at the same time, switching in indi- 
cators at a distance in a parallel circuit, so that the 
attendant is constantly aware of the operating 
conditions. 

Messrs. C. F. Casella and Conpany, Limited, of 
49 and 50, Parliament-street, S.W.1., showed a 
universal cathetometer for use both in the usual 
vertical position and in a horizontal position as 
an optical bench. The new direct-reading and 
the totalising anemometers of the firm have only 
three cups in order to avoid the mutual shielding 
effects of the customary four cups. Improved 
forms of Dr. Owens’ instruments for measuring 
atmospheric pollution, automatic filters, and jet 
dust counters, arranged for multiple readings, and 
settlement dust counters were also exhibited. 

Most of the exhibits of Messrs. Henry Hughes 





The exhibits of Messrs. L. Oertling, Limited, 65, 
Holborn-viaduct, E.C.1, included balances, standard 
weights, &c., but we can only mention the vertical- 
force magnetometer. This is essentially a box, 
about 6in. cube, containing a horizontal magnet 
system balanced on knife edges, the centre of 
gravity of which is slightly below the point of 
support so that the vertical component of the 
magnetic force changes with the upward or down- 
ward deflection of the north end by any magnetic 
bodies in the ground. Among the productions 
shown by the National Glass Industry, 35, Law- 
rence-road, Tottenham, N.15, were Dewar vessels 
provided with two or three glass walls, and thus 
with one or two vacuum jackets which are evac- 
uated to the same degree through separate con- 
nections. Cylinders for pouring out liquid air are 
fitted with a glass coil within the jacket next to 
the mouth in order to avoid rapid evaporation. 

The British Hanovia Quartz Lamp Company, 
Limited, of Slough, showed a special quartz burner 
which will operate in any position through a range 
of 90 deg., and can also be used end-on as a point 





| Bakelite, Limited, 68, Victoria-street, 
|comprised flaked-fabric mouldings, which can be 
|dropped on a hard floor without breaking, and 

coloured lacquers which are said to be faster to 
|light rays than the ordinary celluloid lacquers 
japplied to lamp bulbs. The British Metallising 
| Company, Limited, of Bridge-House, 181, Queen 


| Victoria-street, E.C.4, exhibited various goods, 


glasses, reflectors, switch plates, commutators, brush | 


| handles, &c., plated with metal by a novel process 


source ; this lamp is only for direct-current working. | 
The many new materials exhibited by Messrs. | 


S.W.1, | 
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be rubber, bakelite and cellulose compounds. When 
the base is rubber, some metal salt (silver oxide, gold 
foil, &c.) is put on the rubber before it is completely 
cured ; the curing is then completed, with the aid 
of a large percentage of sulphur, so that a coating 
of silver sulphide is formed on the rubber. This 
sulphide is reduced in an electrolytic cyanide 
bath, and the reduced film of silver, of which one 
ounce would cover a thousand square inches, is 
then electroplated with copper for further coating, 
if desired. The coatings may be transparent or 
opaque, and coloured in patterns. Silver makes the 
best primary coating; the adhesion seems to be 
very good. Fairly unbreakable glass bottles are 
prepared by coating the bottle successively with 
soft rubber, hard rubber and silver. Wood is 
first treated with rubber solution to make it non- 
hygroscopic. 
(To be continued.) 








LAUNCHES AND TRIAL TRIPS. 


** WEARMOUTH.”’’—Single-screw steam-tug. Launch 
November 28. Main dimensions, 95 ft. by 25 ft. by 12 ft. 
3 in. Built by Messrs. Cochrane and Sons, Limited, Ouse 
Shipbuilding Yard, Selby, for service at Sunderland. 


““THata.”’—Cargo steamer;  single-screw,  triple- 
expansion engines. Trial trip, December 20. Main 
dimensions, 384 ft. by 52 ft. 3in. by 28 ft. 3in. : designed 
to carry about 7,340 tons on a light draught. Built 
by Messrs. John Readhead and Sons, Limited, West 
Docks, South Shields, for Messrs. Frank C. Strick and 
Company, Limited, of London 

‘** ARALAR-MENDI.”-—Cargo steamer;  single-screw, 
triple-expansion engines. Trial trip, December 20. 
Main dimensions, 289 ft. by 39 ft. by 18 ft. 2 in. Built 
by Messrs. Wm. Gray and Company, Limited, West 
Hart!epool, to the order of La Compania Naviera Sota y 
Aznar, of Bilbao. 

**CotumBIA.”—Cargo motorship; twin-screw, Bur- 
meister and Wain Diesel engines. Trial trip, December 
22, 1928. Main dimensions, 401 ft. by 54 ft. 3 in. by 
27 ft. 4 in.; designed for a carrying capacity of about 
8,200 tons deadweight. Built by Messrs. Nakskov 
Shipyard, Limited, Nakskov, Denmark, for Messrs. The 
Steamship Company “ Orient,’’ Limited, of Copenhagen. 

*“Srr Kart Knupsen.’—Oil-tank motorship ; twin- 
screw, Burmeister and Wain Diesel engines. Trial trip, 
December 23, 1928. Main dimensions, 467 ft. by 59 ft. 
by 34 ft. 4 in. ; designed for a total carrying capacity of 
about 11,200 tons on a draught of 26 ft. Built by Messrs. 
Nakskov Shipyard, Limited, Nakskov, Denmark, for 
Messrs. The Steamship Company “ Siljestad,’’ Limited, 
of Oslo. 

“Tottec.”” Passenger and fruit-carrying steamer ; 
single-screw, four-cylinder, triple-expansion engines. 
Launch, December 25. Main dimensions, 405 ft. 3 in. 
by 53 ft. 2 in. by 33 ft. 6 in.; having a total insulated 
carrying capacity of 220,000 cub. ft. Built by Messrs. 
Barclay, Curle and Company, Limited, Glasgow, for the 
Cuyamel Fruit Company of New Orleans. 

‘* TEHANA,’’—Single-screw trawler. Launch, Decem- 
ber 27. Main dimensions, 135 ft. by 24 ft. 9in. by 14 ft. 3in. 
Built by Messrs. Cochrane and Sons, Limited, Ouse 
Shipbuilding Yard, Selby, for service at London 

‘** SypHAv.”’—Oil-tank motorship ; single-screw, Walls- 
end-Sulzer two-stroke Diesel engine. Launch, Decem- 
ber 28. Main dimensions, 450 ft. by 61 ft. by 32 ft. 3 in. ; 
designed to carry about 11,000 tons d.w. Built by 
Messrs. Swan, Hunter and Wigham Richardson, Limited, 


THE INstTITUTE oF Metats.—The twenty-first anni- 
versary of the formation of the Institute, which has now 
reached a membership of 2,000, will be celebrated on 
the occasion of the annual general meeting to be held on 
March 13 and 14 next at the Institution of Mechanical 
Engineers. The annual dinner will be held at the Troca- 
dero Restaurant, W.1, on March 13, and a conversazione 
and exhibition at the Science Museum, South Kensington, 
8.W.7, on the evening of March 14. 





OvutTPutT OF MARINE MACHINERY DURING 1928.—The 
total horse-power of the propelling machinery constructed 
at the Belfast and Glasgow engineering works of Messrs. 
Harland and Wolff, Limited, was 119,165. Included 
| in this total are 13,500-h.p. turbines for S.S. Montcalm.— 
Messrs. Blair and Company (1926), Limited, Stockton-on- 
| Tees, have engined 9 steamers, the total horse-power 
|involved being 34,200.—The propelling machinery for 
four steamers, representing 4,700 i.h.p., has been built 
by Messrs. The Shields Engineering and Dry Dock 
Company, Limited, North Shields.—Messrs. Wallsend 
| Slipway and Engineering Company, Limited, have built 
| the machinery, totalling 32,120 i.h.p., for eight vessels.— 
|The machinery output of the Southampton works of 
Messrs. John I. Thornycroft and Company, Limited, 
totalled 91,404 h.p. Included in this figure are the 
30,000 s.h.p. twin-screw Parsons & Brown Curtis tur- 
bines for three Chilean torpedo-boat destroyers.— 
Messrs. Palmers Shipbuilding and Iron Company, Limited, 
Jarrow and Hebburn, have constructed marine engines, 
the capacity of which totals 92,850 i.h.p.—The output of 
marine machinery of Messrs. Earle’s Shipbuilding and 
Engineering Company, Limited, Hull, aggregated 7,150 





and Son, Limited, 59, Fenchurch-street, E.C.3, | due to Mr. R. J. Warren. The base materials may | i.h.p. 
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FACTORY BUILDING FOR MESSRS. MICHELIN TYRE COMPANY, STOKE-ON-TRENT. 
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FACTORY BUILDING FOR MESSRS. 
MICHELIN TYRE COMPANY, LIMITED. 


Tart characteristic of the automobile industry as 
a whole—namely, mass production—is of necessity 
reflected in its parts, and though our present purpose 
is not to describe either the processes of the manufac- 
ture of tyres or even the machinery employed in those 
processes, but to give some idea of the buildings of an 
interesting modern factory, the comment may be 
made that the scale of such a factory is, in itself, an 
indication of the imposing proportions that the manu- 
facture of motor-cars and allied vehicles is attaining 
inthiscountry. The site of the new factory for Messrs. 


Michelin Tyre Company, Limited, Stoke-on-Trent, | 
covers about 80 acres of ground, and the 13 main | 


buildings erected on it, whilst being planned with 
present completeness, exhibit foresight in the way in 





which ample room is provided for expansion in all 
directions. We illustrate our account by Figs. 1 to 10, 
above and on page 58. In the aerial photograph | 


Fie. 3. AERIAL VIEW oF CoMPLETED Factory. 


reproduced in Fig. 3, above, the space allocated for 
future growth is particularly well shown. At this 
point, too, it may be mentioned that the whole of the 
reinforced-concrete work, buildings, foundations, and 
culverts was carried out by Messrs. Peter Lind and 
Company, 2, Central Buildings, Westminster, S.W.1, 
the general lay-out being planned by the Michelin Tyre 
Company’s engineers. 

The site, as will be seen from Fig. 1, lies in a triangle, 
two sides of which are formed by waterways, the River 
Trent, and the Newcastle-under-Lyme Canal respec- 
tively. It is, further, almost level, the maximum 
variation being a slope of about 10 ft. towards the 
south-east. In consequence of these two natural 
features, careful attention had to be paid at the outset 
to the question of drainage. The boundary on the 
north-west conforms to the outline of the canal, while 
on the south-east it is determined by the newly con- 
structed main road known as Campbell-road. The 
irregular shape of the remaining side is due to pre- 
existing house property. The total length of boundary 

















Fie. 2. Open Race To River TRENT. 
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wall is 1? miles, all of it being of a uniform height of 
10 ft. On the Campbell-road frontage the wall is of 
brick supported on a reinforced-concrete bressummer, 
resting on concrete piers; along the other frontages it 
is constructed of reinforced concrete wholly. Access 
is obtained by four main gates, that in the southerly 
corner being the entrance of the railway system. The 
surface of the roads inside the factory is waterbound 
macadam with granite setts at the railway crossings. 
The surface of the site was formerly rough pasture 
land covering a recent geological formation of river- 
deposited sand, clay and gravel, except in the shaded 
areas indicated in Fig. 1, where water-logged peat exists. 
After examination of trial holes it was decided to limit 
the bearing pressure on the foundations to 1 ton per 
square foot, and to carry all heavy concentrated loads, 
such as the main stanchions, on reinforced-concrete 
piles. The ground floors of the buildings rest either 
on the natural ground or on filling, except over the 
area of peat in buildings 4 and 5. ‘The machine foun- 
dations rest on the natural ground except in building 4 
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FACTORY BUILDING FOR MESSRS. MICHELIN TYRE COMPANY, STOKE-ON-TRENT. 
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and building 13, where they are carried on reinforced 
piles. There are three separate systems of drainage, 
viz., a sanitary system discharging into the main 
drainage of the district ; land drains; and combined 
rain-water and discharge process-water drains. The 
land drain encircles the peaty area and consists of 
open-jointed pipes surrounded with coarse gravel, its 
purpose being to keep down the level of the subsoil 
water below the level of the basement floors. The 
rain-water and process discharge-water systems form, 
from the nature of the case, a network of pipes, the 
smaller ones being of stoneware, and the larger of pre- 
cast concrete. These run into large rectangular 
culverts, which in turn discharge, along with the 
land drain system, into two open races leading into the 
River Trent. A view of one of these races, looking 
towards the river, is given in Fig. 2. They have an 
exterior width of 9 ft. and an internal depth at the 
sides of 2 ft. 4 in., with a camber of 2 in. on the bottom. 
In addition to these drainage culverts, there is a 
reinforced-concrete duct for conveying petrol and 
benzine pipes between buildings 2 and 3. This is of 
horse-shoe cross-section, 6 ft. 6} in. deep by 3 ft. 11} in. 
wide. All manholes are built in brickwork. 

Proceeding now to a consideration of some of the 
structures, buildings No. 1 and No. 2 are under the 
same roof and occupy a total area of 918 ft. 9 in. 
long by 246 ft. 2 in. in width, not including the 
loading bank which, as may be seen in Fig. 3, runs 
along one side. The main structure is a single-storey 
steel-framed building with stanchions spaced about 
50 ft. (15 m.) centre-to-centre in both directions and 
carrying a north-light roof. The main stanchions 
are all carried on groups of reinforced piles, each 
group being designed to resist a vertical load of 
80 tons and a lateral thrust of about 25 tons, with 
a calculated wind pressure of 40 lb. per square foot 
on the superstructure. Figs. 4, 5 and 6 show a pair 
of stanchions with correspording roof spans, while 
Figs. 7, 8 and 9 give more details of the roofing. The 
construction of the roof spans and stanchions is shown 
so clearly from the figures as to require no comment, 
but it may be pointed out that Fig. 6 shows the 
transverse lattice girders between the stanchions situ- 
ated just behind the north lights, and that the roofing 
on the south slopes is carried on steel rafters spaced 
at 3-ft. 3§-in. (1 m.) centres. 

This roofing consists of hollow terra-cotta blocks 
fitting into one another with ‘“V”’ grooves, the 
joints being made with plaster-of-paris. 
are covered with Marseilles tiles. 
will safely carry a load of 100 Ib. per square foot, 
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: | 
This form of roof | 





“ENGINEERING 











SECTION THROUGH JOINT IN GUTTER. 


LLL, SSS 
CZ 


‘Rabber Cora 





SECTION OF 24°x6" 


Cup 
C.1. VALLEY GUTTER. Za 






? Fig.9. 





ENGINEERING 








me meer 








renders them liable to breakage from any localised 
| weight such as that of a workman. On the underside 
|of the rafters is a suspended ceiling of hollow tiles, 
|also jointed with plaster-of-paris. This arrangement 
| of a double layer of hollow blocks with an air space 
| between them tends to stabilise the internal tem- 
| perature of the buildings and to prevent condensation. 
| The valley gutters shown in Fig. 9 are of cast iron, 
|the joints being lapped over a rubber cord 3 in. in 
| diameter (see Fig. 8) and fastened with steel clips. 

| The external appearance of the roof of this building 
lis well seen from Fig. 10, in which it will be noticed 
| that every other ridge is provided with a gangway 
and handrail for use when cleaning and repairing 
the north lights. The partly-enclosed gallery running 
over the whole roof carries electric cables, and steam 
and other pipes, from which branches are taken 
vertically down into the shops at the sites of the 
machines. This arrangement avoids any leakage or 
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Fig. 10. Roors CoMPLETED AND IN CoURSE OF CONSTRUCTION. 


other repairs performed without any interference 
with the shops below. The full extent of this gallery 
and its point of connection with the boiler house is 
seen in Fig. 3. 

(To be continued.) 


CALCULATING DIAGRAM FOR STEEL BEAMS AND CANTI- 
LEVERS.—A copy of the first of a set of diagrams for 
solving various civil engineering problems, including those 
involved in reinforced-concrete design, has been received 
from Mr. W. G. Shipwright, 53, Victoria-street, West- 
minster, S.W.1. The diagrams comprise two alignment 
charts printed on stout cardboard and a liner engraved on 
transparent celluloid is also supplied. These, in conjunc- 
tion with a table printed on the back of the card, enable 
the best section of beam or cantilever to be selected for 


| any given span and loading and with fixed or simply- 


| supported ends. 


although the tiles are only 14 in. long, i.e., one-third | heating effects in the shops from the mains, and | 
of the span ; but the large size of the Marseilles tiles | permits the joints in these pipes to be remade and! 


Floor beams can also be selected for any 
given span, spacing and floor loading. The diagrams 
are intended for the use of experienced engineers and 
architects, and will doubtless save much time and trouble 
in ordinary routine work. 
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THE TRANSFER OF HEAT IN RECIP- 
ROCATING ENGINES.—I. 
By Professor Dr.-Ing. A. NAGEL. 

Ir may be recalled that Professor Dr.-Ing. A. Nagel, 
of Dresden, delivered a course of four lectures, arranged 
by the University of London, at the Institution of Civil 
Engineers, in October, 1927. These lectures proved to 
be of exceptional interest, and we have pleasure in 
acceding to suggestions made to us that they should 
be placed on permanent record in a somewhat revised 
and extended form. It will be found that much of the 
historical matter of the first two lectures has been 
previously published, but we have thought it desirable 
to retain it in order to preserve the author’s sequence. 
In the last two lectures, Professor Nigel reviews his 
own work, extending over many years, on the varying 
temperature of the inner walls of the working cylinder. 
The results were obtained from a uniflow steam engine 
in the laboratories of the Saxon Technical College, 
Dresden. The same testing apparatus was employed 
in 1922, by Messrs. Sulzer Brothers at Winterthur, 
on a two-cycle Diesel engine, and the results of these 
tests were incorporated in a paper read by Mr. R. 
Sulzer before the Institution of Naval Architects in 
March, 1926. This paper was reproduced on page 447 
of vol. cxxi of ENGINEERING. 


In the first lecture it is proposed to speak about the 
fundamental experiments and the early endeavours 
to understand the heat transfer between the working 
substance, and the cylinder walls, in the case of a 
steam engine. The deeper one penetrates into this 
subject, the more one becomes conscious of the fact 
that the chief object in view in the whole evolution 
of the steam engine has been to reduce the loss caused 
by the heat exchange between the working steam and 
the cylinder walls. 

The first step was made by James Watt in the year 
1769, through his memorable British Patent No. 913. 
Professor Matschoss, the German technical historian, 
writing in the first volume of his work on “‘ The Develop- 
ment of the Steam Engine,” says that this might be 
reckoned as one of the most important documents of 
technical history. It would be worth while, at the 
outset, to quote a few paragraphs from this funda- 
mental patent, in which it appears that Watt had 
an extraordinary understanding of the importance of 
the heat transfer with respect to the thermal economy 
of steam engines. Watt wrote, “‘My method of 
lessening the consumption of steam and consequently 
fuel, in fire engines, consists of the following principles : 
First, that the vessel in which the powers of steam 
are to be employed to work the engine, which is called 
the cylinder in common fire engines, and which I call 
the steam vessel, must, during the whole time the 
engine is at work, be kept as hot as the steam that 
enters it; firstly, by inclosing it in a case of wood, 
or any other materials, that transmit heat slowly ; 
secondly, by surrounding it with steam or other heated 
bodies; and, thirdly, by suffering neither water not 
any other substance colder than the steam to enter 
or touch it during that time. Secondly, in engines 
that are to be worked wholly or partially by con- 
densation of steam, the steam is to be condensed in 
vessels distinct from the steam vessels or cylinders, 
although occasionally communicating with them: 
these vessels I call condensers ; and, whilst the engines 
are working, these condensers ought at least to be 
kept as cold as the air in the neighbourhood of the 
engines, by application of water, or other cold bodies.” 

The last paragraph, where he demands the separation 
of the condenser from the working cylinder, contains 
the greatest step in progress ever made in the develop- 
ment of the steam engine, a step which caused Watt's 
steam engine to be greatly superior to those previously 
existing of Newcomen, Smeaton, and so forth. As 
these paragraphs, quoted from his patent, show with 
such convincing clearness, Watt held that the heat- 
transfer between the working substance and the 
cylinder walls is the actual cause of the low thermal 
economy which was complained of in the earlier 
hot-air engines. 

We may follow up the main course of the further 
development of the steam engine, which, beginning 
with the quoted paragraphs of Watt’s patent, continues 
in the same direction to this day. The most important 
steps are the compound engine, the employment of 
superheated steam, and the uniflow engine. It is 
remarkable that, in the scientific study of steam 
engines, men were reluctant to include an investigation 
of the lack of economy caused by the heat transfer 
between the steam and the cylinder walls. It was 
nearly one hundred years after Watt’s patent that the 
method of calorimetric analysis of the results of carefu 
tests upon steam engines, connected with the names of 
Rankine, Hirn and Zeuner, was first used as a means of 
determining the importance of these losses. Only a 
few tests had been made at the time when the method 
of heat analysis was introduced. Almost all of the 
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calculations of the authors of this time were based 
upon the same eight tests, namely, those which Hirn 
had made under normal operating conditions, during 
1874 and 1875, in the works of Hausmann, Jordan and 
Hirn at Logelbach, near Colmar, in Alsace. The 
insufficiency of these data is evident. Many vears 
passed before accurate tests gave a basis for comparing 
the heat exchange, as determined by the method of 
heat analysis, between steam and walls. This was done 
by using the values of the coefficients of heat transfer 
and heat conduction which had been found in the 
meantime. 

The scientific treatment of this problem of heat ex- 
change should not deal only with the determination of 
the heat quantity exchanged during one cycle on any 
steam engine under certain conditions ; rather must it 
pursue the physical causes which lead to this heat 
exchange. These efforts began about 1884, and from 
there the subject will be considered in detail. The heat 
exchange between steam and walls at each point of the 
wall in contact with the steam is dependent, at any 
instant, firstly on the temperatures of the steam and the 
wall at the points in question ; and secondly, on the 
coefficient of heat transmission. Under uniform running 
conditions, there exists, at each point cf the wall, a 
mean temperature corresponding to the condition that 
the heat supplied by the steam to the point in question 
is equal to the heat conducted from this point of the 
wall to the outside in accordance with the law of heat 
conduction. On account of this, the mean tempera- 
ture of each point of the wall, compared with the 
mean temperature of the steam in contact with it, 
is dependent on the temperature of the outside of the 
wall, the thickness of the wall, the coefficient of heat 
transmission, a, and the coefficient of heat conductivity, 
\, of the material of the walls. The higher the value of 
the coefficient of heat transmission, a, for the heat 
exchange between the steam and the walls, the more 
the mean temperature of the wal! will approach the 
mean temperature of the steam. The larger the heat 
conductivity coefficient, \, of the material of the wall, 
the more the mean temperature of the walls, under 
the same conditions, will lie below the mean tempera- 
ture of the steam. When the mean temperatures of 
the steam and the wall are here spoken of, what is meant 
is the temperatures which appear as the mean values for 
one cycle, at the point in question, in the steam and at 
the wall surface. Since, under uniform conditions, one 
cycle is identical with every other, the mean tempera- 
tures of steam and wall remain constant at each point 
of the wall. But they change from one point to another 
along the wall, due to the individual design, and 
depending on the point of cut off of the steam, on the 
engine speed, on the condition of the steam, and so 
forth. 

By means of the mean temperatures of the wall, 
which we may assume to be determined at a sufficient 
number of points of the wall—inside and outside— 
we can compute mathematically the heat quantity 
which is conducted through the cylinder wall to the 
outside, and which will be delivered from the outer 
surface to the surroundings, constituting a loss. Besides 
the heat quantity passing to the outside, there is, at 
each point of contact of steam and wall, still another 
very important quantity. This is the heat transferred 
from the steam to the wall at one part of the cycle, due 
to the temperatures of the steam exceeding those of 
the wall, this being returned from the wall to the 
steam at another part of the same cycle. Whilst the 
first heat quantity flows only in one direction, the 
other changes its direction to and fro. The magnitude 
of the oscillating or fluctuating heat quantity, at each 
point of the wall, and in each element of time—or 
at each crank angle—will depend on the difference of 
the momentarily-existing temperatures of the steam 
and wall. Under this influence, the temperatures of the 
inside of the cylinder wall will rise and fall. This rise 
and fall in the temperature, which is governed by the 
law of heat conduction, will continue into the interior 
of the wall in such a way that it will be diminished very 
quickly as it penetrates into the wall. 

These facts will be treated very completely in the 
third and fourth lectures, where it will be shown that 
the fluctuating heat quantity is much the most impor- 
tant cause of the low thermal economy of steam engines, 
and that the heat transmitted directly through the 
walls has a relatively smaller influence. Grashof and 
Kirsch each deserve credit for having, in the years 
1884 and 1886, respectively, first determined mathe- 
matically these two quantities, which constitute the 
complete exchange of heat between steam and wall. 
The physical laws of heat conduction to fit all cases were 
deduced mathematically by Fourier from Newton’s 
fundamental principles of heat conduction. This is 
included in his chief work, Théorie Analytique de la 
Chaleur, published in 1822. To this day we make use 
of this method described by Fourier one hundred years 
ago, for scientific research in the problem of heat 
exchange. The progress in this field since 1884 has 
taken place only in connection with the accumulation 


|about the temperatures in the wall. 








of experimental data, from which results are computed 
essentially after the method of Fourier. Grashof, in his 
paper on ‘“ The Transmission of Heat in the Cylinder 
Walls of Steam Engines” (V.D.I. Zeitschrift, 1884), 
employing the methods of Fourier, endeavoured to 
deduce the process of the interchange of heat between 
steam and wall, from the action of the conduction of 
heat in the interior of the wall. In the absence of test 
results, Grashof made certain simplifying assumptions 
He assumed, 
in his calculations, that the temperature of the inside 
wall, in contact with the steam during admission and 
expansion, is exactly equal to that of the in-flowing 
steam. For the return stroke, comprising the exhaust 
and the compression periods, he assumed the tempera- 
tures of the inside of the walls, as well as of the steam, 
to be the temperature of the condenser. Apart from 
the fact that Grashof deliberately neglected the varia- 
tion of the temperatures during the cycle, by assuming 
no fall in temperature between steam and wall, he 
introduced into his calculations an infinitely large 
coefficient of heat transfer. Kirsch, a professor at 
Chemnitz, attempted to correct Grashof’s assumptions 
and to approach actualities. He wrote a paper, ‘‘ The 
Movement of Heat in the Cylinder Walls of the Steam 
Engine,” published in 1891 in the V.D.I. Zeitschrift. 
In his treatment Kirsch proposed for the variation of 
steam temperature, which, like Grashof, he identifies 
with the temperature of the inner wall, a periodical 
process which he computed analytically by means of 
Fourier’s Series. He came to the conclusion that the 
heat quantity interchanged in each working cycle 
between steam and wall is inversely proportional to 
the speed of the engine. The results of these calcula- 
tions agree with the experience that the influence of the 
walls becomes less as the speed of rotation decreases. 

By neglecting the resistance to the transfer of heat 
between steam and wall—that is, by assuming an 
infinitely large coefficient of heat transfer—Kirsch 
found values too large for the heat quantities inter- 
changed between steam and wall. In an extensive 
treatise, entitled ‘‘ The Transfer of Heat between the 
Steam and the Walls of the Steam Cylinder, published in 
1897 in the Schweizerische Bauzeitung, Professor A. 
Fliegner, of Ziirich, introduced a coefficient of heat 
transmission. He gave a formula in which the heat 
quantity exchanged during a working process appeared 
less the smaller the coefficient of heat transmission. 
At the same time, the steady or direct heat flow 
diminishes greatly with increasing speed. Fliegner 
made use of this method on data which had been 
obtained from tests on a steam engine at the Poly- 
technicum in Ziirich. He found the coefficient of heat 
transmission to be 414,000 kilo-calories per square 
meter per degree Centigrade per hour, a value which he 
deduced from an investigation of heat interchange 
made upon an indicator card taken from the same 
steam engine. In this investigation he supposed that 
the temperature of the wall during the admission of the 
steam averages about 1-3 deg. C. less than the tempera- 
ture of the dry saturated steam with which the engine 
was supplied. This deduction, which, as later tests 
have shown, assumed much too high a temperature of 
the wall, was the chief source of error in Fliegner’s 
calculations, since they involve much too small a 
difference between the temperatures of steam and wall. 
Fliegner used a coefficient of heat transmission of 41, 
which he computed from the heat transmission between 
the furnace gases and walls of a boiler. By means of 
this value, he calculated the maximum fluctuation of 
temperature which may occur on the inside of the 
cylinder wall in the case of superheated steam, to be 
less than 2 deg. C. He quoted in his paper some direct 
measurements of the temperature of the wall, published 
by an American engineer, M. FE. T. Adams, in Cassier’s 
Magazine, and also by Professor V. Dwelshauvers-Dery, 
of Liége, in the Revue Générale des Sciences, 1895. 
In his tests Adams made use of a thermocouple 
placed in holes bored to within 0-25 mm. of the inside. 

At the same time, Bryan Donkin, in London, 
published a paper in the Proceedings of the Institution 
of Mechanical Engineers, 1895, entitled ““ Experiments 
on a Vertical Single-Cylinder Steam Engine, with and 
without Steam in the Jackets, Condensing and Non- 
Condensing, Double and Single-Acting, at Different 
Expansions, with Saturated and Superheated Steam.” 
The engine in questici, was erected as a test engine, 
in 1889, in the shops of Bryan Donkin and Company, at 
Bermondsey. On this engine, during eighteen months, 
about 150 different tests were made, the remarkable 
and far-reaching results being given in the form of 
diagrams. 

From his results, the only one that need be mentioned 
is the fact that in eight tests, four with saturated steam 
and four with superheated steam, and all without 
steam in the jackets, the mean temperature of the 
inside of the wall was from about 12 deg. up to 27 deg. C. 
lower than the temperature of the entering steam when 
saturated steam was employed, and cut-off varied from 
three-quarters to one-quarter of the stroke, respectively, 
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a | 
and from about 38 deg. to 50 deg. C. lower when the | cast iron of which the steam cylinder was made, ?.e., its | should increase for a drop in temperature of 1 deg. C., 


engine was operating with superheated steam over the 
same range of cut-off. Still earlier cut-off caused yet 
larger temperature differences, whilst jacket-heating 
naturally reduced these values appreciably. The 
temperature measurements were made, at points along 
the cylinder wall, in holes bored to within different 
distances from the inside wall. The deepest hole 
extended to within 1-5 mm. of the inside. These holes 
were filled with mercury, in which was inserted thin 
mercury thermometers. These tests established that 
the differences between the temperatures of the steam 
and the wall are in each case much larger than the 
differences which Fliegner assumed in his calculations 
of the coefficient of heat transfer. This coefficient is 
therefore appreciably smaller than Fliegner stated. If 
from the test data of Donkin the average temperatures 
for one cycle, for steam and wall, are computed, the 
remarkable results are obtained that the average 
temperature of the wall is always appreciably higher 
than the average temperature of the steam, even 
though the engine is running without jacket heating, 
and that the average temperature of the wall becomes 
higher with a later cut-off. 

In the year 1898, there appeared, in the Proceedings 


density, its specific heat, and its coefficient of heat 
| conduction, Callendar and Nicolson calculated the heat 
| quantity, which, at a certain engine speed, enters or 
|leaves the wall per unit of area, the temperature 
range at a depth of 1 mm., during one working cycle, 
showing a maximum variation of a certain value. 
They showed, mathematically, that the geometrical 
 anualiaies of the fluctuation of the temperature 
| curve may be very different without appreciably vary- 
|ing the heat quantity interchanged with the wall. 
This statement allowed them to place in direct propor- 
tion, other conditions being the same, the interchanged 
heat quantity with the maximum temperature fluctua- 
tion, as determined by the curves of the wall tempera- 
tures. They confined themselves to the determina- 
tion of that heat quantity which is given up, per square 
foot, from the steam to the wall, during the condensa- 
tion field, which is approximately during the admission 
period. If heat quantity is designated by Q, the 





fraction is the coefficient of heat transmission. 


Callendar and Nicolson found this to be nearly indepen- 
dent of the speed and point of cut off, when using 
| saturated steam, and equal to 0-61 B.Th.U. per degree 





of the Institution of Civil Engineers, the classical paper | 


of Professor Callendar and the late Professor Nicolson, | 


“On the Law of Condensation of Steam deduced from 
Measurements of Temperature Cycles of the Walls 
and Steam in the Cylinder of a Steam Engine.” 
Callendar and Nicolson made their tests in the summer 
of 1895, on a steam engine in the Thermodynamic 
Laboratories of the McGill University, their chief 
object being to measure the heat interchange between 
steam and wall. They were the first to attempt to 
measure the range of temperature of the working steam 
and of the inside of the cylinder wall during a cycle. 

For measuring the steam temperature, a platinum 
resistance pyrometer with a wire of 0-025 mm. diameter 
was used. For the measurement of the instantaneous 
wall temperatures, thermo-couples were employed, of 
which one element was the wall itself. In this way, an 
important source of error was eliminated, namely, the 
heat transmission between the wall and a separately- 
built-in thermo-couple, an error which would have 
rendered impossible the determination of instantaneous 
temperatures. It may safely be assumed that the 
tests of these workers are known, and attention may be 
confined to one or two points, which are of importance 
in regard to the last two lectures. For determining 
the instantaneous value of the electromotive force, 
Callendar and Nicolson used the compensation method 
of Poggendorf. Into the galvanometer circuit, a switch 
was inserted whose time period of contact could be 
varied and which moreover, permitted the contact to 
begin at any desired crank angle, that is, at any point 
of the piston stroke. The normal duration of the 
contact was ,', of the time of one revolution. The 
thermo-couples, of which eight were arranged in a 
circle in the cylinder cover and 18 along the cylinder 
wall, were inserted at different depths from the outside 
into the wall. The deepest were about 0-25 mm. 
distant from the inner wall. The platinum resistance 
pyrometer for measuring the steam temperature was 
fastened to the middle of the piston top, and projected 
about 3 in. into the steam space, a corresponding recess 
in the cylinder cover being provided. In the first test, 
the pyrometer was fastened in the middle of the 
cylinder cover without projecting into the steam space. 
It indicated a temperature range which is shown on 
Fig. I, annexed, by a broken line. The average 
temperature given by this line is actually greater than 
the temperature of the steam as determined from the 
indicator card, and shown as a full line on the diagram. 
This difference between the two curves will be referred 
to again later. As a proof of the good agreement 
between the indications of the pyrometer, fastened to 
the piston, and the steam temperature, deduced from 
the indicator card, Fig. 2, on this page, is given, in 
which the steam temperature is shown as a full line, 
and the pyrometer readings by crosses. 

The range of the wall temperatures is illustrated in 
Fig. 3. The temperatures in the wall of the cylinder 
cover and in the wall of the jacket near the cover, at a 
depth of | mm., are represented by the two curves with 
broken lines, while the full line again represents the 
temperature of the steam as deternined from an 
indicator card. The shaded area corresponds to that 
part of the steam temperature curve within which the 
temperature of the wall is lower than the saturation 
temperature corresponding to the steam pressure at 
the same time. The above-mentioned temperature of 
the wall is given as a mean value, referred to the total 
actual surface of the steam space, by the lower boundary 
of the shaded area. The latter has lengths of time as 
abscisse, and temperatures as ordinates. The area itself, 
which Callendar and Nicolson signify as A, and call 
the “ field or area of condensation” has therefore the 


dimension of seconds multiplied by degrees Fahrenheit. | 
Taking into account the physical properties of the 
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Fahrenheit, per square foot, per second. The corre- 
sponding value in kilocalories per degree Centigrade 
per square meter, per hour, is « = 10,700. 

A consideration of particular interest was made by 
these investigators concerning the dynamical equili- 
brium of the expanding steam, a consideration which is 
ultimately one of heat transmission. Supposing that 
saturated steam, 1 per cent. wet, expands adiabatically 
from, say, 115 lb. per square inch pressure to 85 lb. per 
square inch absolute, then the moisture content will 
increase to about 3 per cent., as can be seen from the 
Mollier diagram. At the same time the temperature will 
decrease about 11-5 deg. C., that is from 169-6 deg. C. 
to 158-1 deg. C. It may be assumed that the increase 
of moisture content is caused by the condensation of 
the steam on the surface of the water drops already 
distributed throughout the steam, so that the latent 
heat of the condensing steam particles is returned by 
the water drops to the surrounding steam. At the 
same time, the water drops take part in the temperature 
decrease corresponding with the diminished pressure. 
Therefore, they must also deliver heat to the surround- 
ing steam, which also causes evaporation at their sur- 
face. This process is thermodynamically only possible 
when the condensing steam is at a lower temperature 
than the existing water drops. The temperature differ- 
ence, therefore, required is directly proportional to 
| the velocity and also, due to the dependance of the 
| heat exchange on the area of the surface of the drops, 
| to the diameter of the drops; further the temperature 
| difference will decrease as the quantity of the existing 
moisture increases. 

At the beginning of the above-mentioned adiabatic 
expansion, the moisture content of 1 kg. of steam 








by about 1-74 grams, and the latent heat which must 
be, therefore. given up should amount to about 0-85 
k.-cal. To this amount should be added the heat 
delivery of the first existing water drops which weigh 
0-01 kg.; that will be, corresponding to a temperature 
drop of 1 deg. C., 0-01 k.-cal. The total heat to be 
transferred from the water drops, therefore, amounts 
to 0-86 k.-cal. The influence of the heat content of the 
liquid is very small at the beginning, and should in- 
crease with increasing moisture. However, it never 
plays an important role when compared with the latent 
heat of the newly-formed condensate. Supposing that 
the above-mentioned expansion takes place at one-fifth 
of the piston stroke, for a fall in temperature of the 
steam of 1 deg. C., the piston travel would increase from 
0-2 to 0-2059 of the stroke. This corresponds to an 
increase of 50 deg. of crank angle, assuming an infinite 
connecting rod. This crank angle is passed through, 
assuming m revolutions per minute, within a time of 
vo 
36.7 
sec., and with n equal to 500, within 0-00028 sec. 
We know little at present concerning the diameter 
of the water drops which are formed by the adiabatic 


: seconds ; assuming n equal to 100, within 0-0014 
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expansion of saturated steam as moisture content in 
the steam. We may hope that the tests being under- 
taken by several workers to investigate the atomizing 
process of the fuel for Diesel engines will also shed light 
on the analogous phenomena of the moisture in wet 
steam. Callendar and Nicholson assumed a diameter 


f 6 

©" 10,000 
1 per cent. of moisture in 1 kg. of steam gives 8-84 by 
10 drops, with a surface of 100 sq. m. Introducing 
in this calculation the coefficient of heat transmission 
recently determined by different methods by Professor 
Dr. Nusselt, of Munich, namely, « = 50,000 k.-cal. per 
hour, per square inch, per deg. C. per hour, the corres- 
ponding fall of temperature of the adiabatically-expand- 
ing steam would then amount to only 0-45 and 2-2 
deg. C., at 100 and 500 r.p.m., respectively. In spite 
of the fact that these phenomena, originally investi- 
gated by Callendar and Nicolson, can scarcely be of 
any economic importance for practical purposes, 
nevertheless they give an interesting insight into the 
internal mechanism of the process of condensation, and 
may disclose facts concerning heat transmission of 
future importance. The investigations of Callendar 
and Nicolson constituted the first successful attempts 
to observe the temperature in the cylinders of recipro- 
cating engines, and, therefore, take a prominent place 
in the subject. 


mm. If this assumption be accepted, then 








Catcutta Exectriciry Suppty.—During 1927, the 
Calcutta Electric Supply Corporation, Limited, supplied 
to consumers 129,090,000 units of electricity, compared 
with 108,895,000 in 1926, 43,079,000 in 1921, and 
10,566,000 in 1911. 
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PNEUMATIC HAND GRINDING AND POLISHING MACHINES. 


CONSTRUCTED BY MESSRS. 


Fia. 1. 





Fie. 3. Fryisainac RecresseD Dies witH Ep@e WHEEL. 


PNEUMATIC HAND GRINDING AND 
POLISHING MACHINES. 


A CHARACTERISTIC feature of modern production is 


BUCKEYE PORTABLE TOOL COMPANY, 


Component Parts oF Motor AND CASING. 


the growing practice of carrying out as many operations | 
as possible simultaneously on a piece of work in order | 


to avoid transport to different machines. 
lates the use of portable tools, and in the accompanying 
Figs. 1 to 4, we show a form of rotary pneumatic 
hand grinding and polishing machine, which has 
several interesting features. 
series of portable pneumatic tools made by Messrs. 
The Buckeye Portable Tool Company, Dayton, Ohio, 
U.S.A., and distributed in this country by Messrs. The 


This postu- | 


exercise a positive influence on the speed of free 
rotation and make it impossible for the rotating wheel 
to exceed the predetermined safe limits. 

The essential components of the operating mechanism 
of the tool are shown in Fig. 1. The body consists of 
the three main parts visible at the lower part of the 
figure, of which the centre one is the cylinder. At first 


| sight, this cylinder would appear to have an ordinary 


It is one of the Hercules | 


Rothermel Corporation, Limited, 24-26, Maddox-street, | 


W.1. A characteristic of the rotary principle is its 
freedom from vibration, and this the tool possesses, 
with the distinct advantage that, in this case, smooth- 
ness in running is not complicated by the presence of 
a governing device, which, in case of failure to act, 
from, say, the presence of dirt, may result in disaster 
from the bursting of a runaway grinding wheel. The 
speed is controlled in this tool by the number of blades 
with which its rotor is furnished, by the size of the air 
ports, and by the position of the valve, all of which 


cylindrical bore, but this is not really the case. It is 
of elliptical form with diameters in the ratio of 1 to 
about 1-25. The rotor, however, which is shown in 
the hand to the right of the figure, is cylindrical, and 
is constructed with three longitudinal slots in which 
slide, in a radial direction, the three blades held in the 
hand at the left of the figure. The rotor diameter 
coincides with the smaller bore of the cylinder, with the 
result that there are two spaces of crescentic cross 
section between the cylinder and the rotor. The 
blades, which lie entirely within the rotor at the point 
of least diameter of the cylinder, protrude from it, 
under centrifugal action, when they traverse the 
crescentic spaces, and, pressing during this traverse 
on the cylinder wall, form pistons by which the rotor 
is driven round by the air admitted into the crescentic 
spaces. This air is admitted through small ports in 


ENGINEERS, DAYTON, OHIO, U.S.A. 





Fie. 2. Grinpine Fiat SurRFACES witH LONG 


Epa@e WHEEL. 





Fic. 4. Frutsprna Motor Car Boptres with Fack WHEEL. 


the rotor formed by a hole drilled parallei to the side 
of and situated just behind each blade slot. 

The rotor revolves on a fixed central spindle, which 
is hollow, and is used also as the central air duct. The 
spindle is provided with air ports drilled radially 
which, at appropriate points in a revolution of the 
rotor, coincide with the rotor ports and admit air to 
the crescentic spaces. The exhaust ports are formed in 
the cylinder walls, and are uncovered by the passage 
of the rotor blades. The arrangement of the several 
blades and ports depends upon the purpose of the tool 
concerned. In normal examples, there are three 
blades, equally pitched, two spindle ports diametrically 
opposite to one another, and two exhaust ports also 
diametrically opposite to one another. The result is 
that two of the blades are producing a torque in a 
revolution, and the rotary motion is very even. Thus, 
one blade will be subjected to the incoming air by the 
opening of a port, the second will have uncovered an 
| exhaust port and is allowing one crescentic space to 
| exhaust the spent air, and the third will be driven for- 
| ward by the expansion of the air which has been trapped 
| in the other crescentic space. The action of expanding 
| the air charge conduces to the economy in working for 
| which the tool has established a reputation 
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Returning to a consideration of Fig: 1, it may be 
pointed out that the circular holes through the rotor 
have no operative significance, but are merely lightening 
holes. Jt will be understood from an inspection of the 
rotor itself that it rotates on ball bearings. In this 
particular instance, the rotor carries a small pinion 
which gears with a spur wheel in the gear-box forming 
the tool end cover at the right hand of Fig. 1, in order 
to reduce the tool speed. This form is used when the 
tool is employed for such operations as those of drilling, 
stud or screw driving, nut running, &c., where speeds 
ranging from, say, 1,800 r.p.m. to 240 r.p.m. or lower 
as may be required. In general, however, the rotor is 
directly coupled to the tool, and the tool can be supplied 
for speeds ranging from 18,000 r.p.m. downwards. 
The end cover, with a pistol hand-grip, is seen at the 
left of the figure. It contains the throttle valve and 
an air strainer. 

Three different types of the direct-driven tools are 
illustrated in the remaining figures. In Fig. 2, the type 
suitable for flat surface grinding is shown. A wheel, 
24 in. in diameter by 6 in. long, is enclosed in a holder 
having a slot exposing the cutting surface on one side, 
and an additional hand-grip at one end. The normal 
hand-grip, grasped in the operator’s right hand, con- 
tains the safety throttle valve, which permits a flow of 
70 cub. ft. of air per minute at a pressure of 80 lb. per 
square inch, and which closes when the hand is relaxed 
In Fig. 3, a small wheel is being used for die grinding. 
Such a machine runs at 18,000 r.p.m. and weighs only 
3$ 1b. A large face wheel of the sanding and polishing 
pattern is shown in action in Fig. 4 on motor-car body 
work. All the tools have only four working parts, 
which, as shown in Fig. 1, are readily accessible. 
Lubrication is effected by the use of a grease gun, one 
application of which serves for ten hours if the tool is 
in constant use. Lightness is assured by the use of 
alloy steels, heat-treated castings, and careful design. 
The figures given are typical examples of standard 
patterns to show the chief applications of this rotary 
tool, but it may be stated that several other forms are 
available for different operations and situations. 


CATALOGUES. 


Magnetos.—The M.L. Magneto Syndicate, Limited, 
Coventry, have sent us lists of automobile races and 
record runs in which their magnetos have been employed. 





Electric Fans.—Messrs. Viozone, Limited, 19, Cursitor- 
street, London, E.C.4, send circulars of their electrically- 
driven fans suitable for domestic, office, and industrial 
use. 

Telephones.—Messrs. Siemens Brothers and Company, 
Limited, Woolwich London, S.E.18, have issued a 
catalogue dealing with telephones, parts, and accessories 
manufactured by them. 

Lubricant.—We have received circulars of a graphite 
lubricant and rust preventative named ‘“ Kant Rust ”’ 
from Messrs. Fredk. J. Gordon and Company, Limited, 
92, Charlotte-street, London, W.1. 


Tractors.—The Caterpillar Tractor Company, San 
Leandro, California, U.S.A., have sent us four pamphlets 
illustrating many of the uses to which their tractors 
are put in factories, mines, railroads, public services. 


Moter-Car Supplies.—Messrs. Stromberg Motor 
Devices, Limited, Milman’s-street, Chelsea, London, 
S.W.10. have sent us their priced list of carburettors, 
wind-sereen wipers, and other accessories for motor cars. 

Lubricants.—Messrs. Sternol, Limited, Royal London 
House, Finsbury-square, London, E.C.2, have issued 
a useful little pamphlet on the lubrication of oil engines, 


recommending a heavier oil for cylinders developing | 


over 80 h.p. 


Wireless Equipment for Ships.- 


issued by the Radio Communication Company, Limited, 
34, Norfolk-street, Strand, London, W.C. 

Gas Plant.—Messrs. Newton Chambers and Company, 
Limited, Thorncliffe, near Sheffield, have sent us a 


circular calling attention to their long experience in, | 


and facilities for, making all the plant required for 
producing, purifying, storing and distributing gas. 
Electric Motors.—A list of single-, two- and three-phase 
motors, of 1 h.p. to 200 h.p., for supply frequencies of 
25 cycles to 60 cycles, is to hand from Messrs. Brook 
Motors, Limited, Huddersfield. The list covers an 


extensive range, and all necessary pa ‘ticulars are clearly | 


tabulated. 
Vacuum Pump.—NMessrs. Foster Wheeler, Limited, | 
Aldwych House, London, W.C.2, have sent us a 


description of a three-element three-stage steam-jet 
air pump in the journal ‘‘ Heat Engineering *’ published 
by the Foster Wheeler Corporation of New York, U.S.A. | 
The pump was made for a steam-turbine condenser for 
the Ohio Power Company. 


Valve Gear.—The Drayton Regulator and Instrument 
Company, Limited, West Drayton, Middlesex, have sent 
us a description of a new gear for automatically opera- 
ting valves, dampers, &c. It is a cylinder with pilot 
valve, operated by water or air under pressure, and is | 
intended for use with the firm’s standard regulators. It 
gives more power and lift than can be obtained con- 
veniently from diaphragm or bellows tops. 


Spectrographs.—Messrs. Bellingham and_ Stanley, 
Limited, 71, Hornsey-rise, London, N.19, have issued 
a catalogue of spectrometric apparatus suitable for 
industrial tests as well as for laboratory use, in addition 
to several leaflets explaining the methods of detecting 
certain metals in alloys, impurities in white lead, &c. 


Valves.—A new catalogue of high-pressure, bronze- 
body valves, is to hand from Messrs. Hopkinsons, 
Limited, Huddersfield. They bear the trade name 
‘“* Mac,” and are made with Platnam seats. The sizes 
listed range from }-in. to 3-in. bore, and all the usual 
forms are made. 

Machine Tools.—We have received from Clark’s 
Machine Tool Company, Dalton-lane, Keighley, Yorks, 
circulars of the Williamson 6-in. lathe and the 3-in., 
4-in., and 6-in. slotting machines, formerly made by the 
Luton Tool Company. Full specifications of these 
machines and accessory parts are given. 

Paint.—Messrs. Wailes Dove Bitumastic, Limited, 
5, St. Nicholas-buildings, Newcastle-on-Tyne, publish in 
their quarterly Bulletin, some useful notes on the quali- 
ties of paints, and also illustrations of the Singapore 
floating dock, which has been covered with their ‘** Bitu- 
mastic ” paint. 

Pneumatic Tools.—The Hardy Patent Pick Company, 
Limited, Sheffield, have sent us a catalogue of petrol- 
driven compressors and a range of pneumatic tools, 
including those for concrete breaking, ramming, digging, 
and drilling, and also for caulking. A machine is shown 
in which the pneumatic hammers are used for forging 
the chisels and other tool-bits. 

Cable Testing.—A 500-kv. cable-testing plant, made 
and erected by the A.E.G. Electric Company, Limited, 
131, Victoria-street, London, S8.W.1, for the Enfield 
Cable Works, Limited, Brimsdown, Middlesex, is described 
and illustrated in the company’s house journal for 
August. We have also received a circular of a small 
electric hot-water geyser made by the firm. 

Electrical Machinery.—The General Electric Company, 
Limited, Magnet House, Kingsway, London, W.C.2, 
have sent us a description of an electrically-driven 
pumping plant constructed by them for the Nuneaton 
Corporation for dealing with storm water. The applica- 
tion of the Witton-Kramer electric lifting magnets to 
the breaking of scrapped castings is also dealt with. 


Lead Seals.—We have received a specimen of the 
lead seals made by Messrs. British Insulated Cables, 
Limited, Prescot, Lancs. The seal is a piece of lead 
tube through which the two locking wires pass, and 
a pair of pliers with engraved faces is applied to flatten 
out the seal and clinch it on the wire. We have also 
received lists of cable contracts carried out by the 
company. 

Machine Tools.—The United Machine Tool Company, 
Limited, Holborn Hall, Gray’s Inn-road, London, W.C.1, 
have sent us a catalogue of Brann lathes from 7 in. 
to 32-in. centres and facing lathes from 6-ft. to 20-ft. 
swing. Pittler turret lathes, in which the turret axis 
is horizontal and the Schmaltz heavy surface-grinding | 
machine are also dealt with. In all cases a specification | 
is given with dimensions, weights, &c. 

Dust Extraction.—We have received a copy of a 
pamphlet issued by Messrs. Brierley Sons and Company, 
School-street, Newton Heath, Manchester, explaining | 





their methods of removing dust created by grinding, | 
fettling, &c., in engineering shops. It deals not only 
with the fans, ducts and general arrangement, but lays 
proper stress on the details of the fittings being designed 
| to facilitate inspection, cleaning and repairs. 


Oil Engines.—Yhe Parsons Oil Engine Company, 
Limited, Southampton, have issued a catalogue illus- 
trating a number of industrial power plants of their 
construction now in operation. These are generally 
driven by oil engines, but petrol engines are used in some 
eases. In addition to lighting, pumping, and com- 





A complete wireless | 
equipment made in compliance with official requirements | 
for installation on ships is described in a special catalogue | 


| for boilers ; 
| smithy 
| sets. 


| locomotive, and aerial ropeway drive are illustrated. 


Gas 
equipment is to hand from the Sturtevant Engineering 
Company, Limited, 147, Queen Victoria-street, London, 
E.C.4, dealing with fans for boosting, blowing, ete.; 
coal-sampling machines; forced and induced draught 
smoke, grit and steam collecting apparatus ; 
forges; high-speed engines and_ generating 
These are illustrated, and brief descriptive matter 
is given. 

The Caledonia fireless locomo- 


Fireless Locomotives. 


tive is the subject of a new catalogue issued by the makers, | 
| Messrs. Andrew Barclay, Sons and Company, Limited, 


Kilmarnock. The steam charge lasts for about four 
hours of usual shunting work, and the charging time is 
about 20 minutes. A list shows a large number of 


these engines in use in oil, gas, chemical, food and other | 
works, where fire or smoke is dangerous or otherwise | 


objectionable. 


Machine Tools.—The fifteenth edition of the catalogue 
issued by Messrs. James Archdale and Company, Limited, 
Ledsham-street, Birmingham, shows a wide range of 
drilling machines of the radial-arm, multiple-head and 


| multiple-spindle type, as well as machines designed for 
| special 

. : s : 
horizontal and vertical types and include machines for | 


purposes. The milling machines are of 
milling screw threads, cams, and profiles. The other 
items are machines for honing cylinders, boring cylinders, 
drilling and milling front axles of motor-cars, and con- 
tinuous rotary milling. The section on tools and 
accessories, or fixtures, contains many interesting items. 
The catalogue extends to 280 pages and is well bound. 
With it we received a small pamphlet catalogue with 
text in English, French, Spanish, Russian, and Italian. 


pressing sets, a fire-float, marine auxiliary set, winch, | 


Works Plant.—A new catalogue of gas-works | 


the | 
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SEWAGE CHLORINATION. 


TuovuGu the treatment of sewage with chlorine cannot 
yet be said to have been placed on.a scientific basis 
nor to be efficient, researches of the last few years, have 
undoubtedly cleared up some points. Some of these 
are brought out in a paper on Recent Developments in 
Sewage Chlorification, by L. H. Enslow, reprinted from 
the United States Public Health Reports. It was 
believed that long periods of contact of the chlorine 
with the sewage were desirable. The work of W. D. 
Tiedemann on Long Island, New York, shows that 
the sewage effluent absorbs chlorine almost instantan- 
eously, and that contact for 10 minutes will in genera! 
be quite sufficient. Sometimes, however, the amount 
of chlorine added may suffice to produce the starch- 
iodide reaction but not be quite sufficient for the 
orthotolidine test. In such cases slowly-reacting 
chloramines seem to be formed, and some absorption 
of chlorine may continue for an hour or more. But 
very little additional chlorine will then produce the 
positive orthotolidine reaction of residual chlorine. 
This observation is important, for it means that the 
contact chambers may be reduced to very small 
dimensions, if not eliminated altogether. 

A second point, on which much experimental 
evidence has been collected in various parts of America 
and by H. Bach in Essen, concerns the pre-chlorination 
or split-chlorination of sewage, 7.e., the addition of 
chlorine to the raw sewage, and not only to the effluent 
from the septic tank. Some sewage requires much 
more chlorine for its treatment than would be expected 
from the oxygen-demand test.* That is particularly so 
with sewages which contain ferrous salts and hydrogen 
sulphide ; the sulphide is due to the bacterial break- 
down of sulphates, and it betrays itself by its bad 
smell. That obnoxious bacterial action goes in long 
sewers, and also in short sewers at low flow rates, in 
pump pits, syphons, and settling tanks. It can often 
be prevented by adding chlorine to the raw sewage 
some distance ahead of the disposal plant, with the 
advantages that the foaming in Imhoff tanks and the 
odours are suppressed, and that the total chlorine 
consumption is smaller than it would otherwise be. 
Tt has also been noticed at Schenectady that the filter 
fly (psychodic), which is a nuisance near sprinkling 
filters, disappears on chlorination. The fly breeds in 
the heavy surface film of the top layers of the filters ; 
the larve develop in a few days, but when the sewage 
contains residual chlorine the film does not adhere to 
the stones and is washed away, so that the flies lose 
their breeding ground. 

The chlorine demand and the cost of chlorination 
vary much with the time of the day (day sewage 
requires more chlorine than night sewage), the season 
and circumstances, and the figure 12 parts of chlorine 
per million parts of sewage, sometimes accepted as 
average, may not be sufficient. Control of the demand 
will be found economical, though hourly tests may be 
advisable on large sewage plants; a fixed dosage will 
not be satisfactory. As regards the chlorine transport, 
the New York City water supply has for more than a 
year taken charge of the chlorine supply, the chlorine 
being transported by car tanks instead of cylinders, 
and similar arrangements have been adopted in 
Oakland, California. The containers sent by car held 
| 1 ton of chlorine, and, as the containers are ruled to 
be part of the car, they travel without any freight 


| charge, which is heavy with chlorine cylinders. 





DEHYDRATION OF BITUMEN EMULSION FROM ALBERTA 
Sanps.—When the bituminots sand of Alberta is 
| treated by the hot water and sodium silicate process 
| of Dr. K. A. Clark in the separation plant at Edmonton, 
}a fairly large proportion of a stubborn emulsion is 
| obtained. For certain commercial refining processes 
| this emulsion may be used without any preliminary 
| treatment. For the laboratory test of the bitumen, 
| however, dehydration of the emulsion is necessary, 
| but difficult to perform because the water and the tar, 
| which is very viscous, differ little in specific gravity, 
|}and the emulsion foams and boils over when heated. 
| Messrs. P. V. Rosewarne and G. P. Connall therefore 
| devised a special still for this dehydration, which does 
not require the addition to the emulsion of benzene 
or toluene or of carbon tetrachloride for the dilution 
of the tar. They made the material flow on to a hot 
| surface in an enclosed space sufficiently large to permit 
of foaming without overflow. The apparatus described in 
Investigations of Fuels and Fuel Testing (Canada Depart- 
ment of Mines, No. 689,) was first made of Pyrex glass and 
| then of two steel vessels for continuous distillation. 
|The lower vessel is a pan in which the upper vessel 
stands with the neck downward ; fused lead is poured 
into the pan to a depth of ? in. The bottom of the 
retort is slowly heated so that the lead melts. The 
|}emulsion is then allowed to trickle on to the molten 
lead; distillation takes place in an atmosphere of 
steam, and the vapours are condensed in a separate 
vessel, whilst the dry bitumen flows over the molten 
lead into a receptacle. 








EnGI- 


* Cf.; Self-Purification of Polluted Rivers, 
NEERING, May 4, 1928, page 544. 
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COMBINED BENDING AND DIRECT 
STRESSES IN REINFORCED - CON - 
CRETE MEMBERS. 

By Leste Turner, B.Sc., A.M.Inst.C.E. 


THE computation of the resultant stresses, due 
to flexure and direct stresses, by the exact method 
is an inherent difficulty in reinforced concrete 
design owing to the changes in the equation at 
certain limiting values of ,, the neutral axis depth 
ratio. The neutral axis referred to here, as in 
reinforced concrete calculations generally, is the 
point or line of zero stress and is therefore deter- 
mined by the values of the maximum stresses ;_ it 
does not bear a purely geometrical relation to the 
shape of the section. 

The following notes have been prepared to illus- 
strate the transitions over the entire range from n, = 







































Rectangular sections only are dealt with, and the 
curves are drawn for equal areas of reinforcement, 
top and bottom, placed at a cover to centre of bars 
of one-tenth of the depth of the section. 

Before investigating reinforced concrete sections 
it is of interest to trace the movement of n, the 
neutral axis, due to varying eccentricity e in sections 
of homogeneous materials possessing similar elastic 
properties in tension and compression. With such 
materials the following formula holds good, within 
elastic limits, for all values of n,. 

Extreme fibre stress 


P 
ies 
where P represents compression C or tension T. 
Fig. 1 illustrates the passage of x (measured from 


the right-hand end of the section) during transition 
from axial compression to axial tension. 


Pe.y 


























This | d 


tension in concrete would render the formule 
unworkable practically, and its consideration is 
not warranted except in very exceptional cases when 
the necessary term can be added to the formule. 

Fig. 2 indicates the transition points and shows 
the approximate formule or curves to use between 
critical points. 

When investigating any case of rectangular 
sections, therefore, the following being given or, in 
the first case, assumed B, C or T, 6, d. A, and Aj, 
it is only necessary to find 


e B 
) 9 (CorT) x d 
conventionally considering C to be 
— veand B to be — ve 
(2) Ascertain from Fig. 2 


: lies, then 


T to be 


the region in which 





(3) proceed as indicated below the bracket. 


























Figs. 7 Note.—* or e is measured from centre line. 
¢ ae n a ns right-hand end. 
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i | -+ ve when measured to the left. 
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be a | For cases a to eit is necessary for practical purposes 
Ee eat eae : | 7 to eliminate as many variables as possible and to use 
re an fh Bi ee graphs for the solution of the equations, particularly 
' a | the cubic equations involved in cases c toe. Curves 
hal ih 14, 1, 2 and 3, in Figs. 3, 4, 5 and 6, are plotted, 
ea i therefore, for use with rectangular sections having 
| equal steel area both sides, A; furthest from and A, 
| nearest to the most compressed face, and a cover of 
(a) (b) (e) | 0-1d to the centre of the steel. This is a usual and 
Pure Compression Pure Tenston . |normal arrangement for columns, arches, braces, 
B-oO O-B &e.; for other arrangements the general formule 
=o Vg ‘Os a given in Appendix 1 may be applied or the modifica- 
a ad tions for variations given hereafter may be used as 
; Ng close approximations. 
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(809.8, Curve 4. ‘ee 
’ or ere for 00 4G =7a000" 
+ to n1= — o, thus linking up all conditions | |transition causes continuous, although not pro-| ‘Taking each case Dig api we have : 


that can occur. The curves give rapid solutions to | portional, alteration to the intensity of stress at re ‘ases a to b inclusive 
the cumbersome cubic equations both for compres- | any 


point in the section. 


the appropriate formula is 
6e 


sion and tension for most practical cases of rect- | In Fig. la we have axial sompnnion C; in 1b, | 
angular sections. | | C has travelled to the right by 4 


Notation.—This follows the L.C.C. Regulations, or | 
is as indicated in the diagrams, or as under :— |reached infinity to the right, while T appears at | 
infinity to the left of the section. As we approach | 


“Sa Sli b iar acl 
c 


K, 


‘3 in Fig. Ic, C hee | 


26-88 =| 
bd > (3) 


Curve 4 has been plotted for the immediate 


A = total area of column or strut. waa Rie = ? 
A, = Ar = Area of steel in tension or furthest from | Fig. le so T approaches axial tension. |solution for K,, within the limits for which it 

maximum compressed face. | With rectangular sections and compresssive , imi © is give ps 
Ag = A¢ = Area of steel in compression or nearest to bs - P “applies. The upper limit of d is given by d 

max. compressed face. forces the equation is 1 + 26-884 7 
b = breadth of rectangular section. a. 1 88 a) aT eg when x = d or K, = 0. 
B = bending moment. os = =) 1 A GERRI ese : Perens 
© = compressive stress. | oa i s To use the curve it is only necessary to 
ce = compressive stress in concrete. _and for tensile forces (1) find ° from the given B and © 
¢s = compressive stress in steel. T 6s d = : 
d = total depth of rectangular section. t= x ( 1s oa) (2) (2) find or select r, 
a. oe ey i (3) read off from curve 4 the corresponding value 
¢ = eccentricity = 5. Reinforced Concrete Sections.—In the case of | C - 
m == modular ratio = 15. reinforced concrete however, as the position of the | |of K, for substitution in ¢ = ba * Be 
n, = neutral axis depth ratio = n/d. |neutral axis or point of zero stress passes from | The minimum value of ¢ is given by 
p= en of reinforcement = 100r. ' t the f ] indergo iderabl : 
P = load on section, C for compressive and T for | +o to —o@ the formule go considera e| Cat == D Can —. Cane 

tensile forces. | change at definite limits of n,, owing to the fact eileen Alladin ilies 
_ .°. ae ‘that the section is composed of two materials of : si iiltaniati 
SS gar different elastic properties, also to the fact that Chants Cc 
bd(l+ I4ry 


tension in the concrete itself is usually neglected | 


t = tensile stress. 
To take into account the possible | 


Forces in lbs., dimensions in inches. Cases between b and c are also included on Curve 4 


|in practice. 
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(between the limits », ='0-9 and 1 shown dotted), | preceding formulae, which will give a covering 
assuming that a small tensional stress can be | figure. 

sustained by the concrete between the less stressed | (2) Cover to centre of steel more than 0-1d:— 
steel A, and the end of the section. In the worst | reduce depth of section d until cover does equal 0-1d 
case the skin stress at the outside of the concrete | and using the reduced d proceed as before. 

would be one-ninth of the maximum at the other) (3) Unequal steel areas A, + A, :—reduce the 
end. Thus, if this maximum were c = 900 Ib. | steel ratio or percentage to that equivalent to the 
per square inch, the maximum tensile stress would | smaller and proceed as before. 

be 100 Ib. per square inch. 
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to give K, for final substitution in 
B 
Ce = K,ba* 
Approximately, however, the stresses may be 
ascertained by assuming equal steel both sides (i.e., 
by doubling the actual tensional steel area) and 
solving as in the above casesatoe. The stress C, 
so computed will obviously be too low, but the 






























































































































































The above method, therefore, is applicable to F tg.3. ones 2 — asian = § 
practical cases. : ; KR n,5°9 Compression over whole Section sin Deve reely 
If, however, all tensile resistance of the concrete o~ (Full Lines) e (dotted) 

* ot * * 40 0. fy 
must be rigidly ignored, then a safe and sufficiently | x[eb-% sC% Teolarion ror curnves.| A ~ iY Y] / 
accurate result can be obtained by using the values a a iB Y V4 i) Fa La / 
of K, given in Curve 4, adopting a value of 0-9d | vl J H Ky-ssar * eee, V4 v4 iY Pa“ # aq 
for d when determining 4 , and substituting in | 30 -03t— | wah | ly fa ~ Pid A 

| LY P a 4 (\) 
METHOD. ’ “al fc 
C " : | va PT ot 
C= jopa* Ei - - (8) z 1 \Find, efter Ag +Ay y wy ated Fa en] |r| AS 
; ae | Curve find ty l- 
(‘he minimum value of c must then be taken as zero. rol ial 2 Brome i a K/| be J 3 | PA (S| 4 oF 18 
Cases c to d.—For compression and bending use | 4 C=z8y ¥ K,| Y / wT A he LAT r | |A4 
$ q YY “1 b/s 
Curves 1 and 2. The assumptions made are m = 165. | Rok 4 iY VY 21 LT wld 
Cover to certre of bar = 0-1d. VA VY, | 1 | A 1 or « LAY 
Kiqual area of steel both sides of section: A, = Ay. | sacle y, 7 VA A OF S| Je" ‘The iChruls 
Derivation of formule is given in Appendix A. ei Fa aes | al i as IAA AO > 19-4 “ J-Fassume the 
The method of use in design or checking is quick | a | VA V4 YI Ah i “Ese / soe = se pn 
and simple, as given under :— | / IY ae g #4 ad .* “a /\ _ bf %9the Maximum 
(1) Given B and C. ae y, V4 ad -t / | Compressive Stress| 
(2) From a rough calculation, or guess, select a 0 02 +04 06 08 10:—is12—i Ak BCA 
section 6 in. wide and d in. deep overall. | siete d Ratio Yd — Werner 
(3) Choose a desirable steel ratio or percentage | Veo Fig4. BENDING & COMPRESSION Cover’ to Centre of Bar ‘1d 
(the curves include from 0 - 4-0 per cent. + x x VES FOR 3 
B - ). sai hs 35 4 nr, d CURVES my EQUATION FOR CURVES 
(4) Determine e = a and - 7. CURVE 1 +2M.7.1,-M.T)/-32T. +“51- Bi 
(5) Enter curve 1 at origin and trace horizontally \y ly 
to the value of the e/d given in (4) then up to the 
percentage selected in (3)* and determine, by EQUAL AREA OF STEEL 
interpolation if necessary, the value of 7. i TOP & BOTTOM. 3-0 
(6) Remove to curve 2 and by the aid of n, +Ay 
found in (5) and percentage in (3) determine K. sli ba v0 
(7) The maximum stress in the concrete is then e- Eccentricity 
given by -Moment/Load 20 
B -B) Ny 
Co = =, fa Sent P v 
K b d? P re 
the compressive stress in the steel by re ry 
0-1 1-0 
Cs = 15 (1 - ) x Ce ~ eel) 
my | . 
and the tensile stress in the steel by a 
9 ‘ 
t 15 (2. 1) x Ce . . (6) o} a i a 40 
1 R i 
Cases d to e, that is for bending and tension, use aa 
curves 3 and 2. The method is precisely as for the Cover to Centre of Bar ‘1d 
preceding cases, and the assumptions made are Ftg.5. BENOING & COMPRESSION. m-15 
similar. METHOD. CURVES FOR K. Spas y 
Cases e to f treat as for cases f and g by neglecting 1. od. P. aa CURVE 2 K- oF = 
the wee small amount of compression in the . | cette’. 
concrete. . nd 
Cases f toginclusive. Use the following formul : © peony tt I. * 


‘Tension in steel (cover 0+1d as above) nearerline of | 5. Substitute K in 


La 30 
action of the direct tension force T. | 
yi. a ev Kb da? S 
a” &. ( = ma . C,. . Max Compressive 
’ C= Stress ur Concrete. 
and that further away 820 
ae Compressive Stress § 
asl - cea . (8) in Steel Cy 
A, \2 0:8d Z. oh 
; Csni5 Gj) x Ce 
Note, however, in these cases A, need not equal i 
* a Tensile Stress uv 10 +01 
A, and the cover may be any amount. Thus, if Steel 


a = distance between centres of the 2 sets of steel, t-15(#,-1)x Cc 
the above equations become P 


T/1, e ; 

aa a, (2 *) - (Va) 0 -0 1 
T 1 e 

a ( — ) : ° - (8a) (809.0.) 


Note.—The limits of n, must be watched to 
see that the correct formula is applied. With 
tension over whole section (cases f and g) the 
amount of cover makes no difference if formule 


Modifications to meet other avrangements of steel 
in section.—For exact solutions of most modifi- 
cations the formulae must be worked through from 
first principles. In practice, however, the differences 
are usually so small as to warrant the use of suffi- 74 and 8a are employed. , 
ciently near approximations. (4) No steel on compression side. The exact 

Below are given the approximate solutions for 8°!ution would be given by 


. . . ° 2 3 
these variations, and the results so obtained will be 0-72 mr —O0-8mrn, 4 “4 a 4 
values on the high or safe side. Se cee Seen an 
° ae . 
(1) Cover to centre of steel less than 0-1d: this d ie smrn, — i-Smr 


: Ar 
will reduce the actual value of C,:—use the | where r= b 


| fram which n, can be determined for substitution in 





* To be particularly accurate the actual percentage | hi 
should be reduced by 5 per cent. before reading from the | Kc: 1 [3 ces 2 ee "| 


P4 
curves. | - - 9 3 ny 








"50 ‘60 “ ‘80 ‘90 
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necessary adjustment can be made in the same 
manner as for a similar section in simple bending 
(7.e., as in a rectangular beam) in which the com- 
pression steel, once intended, has been deleted. 
EXAMPLES. 

The following examples comprising all cases will 
illustrate the simplicity and rapidity of the method. 

All sections, 10 in. wide by 20 in. deep, with 
2—1}-in. bars both sides. Remember the conven- 
tions B is — ve, C is + ve and Tis — ve, when 


oe . e 
ascertaining the sign of 7 
€ 


ae 02 2 t 
t= a =e » or 2 per cent. 








' 
i 
: 























Case a :— 
Given 
C = 150,000 lb. B=0 
150,000 Ib. _ , 
e=0 c= 200 7 56 ~ 585 Ib. per sq. in. 
Case b :— 
C = 75,000 lb. B = 250,000 in. Ib. 
e — 3-33 oe 
, Ts —_ — 0-167, K, from curve 4 = 1-43 
75,000 , 
“aoa xX 1-43 = 537 Ib. per sq. in. 
Case c :— 
C = 75,000 B = 375,000 
5 =—0-25 K,=1-75 c= 658 
Cases c to € :— 
C = 75,000 B = 500,000 
5 = — 0°335 n, (from curve 1) = 0-75 


K (from curve 2) = 0-158 
500,000 


- C= O58 x 10 x oe 18? 


Fig.6. BENDING & TENSION. 
CURVES FOR Ny. 


CURVE 3 
50 -05 
40 
METHOO 
1. Find r. 
2.Find e/h 
3. n, from Curvelll ,,, 
a With LZ) ar 
found find k 
from Curve I §t0 :01 
& proceed as %& 
for B 3 & k 
Compresstom ~R, a 
05 
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| substituting for A, and A;* also 
| 0-1 
=) 


0-9 
= MCe (= — 1 
1 


c 


ow 


=me(1- 


| and 
| 


~ 


we obtain 


a = a mrny — mr (9) 
2 ny 
Taking moments about the gravity axis 
B= cs.Ac(0:4d) +t x Ag (0-4d) 
| nmbd(d nd 
| i (5-3) 
| whence : 
bd T0-32mr ny ne 
| bet [* m2 -3] On 
| Equating moments, we have 
B=Pxe (11) 
and by substitution 
5 2 3 
§[ + 2mrn, —m r | = 0:32 me “eae 4 
. 411) 
Cover to Centre of Bar ‘1d 


m=15 


EQUATION FOR CURVES. 
2 2.732 
efi /mr-2mrn,-n}]=-32 mr “_ _ 































e. 
0 
04 OF 06 07 08 09 1011 12 131445 2:0 25 30 FS 40 45 5-0 
(809 £) Values Ratio &/d. “ENGINEERING” 
Case d only :— Fig.7. 
ane Ps Id t, 
C=T=0  B = 500,000 a pee ee ie 
Use ordinary rectangular beam formule. a L x 
Cases c to e :— Q ' 
= 25,000 B = 500.000 $ | sS 
’ ' 
° tee ] n, (from curve 3) = 0-22 + : ¥ 
K (from curve 2) = 0-265 
. — 500,000 a 
* 0-265 x 10 x 202 
and 
0-9 6 an 
t= 15 (o33 — 1) x 472 = 22,000 
Case e@: 
T = 12,500 B = 100,000 
e 12,500... 
q = 0-4 t, = —Z— = 6,250 
and 
t, = 0 (s09.4) At ae 
Cases f t — a 
' “J “2 Z from which curves 1 and 2 have been plotted. 
T = 25,000 B = 100,000 Curve 1 solves the equation to determine n, and 
¢ _ 9-2 | Curve 2 provides the factor K, which from (10) equals 
d i | 
= , 1[0-32mr nn, nn “| 
25,000 [ 1 , 0-2 = dee Stal Sa 
eS eee FE +e! asies 2 ny “| 
t, = 3,100 for direct substitution in the simple formula 
= | 
B 
sepeaee ates sing) oe 12 
| C= KGa ae 
APPENDIX I. | 


Proot of formulae given with the curves. 
Let GH represent the elevation of the section 
J KML in Fig. 7, where 
4 
Ae At ? , qd 


> 


Then for compression and bending with n, at 
or between 0-9 and 0-1 (i.e., for e at or between 


. and infinity to right of axis). 


bn,d 
+ x 


P = A¢ x Ce — At X t 


Cg 


comparable with the ordinary beam formula 
containing the qualifier Q (= K C,). 

For tension and bending the only alteration 
to the above primary equations is in the force 
equation where 








P=Atxt— Ae x Cs + Ce 1" | 
bd [mr —2mrn, —n? 
= Coz arc imrm at) (13) 
nm 





* To be strictly accurate the values substituted should 
. . Ac and A¢ or ee q C08 and * 
m 2 


5 





The equivalent to (11) for tension is :— 
e 2 5 nj? n,° 
q|™r- 2mrn, —n? | = 0-32mr+ ae 
- - (14) 
On reference to Curve 3 it will be found that this 
change in sign entirely changes not only the curves 
but also the limits of n, which occur at 0-1 with 
e = 0-4d, up to those for simple bending withe = o. 
Curve 2, however, is common to tension and com- 
pression as equations 10 and 12 hold for both cases. 
The proofs of the other formulae. are simpler, 
and will be found to be obvious on inspection. 





APPENDIX II. 


Particular note for special tension members. 

In the case of tension members liable to corrosion 
through elongation cracks—such as barrel reservoir 
walls, ties in water or in wet ground, &c., it is 
desirable to limit the maximum tensile stress in the 
concrete. In good practice this maximum would not 
exceed one half of the ultimate tensile strength 
of the concrete. 

It will be readily appreciated that cases e, f and 
g do not then apply, as they ignore the tensile stress 
in the concrete, great or small, and usually with 
ordinary working steel stresses, the greater part 
of the section has exceeded its maximum elastic 
deformation and therefore can carry no tensile 
stress whatever. 

The solutions for the limited concrete tensile 
stress are, however, quite simple from the chart if 
the appropriate substitutions are made as follows :— 

For case e follow the directions under case c. 


” o ” ” 


Care 3 a. 


at the same time replacing Cc by T. 
c byt 
and n, by 1 — nj. 


It may often happen that the section contains 
more than 4 per cent. of steel in which case formula 
3 is applicable with the requisite substitutions as 
above. 


160,000-KW. STEAM TURBO-GENERA- 
TOR FOR THE HELL GATE POWER 
STATION, NEW YORK. 
(Continued from page 8.) 

THE steam controlling gear, which is to be seen 
in Figs. 1, 3 and 4 to 12, page 2, and Plate I, ante, 
is located in the form of a battery on the centre 
line of the H.P. turbo-alternator, and, as already 
noted, occupies the space rendered available by the 
difference in the overall length of the H.P. and L.P. 
members of the cross compound unit. The battery 
of valves is illustrated by Figs. 66 and 67, page 66, 
and Fig. 68, Plate IX, with this week’s issue. 
As shown in Figs. 4 and 5, Plate I, the valves 
are connected to the H.P. cylinder by six flexible 
steam pipes arranged in pairs. In order to keep 
them within convenient dimensions, twin valve 
chests and accessories have been provided. 

Each main valve chest, the pair of which are 
shown in the plan Fig. 68, accommodates a 600 mm. 
(23-6-in.) stop valve, a 400 mm. (15-8-in.) and a 
500 mm. (19°7-in.) controlling valve, which, in con- 
junction with three similar valves of 500 mm. diam., 
act as by-pass valves and contro] the steam admis- 
sion. These valves are connected with the H.P. 
cylinder by two 400-mm. and two 500-mm. steam 
pipes. 

The whole arrangement is shown diagrammatic- 
ally in Fig. 69, Plate IX. The main steam stop valve 
is shown at M, and the two regulating valves in the 
same chest at N and O. At all loads up to 55,000 
kw. governing is effected wholly by the valve N, 
which admits steam through the pipe shown, to the 
first H.P. stage; at loads between 55,000 and 
90,000 kw. governing is effected by the valve O, 
which admits steam to the second stage, and at loads 
between 90,000 and 160,000 kw. by the two valves 
P and P,, the latter being mounted on the upper 
half of the cylinder casing. These pass steam, 
directly to the third H.P. belt. The whole of the 
valves are controlled by oil-operated relays, but, as 
will be explained later, the system adopted has some 
special features which add to the sensitiveness of the 
control. The main oil pump Q is coupled by gearing 
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VALVE GEAR FOR _ 160,000-KW. TURBO-GENERATOR; HELL GATE. 


CONSTRUCTED BY MESSRS. BROWN, BOVERI AND COMPANY, ENGINEERS, BADEN, SWITZERLAND. 











Fic. 66. H.P. TurRBINE AND VALVE BatTTERY IN CouRSE OF ERECTION; NEW YORK. 





to the H.P. turbine shaft. An auxiliary pump R, | 
steam operated, is also provided, which serves as 
a stand-by in case of a breakdown of the main| 
pump, and also always comes automatically into 
action during the process of warming the turbine, 
starting it, and shutting it down. Steam is admitted 
to the pump from the main by means of the stop 
valve S, and traverses an automatic spring-loaded | 
valve T. 

The auxiliary pump K only functions when the | 
pressure in the oil main ais below a predetermined 
limit, at which the force of the spring acting on the 
stem of the valve T overcomes the oil pressure 
acting under the oil piston, which, above this limit, 
maintains the steam velve closed. In the diagram, | 
Fig. 69, the large pipes shown are all main steam 
pipes ; but the small pipes, save for the short length 
between S and T, are the oil mains. The direction 
of flow is clearly shown by the arrows. The oil for 
the regulating valve relays is taken from the main 
delivery pipe through a throttle valve U, which is 
adjustable by hand. It continually leaks away to 
the return main through a slot in a slide-valve 
controlled by the governor, which opens the slot 
wider and wider as the speed rises. This fall of 
pressure is accompanied by « proportionate closing | 
of the regulating valves, as will be explained in 
detail below. There are thus, it will be seen, both 
a high-pressure and a medium-pressure oil main. 

As already mentioned, there are two main stop 
valves, operated in parallel. A section through one 
is reproduced in Fig. 71, Plate IX. As these valves 
have to be merely fully open or fully closed, the 
relay provided is of the simplest possible descrip- 
tion. The oil, which opens the valve, is supplied 
from the high-pressure main directly to the upper 
surface of the spring-loaded piston shown. In 
the normal operation of the turbine, these valves, | 
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160,000-KW. TURBO-GENERATOR; HELL GATE. 


























































































































CONSTRUCTED BY MESSRS. BROWN, BOVERI AND COMPANY, ENGINEERS, BADEN, SWITZERLAND. 
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accordingly, cannot be opened until there is an 
adequate pressure in this main, and as the bear- 
ings are supplied from the same source, the turbine 
cannot be started up until these bearings are fully 
primed. The stop valves are also designed to act as 
emergency valves, and close automatically should 
the pressure in the oil main be destroyed by the 
emergency governors W and V, shown in Fig. 69, 
on the H.P. or L.P. turbines. The control gear, by 
which the stop valves are opened and closed, is 
indicated diagrammatically at X, Fig. 69, and is 
shown in detail in Fig. 70, Plate IX. It consists of 
a cylindrical valve, by which the pressure in the oil 
mains can be destroyed by short-circuiting them 
with the return main. In Fig. 70, the valve is 
shown in its normal working position. To stop the 
turbine it is raised to its highest position, in which 
case both the high and medium-pressure oil mains 
a and 6 (Figs. 69 and 70) are put in direct communi- 
cation through the pipe ¢ with the return main to 
the oil tank. 

In starting up the turbine from rest, the sequence 
of operations is as follows: The auxiliary oil pump 
R, Fig. 69, is started by opening the valve, 
and oil is thus circulated through the mains and 








eae By 







the oil coolers, incidentally flooding the bearings. 
The valve j (Fig. 70) is then slowly lowered, and in 
its descent closes first the ports communicating with 
the high-pressure oil main. As the pressure in this 
rises, the balancing by-pass valve Y, shown diagram- 
matically in Fig. 69, and in detail in Figs. 72, 73 and 
74, opens, and equalises the pressure on opposite sides 
of the stop valves, which are then opened by the oil 
pressure above their pistons. The speed of opening 
can be regulated by slowing the motion of the con- 
troller valve j (Fig. 70). Ultimately this valve 
begins to close the port communicating with the 
medium-pressure oil main, and as the pressure in 
this rises the governor valves begin to open. The 
turbine then starts to rotate slowly and is kept in 
this condition until warmed up. The controller 
valve is then lowered to its lowest position and the 
turbine put on to load, the generators having been 
previously synchronised. 

A more complex type of relay is used for the 
governor valves. Drawings of one of these are repro- 
duced in Figs. 75 and 76, Plate IX. In this case, the 
upper part of the valve spindle is hollow and serves 
as a sleeve, in which works a pilot valve. This is 
also spring-loaded, and its position is controlled by 








D.--------= 
“ENGINEERING 

the pressure at the oil inlet d, Fig. 75, which com- 
municates with the medium-pressure main. This 
pressure, as already noted, is, in its turn, controlled 
by the governor. The large spring-loaded piston 
mounted directly on the valve spindle is coupled 
up to the high-pressure delivery and return mains of 
the oil pumps at e and f. The oil is admitted as 
indicated by the arrow on the left, and escapes by 
the pipe shown on the right. In the position shown, 
the pilot valve prevents oil escaping from either the 
top or bottom of the piston, which is therefore 
locked in position, in this case with the valve 
fully closed. Should the pressure at the oil inlet d 
rise, however, it will push up the pilot valve. The 
high-pressure oil can then get access, through the 
ports shown, to the space below the main spring- 
loaded piston, whilst the oil above this piston escapes 
to the return main by the passages g and h. The valve 
therefore opens, and continues to rise till the ports 
in its hollow spindle overtake the pilot valve, and 
are thus closed again. This done, the governor 
valve is again definitely locked in its new position. 
Should the pilot valve now fall, communication 





will again be established between both sides of the 
main piston through the small ports shown in the 
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H.P. COUPLING FOR 160,000-KW. TURBO-GENERATOR; HELL GATE. 


CONSTRUCTED BY MESSRS. BROWN, BOVERI AND COMPANY, ENGINEERS, BADEN, SWITZERLAND. 
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upper extension of the pilot valve, thus partially 
closing the governor valve. The function of the 
spring acting on the main piston is solely to maintain 
pressure on the steam-valve seats when, the pressure 
in the oil main a is destroyed, i.e., when the turbine 
is not running. 

As will be seen on reference to Fig. 75, these 
governor valves are of the double-beat type. They 
are 500 mm. in diameter, and have a lift of 50 mm. 
The valves are steel-castings, dead annealed, and it 
will be noticed, are made in halves, so that the upper 
and lower seats can be of exactly the same diameter, 
thus securing perfect balance. The seats are of 
chrome steel. In order to prevent the possibility of | 
leakage owing to differential expansion, the lower | 
joint between the valve cage and the main valve box 
casting is made by means of a “ U leather” of chrome | 
nickel steel, as indicated at i. A pair of somewhat 
similar rings, shown at /, are employed to hold | 
down the valve cage on its seat, the pressure on 
which is therefore practically independent of tem- 
perature variations. 

The governor, which is illustrated in Figs. 77 to| 
81, Plate IX, is driven from the H.P. shaft. | 
The emergency governor, w hich is of the fly- | 
weight type, is fitted into the spindle of the regu- | 
lating governor. It acts by tripping a pawl, which | 
normally keeps closed a valve on the high pressure | | 
oil main. When the pawl is tripped, the valve is | 
opened by a spring, a the pressure in the main | 
destroyed. The stop valves are then closed by the | | 
action of the springs beneath the pistons of ‘their | 
relays. The emergency governor of the L.P. | 
turbine is of the unbalanced bolt type. | 

The main governor, as already noted, controls | 
the steam admission by varying the opening of a | 
slot ina sleeve in which a slide short-circuits the | 
medium-pressure oil main. A section through this 
cylindrical slide valve is reproduced in Figs. 77, 78 
and 79. The branch J leads to the medium-pressure 
main, and the valve is shown at m. The position of 
the sleeve in which it works is adjustable by the 
gear shown by the dotted lines on the right of 
Fig. 77. The oil, which escapes past the slide valve, 
falls into the governor casing and lubricates the 
working parts. Both hand and remote control 








from the switchboard are provided for. The lever 
shown at nis simply used for hand testing purposes, 
and is normally blanked off. 

Provision is also made for shutting off the steam | 
in case of failure of the vacuum. The device | 
adopted is illustrated in Figs. 82 to 86, Plate IX. | 
As best seen in Fig. 82, it consists of a spring-loaded | 
cylindrical valve o, which, when open, short circuits | 
the high-pressure oil main, thus causing the stop 
valves to close, as already described. In normal 
working, this valve is kept in the closed position 
by being coupled to the spring-loaded diaphragm, | 
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| which is shown to a larger scale in Fig. 86. The 
diaphragm washers are shown in Figs. 84 and 85. 
The pressure above this diaphragm is that of the 
condenser, whilst the space below is open to the 
atmosphere. Should the vacuum fall below a 
pre-determined limit, the valve falls and destroys 
the pressure in the oil main. 

Details of the main oil pumps are illustrated in 
Figs. 87 to 91, page 67. They are of the gear 
type, and consist of a double-helical pinion, which 
drives two wheels of the same size, which act 
as independent pumps. These wheels are of steel, 
and measure 153 mm. in diameter at the pitch 
line. The pump, driven from the H.P. turbine, 
is capable of generating a pressure of 60 lb. per 
square inch, and also supplies oil to the bearings 
at a pressure of 20 lb. A similar pump, as may be 
seen in Fig. 69, is fitted to the L.P. turbine, and 
supplies further oil to the bearings. 

The turbine glands are of the radially-sealed | 


| labyrinth type, and are water-sealed against external | 


| leakage. 
The rotors of the turbine and electric generators | power factor compensator. 
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are coupled together by flexible couplings of the 
claw type, allowing both axial and transversal 
independent motion of their axes. The general 
arrangement of the high-pressure turbine coupling 
and bearings is illustrated in Figs. 92 and 93, 
above, details of the coupling being given in 
Figs. 94 and 95. The rings bolted to the end of 
the teeth of the coupling sleeve, in addition to 
locating the axial position of the electric generator, 
serve to distribute the lubricating oil. The abutting 
central rims are crenellated for barring purposes. 
Each rotor is mounted in two bearings, which 
are free to swivel about their centres. In the 
general arrangement drawings of bearings and 
coupling, Figs. 92 and 93, the barring gear of 
the H.P. set is shown. The barring gear con- 
sists of two pawls mounted on eccentrics, each of 





| 


which engages one of the toothed flanges of the 
coupling, an arrangement which allows of turning 
both turbine and generator rotors simultaneously, 
or independently after uncoupling. This is con- 
venient in cases when the electric rotor serves as 
The pawls of the barring 
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gear are driven by an electric motor through triple 
reduction gearing. Additional means are provided 
for turning the rotors by hand, should the need arise. 
The whole barring gear is mounted on the cover 
over the coupling and forms with this a self- 
contained unit. 

(To be continued.) 








THE DOCKYARD SCHOOLS AND THE 
SECOND SCHOOL OF NAVAL ARCHI- 
TECTURE. 

By A. W. Jouns, C.B.E., R.C.N.C., M.I.N.A. 

In a previous article* in ENGINEERING the | 
present writer gave an account of the first British | 
School of Naval Architecture which was opened at | 
Portsmouth in 1811, and closed by order of Sir| 
James Graham, First Lord of the Admiralty, in | 
1832. 

Forty-one students, or as they were termed | 
superior class shipwright apprentices, entered the | 
school, being chosen by open competitive examina- | 
tion in educational subjects, from those who| 
presented themselves, and who satisfied certain | 
conditions as to age and health. Amongst this | 
number were a few of the ordinary dockyard | 
apprentices, who were afforded facilities by their | 
officers for studying the subjects of the examination. | 

The second School of Naval Architecture was 
opened at Portsmouth in June, 1848, and the 
announcement of its abolition was made by Sir 
James Graham, again First Lord of the Admiralty, 
in the House of Commons on February 18, 1853. 
Its pupils were confined to shipwright and other 
apprentices, selected by examination from those 
attending the schools of the seven Royal Dockyards. 
The official title of this school was “The Central | 
School of Mathematics and Naval Construction,” 
but it was generally referred to as the “Central 
Mathematical School.” The school and its pupils 
were housed in the buildings at Portsmouth Dock- 
yard which were erected in 1816 for the first school, 
and it was opened as a sequel to the establishment of 
the dockyard schools for the education of apprentices. 
In tracing the history of the second British School 
of Naval Architecture it is therefore necessary to 
refer at some length to the steps which led to the 
opening of the dockyard schools, and to the earlier 
stages of their development. 

Lord Barham’s Commission, which, in 1805, 
inquired into the civil affairs of the Navy, made very 
exhaustive investigations into every detail of 
dockyard organisation, and there were very few on 
which recommendations for improvement were not 
included in the Commission’s voluminous report. 
So far as the shipwright apprentices of the dock- 
yards were concerned, the Commission reported that 
boys of fourteen years of age, not less than 4 ft. 10 in. 
in height, and with a satisfactory medical certificate | 
from the dockyard surgeon, were entered. There | 
was no attempt at examination in educational | 
subjects on their admission, but the inquiries of the 
Commission elicited the fact that many of the boys 
could neither read nor write, and very few had 
much education. The assistant master shipwright 
at Woolwich informed the Commissioners that of the 
apprentices entered at that yard, scarcely one in 
five could write his own name, and there were 
similar reports from other yards. By an alteration 
in the Dockyard Regulations in 1802. the “‘ masters ” 
of the apprentices received only 16/. a year for the 
professional instruction of each apprentice compared 
with nearly 701. a year previously. The wages of 
the apprentices were at the same time also materially 
reduced, and as a consequence of these alterations, 
the educational standard of the apprentices, entered 
under these new regulations, was even lower than 
previously. The Commissioners ascertained that 
none of these apprentices was found sufficiently 
educated to be fit for employment in the Mould 
Loft, where it had been usual to employ the most 
intelligent in laying off and drawing work. 

The constructive officers at Chatham yard 
alarmed at the lack of education of the apprentices 
entered there, and its effect on their efficiency as 
workmen, had on their own initiative, and at their 
own expense, instituted an evening school for their 














* See vol. cxxi, page 321, et seq. (1926). 
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instruction, and the apprentices were not allowed 
to leave the school until they had proved their 
ability to read and write, and their acquaintance 
with the common rules of arithmetic. The master 
shipwright at that yard also decided that for the 
future he would recommend no boy for entry as an 
apprentice, unless he possessed these elementary 
educational qualifications. 

Lord Barham’s Commission in its report highly 
commended the action of the Chatham Yard 
officers, and proceeded, “We think it right to 


| recommend that one person at each yard, or more 
|if necessary, capable of instructing the apprentices 


who may require it, in reading, writing and arith- 
metic, shall be selected by the Commissioner (of 
the Port) for that purpose, and shall be allowed 
201. or 301. a year each. The books, stationery, 
&c., that may be necessary shall be purchased at 
the discretion of the Commissioner, to the appro- 
bation of the Navy Board, and at the expense of 
the Government. It may be expected that in two 
or three years, the apprentices entered under the 
regulations of 1802 will have learned to read and 
write and the common rules of arithmetic, and if 
by that time any of the apprentices in the inferior 
class should have made any progress in the other 
branches required for the superior class, perhaps 
by a continuation of some expense, such boys may 
receive instruction in the French language which 
they must understand before they can be pre- 
pared for the examination required.” The report 
also stated that if other recommendations of the 
Commission were adopted, future higher appoint- 
ments in the dockyards would be filled by the 
superior class of apprentices, whilst the best of 
the ordinary class would be suitable for filling the 
subordinate positions, such as those of quartermen, 
sub-measurers and even master measurers. Finally, 
it was recommended that in future entries for 
apprentices the candidates besides satisfying the 
age, height, and health requirements already in 
force, should be able to read and write and under- 
stand the common rules of arithmetic. In the event 
of equal qualifications in these respects, a first 
preference for entry was to be given to the sons of 
dockyard officers, and next to the sons of ship- 
wrights and caulkers employed in the yards. 

So far as can be ascertained, those recommenda- 
tions of the Barham Commission which concerned 
the ordinary shipwright apprentices were not 
generally adopted. Three or four of these lads 
passed into the first School of Naval Architecture 
as superior apprentices in the first entry in 1811, 
but none afterwards. There is no trace of the 
appointment of persons to instruct the apprentices, 
and the educational test on entry was either omitted, 
or was of so perfunctory a character as to be value- 
less. Entry of boys into the dockyards as appren- 
tices was to a large extent determined by the per- 
sonal favour of the yard officers, and by political 
influence exercised either locally or in London at 
the Navy Office. In this respect the dockyard 
service was no better or worse than other depart- 
ments of the State. = 

Although, as the Barham Commissioners ascer- 
tained and reported, the educational standard of 
the dockyard apprentices was lamentably low, it 
was but a reflection of the general public standard 
at the time, and improved slowly with the latter. 
There are, however, records of apprentices, who 
after serving their seven years’ indentures, and a 
short time as journeymen shipwrights, left the 
dockyards for responsible positions in private ship- 
building concerns, and filled these with distinction 
and success, indicating that not only were they 
more enterprising than their fellow apprentices, 
but must have been better educated. The out- 
standing example is that of Thomas Joseph Ditch- 
burn, who was born at Chatham in 1801, entering 
the yard as a shipwright apprentice in 1815. The 
zeal and intelligence he displayed at his work 
resulted in his entry into the mould loft, where he 
came under the notice of Sir Robert Seppings, and 
he worked out the details of many of the improve- 
ments in ship construction introduced by that able 
officer whilst Surveyor of the Navy. Late in the 
*twenties, Ditchburn left Chatham Yard to become 
manager at the Thames Shipyard of Fletcher and 
Fearnall, and whilst holding that position greatly 





69 
improved the form and speed of ships, thus attract- 
ing a large amount of work to the firm. Later 
Ditchburn, in partnership with Mare, and encour- 
aged by Penn the engineer, opened a shipbuilding 
works at Deptford, and there built the first iron 
ship on the Thames. The yard being destroyed by 
fire, the partners opened a yard at Blackwall, 
which later became famous as the Thames Ship- 
building and Engineering Works. Ditchburn died 
in 1870, one of the leading shipbuilders at the time, 
and the designer and builder of over five hundred 
ships, yachts and vessels, including many for the 
Navy and the principal shipowners. There are 
several other instances of the success of ex-Dockyard 
shipwright apprentices, although their work was 
neither so extensive nor notable as that of Ditchburn. 

It was not until 1841 that the education of Dock- 
yard apprentices again became the subject of 
consideration at the Admiralty. In September of 
that year, Lord Minto, on relinquishing the position 
of First Lord, consequent on a change of Govern- 
ment, left a memorandum on naval affairs for the 
information of his successor. In this, he wrote, 
“A plan is also under consideration for the estab- 
lishments of schools in the dockyards for the 
education of the junior apprentices, which I trust 
it may be found practicable to effect, as well as 
the institution of occasional lectures and instruction 
in naval architecture for the benefit of such young 
men and artificers, as may be disposed to take 
advantage of them.” 

The circumstances which brought the matter to 
the notice of Their Lordships at this particular time 
are not stated, but are doubtless to be found in the 
increasing attention which was then being directed 
to the general education of the community. Nine 
years previously, an important departure had been 
made by the Government by the inclusion in the 
estimates for the ensuing year of a sum of 20,000/. 
for education. This was the first occasion on which 
Parliament had been invited to vote funds for such 
a purpose. It was primarily intended to assist in 
the erection of school buildings, a task which the 
voluntary bodies, which had hitherto provided and 
organised all educational facilities in the country 
were beginning to find beyond their own resources. 
Later estimates included increasing sums for educa- 
tional needs. On April 10, 1839, a second important 
step was taken in the establishment by an Order in 
Council of the Committee of the Council for Educa- 
tion, the predecessor of the present Board of Educa- 
tion. In the following year, by an Order in Council, 
dated August 10, inspectors of schools were appointed 
by the Council to visit and examine all schools in 
the kingdom which sought Government aid, and for 
the purpose of determining the distribution of the 
sums voted by Parliament for education. The 
inspectors also ensured that the methods of teaching 
were efficient, and the standards aimed at were 
uniform. The views of the Government on the 
importance of education to the welfare of the 
country were fully demonstrated by these actions, 
and Cabinet Ministers and other prominent public 
men lost no opportunity of impressing these views 
on the general public. It is therefore highly prob- 
able that the Lord Commissioners of the Admiralty, 
in considering theestablishment of Dockyard schools, 
had in view the desirability of setting a practical 
and useful example to other large employers of 
labour throughout the country. 

The new Board of Admiralty, which came into 
office in September, 1841, considered the matter 
for over twelve months before reaching a decision 
to establish the Dockyard schools. A letter dated 
November 28, 1842, was sent to all Dockyards, 
stating that Their Lordships were of opinion that 
schools should be set up to secure the benefits both 
of a religious and professional education to the 
apprentices, and a committee at each yard consisting 
of the Admiral Superintendent, the Master Ship- 
wright, the Chaplain, and any other officer interested 
in education, was to be formed to consider, intro- 
duce, and supervise an educational scheme, of which 
the letter outlined the general features. 

All apprentices were to attend the school every 
afternoon for three hours, commencing one and a 
half hours before the usual time of ceasing work. 
The standard of instruction at the outset was not 
to be too high, but might be raised where great 
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aptness or talent was displayed by particular boys. 
If the general average of instruction were placed 
too high, there was a danger, according to the letter, 
of giving the apprentices an officer’s, rather than a 
workman’s education, and many would find a better 
market for their abilities than the Dockyards afforded. 
The public would thus be educating them for the 
benefit of others, and obtain no return for the 
expense of their education. 

Their Lordships considered that elementary 
teaching in the schools would be obviated by 
making it an indispensable requisite for future 
entries of apprentices, that they should be able in 
some degree to read and write and have an acquaint- 
ance with the first rules of arithmetic. The School 
Committee at each Yard was to select a schoolmaster 
from the subordinate officers of the Yard, who should 
be acquainted with the usual method of teaching, 
and capable also of lecturing. The salary would be 
70l. a year, with an allowance of fuel and candles 
if the schoolmaster resided in the Yard, as appeared 
desirable. The apprentices were to be divided into 
five groups or classes, all entering the school in the 
lowest class, and being transferred into the higher 
classes annually, if examination indicated that their 
progress had been satisfactory. At the end of the 
third year of apprenticeship, an examination was to 
be held for the selection of the most-advanced 
apprentices, who would undergo a two years’ course 
of higher instruction in the first and second classes. 
Those who failed to pass were to remain in the 
third class, “for the sake of forming in them 
regular and industrious habits,” and presumably 
it was hoped the same would apply to those who 
failed to pass into the third and fourth classes. 
The second class, in addition to general instruction, 
were to be given lectures in practical shipbuilding, 
and at the end of their fourth year, the best were to 
be selected for the first class, who were to enter the 
mould loft to study the laying-off of ships, the 
principles of ship construction and design, and as 
necessary for this purpose, mechanism, hydrostatics, 
and mathematics. 

Bad conduct or non-attendance at school was to 
be punished by loss of time towards the annual 
increase of wages, and in extreme cases by cancella- 
tion of indentures and expulsion from the Yard. 
The chaplain of the Yard was to give religious instruc- 
tion in the school on Sundays, and exercise a general 
supervision on other days on this most important 
part of their education. 

The letter concluded by stating that all detailed 
regulations or instructions drawn up by the school 
committees at the different Yards were to be sub- 
mitted to the Admiralty for approval, and the 
committees were also to report if suitable rooms or 
buildings were available for conversion into schools. 

An Order in Council, dated February 1, 1843, 
approved the establishment of the schools, and 
authorised the appointment of schoolmasters at 
salaries of from 70/. to 1001. a year, according to the 
amount of the emoluments which the persons 
selected for such posts received from other appoint- 
ments held in the Dockyards. In their submission 
to Her Majesty-in-Council for the approval of these 
measures, Their Lordships humbly represented that 
the entry of apprentices had proved most advan- 
tageous to the public service, both as to efficiency 
and economy; that seven hundred lads were 
entered annually, but no facilities for religious or 
other instruction were at present provided; and 
they deemed it proper to establish evening schools 
in which a scientific knowledge of their profession 
might be acquired by the apprentices, from which 
it was anticipated the greatest advantage to H.M. 
Service would be secured. 


(To be continued.) 


Coat in ALBERTA.—Investigation has shown that 
while no metallic deposits of note have been identified 
in the Peace River district of Northern Alberta, coal, 
natural gas, and brine are to be found in quantity. 
It is possible that petroleum may also be located. In 
the matter of coal, it is thought that the district contains 
one of the most important coal fields of Western Canada, 
both as regards area and quality. A National coal 
reserve, some 550 square miles in extent, has been appro- 
priated in the Smoky River district. Smoky River, it 


should be added, is a tributary of the Peace River, which 
flows from the Rocky Mountains into Lake Athabasca. 
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THE PACOIMA ARCH DAM IN 
CALIFORNIA. 
By Frep. A. Noerzut, D.Sc. 

THE Pacoima arch dam, located on Pacoima 
Creek, a tributary of the Los Angeles River, was 
built in the years 1924 to 1928 for the Los Angeles 
County Flood Control District. It is one unit of an 
extensive flood control programme for which the 
people of Los Angeles County voted a bond issue 
of 35,000,000 dols. in the spring of 1924. 

The dam is 355 ft. high above stream bed, and 
372 ft. high above the deepest point of the foundation 
and at present is the highest dam in the United 
States. This dam is illustrated by Figs. 1 to 13 
above, and on pages 71 and 78, of which Fig. ll isa 
view of the finished structure. 

The dam and reservoir serve principally to 
protect certain sections of the city of Los Angeles 
which in the past have frequently suffered from 
floods originating in the watershed of the Pacoima 
and other creeks tributary to the Los Angeles 
River. The drainage area above the dam is 28 sq. 
miles. The capacity of the reservoir is relatively 
very small, only about 12,000 acre-ft. with the water 
surface at the crest of the dam. Hydraulic investi- 
gations have shown that flashy floods of 10,000 to 
12,000 cub. fi. per second may occur in Pacoima 
Creek, which if uncontrolled would be disastrous 
to the rapidly expanding sections of Los Angeles 
bordering on the Creek. The dam and reservoir will 
reduce these flows by about one-half. The flood 
waters will be discharged through several outlet 
pipes controlled by valves, and through an open 
spillway tunnel of 15 ft. diameter, driven through 
the side hill at an elevation of 65 ft. below the crest 
of the dam. 

The dam is of the variable radius arch type. It 
is located in an extremely narrow canyon. The 
length of the dam is about 60 ft. at the elevation 
of the creek bed, and 640 ft. measured along the 
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crest. Its thickness is 100 ft. at the base, and 
10-4 ft. at the top. The radius of the upstream 
face varies from 335:8 ft. at the crest to 170 ft. at 
the base. The layout and dimensions of the dam 
are shown in detailin Figs. 1, 2 and 3. 

The dam as originally planned in 1920 was 
designed by the simple cylinder formula. Im- 
mediately preceding construction, the layout was 
changed slightly to fit the arches properly to the rock 
foundation as revealed by the excavation work. 
The stresses in the elementary horizontal arches 
at the various elevations were then analysed by 
the eleastic theory and, in addition, by the method of 
secondary arching. The last analysis was made 
by assuming the dam to consist of a combination 
of vertical cantilevers and horizontal arches. The 
division of the water pressure between these two 
systems was determined by the same method as was 
used in the design of the Stevenson Creek experi- 
mental arch dam.* The resulting distribution is 
shown in Fig. 4. 

According to this last analysis, the maximum 
stresses in the dam with the reservoir full will 
be about 500 lb. per square inch compression at 
the abutment intrados of the lowest arches, and 
slightly less than 100 lb. per square inch tension 
at the extrados. These were the permissible stress 
limits as specified by the State Engineer of Cali- 
fornia, who passed on the design of the dam and 
exercised periodical supervision during its con- 
struction. There is no steel reinforcement in the 
dam. Arch sections at various elevations are shown 
in Figs. 5 to 9 inclusive. 

The bedrock at the dam site is granite. It is 
decomposed and soft for a considerable depth below 
the surface. In places, the excavation was carried 
from 60 to 80 ft. into the sides of the canyon 
before sound, hard rock was encountered, against 





* See “‘ Report on Arch Dam Investigation,” vol. i, 
Proceedings of the American Scciety of Civil Engineers, 
May, 1928, also ENGINEERING, vol. cxxvi, page 23, et seq. 
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which the concrete was poured. The foundation | 
was solidified and its water tightness increased by | 
cement pressure-grouting. Holes 20 ft. to 30 ft. | 
deep into bedrock, and about 5 ft. apart, were 
drilled along the entire upstream face of the dam. 
These holes were capped with 2-in. pipe and grouted 
after they had been covered with concrete to a 
depth of 10 ft. to 15 ft. They were first subjected 
to air pressure, and immediately thereafter cement 
grout was forced into the holes until refusal. Some 
of the holes took very little grout ; others absorbed 
between 200 and 300 sacks of cement, sealing cracks 
and crevices in the rock to great depths. | 
The concrete of the dam was poured in lifts of | 
from 4 ft. to 5 ft. In each horizontal joint keyways | 
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were provided, to prevent water seeping along the 

joint and through the dam. Vertical construction 

joints were arranged 50 ft. apart. These joints start 

about 40 ft. above the bedrock and extend to the 

crest of the dam. The concrete was poured in 

alternate sections, to permit one section to shrink | 
before the adjacent section was poured against it. | 
Each vertical contraction joint is provided with | 
two water stops, one of asphaltum near the upstream 

face, and one consisting of a strip of annealed 

copper placed across the joint near the downstream 

face of the dam. Split grout pipes were placed 

for the full height of each contraction joint and 

will serve for future grouting of these at the time of 

low temperature, and when most of the shrinkage 

of the concrete has taken place. 

The concrete aggregate was carefully graded to 

obtain a concrete of maximum density and uniform | 
strength. The sand was graded to } in. maximum | 


| and 8 ft. to 10 ft. long. 
| over and over again, in some instances more than 
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and coarse aggregate of 1} in. to 
34 in. size. The water-cement ratio was strictly 
| controlled by the inundation method. The average 
amount of cement used was 1-04 barrels per cub. yd. 
of concrete. With a water-cement ratio of 1-0 to 
1-2, the average strength of 6 in. by 12 in. test 
cylinders was 1,500 lb. per sq. in. at the age of 
7 days, and 2,600 Ib. per sq. in. at 28 days. 

The concrete mixers were placed on one of the side 
hills approximately at the elevation of the crest of 
the dam. From the mixers the concrete was dis- 
charged into chutes. As much as possible of the 
concrete was placed by gravity. The remainder 
|was hoisted in a tower 420 ft. high, and thence 
conveyed in chutes to the dam. 

The forms were composed of panels 5 ft. high 


| # in. to 14 in. ; 


ten times. No particular difficulties were en- 
countered in lining up the forms for the variable 
curvature of the dam. 
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Views of the dam during the latter part of con_ 
struction are shown in Figs. 10, 12 and 13, page 78 
which indicate the systems of forms and of concrete 
distribution. 

The following are, in round figures, the quantities 


|of materials, unit prices and cost items of the 


finished dam ;— 


Dols. 
General rock excavation, 87,000 cub. 
yards at 4 dols.... 348,000 
Rock excavation (no blasting allowed), 
10,000 cub. yards at 6 dols. .. . 60,000 
Concrete, 225,300 cub. yards at 7 ‘11 dols. 1,602,000 


Cement pressure grouting PP aaa 40,000 


Outlet works 25,000 
Spillway tunnel ... 90,000 
Roads, reservoir site, engineering, &e. 360,000 
Total cost of dam and reservoir 2,525,000 
Cost per acre-foot of reservoir capacity 210 


While the cost of the dam is relatively small, 


size. The gravel and crushed rock were graded | considering its great height, the cost per acre-foot 


in three sizes, pea gravel, } in. to ? in.; gravel, 


lof reservoir capacity is rather high. 


These panels were used | 


It must be 


Ze 


considered, however, that a big flood in the un- 
controlled creek would possibly cause material 
damage amounting to the full cost of the dam, and 
also loss of life. The high cost of the dam is therefore 
well justified. 

The construction of the dam was done by unit 
price contract. Messrs. Bent Bros., Inc., were the 
builders. Messrs. Henny, Lippincott, Reagan. 
Jakobsen, Jorgensen, Perkins and Harrison were 
connected with the design of the dam and with 
the supervision during construction. Mr. E. C. 
Eaton is chief engineer, the writer being special 
consultant for the Los Angeles County Flood 
Control District. 
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THE SOCIETY OF GLASS 
TECHNOLOGY. 


Tue 112th meeting of the Society of Glass Technology 
was held at University College, London, on December 19, 
1928, the President, Mr. W. Butterworth (Senr.), M.A., 
being in the chair. The following papers were com- 
municated :— 

‘© A Brief Outline of the History, Development and 
Methods Employed in the Manufacture of Laminated 
Glass,” by Mr. W. R. Lyttleton. The author stated 
that the principle of securing a tough material between 
two hard and relatively brittle sheets had long been 
known for decreasing splintering under impact. One 
of the pioneers in manufacturing this type of glass was 
an Englishman, Woods. His efforts, in 1905, were 
not wholly successful in marketing the product. 
About 1910, a Frenchman, Benedictus, met with more 
success, and La Société du Verre Triplex, which 
manufactured his article, is still in business. Similar 
efforts were made in America about the same time. 
Since the war, many firms in England and America, 
a few in France and Germany, and one in Czecho- 
slovakia had manufactured this strengthened glass. 
The methods used varied considerably. A layer of 
nitro-acetate cellulose, as transparent and free from 
cloud or any defects as possible, was securely fastened 
to glass sheets. In order to give long service, an 
adhesive cement was employed to hold the layers 
together. In one method of manufacture, in order 
to obtain a perfectly clean surface on the glass plates, 
they were cleaned with rouge and washed in running 
water. When dry, the plates were evenly coated with 
a suitable gelatine solution; then this, in turn, was 
dried in warm filtered air. An enamel or varnish was 
applied to the dry gelatine. The prepared sheets of 
glass and a suitable sheet of celluloid were then placed 
in an alcohol bath at a definite temperature; and 
assembled as a “‘ sandwich ”’ with the celluloid in the 
centre. The sandwich was then subjected to pressure 
in a hydraulic press, air bubbles and excess fluid being 
pressed outwards. In order to exclude moisture from 
the adhesives, the cellulose was ‘‘ cut back” around 
the edges of the glass, and the space filled with pitch, 
bitumen, varnish or paint. The laminated glass was 
then ground, polished, and prepared for use in the 
usual ways. Cellulose acetate and nitro cellulose 
might discolour and become brittle, but use was 
made of high-boiling-point solvents to overcome this 
difficulty. 

“A Simple Test for the Detection of Iron in Glass 
Sands,” by J. T. Randall and R. E. Leeds. The 
test described in this paper consisted of the heating 
| of the materials in an atmosphere of hydrogen at a 
temperature of 1,000 deg. C. for half an hour. The 
iron oxides were reduced, and, in the case of a sample 
of builder’s sand, the resulting iron was separated by 
means of a magnet. The materials became much 
darker in colour after reduction, the presence of iron 
being easy of detection. It was found possible to use 
coal gas in place of hydrogen. 

“Note on the Reduction of Glasses in Hydrogen,” 
by J. T. Randall and R. E. Leeds. In this paper, 
experiments were described showing how pieces of 
glass rod had been heated in an atmosphere of dry 
hydrogen over a temperature range of 500 deg. to 
1,200 deg. C. Exposure for half an hour was sufficient 
to effect reduction. Glasses containing arsenious 
lead or ferric oxides became discoloured, the depth of 
colour depending upon the chemical composition. The 
application of this test to the detection of impurities 
in soda-lime-silica glasses was discussed. 





‘ 








Low-TEMPERATURE CARBONISATION PLANT, ONTARIO. 
-~—We understand that a plant for the low-temperature 
carbonisation of Nova Scotia coal is shortly to be erected 
at Prescott, Ontario, on the River St. Lawrence. The 
plant is to be capable of treating 300 tons daily, pro- 
ducing a solid smokeless fuel which could be used 
instead of imported anthracite. Bituminous coal is to 
be brought up the St. Lawrence by steamer during 
the season of navigation, and in sufficient quantity to 
enable the plant to continue in operation throughout the 
winter months. 
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LABOUR NOTES. 

Av a conference, held recently in London, of repre- 
sentatives of the Railway Clerks’ Association, National 
Union of Railwaymen, Foundry Workers’ Union, 
Coppersmiths’ Society, Patternmakers’ Association, 
Electrical Trades Union, Engineering and Shipbuilding 
Trades Federation, and Amalgamated Engineering 
Union, the question was discussed of securing negotiat- 
ing machinery for supervisors employed by railway 
companies. A large majority of the representatives 
was in favour of the setting up of negotiating machinery, 
but it was intimated to the conference that the Amalga- 
mated Engineering Union were opposed. From in- 
quiries which had been made, the A.E.U. found, it was 
stated, that the majority of their supervisor members 
were satisfied with existing arrangements. That being 
so, it was added, they could not be parties to any 
decision reached. The Conference ultimately decided 
to appoint a sub-committee to go into the matter, 
the Engineering and Shipbuilding Trades Federation, 
Railway Clerks’ Association, and National Union of 
Railwaymen each having two members on it. 


The question of dealing with piecework questions, 
under the National Negotiating Machinery for Rail- 
way Shopmen, was considered at a recent conference 
in London, of representatives of the signatories to the 
agreement. The opinion of the majority was that the 
question should be dealt with as hitherto, and that it 
was not one which, strictly speaking, could be dealt 
with under the national machinery. 


Several of the Editorial Notes in the January issue 
of the Amalgamated Engineering Union's Monthly 
Journal deal with the financial affairs of the organisa- 
tion. Although the total membership, the writer says, 
has not shown any outstanding increase in 1928, new 
members admitted have averaged 1,635 per month. 
The actual sum paid out in the principal statutory 
benefits was approximately 497,360/. 10s. 2d. At the 
end of the year, 10,343 members were in receipt of 
superannuation benefit, the weekly cost to the Union 
being approximately 4,727/. 6s. Besides the benefits 
referred to, the Union paid, on behalf of the Govern- 
ment, between January | and December 14, approxi- 
mately 417,795/. 9s. 10d. in unemployment benefit. 


In December, the home branch membership of the 
Amalgamated Engineering Union decreased from 
192,304 to 190,885, and the colonial branch member- 
ship from 28,047 to 27,986. The number of members in 
receipt of sick benefié increased from 5,437 to 5,502 ; 
the number on superannuation benefit decreased 
from 10,343 to 10,324; and the number on donation 
benefit increased from 11,572 to 11,897. The total 
number of unemployed members increased from 
15,565 to 15,633. 

In the course of some comments on Mr. Gearge Hall’s 
Bill, Man and Metal, the organ of the Lron and Steel 
Trades Confederation, says that the question of 
workmen's compensation stands in need of a thorough 
review. At the present time, the writer proceeds, a 
very large number of companies in the country, who 
have been carrying their own risks and have now gone 
bankrupt, cannot meet their liabilities, with the result 
that many injured workmen cannot receive compensa- 
tion according to law. In South Wales alone, it is 
estimated, he says, that there are thousands of workmen 
who have been receiving, and are entitled to receive, 
compensation, who cannot get it because the firms have 
gone into liquidation. The value of the claims which 
are not being met is reckoned at 200,000/. ** The remedy 
would be,” the writer concludes, ** to compel all 
employers to insure their workpeople or for the Govern- 
ment to take over this insurance and see that everybody 
employing workpeople paid their proper contributions 
to the cost.” 


According to the Berlin correspondent of The Times, 
the German unemployment insurance returns for the 
second half of December show a further increase. The 
number of persons in receipt of insurance relief rose, 
he says, by 402,000, or 31 per cent., from 1,300,000 on 
December 15, to 1,702,000 on December 31, and the 
number of persons in receipt of extended benefit from 
116,800 to 127,400, or 9 per cent. The total number of 
registered unemployed at the end of the year was 
therefore 1,829,400. At the end of December, 1927, 
the figure was roughly 1,400,000, after a rapid rise from 
about 450,000 at the end of October; at the end of 
1926 it was about 1,850,000, estimating the extended 
benefit figures which were then only issued on the 15th 
of each month. (This was a comparatively low figure 
for that year, during which the record total of 2,055,000 
was reached in February.) Comparison can only be 


very rough, it is explained, owing to the differences 
caused by the introduction of the insurance system. 
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The Minister of Labour has given formal notice of 
the approaching expiration of the period for obtaining 
certain refunds of unemployment insurance contribu- 
tions. The right to a refund of unemployment insur- 
ance contributions on attaining the age of 60 was 
abolished as from July 7, 1924. It is, however, still 
possible to obtain a certain repayment of contributions, 
if an insured contributor was aged 50 before July 7, 
1924, and had paid not less than 59 contributions 
before that date, assuming, of course, that he had not 
received in benefit as much as the repayment otherwise 
due. Forms of application for these repayments may 
be obtained at any local office of the Ministry of 
Labour until July 7, 1929, but, in view of the time 
which has elapsed since the right to a repayment was 
granted, they must be accompanied by a statement 
giving reasons for not making the claim at an earlier 
date. There is no possibility of a refund of any contri- 
butions properly paid since July 6, 1924. 

A representative conference of persons interested in 
the building industry was held, in London, last week, 
when it was decided to form a council for the purpose 
of inquiring into building and its associated industries 
and interests. Sir William Mackenzie, K.C., was 
elected President, with Lord Riddell, Sir J. Tudor 
Walters, and Mr. W. J. Tapper as Vice-Presidents. 
Mr. A. C. Bossom was elected the chairman of an 
executive committee which is representative of the 
various interests concerned. The terms of reference 
approved by the Council were ‘* to undertake a com- 
prehensive review of the economic position and techni- 
que of the building industry and its associated interests.” 
The following interests were represented at the con- 
ference :—Architects, surveyors, structural engineers, 
building contractors, building operatives, building 
material manufacturers and suppliers, building owners, 
and building educationists. Mr. B. 8S. Townroe 
accepted the position of honorary secretary. The 
secretary is Mr. E. B. Bryant, to whom all communica- 
tions should be sent, care of the Royal Society of Arts, 
10, John-street, Adelphi, W.C.2. 


On January 7, 1929, the number of unemployed 
persons on the registers of Employment Exchanges 
in Great Britain was 1,452,600. Of these, 1,053,500 
were totally unemployed, 325,100 were temporarily 
stopped, and 74,000 were persons normally in cas 1a) 
employment ; 1,133,900 were men, 43,500 boys, 236,700 
women, and 38,500 girls. Of 1,520,730 on the registers 
on December 31, 1928, 1,019,553 were wholly unem- 
ployed, 426,740 were temporarily stopped, and 74,437 
were persons normally in casual employment ; 1,183,733 
were men, 42,887 boys, 258,681 women, and 35,429 
girls. The number of unemployed persons on Janu- 
ary 9, 1928, was 1,232,069, of whom 983,616 were men, 
40,481 boys, 172,522 women, and 35,450 girls. 


Statistics relating to workmen’s compensation 
issued last week by the Home Office, show that, taking 
into account all the charges and expenses, the total 
amount paid in 1927 in the seven principal industries— 
mines, quarries, railways, factories, docks, construc- 
tional work, and _ shipping—was approximately 
8,250,000/. It is further estimated that the total paid 
in the other industries under the Workmen’s Com- 
pensation Act—though, in the absence of returns 
from these industries, the basis of an estimate is neces- 
sarily much more incomplete—would be in the rezion 
of 3,750,0001., making a total for all industries under 
the Act of 12,000,0001. If the charges and expenses 
are deducted, 6,315,803]. was paid in the seven great 
industries in respect of 458,419 cases. The average 
payment in fatal cases was 297/., compared with 
2851. in 1925, and 1611. in 1914, and in cases of disable- 
ment it was 12/. 4s., compared with the same figure in 
1925, and 8/. 7s. in 1914. The proportion of compen- 
sation paid in the seven industries in fatal cases was 
12-1 per cent. of the total amount paid for compen- 
sation. The percentages for the different industries 
work out as follows :—shipping, 22-9; factories, 9-4 ; 
docks, 12-6; mines, 11-8; quarries, 17-3; construc- 
tional work, 14:0; and railways, 24-6. Of the total 
amount of compensation paid, 3,322,408/., or 52-6 per 
cent., was paid by mutual indemnity associations, 
1,536,349/., or 24-3 per cent., by insurance companies, 





and = 1,457,046/., or 23-1 per cent., by uninsured 
employers. 
The report of the joint committee which was 


appointed by the engineering trade unions to inquire 
into the state of the industry, with a view to the formu- 
lation of a new wages policy, is now before the Execu- 
tives of the various organisations for their considera- 
tion. According to Mr. Sherwood, the president of 
the Engineering and Shipbuilding Trades Federation, 
“the report contains a mass of information to guide 
the unions in their future wage policy. It is at present 
strictly private and confidential, and has been issued 
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only to the Executives of the various unions with a 
special request to the secretaries that they will preserve 
its secrecy until after the conference. The report, as 
it stands in draft form, may be revised and modified. 
After considering it, the unions will decide whether 
they will go forward with another national claim or 
endeavour to obtain advances in certain of the more 
prosperous sections of the industry, which will represent 
a new policy in negotiations.” Until the various 
Executives have arrived at definite conclusions in the 
joint conference, which is to be called for a date towards 
the end of next month, it is, obviously, profitless to 
speculate as to what will happen. At the moment, 
however, two things appear to be certain. The case 
for a national advance is no stronger than it was when 
the last application was made, and the case for sectional 
or district claims is hedged round with more rather than 
fewer difficulties from the trade union point of view. 

The General Council of the Trades Union Congress 
have been considering the question of the transfer of 
men from distressed areas and the effect which this is 
likely to have on the existing labour supply in the 
various districts. It is reported, the Industrial News 
states, that difficulties have arisen in some areas where 
firms are alleged to have displaced regular workers and 
taken on men from distressed areas—in some cases at 
lower rates of wages. A circular letter has, therefore, 
been addressed by the General Council to their affiliated 
unions asking that the fullest information possible 
should be obtained in regard to the effects of this 
transference of labour. The letter asks for specific 
information of cases where this system of transference 
is operated to the disadvantage of members, either by 
(a) dismissal of members to provide work for transferred 
men; (6) institution of short time to provide work for 
transferred men; (c) threatened reductions in wages of 
members on account of transferred men coming in at 
lower rates ; (d) actual reductions of wages of members ; 
or (e) any difficulties experienced by unions in regard 
to the general problem occasioned by the transference 
of labour from distressed areas. ‘The General 
Council realise,” it is added, “the necessity for the 
provision of work for men from areas where their 
means of livelihood have been cut off, but at the same 
time they feel that the migration from distressed areas 
must not lead to any worsening of the conditions in 
other areas.” << 

In order to encourage the study of plastering in 
Technical Schools and Schools of Art, the National 
Joint Council for the Plastering Industry, representing 
the National Association of Master Plasterers and the 
National Association of Plasterers, Granolithic and 
Cement Workers, have decided to award, annually, to 
the most successful students in schools which have 
previously been recognised for that purpose by the 
Council, a series of prizes. The awards will be made 
on the results of the City and Guilds’ Examinations in 
Plastering, but the student’s attendance and progress in 
class during the year preceding the examination will 
also be taken into account. The number of prizes for 
the session 1928-29 will be three for senior students, 
value 5l., 4/. and 3/., respectively, and five for junior 
students, value 3/., 2/. 10s., 2/., 11. 10s., and 11., respec- 
tively. Only those who are actually working at the 
trade are eligibile to compete for the senior prizes, but 
students under 17 years of age, engaged in full-time 
instruction prior to entering the trade as apprentices 
or improvers, are eligible to compete for the junior 
prizes. 

Over 1,450 meetings of local committees were held at 
important stations on the London, Midland and Scottish 
Railway in 1928, mainly for the discussion of questions 
of co-operation between the workers and the manage- 
ment. This was more than three times as many as in 
1927, when the matters discussed were principally the 
grievances of employees. Mr. William Clower, the 
railway company’s principal labour officer, made a 
statement to that effect in the course of a speech in 
which he dealt with the L.M.S.R. co-operation scheme 
inaugurated by Sir Josiah Stamp after consultation 
with the railwaymen’s unions, and explained to the 
workers at 22 meetings during the year. There were 
definite indications, Mr. Clower said, that the scheme 
was producing good results, and a more fully-developed 
spirit of mutual confidence and helpfulness was growing 
up between officers and men. 

Concurrently with the co-operation movement, Mr. 
Clower said, the invitation extended to the railway 
staff by Sir Josiah Stamp, to make suggestions for 
the improvement of the service had produced, in the 
year, more than 8,000 suggestions. Many of them had 
proved to be of substantial value, and had been adopted, 
with the result that thousands of pounds were being 
saved by the company annually. For suggestions of 
real merit, the company undertook to make monetary 
awards. 
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THE RUTHS STEAM-ACCUMULATOR 
INSTALLATION AT THE RIVER DON 
STEEL WORKS, SHEFFIELD. 

As is well known, boiler equipment as usually arranged 
suffers under the disability of being unable to deal with 
a variable load without a considerable increase in the 
thermal losses and an adverse effect upon efficiency 
and fuel economy. This disability is most marked in 
the water-tube boiler, and may explain why the 
Lancashire boiler is still so largely employed in, say, 
the textile industry, where large volumes of steam 
are required intermittently. But the accumulative capa- 
city, even of the Lancashire boiler, is small, and it is not 
surprising therefore that various attempts should have 
been made to combine the steam-raising plant with 
some system of storage, so that the output of the 
former can be maintained as nearly as possible constant. 
If this can be effected, the boiler can obviously be 
operated continuously on a certain fixed load, the 
difference between the latter and the lower steam demand 
at any time being stored and used in turn to provide 
any excess that may later be required above what the 
boiler can efficiently supply. One way of doing this 
is to store the heat of the surplus steam in water, and 
this principle was applied no less than thirty years ago 
by Druitt-Halpin and others, who heated the feed water 
in this way. This arrangement did not, however, 
overcome the difficulty of the boiler’s inherently low 
overload capacity, and the same criticism applies to 
the containers which were devised for storing steam 
without the use of water, and to the Rateau and 
Morrison accumulators which collected steam from 
intermittently-running engines, like those employed 
in winding and in rolling mills, and then passed it 
to exhaust turbines, which could thus be operated con- 
tinuously on constant load, even when the main plant 
was temporarily out of action. 

None of these schemes therefore received much 
practical application, and it was not until the need for 
economy, which has been so apparent of recent years, 
became insistent, that much use was made of the possi- 
bilities of steam storage. The principle has, however, 
received considerable stimulus from the work of Dr. 
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RUTHS STEAM STORAGE, LIMITED, 
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fully explained by Dr. Ruths in a paper which he 
read before the first World Power Conference at 
Wembley in 1924*. Very little, however, has been 
published about its actual employment. It will 
therefore be of interest to give some details of the 
installation, which has recently been started up at the 
River Don Steel Works, of Messrs. Vickers-Armstrongs 
Limited, at Sheffield, by Messrs. Ruths Steam Storage, 
Limited, of Africa House, Kingsway, London. 

To understand the operation of this plant it must 
be stated that two existing boiler houses were involved. 
One of these is known as the Tyre-Mill House, and con- 
tained seven Lancashire boilers, three of which operated 
at a pressure of 160 lb. per square inch and the re- 
mainder at 70 lb. per square inch. The second boiler- 
house, known as the Forge Gas-Plant Boiler House, 
contained five boilers, all of which operated at 70 Ib. 
per square inch. Before the installation of the accumu- 
lator, the three high-pressure boilers supplied steam for 
operating feed pumps, presses and bloom mills, and were 
also connected, for balancing purposes, to the low- 
pressure boilers in the same house through a reducing 
valve. The latter boilers, as well as those in the Forge 
Gas-Plant Boiler House, fed into a ring main, to which 
various equipment, such as steam hammers, forge-gas 
plant, pumps and air compressors were connected. 
The maximum possible steam load was 151,000 Ib. 
of steam per hour, the average being 59,900 lb. The 
maximum total evaporation from the high-pressure 
boilers was 32,000 lb. per hour, and the average 15,000 Ib. 
The fluctuations in demand were considerable, and 
imposed a severe handicap on the boiler plant, 
as will be clear when it is stated that the pressure 
varied from 160 Ib. to 100 Ib. per sq. in. 

It was therefore decided to instal an accumulator with 
a capacity of 30,000 lb. of steam, and designed for a 
pressure range of 160 lb. to 70 lb. per sq. in., but 
operating over a pressure range from 140 lb. to 
70 lb. per sq. in. This accumulator, which contains 
278 tons of water when fully charged, is teed off 
the connection between the high-pressure and the 
low-pressure range in the Tyre-Mill Boiler House. 
The valve system, in that part of the main which lies 
between the high-pressure range and the accumulator, 


J. Ruths, of Stockholm, who employs an accumulator | is arranged either to pass surplus steam from the high- 


containing a large quantity of water, in conjunction 
with ordinary boilers. This accumulator stores the 


steam that is surplus to requirements at any time, | for low-pressure steam. 


under pressure and at saturation temperature. When 
the demand for steam increases above the normal out- 
put of the boiler, energy is given up in the form of 
steam, which is produced by ebullition owing to the 
reduction in the pressure inside the accumulator. 





The theory underlying this arrangement is probably | 


well-known to readers of ENGINEERING, and was 


pressure main to the low-pressure main direct, or to the 
accumulator, depending on the momentary demand 
It also embodies a device for 
preventing the accumulator pressure from rising above 
140 lb. per square inch, and a second device which 
opens a by-pass if the demand for low-pressure steam 
should be in excess of what is being taken either from 
the high-pressure main or from the accumulator. A 





* See ENGINEERING, vol. cxviii, page 68 (1924). 
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reducing valve is installed in that part of the connect- 
ing main which lies between the accumulator and the 
low-pressure range, to maintain constant pressure in 
the latter. 

A view of the accumulator is given in Fig. 10, on 
page 74, and itsarrangement is shown in the longi- 
tudinal and end elevations reproduced in Figs. 1 and 2, 
respectively, and in the plan, Fig. 3, on this page. As will 
be seen, it consists essentially of a cylindrical shell, built 
up of riveted-steel plates, with hemispherical ends. 
This shell is covered with heat-insulating material, 
which need not be more than 3 in. to 4 in. thick, 
owing to the volume of the accumulator being large 
in comparison with its external surface. The riveted 
seams are covered with insulating blocks, which are 
easily removable, so that the joints can be inspected. 
This insulation is protected by suitable cleading. 

The shell, which weighs about 86 tons, is supported 
on four cast-steel brackets. Lengths of angle iron, 
illustrated in detail in Figs. 4 and 5, are shaped 
round the shell and fastened to it by rivets. These 
angles are made sufficiently long to ensure that the 
stresses set up in the shell plates shall be properly 
distributed. The brackets proper are fixed to the 
angles by means of bolts and are of three different 
patterns. The first of these, which is supported on 
a fixed foot, is shown in Figs. 6 and 7. It 
has a flanged base, which is bolted to a concrete 
foundation plinth, as will be clear from Fig. 10. The 
bracket diagonally opposite the fixed foot is 
carried on a pendulum foot, and is shown in 
detail in Figs. 8 and 9. It comprises a mild-steel 
pendulum, which is placed between the bottom of 
the bracket and the cast-steel base plate, which is 
bolted to a second concrete plinth. The ends of this 
pendulum slide in recesses in the bracket and_ base 
plate, respectively. The two remaining brackets, 
which are placed opposite the fixed foot and pendulum 
foot, respectively, carry the roller bearings. These 
comprise a cast-steel base plate, mild-steel rollers and 
connecting straps, and a cast-steel top plate. The 
rollers are free to move within the limits afforded by 
the raised ends on the base and top plates. The heights 
of all the brackets are equal, the differences, caused 
by the roller and pendulum feet being of unequal 
length, being compensated by a corresponding adjust- 
ment in the heights of the respective foundation 
plinths. The feet are so arranged that the accumulator, 
as a whole, expands in the same direction as the main 
steam pipe, while the shell is free to expind with 
the fixed foot as axis over the two roller bearings, one 
of which is exactly opposite the fixed foot, and the 
other is on the same side of the accumulator, as shown 
in Fig. 3. The pendulum foot takes up the resultant 
of these two expansions. 

The most important feature of the installation is the 
automatic-control valves, which regulate the charging 
and discharging of the accumulator and maintain a 
constant pressure in the steam mains. The arrange- 
ment of these valves, the operation of which has already 
been mentioned, is shown in Fig. 15, on page 75. 
As will be seen, the valve on the left hand side of the 
figure is connected to the high-pressure main, and 
is operated by the changes in the boiler pressure which, 
in this case, is normally 140 lb. per sq. in. The same 
valve is also visible in the centre of Fig. 11, which 
is an illustration of the control station. It is set 
for a pressure a little lower than the boiler safety 
valves, and, when it opens, steam is passed automati- 
cally into the accumulator main. In this way, the 
boiler pressure is kept constant, and blowing of the 





safety valves is avoided. In the same way, the second 
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valve, which is shown on the right both of Fig. 11 and | 


Fig. 15, maintains a constant pressure of 70 lb. per 
sq. in, in the low-pressure main. 

The accumulator will therefore be on * charge’’ or 
“‘ discharge,’ depending on whether more or less steam 
is being passed through the first or the second valve 
at a given moment. If at any time the accumulator 
is fully charged, the first valve acts as a maximum- 
pressure valve and cuts off the high-pressure steam 
supply. If, on the other hand, the accumulator is com- 
pletely discharged, it acts as a reducing valve, so that 
steam can be supplied from the boilers in sufficient 
quantity and at the right pressure to the low-pressure 
main. 

A section through one of these regulating valves, both 
of which have the same general characteristics, is 
given in Fig 12, while Fig. 13 is an enlarged detail of 
the governor end, showing the pilot valve and relay 
more clearly. As will be seen, the main valve is of | 
the double-disc type and is operated by a servo-motor | 
piston, the movement of which is controlled by a pilot | 
valve, the opening and closing of which is determined by 
a diaphragm relay. Oil is supplied to the regulator at | 
constant pressure by a gear pump, so that the annulus | 
between the pilot valve A, Figs. 12 and 13, and the 
casing of the governor end of the regulator is flooded. | 
Thence it passes through the passage B into the sump C | 
by way of the orifice D, the size of the actual opening 
at this point being determined by the position of the | 
spring-loaded plunger E. On leaving the sump, part | 
of the oil passes to the top of the pilot valve, while the 
remainder flows through the variable orifice F to the 
vil outlet. The area of the variable orifice is determined 
by the position of the forked lever G, which is pivoted 
at H on an adjustable fulcrum, and is operated by the 
diaphragm J and the plunger K against the tension of 
the spring L. The diaphragm is connected through the 
pipe M to the steam main, and is therefore influenced 
by any change of pressure in the latter. If the movement 
of the diaphragm is such as to decrease the area 
of the oritice F, owing to an appropriate alteration 
in the position of lever G, the oil pressure in the 
sump C increases, and the pilot valve A is caused to 
descend against the compensating spring N. A series 
of ports O in the hollow valve spindle P is thus un- 
covered and, as this spindle is connected to the servo- 
motor cylinder, the piston Q is moved and the main 
valve caused to open against the spring R. The 
opening of the main valve tends to close the ports O, 
so that the amount of port area uncovered at any 
moment depends upon the relative position of the 
pilot-valve and main-valve spindles, as determined by | 
the pressure in the oil circuit and the area of the orifice | 
F. When the pressure in the steam main is the 
same as the pressure for which the regulator is set, the 
ports are closed by the pilot valve and the opening of 
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the main valve is thus maintained constant. If, on the 
other hand, the area of F is increased by the movement 
of the diaphragm, the pressure in the sump falls 
and the pilot valve ascends, so that the ports are un- 
covered by the lower edge of the latter. The result is 
that the oil pressure in the servo-motor cylinder is 
reduced and the main valve is closed by the spring R, 
the surplus oil passing away through the outlet. This 
operation continues until the pressure in the steam 
mains is again balanced, when the ports are closed. 

The area of the orifice D, which controls the rate 
at which the pilot valve moves, is regulated by the 
screw sleeve S, while the supply of oil to the pilot 
valve can be cut off momentarily by the spring-loaded 
plunger E, so as to enable the lever G and the timing of 
the main valve to be adjusted. The extent to which the 
ports O open, and thus determine the rate at which 
the main valve opens or closes, can be adjusted by the 
screw T. The cock U is provided for use in emergency. 
When it is given half a turn, the servo-motor is put 
into direct communication with the oil outlet, thus 
closing the main valve. 

The operation and general design of the regulator 
between the high-pressure steam main and the accu- 
mulator is similar to that which we have already 
described, but, as shown in Fig. 14, it is provided with 
a compound governor. It will, therefore, not only 
allow steam to overflow from the high-pressure mains 
to the accumulator, but will also act as a reducing 
valve, so that high-pressure steam can be supplied 
direct to the low-pressure main when the accumulator 
is empty, and as a limiting device which will prevent 
the accumulator from being overcharged. As will 
be seen, in this case there are two diaphragms, J and 


|J;, which are known as the overflow and reducing 


diaphragms, respectively. These operate the valve 
through the spring-loaded plungers K and Ky, the 








GENERAL VIEW OF ACCUMULATOR. 


lever G and the orifice F, as has already been described. 
If there is an overflow of steam from the high-pressure 
main to the accumulator, the positions of the various 
parts of the device are as shown in Fig. 14, 7.e., the 
plunger K is directly engaging with and moving the 
forked slide lever G, owing to the action of the 
diaphragm J. The result is that a constant pressure 
is maintained on the up-stream side of the main 
valve, and all the surplus steam is passing to the 
low-pressure main or to the accumulator. 

If, however, the demand for low-pressure steam 
is greater than the supply, the reducing diaphragm J, 
comes into operation and engages with the left-hand 
collar on the plunger K, thus causing the main valve 
to open as already described, and allowing more steam 
to pass from the high-pressure main. On the other 
hand, if the demand for low-pressure steam decreases 
and the accumulator becomes fully charged, the pressure 
on the down-stream side of the valve will increase and, 
at a certain predetermined pressure, the yoke on 
plunger K, will be moved by the diaphragm Jj, so 
that it will engage with the right-hand collar on 
plunger K. This will cause the main valve to close 
and so cut off the supply of high-pressure steam. 

As will be seen by referring to Fig. 11, the usual 
gauges and meters are provided on the control 
board, and the only two of which mention need be 
made are the glass, which indicates the amount 
of water in the accumulator, and the master gauge 
which shows the pressure. The former is of the 
usual pattern, while the latter, which is installed 
on the firing floor in the boiler house, is a pointer 
instrument the scale of which is divided into three 
parts. Two of these cover the same number of 
degrees of arc, and each occupies about one-sixth 
of the scale at the extreme ends of the latter. 
The remainder, amounting to about two-thirds of the 
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whole, lies centrally between them, and is marked 
“constant firing,’ the other two being inscribed 
“increase”? and “decrease,” respectively. So long 
as the pointer remains within the limits of the central 
arc, which in this case covers a pressure range 
from 70 lb. to 140 lb. per square inch, no change in 


the rate of firing is necessary. If, however, the pointer 
moves into the sectors marked “increase” or 
“ decrease,” the rate of firing must be changed, in 
accordance with the indication given. Owing to the 
length of the central sector, ample warning that a 


that this can be effected slowly with a minimum effect 
on the boiler efficiency. In addition to relieving the 
boiler-house staff of the responsibility of following 
pressure variations, the gauge also shows the charge 
engineer the amount of energy that is stored in the 
accumulator at a given moment. 

When the details of the installation which has 
just been described were being considered, it was 
|anticipated that the average total load involved 
| namely, 56,000 lb. of steam per hour, could be main- 
} 





tained with nine boilers and the accumulator, as 
{compared with eleven boilers without the accumulator, 
and that a saving in fuel consumption of 15 per cent., 
not to speak of reduced operating and maintenance 
costs, could be realised. To ascertain whether these 
anticipations were justified, it was decided to make a 
series of tests on the completed plant, and we are 
able, by the courtesy of Messrs. Vickers-Armstrong, 
Limited, and Messrs. Ruths Steam Storage, Limited, 
to give a summary of the results obtained during these 
investigations. 

The plant was run for a complete week with the 
accumulator off theline, and then for another complete 
week with it in commission. The boiler efficiencies 
were determined by weighing the coal, and from a 
summation of the records obtained on a steam meter 
in the Tyre-Mill Boiler House and on a water meter in 
|the Forge Gas-Plant Boiler House, respectively. The 





change in the rate of firing is necessary is given, so| calorific value of the coal was carefully tested, and 





76 


the usual observations of the flue-gas composition and | 


temperature, air temperature, &c., weremade. Records 
of the work done in the forge, and of other data likely 
to be useful in making the comparison, were also kept. 
As regards pressure fluctuations, it was found that, 
while without the accumulator the pressure range was 


from 150 Ib. to 95 lb. per square inch continuously | 


throughout the day, with the accumulator in operation 
it only amounted to | Ib. or 2 lb. above or below 140 Ib. 
per square inch. The charts also show that, ‘while 
there were the same rapid fluctuations in pressure in 


both cases when the steam hammers were started up, | 


when the ac@amulator was being used the average 
steam pressure was not reduced. As regards the low- 
pressure main, the pressure range in the pumphouse 
was from 70 lb. to 58 Ib. per square inch without the 
accumulator, and from 66 lb. to 58 lb. per square inch 
with the accumulator, the range of pressure in the 
mains close to the accumulator being much less. In 
fact, the pressure near the accumulator, both in the 
high-pressure and low-pressure mains, was sensibly 
constant, the variations shown on the chart being pipe- 
line pulsations due to the steam-hammer operation. 

\s an indication of the value of the accumulator 


in meeting momentary steam demands, it may be | 


mentioned that, on one occasion, the pressure in the 


accumulator fell from 127 Ib. to 85 Ib. per square inch | 


in 1% hours, corresponding to a total discharge of 
18,500 Ib. of steam or 9,420 Ib. per hour. 


production of 16,200 lb. per hour, or approximately a 
30. per cent. overload on the boilers. 
periods of peak loads it would, of course, have been 
impossible to have brought other boilers on to the line 
to meet the demand without having them banked in 


readiness, as is the usual practice. It was calculated that | 


the rate of steam flow from the high-pressure to the 
low-pressure main was approximately 17 per cent. 
higher with than without the accumulator, due to the 
elimination of fluctuation. This figure, it is considered, 
may be regarded as a measure of the extent to which 
the performance of the various steam cylinders is 
handicapped by such variations. 


As regards production it is difficult to assess the | 


value of the accumulator, owing to variations in the 
nature of the output and variations in the running of 
the plant. It may be interesting, however, to record 
that, during the week when the accumulator was out 
of action, 1,352,858 Ib. of steel were forged. During 
the week when the accumulator was on the line 
2,020,669 Ib. of steel were forged, the increase in 
output amounting to 22 per cent., while the output 


of the plant per ton of coal gasified for the furnaces | 


was 43 per cent. greater. 

The figures for boiler efticiency under the two 
conditions of working are also interesting. With the 
accumulator out of commission, it was necessary to 
have five of the boilers in the Tyre-Mill Boiler House 
and three of the boilers in the Forge-Gas Plant Boiler 
House in operation, while, with the accumulator working, 
the total load was carried by six boilers in the Tyre-Mill 
Boiler House during the first part of the test, an addi- 
tional boiler being employed later owing to the increase 
in load. It was found that, without the accumulator, 
the boilers in the Forge-Gas Plant Boiler House were 
generating only about 4,800 Ib. of steam per hour, 
while those in the Tyre- Mill Boiler House were averaging 
9,600 Ib. per hour each. With the accumulator in 
use, the average evaporation per boiler amounted to 
9,700 Ib. per hour for six boilers and 8,800 Ib. for 
seven boilers. It is therefore obvious that the Forge- 
Gas Plant boilers were being mainly used to meet peak 
load demands and were operating uneconomically. 

During the test without the accumulator, the total 
evaporation amounted to 7,484,080 lb., or 62,230 Ib. 
per hour, while, with the accumulator, the average, 
to begin with, was 58,300 lb. per hour, which was 
supplied from six boilers, and later 61,200 Ib. from 
seven boilers. Regarding the plant as a whole it 
appears probable that, with the accumulator, the total 
load can be carried by nine instead of eleven boilers. 
Careful tests showed too that the net combined boiler 
efficiency without the accumulator was 56°8 per cent., 
while during the first part of the test with the accumu- 
lator, six boilers being on load, it was 62-5 per cent., 
later rising, with seven boilers on load, to 67-1 per 
cent. These figures are based on the gross calorific 
value of the fuel as fired. Stated in terms of coal saving 
they show that, with the accumulator in use, there was 
a reduction in fuel consumption of 9 per cent. with 
six boilers and 15 per cent. with seven boilers, com- 
pared with operation without the accumulator. 





DupDDELL Mepat Awarp.—The council of the Physical | 
Society have awarded the sixth (1928) Duddell Memorial | 


Medal to Dr. C. E. Guillaume, the director of the Bureau 
International des Poids et Mesures, Sévres. The medal 
is awarded annually to a scientist who has contributed 
to the advancement cf knowledge by the invention or 
design of scientific instruments, or by the discovery of 
maierial used in their construction, 


On another | 
oceasion, the pressure dropped from 117 Ib. to 88 Ib. 
per square inch in 45 min., corresponding to a steam | 


During such | 
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TENDERS. 

We have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British Posses- 
sions and in foreign countries. The closing date of each 
tender is stated below. Details may be obtained on 
application to the Department at the above address, the 
reference number given being quoted in each case. 

Cooling Tower.—The supply and erection of a cooling 
tower, elevated tank, supporting structure, piping connec- 
tions, and centrifugal pump. Egyptian Ministry of Public 
Works, Cairo; February 16. (Ref. No. A.X.7373.) 


Pumping-plant Gas Engine.—The supply and erection of 
a producer and gas engine for operating a borehole pump. 
South African Railways and Harbours Board, Johannes- 
burg; February 28. (Ref. No. A.X.7376.) 

Machine Tools, &c.—The supply of a bar cropper 
machine, punching and shearing machines, tinsmiths’ tools, 
oil-storage tanks and pumps (45 gallons), electric or 
ordinary lever-escapement clocks. New Zealand Govern- 
ment Railways, Wellington ; May 8. (Ref. No. A.X. 7377.) 

Structural Steelwork.- 
for the new coaling plant, Queenstown. 
Railways and Harbours Board, Johannesburg ; 
ary 28. (Ref. No. A.X. 7378.) 

Ash-handling Plant.—The supply of one ash-handling 
plant with one extra grab bucket. South African 
Railways and Harbours Board, Johannesburg; Feb- 
ruary 28 (Ref. No. A.X. 7380.) 

Cable Boxes.—The supply and delivery of cast-iron 
cable boxes. The Deputy Director, Posts and Tele- 
graphs Department, Melbourne; February 5. (Ref. 
No. B.X. 5029.) 

Bells and Buzzers._-The supply and delivery of bells 
and buzzers. The Deputy Director, Posts and Telegraphs 
Department, Melbourne ; February 26. (Ref. No. B.X. 
5032.) 

Hospital Extensions. 


The supply of structural steelwork 
South African 
Febru- 





A sum of 293,000 dols. is to be 


tion of a new boiler system at the General Hospital, 
Hamilton, Ontario, Canada. (Ref. No. C.X. 2944.) 

Rails and Fishplates.—The supply of rails and fish- 
plates, ete. 
February 8. (Ref. No. A.X. 7391.) 

Swing Bridges.—The construction of two swing bridges. 
Municipality of Antwerp ; February 28. 

7382.) 

Industrial Oils.—The supply of lubricating and gas- 
making oils and locomotive bearing oil. New Zealand 
| Government Railway Department, Wellington; June 5. 
(Ref No. B.X. 5013.) 

Railway Rolling Stock.—The Supply of bogie railway 
trucks, bogie high-sided wagons, and a bogie well truck 
Siamese State Railways. Bangkok; April 16. (Ref. 
No. A.X. 7383,) 


| advanced shortly. 


spent on the erection of two new wings and the installa- | 





NOTES FROM THE NORTH. 


GLascow, Wednesday. 

Scottish Steel Trade.—Movement in the Scottish steel 
trade has been somewhat limited during the past week, 
but the undertone continues good. Buyers have not 
been placing many orders of importance, and fresh 
business generally is just a ttle scarce. Producers, how- 
ever, are hopeful and indeed rather confident that improve- 
ment will come along slowly. Market inquiries point to 
the fact that more shipbuilding contracts are very probable 
in the near future, and this, of course, means more 
activity at the ste:! works. In the black-sheet trade 
the conditions are fairly satisfactory for the time of the 
year, but an increase in demand is being Jooked for 
shortly. In the meantime the works are turning out 
quite a fair tonnage of light and galvanised sheets, 
but the heavier gauges are not in such good demand. 
Prices of steel material are unchanged, and are as 
follow :—Boiler plates, 10/. 10s. per ton; ship plates, 
8l. 7s. 6d. per ton; sections, 71. 17s. 6d. per ton; black 
sheets, }-in., 8/. 15s. per ton; and galvanised corrugated 
sheets (No. 24-gauge), 131. 12s. 6d. to 131. 15s. per ton, 
all delivered Glasgow stations. 

Malleable-Iron Trade.—In the West of Scotland 
malleable-iron trade there is as yet no sign of any 
betterment. Specifications are not coming in at all 
freely, and inquiries are of a very limited character. 
Re-rolled steel bars are holding on wonderfully well, 
all things considered, and order books are fairly satis- 
factory at the moment. The following are the current 
prices :—‘*‘ Crown” bars, 10/. 5s. per ton, and re-rolled 
steel bars, 7/. 15s. per ton, both for home delivery. 

Scottish Pig-Iron Trade.—A dull tone continues to 
characterise the pig-iron trade of Scotland, and buyers 
are few in number. Hematite iron is perhaps in rather 
better demand, but ordinary foundry grades are still 
very quiet. Prices are steady at 74s. to 75s. per ton 
for hematite, delivered at the steel works; and 75s. to 
76s. per ton for No. 1 foundry iron; and 70s. to 71s. 
per ton for No. 3, both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending Saturday last, January 12, amounted to 469 tons. 
Of that total 425 tons went overseas and 44 tons coast- 
wise. For the corresponding week of last year the 
figures were 870 tons overseas and 40 tons coastwise, 
making a total shipment of 910 tons. 

Shipbuilding.—The Greenock Dockyard Company, 
Limited, Greenock, has received an order from Messrs. 
Barr, Crombie and Company, Limited, Glasgow, for 
a single-screw, shelter-deck cargo steamer of 9,000 tons 
deadweight. Messrs. John G. Kincaid and Company, 
Limited, Greenock, will supply triple-expansion recipro- 
cating engines and a _ Bauer-Wach exhaust steam 
turbine.—The Rigidus Boat Company, Limited, Glasgow, 
has secured an order for a 70-ft. twin-screw motor 
yacht, to be built on their patent Rigidus system. This 
vessel, which will be fitted with two Gleniffer engines 
of 80 h.p. each, is for a local client for whom they built 
a 28-ft. motor boat last year. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade,—Little news are ascertainable 
concerning Cleveland pig-iron. Increased stocks are 
regarded by makers as no heavier than are needed for 
ordinary trading, and the fixed prices that have ruled 
for nearly a year past are well maintained, notwith- 
standing continued keen competition for orders by pig 
producers in other home districts. Midland iron is still 
underselling Cleveland qualities, with the result that 
consumers in Scotland, who at one time bought chiefly 
in this market, continue to accept supplies of the com- 
paratively cheap makes. Cleveland ironmasters need 
most of their output for their own consuming branches, 
and they hope to dispose of their surplus parcels at 
scheduled rates. No. 1 grade of iron is 68s, 6d.; No. 3, 
g.m.b., 66s. ; No. 4, foundry, 65s.; and No. 4, forge, 
64s. 6d. 

Hematite.—Supplies of East Coast hematite ironare still 
none too plentiful. Stocks are of trifling size, and the 
increased output is promptly taken up as it is made. 
There is a rumour that production is to be curtailed by 
the transference of a furnace to the make of basic iron. 
Terms on which business is put through vary a little, 
but the basis may be quoted at 71s, for ordinary qualities. 





Foreign Ore.—Imported ore consumers are as reluctant 
as ever to pay rates named, but sellers are unyielding 
in their attitude, and declare that quotations will be 
Prices are at the equivalent of best 
rubio at 22s. 6d., c.i.f., Tees. 

Blast-furnace Coke.-Durham_ blast-furnace coke is 
in rather better request, but local users are still very 





disinclined to buy heavily for forward delivery. Up to 


Sorocabana Railway, Rio de Janeiro, Brazil ; | : : 
| quotations are steady and firm. 


17s. 9d. is asked for good average qualities, delivered here. 
Manufactured Iron and Steel.—-Finished iron and steel 
In sections that cater for 


| shipbuilding there is prospect of much activity; railway 








(Ref. No. A.X. | material manufacturers remain busy; there is rather more 
een NES “| activity in constructional departments ; and sheet pro- 


ducers are very heavily sold. Common iron bars are 
101. 5s. ; best bars, 10/. 15s. ; double best bars, 111. 5s. ; 
treble best bars, 11/. 15s.; iron rivets, 111. 5s.; steel 
| billets (soft), 67. 10s. ; steel billets (medium), 7/. 2s. 6d. ; 
| steel billets (hard), 7/. 12s. 6d.; steel rivets, 11/.; steel 
ship plates, 8/. 7s. 6d.; steel angles, 7l. 17s. 6d.; steel 
joists, 7/. 17s. 6d.; heavy sections of steel rails, 8/. 10s. : 
black sheets (No. 24 gauge), 10l.; and galvanised 
corrugated sheets (No. 24 gauge), 13/, 12s. 6d. to 131. 15s, 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Though progress at present is fairly 
slow, revival in the majority of the local staple trades 
is expected to be speeded up during the next few weeks. 
Output of raw and semi-finished materials is increasing. 
The inability of Continental producers to guarantee 
early delivery is enabling British manufacturers to 
obtain a larger share of the overseas work in circulation. 
Basic steel is more active, while acid varieties have 
taken on a better appearance. Railway work, especially 
on overseas account, is coming forward more freely. 
Home railways are ordering steel for use in connection 
with the construction of rolling-stock in their own works. 
The adoption of steel balls as the pulverising agent in 
machines for crushing minerals at gold, silver, and copper 
mines, and at cement works, is providing much-needed 
work for local forges. The balls range from a few 
ounces to 4 ewt. each. The latter are for the equipment 
of the biggest machines. As many as 30 tons of balls, 
which are forged out of good steel under power hammers, 
have been used in one of these. There is an ever- 
increasing demand for crushing machinery in connection 
with roadmaking and building schemes. A Sheffield 
firm has on hand an order for a machine for India, which 
will weigh 100 tons. Fine engineering practice is embodied 
in the design of this modern plant. Electrical equipment 
s in active request. Mining requirements are restricted 
on home account, but foreign mining engineers are 
coming forward with some good orders. Stainless steel 
and rustless iron are strong lines, while aircraft steel 
is also becoming a better selling medium. The tool 
trades, though patchy, are recovering from the recent: 
depression. Engineers’ tools are sound, while manu- 
facturers of farm and garden implements are busy 
preparing for the coming season. The light foundries are 
employed on orders for stove grates and general household 
ironmongery. 

South Yorkshire Coal Trade.—The market generally 
shows a tendency to strengthen. The demand for most 
classes of fuel has increased, while inquiries are more 
abundant. The fact that the iron and steel trades are 
consolidating their position is reflected in the increased 
activity in industrial fuel on home account. Export 
requirements are also tending to become more substan- 
tial. House coal shows signs of revival, but the present 
call is well below normal. Coke is being sent to Hull in 
bigger quantities, while the home consumption is ex- 
panding. Varieties used for central heating are in brisk 
request. Gas coke, 21s. to 23s. f.0.b., is firm. Quota- 
tions : Best hand-picked, branch, 26s. to 27s. 6d. ; Derby- 
shire best brights, 23s. to 24s. 6d.; best house, 20s, 6d. 
to 21s. 6d.; screened house coal, 17s. to 18s. ; screened 
nuts, 16s. to 18s.; Yorkshire hards, 14s. 6d. to 16s. ; 
Derbyshire hards, 14s. 6d. to 16s.; rough slacks, 8s, 6d. 
to 9s. 6d.; nutty slacks, 4s. 6d. to 6s.: smalls, 3s. 6d. 
to 4s. 








STEEL AND REINFORCED CONCRETE CONSTRUCTION. 
—A course of six lectures on ‘Steel and Reinforced 
Concrete Construction” is to be given at University of 
London, University College, Gower-street; London, W.C.1, 
by Mr. F. E. Drury, principal of the London County 
Council School of Building. The lectures will take 
place at 6.30 p.m., on Mondays, and will commence on 
January 28 and terminate on March 4 next. The fee 
for the course is 10s. 6d., and application for tickets 
should be made to the secretary of the College, at the 
address given above. 





THE BRIMSDOWN STATION OF THE NorTH METRO- 
POLITAN PowER COMPANY: ADDENDA.—We are asked 
to state that the boilers in the new Brimsdown Power 
Station of the North Metropolitan Electric Power 
Company, a description of which appeared on page 819 
of our issue of December 28, 1928, are fitted with feed- 
water regulators, supplied by Messrs. Crosby Valve and 
Engineering Company, Limited, 41, Foley-street, London, 
W.1, and that the pyrometers used for measuring the 
steam and other temperatures were manufactured by 
Messrs. Foster Instrument Company, Letchworth, Herts. 


PERSONAL.—An amalgamation has been effected 
between Bell’s United Asbestos Company, Limited, and 
Messrs. Turner and Newall Limited, Rochdale. As regards 
general engineering supplies, however, it was not found 
possible to harmonise the sales policy of Messrs. Turner 
Brothers Asbestos Company, Limited, a branch of 
Messrs. Turner and Newall Limited, with that of the 
former company. It was agreed, therefore, to dispose of 
the goodwill in this trade to an independent company, 
trading under the style of Bell’s Asbestos and Engineering 
Supplies, Limited, who will be responsible for all out- 
standing orders.—Mr. G. A. Orrok, consulting engineer, 
informs us that he has removed his offices from 124, East 
15th-street, and 17, Battery-place to 52, Vanderbilt- 
avenue, New York City.—Messrs. Berliner Maschinenbau 
A.-G. have taken over from Messrs. Sachsische Maschinen- 
fabrik, formerly Rich. Hartmann of Chemnitz, the 
whole of their manufacturing business of locomotives 
of every description.—Mr. J. A. Smeeton has resigned the 
position of managing director of Messrs. The British 
Perlit Iron Company, Limited, 15, Victoria-street, 
London, S.W.1; he will, however, remain a director of 
the company. The registered offices of the firm have 
been removed to 9, Rumford-street, Liverpool, and all 
future communications should be sent to this address. 
Mr. F. G. Martin has been appointed technical manager 
and Mr. T. K. Moulsdale, Secretary.—Messrs. Silica Gel 
Limited, have removed their offices from Abbey House, 
Victoria-street, to Bush House (West Wing), Aldwych, 
London, W.C.2. 
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NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 

The Coal Trade.—Conditions in the Welsh steam coal 
trade are more satisfactory and encouraging than has 
been the case for months past. Loading pressure is being 
experienced at the docks in consequence of the improved 
demand for coal, and vessels are waiting for tips to 
load and coal, instead of berths being idle waiting for 
vessels to take coal. In fact the six tips which were 
placed out of commission at Cardiff and Barry have been 
re-started in view of the increased quantity of coal being 
shipped. Even so boats are still waiting turn. Most 
classes of coal are in a comfortable position with collieries 
booked up with orders for delivery this month and in 
many instances well into February. Prices in consequence 
are firmer at 3d. to 6d. over the schedule. Best Admiralty 
large is relatively the weakest section with supplies 
available at the schedule price of 19s, 3d., but seconds 
are strong at 18s. 9d. to 19s., with Monmouthshires from 
17s. to 18s. Smalls are especially scarce, particularly 
the best bunker qualities, which realise 12s. 9d. to 13s. 3d., 
or 3d. to 9d. over the schedule, while even cargo sorts 
are not obtainable at less than 10s. 9d. An indication 
of the improved conditions in evidence is the fact that 
cargo shipments in the past week amounted to 455,690 
tons against 429,910 tons in the corresponding period 
of last year. Compared with the preceding week, ship- 
ments at Newport were raised from 59,590 tons to 
91,000 tons, at Swansea from 38,290 tons to 53,950 
tons, at Port Talbot from 26,240 tons to 33,150 tons, 
but at Cardiff reduced from 306,350 tons to 271,510 tons, 
and at Llanelly from 10,750 tons to 6,080 tons. Exports 
to France were raised from 109,290 fons to 117,410 tons, 
and to the Argentine from 29,500 tons to 51,200 tons. 


Orders for New Vessels.—Sir Wm. Reardon Smith, 
Bart., head of the Reardon Smith Line, -Limited, and 
the Leeds Shipping Company, Limited, Cardiff, has 
placed orders for two motor vessels of 8,800 tons dead- 
weight, each to be built and engined by Wm. Doxford 
and Sons, Limited, of Sunderland, who built the motor 
vessel East Lynn for Sir William last year. Since the 
great strike, Sir William has contracted for 16 new vessels 
aggregating 133,000 tons, representing a capital outlay 
of about 1,300,000/. 

Docks Traffic—In 1928 the sea-borne traffic of the 
Cardiff, Penarth, Barry, Newport, Swansea and Port 
Talbot docks, which are owned by the Great Western 
Railway, -amounted to 34,656,293 tons compared with 
37,555,566 tons in 1927, and 47,148,651 tons in 1913. 
Exports fell from 42,006,031 tons in 1913 to 31,584,157 
tons in 1927, and further to 29,707,039 tons in 1928. 
Imports, which were advanced from 5,142,620 tons in 
1913 to 5,971,409 tons in 1927, were reduced to 4,949,254 
tons in 1928. Most of the ports contributed to the 
diminished volume of trade last year, as will be gathered 
from the following statement showing the total traffic 
of the different docks :— 


1927. 1928. 

Port. Tons. Tons. 
Cardiff 9,966,928 9,222,963 
Swansea 7,765,945 6,799,623 
Newport 6,500,093 6,026,731 
Barry saa 8,384,370 8,428,839 
Port Talbot 2,642,979 2,149,253 
Penarth 2,295,251 2,028,884 


Visits of ships were reduced from 21,381, totalling 
17,298,627 net tons, to 20,434 of 16,334,000 tons net 
in 1928, 








Contract.—The India Store Department, acting 
for the Marine Department, Burma, has placed an order 
with Messrs. Sir W. G. Armstrong, Whitworth and 
Company, Limited, for a lightship for service at the 
Baragua Flats, Rangoon. The vessel will be fitted 
with modern dissolved-acetylene lighting apparatus 
having a 500-mm,-diameter lens rotated by clockwork 
mechanism. 


RESEARCH \ND InpUsTRY.—The annual dinner of 
the Western Centre of the Institution of Electrical 
Engineers was held at Bristol on Monday, January 14, 
Mr. W. J. Bache presiding. Proposing ‘‘ The Institution 
of Electrical Engineers,’’ Mr. Frank Hodges said that 
there were no limits to its growth as long as it kept 
itself young by continued intensive research. For years 
the electrical industry had done this and he wished that 
some other industries would follow its example. These 
industries had neglected research, but attributed their 
decadence to other reasons. The President (Lieut.- 
Colonel K. Edgeumbe), in reply, said that the remarkable 
growth of the Institution was largely due to its local 
centres which, in fact, accounted for about half the 
membership. 

University CoLLEGE PuBLic LecTURES.—Among the 
public lectures to be delivered at University of London, 
University College, Gower-street, London, W.C.1, during 
the second term of the 1928-29 session, the following 
may be cited. Three lectures on ‘“ Historical Factors 
of the Problem of London Traffic,” by Miss E. J. 
Davis, commencing at 8.15 p.m., on February 5. 
‘Town Planning in Town and Country: a Contrast in 
Methods,”” by Professor P. Abercrombie, at 6 p.m., 
on February 14. ‘“‘ The Ordnance Survey—Its Work 
and Maps,”’ by Colonel G. 8. C. Cooke, D.S.O., at 6 p.m., 
on February 21. ‘“‘ Estate Development and its Relation 
to Town Planning,” by Mr. W. G. Tarrant, at 6 p.m., 
on February 28. ‘‘ Concrete Roads,” by Mr. S. A. 
Hill-Willis, at 6 p.m., on March 7. All the above 
lectures are open to adults without fee or ticket. Further 
particulars may be obtained on application to the 
secretary of the College at the above address, 
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NOTICES OF MEETINGS. 


INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 
6 p.m., Storey’s Gate, S.W.1. ‘‘ Modern Feed-Water 
Circuits,” by Mr. J. G. Weir. Graduates Section : Mon- 
day, January 21, 6.30 p.m., Joint Meeting with Student 
Sections, Institution of Civil Engineers and Institution 
of Electrical Engineers. ‘‘ Engineering Insurance.”* by 
Mr. H. R. Sketch. Western Branch : Monday, Janu - 
ary 21, 7 p.m., Merchant Venturers’ Technical College, 
Bristol. Joint Meeting with Bristol Centre, Institution 
of Automobile Engineers. ‘‘ Recent Developments in the 
Study of Fatigue of Materials,” by Dr. H. J. Gough. 
London : Friday, January 25, 7 p.m., Storey’s Gate, 
S.W.1, Informal Meeting. “Measurement of Coal 
Supplies in Small or Large Quantities,” by Mr. J. E. Lea. 

INSTITUTION OF CHEMICAL ENGINEERS,—To-night, 
6.30 p.m., Institution of Civil Engineers, Great George- 
street, S.W.1. ‘The Reactivities of Solid Carbon in 
Fuel Processes,” by Professor J. W. Cobb. 

JUNIOR INSTITUTION OF ENGINEERS.—To-night, 7.30 
p.m., 39, Victoria-street, S.W.1. ‘* Notes on the Fitting 
and Operation of Michell Bearings,’ by Mr. J. F. Petree. 
Friday, January 25, 7.30 p.m. ‘ Notes on Winches, 
Derricks and other Lifting Appliances used in Modern 
Building Construction,” by Mr. M. J. McCarthy. 

INstITUTE OF BritisH FouNDRYMEN.—Scottish Branch : 
Saturday, January 19, 4 p.m., Royal Technical College, 
Glasgow. ‘‘ Some Notes on Patternmaking,” by Mr. R. 
Ballantine and Mr. J. Delaney. Newcastle and District 
Branch: Saturday, January 26, 6.15 p.m., Neville 
Hall, Newcastle-on-Tyne. ‘*Coal Dust: Its Use and 
Abuse in the Foundry,” by Mr. B. Bird. 

Hutt Association or ENGINEERS.—Saturday, Janu- 
ary 19, Technical College, Park-street, Hull. ‘* Modern 
Steam Condensers and Feed Systems,” by Mr. J. Evans. 

INSTITUTION OF AUTOMOBILE ENGINEERS.— Glasgow 
Centre : Monday, January 21, 7.30 p.m., Royal Technical 
College, Glasgow. “Safety in Four-Wheel Braking 
Systems,” by Mr. M. Platt. 


BRADFORD ENGINEERING Socrety.—Monday, Janu- 
ary 21, 7.30 p.m., Technical College, Great Horton-road, 
Bradford. ‘ Grinding Wheels and Grinding Machinery,” 
by Mr. W. C. Bishop. Kinematograph Film. ‘ To the 
Thirtieth of a Hair.” 


Royat Society or Arts.—Monday, January 21, 
8 p.m., John-street, Adelphi, W.C.2. Cantor Lecture. 
“The Treatment of Coal” (Lecture I), by Dr. C. H. 
Lander. Wednesday, January 23, 8 p.m. ‘‘ Museums 
and Education,” by Sir H. A. Miers. 


Royat Institution.—Tuesday, January 22, 5.15 p.m., 
Albemarle-street, W.1. ‘‘ Critical Phenomena in Satu- 
rated Solutions *’ (Lecture II), by Mr. F. A. Freeth. 


SHEFFIELD METALLURGICAL AssocIATION.—Tuesday, 
January 22, 7.30 p.m., 198, West-street, Sheffield. ‘‘ The 
Applications of Electro-Deposited Metals to Engineering,” 
by Mr. C. H. Faris. 

NEWCOMEN Socrety.—Wednesday, January 23, 5.30 
p.m., Institution of Automobile Engineers, Watergate 
House, Adelphi, W.C.2.  ‘‘ A Chapter in the History of 
the Water Supply of London—A Thames-Side Pumping 
Installation and Sir Edward Ford’s Patent from Crom- 
well,” by Mr. Rhys Jenkins. 


INSTITUTION oF ELECTRICAL ENGINEERS.—Thursday, 
January 24, 6 p.m., Victoria Embankment, W.C.1. 
“The Construction of the Grid Transmission System in 
Great Britain,” by Mr. J. Wright and Mr. C. W. Marshall. 


INstTITUTION oF CrviIL ENGINEERS.—Birmingham and 
District Association: Thursday, January 24, 6 p.m., 
Birmingham Chamber of Commerce, New-street, Bir- 
mingham. ‘The Production of Oil from Coal,” by 
Mr. J. I. Graham. Yorkshire Association: Thursday, 
January 24, 7.30 p.m., Hotel Metropole, Leeds. “* Three 
Recent Railway Bridge Reconstructions,” by Mr. F. 
Tiffany. 

INSTITUTE OF TRANSPORT.— Manchester, Liverpool and 
District Section : Friday, January 25, 6.30 p.m., Liverpool. 
““The Reasons of Development of Road Transport in 
Recent Years,” by Mr. C. C. Taylor. 


ENGINEERING AND Screntiric CLuB (WOLVERHAMP- 
TON).—Friday, January 25, 7 p.m., Queen-street, Wolver- 
hampton. Debate—‘‘ Trams versus ’Buses,”’ opened by 
Mr. A. C. Baker and C. O. Silvers. 


InstiruTIon oF Locomotive ENGINEERS.—North- 
Eastern Centre: Friday, January 25, 7 p.m., Hotel 
Metropole, Leeds. ‘‘ Pulverised-Fuel Locomotive,” by 
Mr. J. C. Armstrong. 

INsTITUTION OF PRopUCTION ENGINEERS.—Friday, 
January 25, 8 p.m., Society of Motor Manufacturers and 
Traders, Limited, 83, Pall Mall, S.W.1. ‘‘ The Designer 
v. the Production Engineer,” by Mr. L. H. Pomeroy. 


INSTITUTION OF MUNICIPAL AND CouNTY ENGINEERS. 
Southern District: Saturday, January 26, 11.30 a.m., 
Town Hall, Oxford. ‘“ Road Surfaces and a Standard 
of Maintenance,” by Mr. H. V. Overfield. ‘“‘ Notes on 
the Construction of a New Public Convenience,” by 
Mr. W. L. Williams. 








TELEPHONE EXPANSION IN EasTERN CANADA.—The 
Bell Telephone Company of Canada is setting aside a 
sum of 27,000,000 dols. for construction and expansion 
works in Eastern Canada during 1929. Of this sum, 
7,000,000 dols will be expended in extending long-distance 
lines. Another portion of the total is for the new head- 
quarters building in Montreal, which will be ready for 
occupation in five or six months’ time. EJeven other 
large buildings are in course of erection. 
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THE PACOIMA ARCH DAM; CALIFORNIA. 


(For Description, see Page 7\.) 
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Fig. 12. 


PRODUCTION OF CANADIAN ABRASIVES.—Canada pro- | Same year, garnets and crude garnets amounting to 1,250 | produces artificial abrasives such as fused alumina, crude 
duces a variety of natural abrasive materials, the most | tons were shipped to the United States for use as abrasive | silicon carbide, and other similar materials. During 1927, 
important of which, as regards quantity, are grindstones | material. The 1927 exports of diatomite (trigolite), and | the production of these commodities was valued _at 
and pulpstones. Some 2,250 tons of these materials} of voleanic dust were, respectively, 266 tons and 105 | 6,106,794 dols., compared with 6,081,822 dols. during 


were produced and exported during 1927. During the! tons. In addition to natural abrasives, the Dominion! 1926, 
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EMPIRE TRANSPORT. 


I has fallen to the lot of our people to be respon- 
sible for no less than about one-fourth of the land 
surface of the globe, and it follows that, quite 
apart from distances by sea which separate the 
Empire into its several sections, large and small, the 
distances overland in many instances must be 
considerable. That this is the case is common 
knowledge nowadays to every child of school age, 
though the space-annihilating effect of wireless, 
and, we may add, of the Empire Marketing Board, 
may make it as difficult for the young generation 
of the present day to realise how far away and how 
great the outlying parts of our Commonwealth are, 
as it was for older folk once to bring them even 
within their vision. 
| With areas so large and widely scattered, the 
| problems presented are naturally diverse in the 
extreme. In the matter of transport they range 
over the whole gamut of possibilities, from the 
| service necessary in thickly populated and highly 
| productive industrial districts, to that required to 
| bring sparsely settled lands under development, or 
| even to reach to the back of beyond, to bring within 
| the commercial field some remotely located asset of 
| considerable value. Here, at home, we have special 
problems. As a physical unit we are unique as a 
thickly populated industrial area, and it does not 
follow that what is good for us here is suitable also 
| for other sections of the whole. Railway construc- 
| tional deve lopment with us has practically reached 
| the limit, and no large programme is likely in the 
| future, though other questions now have to be faced. 
At the moment the most interesting of these is how 
the railways and the road transport companies can 
| work out some common economic system of existence 
suited to the needs, and yet not wastefully indulgent 
to the fads, of the public. 

In contrast with such conditions, are those which 
exist in some of our Overseas Dominions, in which 
perforce railways have had to be built by the 
Government, and where now the authorities are 

| being driven into providing roads over which 
private parties carry traffic to the detriment of such 
|systems. Several of these contrasts were dealt 
|with in an interesting paper read by Brigadier- 
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General F. D. Hammond, D.S.O., before the Insti- 
tute of Transport on Monday last. General 
Hammond’s name, as is well known, has in recent 
years been associated with several very excellent 
critical reports on a number of colonial and other 
lines, which found themselves in difficulties as a 
result, more or less, of the post-war situation. 
Many of the recommendations made in these have 
since been adopted, so that it may be accepted that 
the suggestions were backed by logic. In the 
present instance, if we may say so, General Hammond 
does not appear to be quite so happy. It is easier 
in many instances to discuss a specific case than it 
is to deal with very broad problems, which are apt 
to get too far away from the facts of particular 
examples known to those directly addressed, to 
keep their interest thoroughly alive. On the other 
hand, anyone who had had any local knowledge 
of, or even knowledge of allied conditions, cannot 
fail to have been deeply interested in the reports 
which we have already mentioned. 

One of the curious contrasts to which General 
Hammond draws attention is the fact that though 
this country is the home of private enterprise in the 
railway field, the State systems in the Empire 
have a mileage five times as great as the company- 
owned railways. In a way this may be said to 
be to our credit, and to afford another example 
of the adaptability of our race and methods, which 
has contributed to our success in so many different 
parts. As already pointed out our conditions 
here are not paralleled elsewhere in the Empire 
and in many instances development would have 


been absolutely impossible unless Government 
pioneering work had been inaugurated. Work 


of this kind has been essential for instance in Africa. 
It has also enabled something more than the 
fringe of Australia to be developed, though that 
country, more perhaps than any other, has afforded 
examples of the unwisdom frequently accompanying 
State management. It is not so very long ago, 
for instance, that the several States in the Australian 
Commonwealth (before, we admit, the word Com- 
monwealth was adopted or had any practical mean- 
ing) considered the State frontiers to be impassable 
limits, and forced all traffic over long hauls to 
particularly favoured ports. We are glad that this 
principle of segregation has been largely broken 
down since the States “ got together,’ and the rail- 
way policy of to-day bears testimony to the fact 
that the Commonwealth is not one in name only. 
As a heritage of the parochial policies once in vogue, 
Australia is saddled with one of the most serious 
railway problems in the matter of variety of gauges. 
This question, brought to the front again in the 
recent report of the Economic Mission to that 
country, has been discussed and reported upon 
times without number and we are not going into it 
again, except to draw attention to a development 
which would have been impossible under the con- 
ditions of a few years ago. 

The railways of Queensland are of 3 ft. 6 in. gauge, 
while those of New South Wales, to the south, 
are 4 ft. 8} in. The standard gauge decided upon 
some years ago was 4 ft. 8} in., and news now 
comes of a new line of close upon 100 miles in length, 
which is to be constructed, on the 4 ft. 84 in. gauge, 
from a point in New South Wales, although for 
nearly 70 miles the line will be in Queensland. 

One part of General Hammond’s recent paper 
dealt with construction costs and the danger of 
building either to too high or too low a standard 
in the first instance. He points out that if the 
State builds too well the system always has to 
carry against it excessive capital costs, whereas 
if this error is committed by a private concern, 
the overburdened railway has merely to go bank- 
rupt to be restarted under more favourable condi- 
is so in fact, but it is 


tions. This, of course, 
not all advantage, as the effect, besides the 
direct loss, may have the result of seriously 


setting back enterprise in many other directions. 
Such a happening in a young colony may be 
far more disastrous than the overburdening of 
a parental Home Government, though the latter 
is naturally likewise to be deprecated. Here, again, 
one is brought up by the striking fact that the 
development of the Western States has continued at 
a marvellous rate in spite of the fact that practically 
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all the railways have passed through the hands of | Government to the other Powers with whom 
the receiver. In the matter of capital value and | Chinese affairs had been discussed previously, and 
construction costs, no railways will probably equal | lays down a basis for trade between the two coun- 
in history those of “Iraq, reported on not so long | tries which should be to their mutual advantage. 








ago by General Hammond. These lines have been 
built, pulled to pieces and re-built, under excep- 
tional circumstances, in a way which makes any 
relation of their cost to their value a matter of 
absolute impossibility. 

The most important question all the Empire 
over at the present time is the proper co-ordination 


of motor and rail transport. This problem varies | 


with every case, and the solution which may be 
reached here must differ essentially from that 


demanded by newer countries. In the latter, the | 


railway will usually form a trunk line of communi- 
cation and motor transport will extend the area 


served, from a strip of from 10 miles to 20 miles on | 
either side, to something more like 50 miles to 


70 miles on each side. The problem of how to deal 
effectively with the areas beyond rests, in General 
Hammond’s opinion, on the possibility of devising 
larger working units capable of operating over 
earth roads. In scrutinising the possibilities of 
reducing road costs, General Hammond considers 
the only means of lowering transport charges to 
lie in a greater tonnage per unit. Fuel economy 
assists, but even if the most favourable expectations 
were realised, they would not make possible reduc- 
tions in charges which would render feasible the 
extension of services to areas beyond those suggested 
above. The economic limiting charge of about Ls. 
per ton-mile in Africa needs to be reduced to some- 
thing like 6d. before motor transport can spread 
its net wider in collecting traffic for a trunk railway. 
If such a reduction were practicable, General Ham- 
mond considers the strips saved might easily repre- 
sent total widths of 200 miles or so, worked by rail 
and large motor units, beyond which again might 
work smaller types of motor or even native trans- 
port. In Africa, at least, most of the traffic is 


moved in the dry season, so that although only | 


earth roads may be possible, the conditions are 
not unreasonable, but the provision of suitable 


transport units is still lacking. In this matter, it | 


is pointed out that the Americans, who can practise 
at home with their machines, have developed more 
powerful tractors than we have, and General 
Hammond concluded his paper by expressing the 
hope that we may not lose to them the possible 
markets for such machines within the Empire— 
with which we heartily concur. 


THE FUTURE OF CHINA. 


Ir is probable that the treaty signed towards the 
end of last year between this country and the 
Nationalist Government of China at Nanking marks 
an epoch in the history not only of the relations 
between the two countries, but of the development 
of China itself. Since the ancient Chinese dynasty 
was overthrown by the revolution of 1911, no single 
Government has been able to claim fairly that it 
represented the entire country. To a greater or less 
extent China has been in a condition of continuous 
civil war, in which each part of the country has had 
to accept its laws from day to day, so to speak, 
from the nearest general, and leave to his disposal 
just as much of its resources as he chose to take. 


Whether this situation arose spontaneously or not, | 


there appears to be no doubt that it was exploited 


to the full by the communist enemies of established | 
society. The Russian population of China is two or | 
three times as large as that of all other nationalities 


put together, not including the Japanese, and 
has been shown to include a contingent of Bolshevik 


agents, who have made the most of their oppor- | 


tunities. Luckily, however, the patience of the 


Chinese people with the disturbers of their peace | 


seems to have come to an end. A reaction against 


communism has swept through the entire nation, | 


and the Nationalist Government, which has just 
signed the treaty with Great Britain, has been able 


to procure sufficient support from its previous com- | 
petitors to be accepted as the actual and legal spokes- | 


man of the entire country. 
The treaty, the terms of which are similar to those 
of treaties made or being made with other Powers, 


carries out the policy suggested by the British | 


| On the one hand, Great Britain adopts the position 
itaken by the Powers at the conference of 1925, 
agreeing to remove the tariff restrictions contained 
in the old treaties, and recognising the rights of 
|China to impose tariffs independent of them. The 
|Chinese Government, on the other hand, adopts 
| as its maximum duties schedules which were agreed 
at the conference of 1925, and for the majority of 
| British imports amount to ad valorem rates of 
| 15 per cent. to 7 per cent., as against the flat 5 per 
}cent. which had existed since 1858. The Govern- 
|ment has undertaken, moreover, to abolish the 
|arbitrary and uncertain internal charges, known as 
likin, “as soon as possible,” so that goods which 
have once paid import duty will be freed from other 
dues. It remains, of course, to be seen whether this 
indefinite date for terminating likin, with its grave 
|inconvenience to commerce, represents any sub- 
|stantial qualification of the Government’s under- 
| taking. A matter of possibly still greater con- 
} sequence is whether it is intended to continue the 
admirable customs administration, which has done 
so much to maintain Chinese credit abroad under 
very trying conditions. In these two respects it 
must be admitted that the situation is not yet 
clear. Though in both of them the interests of 
Chinese traders are identical with those of foreigners 
doing business with them, the assumption that these 
interests will govern the final solution of the present 
situation is, indeed, a considerable one, and will 
not be verified unless the prospect of peace and good 
government which the kaleidoscopic turn of events 
has just disclosed, turns out to be permanent. 
Considering, however, the sufferings the country has 
endured, the pertinacity with which it has kept its 
end up in spite of them, and the amount of good 
sense and determination which must have gone to 
arriving at the present internal recognition of the 
Nanking Government, it is not unreasonable for 
the wish to be accepted tentatively as the legitimate 
father of the thought. 

On this supposition, a particular interest attaches 
to the report by Mr. H. H. Fox, C.M.G., Commercial 
|Counsellor to the British Legation at Pekin, on 
|The Commercial, Industrial, and Economic Situation 
| in China to September 1, 1928, which the Department 
|of Overseas Trade has just issued, together with a 
|report by Mr. M. E. Dening, the acting British 
| Consul at Dairen, on the trade of South Manchuria 
| (H.M. Stationery Office, 2s. 6d. net). Mr. Fox, who 
| has spent most of his life in China, has had to pre- 





}sent similar reports for the last ten years, and at 
| the time when the present document was prepared 
|the final turn of the wheel which has led to the 
signature of the treaties had not occurred. While, 
| therefore, professing himse:f an incurable optimist 
}about the ultimate future of the country and its 
| people, he was unable to see the prospect of a more or 
less uninterrupted period of peace and good govern- 
ment, without which little progress could be ex- 
pected. The particulars he gives of the trade of the 
country, and of the British share in it, represent 
what has been possible under the greatest difti- 
culties. The country has been ravaged by new and 
practically irresponsible military autocracies, each 
|of which as opportunity offered or its necessities 
| demanded bled the country’s commerce white, tore 
| 


| 
| 
| 


up permanent-ways and commandeered _rolling- 
stock, and placed on the already overburdened in- 
dustry the upkeep of enormous armies. With little 
|attempt at concealment, Bolshevik emissaries from 
| Moscow organised. nation-wide strikes and suicidal 
movements against foreign British interests, by 
which the employment of millions of poverty- 
striken Chinese was prevented. Yet, in some way 
or other the Chinese people, especially the agricul- 
tural and merchant classes, managed to carry on in 
the face of obstacles that quite well might have been 
considered insurmountable, and with extraordinary 
resilience resumed their business on the slightest 
suspension of their difficulties. The customs revenue 
| for 1927 had fallen to something less than 10,000,000/. 
| which was about an eighth less than in 1926. It 
| appears, however, from figures published at the begin- 
ning of the present year that not only the shrink- 
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age was recovered in 1928, but the amount realised 
had risen to 12,000,000/., which is said to be the 
record figure. Two reasons, doubtless, would have 
made increased purchases likely, if they had been 
possible. On the one hand, the civil war had 
depleted stocks, and on the other hand the antici- 
pation of next month’s higher tariffs offered a direct 
inducement to replenish them. The remarkable 
circumstance is thus not so much that it was desired 
to increase trade, but that under existing conditions 
it should have been possible to do so. So far, more- 
over, as concerns the special position of this coun- 
try in the China markets, Mr. Fox’s testimony is 
by no means discouraging. British trade is no longer 
suffering from any such disabilities as arose from the 
anti-British boycott movement in 1926 and the early 
part of 1927, nor with the possible exception of 
certain textiles are British goods losing ground in 
the market. He sees, moreover, in the number of 
British firms established in China who have with- 
stood all the shocks of successive years of bad busi- 
ness, boycott and strikes, excessive taxes, and the 
other obstacles to trade which he has described, an 
asset which when the time comes will enable British 
manufacturers to take full and immediate advant- 
age of opportunities for trade, provided they them- 
selves do their part towards cultivating it. 

The report is, perhaps, most interesting and 
suggestive in its indications not of the trade that 
has been done, but of the indefinitely wide develop- 
ment of which the country is capable. China, 
including Manchuria, is more than twenty times as 
large as Great Britain, not quite a third larger than 
India, and about two-thirds the size of Australia. 
Its population is rather over ten times as great as 
that of Great Britain, half as large again as that of 
India, and eighty times that of Australia. It 
amounts, in fact, to about 500,000,000 souls, the 
large amount of whom are said to be peaceable, 
industrious, and sensible. Its net imports are about 
140,000,000/., a figure substantially less than is 
imported by the 6,000,000 inhabitants of Australia, 
and half of it is composed of cereals and produce in 
which Australia is self-supporting. For the whole of 
this vast territory and huge population it has in all 
7,000 miles of railway, a good deal less than a fifth 
of what is being operated in India. At the present 
time its railways and rolling stock are mostly in a 
deplorable condition. The export trade of the 
great Tientsin centre is rapidly reaching a complete 
standstill, owing to almost the entire rolling-stock of 
the North China Railway having been removed two 
months ago to Manchuria, while the short river 
which connects Tientsin to the sea is so silted up as 
to make the approach of vessels of any notable size 
impossible. Generally, in fact, the conservancy 
of waterways and the improvement of harbours is 
greatly in arrear. There appears to be a general 
sense of the undoubted absence or defectiveness of 
roads, and with the disbandment of superfluous 
armies the movement to make roads which has 
already begun is likely to be stimulated, though up 
to now most of the roads that are being made are 
unmetalled, carelessly graded, and inadequately 
drained, so that after a little heavy traffic or rain 
they become impassable except for “ caterpillars.” 
Nevertheless, motor buses are being put down on 
some of the new roads, and motor vehicles to the 
extent, all told, of about 5,000 a year are being 
imported. 

When, therefore, account is taken of the size of 
the country, the intelligence, industry and personal 
character of its population, and the utterly inade- 
quate share it enjoys of elementary development in 
the first necessities of trade, it seems unquestionable 
that it should offer, probably, the largest market in 
the world for immediate development. Mr. Fox’s 
report exhibits the conditions on which this develop- 
ment could be possible, and those he regards as 
necessary for safe and effective co-operation in the 
work of procuring it. It deserves the careful 
attention of engineers and their allies who feel the 
need of such an outlet for their energy and resources. 








TIN 1N MANITOBA.—It is reported that a deposit of 
tin has been discovered at Chatford lake, between the 
Oiseau and Winnipeg rivers, eastern Manitoba. Samples 
of the ore have been analysed and are stated to have 
yielded from 21 to 33 per cent. of tin oxide. 
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NOTES. 
BustNess AUTONOMY. 


THE tradition of what is known in the history of 
political economy as the Manchester school, which 
embraced the policy of leaving business men alone to 
do their work in their own way, seems to survive, 
judging by a recent statement by Major General Sir 
Philip M. Nash, Chairman of Messrs. Metropolitan- 
Vickers Electrical Co., Ltd., and managing director 
of the new electrical combine. As a man of affairs, 
said Sir Philip, he felt that the problems attending 
the change from the steam age to that of electricity 
and the internal-combustion engine were greatly 
complicated by the question of tariffs. This 
question, which was monopolised by politicians, 
if taken out of their hands and treated as what 
it really was, namely, a matter of business, would 
then permit manufacturers to get along better. 
The occasion of the speech was that of the annual 
dinner of the Manchester Association of Engineers, 
which took place on Friday, January 11, at Man- 
chester. Sir Philip, in comparing present-day condi- 
tions with those existing when the Association was 
first started, that is, at the conclusion of the 
Crimean War, referred to the increasing demand for 
more highly qualified men, and for research, and to 
the necessity for eliminating wasteful competition 
by co-operation. He also pleaded for more confi- 
dence in the country’s assets, not the least of 
which was the high quality of British labour. In 
recalling past officers of the Association, Sir Philip 
congratulated Mr. Daniel Adamson on becoming 
President designate of the Institution of Mechanical 
Engineers, a representative body of which institu- 
tion he hoped they would see at Trafford Park 
in the coming summer. The chair was occupied 
by the President of the Association, Mr. William 
G. Gass, who replied to the toast of ‘* The Associa- 
tion,” proposed by Sir Philip Nash. The City and 
Trade of Manchester was proposed by Mr. Leonard 
F. Massey, and responded to by the Lord Mayor 
of Manchester, Colonel G. Westcot. The toast of 
the guests was proposed by Mr. Julius Frith, and 
the Mayor of Salford, Councillor A. H. Collins, 
replied to it. A notable feature of all the speeches 
was the generally optimistic view taken regarding 
the future outlook for trade in the district and 
country. About 200 members and guests attended 
this successful function. 


A New Ow Heatine STOVE. 


On page 167 of our 124th volume, we illustrated 
and described an interesting type of oil lamp for 
lighting, operating with an incandescent mantle, in 
which the supply of oil to the burner was maintained 
automatically by means of a particularly ingenious 
form of pump operated by the heat of the burner. 
Among the important advantages of the Vacuum 
oil lamp, as it is called, it may be mentioned that the 
oil is sucked up from the reservoir, which can be an 
open vessel, and the pressure in the supply pipe is 
always less than that of the atmosphere, so that 
there is no possibility of oilleakage. Thesystem was 
dealt with in a paper read before the Society of 
Engineers by Major E. Scott-Snell on Monday, the 
14th instant, and our reason for referring to it here 
is that this paper was followed by a short communi- 
cation by Mr. Charles Scott-Snell, who devised the 
heat pump for the vacuum lamp, describing an 
equally ingenious form of oil heating stove. To this 
the name “‘ Neu Flame”’ has been applied, it is suit- 
able for boiling kettles, etc., although probably adapt- 
able for other heating and cooking operations where 
a gas or electric supply is not available. The fuel 
used is ordinary lamp oil, which is sucked up from 
the container by a cotton wick, 4 in. wide and } in. 
in thickness, passing up through a closely-fitting 
tube on the top of the container. Over the top of the 
wick tube is mounted a double grid, built up of 
brass tubes # in. square in section placed horizon- 
tally one above the other with a gap about 1 mm. 
in width between them, the tubes being arranged to 
form two vertical walls with a space between them 
about equal to the width and thickness of the wick. 
The height of the walls is 34 in. In starting the 
stove, the grid is raised clear of the wick, which is 
then lighted by a match and allowed to burn in the 
ordinary way for about a minute, in order to heat the 
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grid. The latter is then lowered on to the wick tube 
and the wick turned up slightly, when the vapour 
ignites at the top of the grid and burns as a hot blue 
flame, although a small flame continues to burn in 
the lower part of the grid just above the wick. The 
upper flame, Mr. Scott-Snell states, is of sufficient 
intensity to melt a copper wire 7 in. in diameter. 
To explain the action of the stove, the author 
suggests that the vapour, produced by the partial 
combustion of the oil close to the wick, is cooled 
below the ignition temperature in passing up between 
the first pair of tubes forming the walls of the grid. 
The temperature of the vapour, however, is sufficient 
to create an up draught, so that air is drawn in 
through the spaces between the tubes and mixed 
with the vapour which burns at the top of the 
grid with additional air supplied from the sur- 
rounding atmosphere. For heating cooking vessels, 
the vapour from the top of the grid is collected in a 
ring, to the centre of which air is admitted. The 
flame then spreads horizontally when the vessel is in 
place, and a zone of intense combustion is produced 
close to the bottom of the vessel. It would also, 
of course, be possible to employ the principle 
described with a circular wick, instead of a flat one, 
the grid then being formed of concentric cylindrical 
walls with horizontal slots in them. The many 
possible developments of the system, in both 
domestic and industrial applications, are now being 
considered by Messrs. Neu-Flame (Parent), Limited, 
34, Victoria-street, Westminster, S.W.1. 


THE WoRLD’s SHIPBUILDING AND MARINE 
ENGINEERING. 


Largely as a result of the interruption caused by 
the coal stoppage of 1926, the shipbuilding industry 
enjoyed a period of renewed activity during 1927, 
when accumulated orders had to be worked off. 
That this activity was but a passing phase is shown 
by the fact that the first three-quarters of 1928 
witnessed a continued decline in the tonnage under 
construction. At the end of December, 1927, the 
shipping being built in our shipyards totalled 
1,579,713 tons, and this figure decreased steadily, 
until it stood at 1,089,760 tons on September 30 
last. It is, therefore, satisfactory to record that, 
according to Lloyd’s Register shipbuilding returns 
for the quarter ending December 31, 1928, this 
downward trend has been arrested, for the time 
being at all events. The tonnage under construction 
at the end of the year was 1,242,794, which, as will 
be seen, constitutes an increase of 153,034 tons over 
that building on September 30 last. Moreover, 
431,758 tons of shipping were commenced, an in- 
crease of nearly 190,000 tons over the corresponding 
figure for the September quarter, and 245,875 tons 
were launched. The vessels under construction in 
the shipyards of Great Britain and Ireland on 
December 31 last numbered 271. Of these, 192 
were steamships, 70 were motorships, and 9 were 
sailing vessels and barges. The total merchant 
tonnage now under construction abroad, namely, 
1,375,207, is 56,375 tons lower than that in hand 
at the end of September. In spite of a 10 per 
cent. decline from the figure recorded on September 
30 last, Germany retains her leading position with 
382,422 tons, Holland is second with 182,229 tons, 
France retains the third position with 161,566 tons, 
and Japan displaces Italy from the fourth place 
with 118,580 tons. During the quarter under 
review, 248,969 tons were commenced abroad, a 
slight decrease, of 4,020 tons, from the correspond- 
ing figure for the September quarter, and 262,000 
tons were launched. The total horse-power of the 
marine engines building or being installed on board 
vessels on December 31 last, amounted to 2,024,558 
for the whole world. This total, however, is in- 
complete, the figures for marine steam-turbines 
building in Germany not being available. The total 
indicated horse-power of the reciprocating engines 
under construction is 485,360, while that of the oil 
engines now in hand reaches 1,210,908. Again, the 
continued progress of the internal-combustion 
engine is shown by the fact that while 62 motor- 
ships, each of 8,000 tons and upwards, are being 
built in the shipyards of the world, only 22 steamers 
of similar tonnage are now under construction. In 
Great Britain And Ireland, however, steamers still 
preponderate. Out of the total of 2,024,558 h.p. 
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given above, this country is supplying 894,323 h.p., 
Germany, excluding steam turbines, 270,965 h.p. ; 
Denmark, 117,600 h.p.; Holland, 115,080 h.p. ; 
and Switzerland, 102,030 h.p. In conclusion, it 
should be pointed out that the tonnage figures 
quoted above are gross tons, and that no account 
has been taken of vessels of less than 100 tons gross. 


THE PANAMA CANAL. 

The traffic through the Panama Canal has 
increased steadily since 1925, and the figures 
relating to the transits effected during the fiscal 
year ending June 30, 1928, are not only the highest 
on record, but show a substantial increase over the 
totals for the previous twelve months. Sea-going 
vessels, to the number of 6,959, passed through the 
Canal during the fiscal year 1927-28, and the net 
revenue from all sources amounted to 20,621,314 
dols. The figures for the preceding twelve months 
were 6,072 ships and 18,131,819 dols., respectively. 
According to the annual report of the Governor of the 
Panama Canal, for the year ending June 30, 1928, 
which report has just been issued, the general mainte- 
nance of the channel and locks has been carried on 
without interference with the traffic. The works 
involved included the deepening of the Pacific sea- 
level section and of Balboa inner harbour, and the 
removal of material brought into the Canal by 
small land slides. A total of 5,094,550 cubic yards 
of spoil was brought up by dredging from the Canal 
and terminal harbours. Of the new works under 
consideration, the Alhajuela reservoir is undoubtedly 
the most important. The project was referred to 
in our issue of August 17 last, on page 201, but we 
may remind our readers that it comprises the building 
of a dam, 170 ft. in height, across the Chagres River 
at Alhajuela. This would create a reservoir some 
22 square miles in area, in which surplus water could 
be stored during the rainy season, to be drawn upon 
during the dry season to maintain the level of Gatun 
lake. The advisability of constructing such a storage 
basin has been felt for many years past, but the 
increases in traffic since 1925 have emphasised the 
need of providing additional water. An abnormal 
and prolonged dry season, coupled with further 
advances in canal traffic, as matters now stand, 
would undoubtedly have an adverse effect on the 
level of water in Gatun lake, and difficulties and 
delays would inevitably occur. A sum of 250,000 
dollars has been set aside in the 1929 budget, and 
the work is now to be proceeded with. The pre- 
liminary operations will comprise the extension of 
the present highway from Summit to Alhajuela, 
the erection of telephone and power-transmission 
lines, the completion of the topographical survey of 
the reservoir area, and the examination, by diamond- 
drill boring, of a number of dam sites. During the 
year under review, a commencement was made with 
the field-surveying work. It is anticipated that the 
scheme will take five years to complete, and that the 
total cost will be in the neighbourhood of 12 million 
dollars. 





THE ENGINEERING OUTLOOK. 


Il.—EtectricaL ENGINEERING. 


In reviewing the electrical engineering industry 
last year, it was suggested that whilst, during the 
early part of the year, there was likely to be some 
diminution of work, there was every prospect of an 
improvement in the course of 1928, with the result 
that the year as a whole would prove to be as good 
as the record year 1927. The probability of an 
expansion, even beyond the limits of 1927, towards 
the end of 1928 was also indicated. It is a real 
pleasure to record the fructification of this sanguine 
forecast, for, on the basis of the first eleven months 
of 1928, it may be estimated that, in volume at least, 
the exportation of British electrical machinery will, 
for the year 1928, have surpassed al] previous levels. 

Table I, on page 82, contains statistics relating to 
the importation of copper, and to the employ- 
ment in ten principal districts in the United King- 
dom concerned with the manufacture of electrical 
machinery. Copper is an item of such importance 
in electrical manufacture that fluctuations in its 
importation may be regarded as a reliable index 
of the fortunes of the industry, and it is significant 
that the decline indicated by the reduction of copper 
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import at the end of 1927 was in fact experienced | a comparable basis with 1928, 7.e., persons aged |1 The value per ton of these imports continues to 


early in 1928. The increased volume of trade during 
the year is confirmed by the sample employment 
statistics, which show a higher level of employment 
than ever before with the exception of the boom 
year 1920. 


TABLE I.-—Indices of Activity in Electrical Engineering, 


v nited Kingdom 


Imports of Copper Employment. 


Monthly 











iverage . Index | No. Em- Index 
for son 1913 | ployed in 1913 
ita 100. 10 Districts. 100. 
1913 . 8.912 100-0 10,720 100-0 
1918 .. 0 ad 12,544 117-0 
1920 .. = of 19,356 180-5 
1922 
Ist Qr. ..| 4,953 55-6 
ane , --| 3,493 | 39-2 
3rd, j 6,640 74-5 
{th , i 7,096 RY-7 
1923 | 
Ist Qr us S016 $9- | 12,507 (ist 116-7 
2nd ,, ov 9, 519 106-8 ff) 4 year) 
ird 101-5 | 15,967 (2nd 140-0 
ith 143-0 f 4 vear) 
ba24 | 
Ist Qr. 130-7 | 14,885 (1st 138-8 
2nd ,, 137-8 { \ year) 
3rd 143°8 lf 5,585 (2nd | 145-4 
ith 145-3 f| 4} year) 
1025 | 
Ist) Qr 14,556 163-3 | 15,927 (ist | 148-6 
2nd 13,705 153-7 ff 4 year) 
ard 14,384 | 161-4 [| 15,243(2nd | 142-1 
ith 12,895 144-8 f| 4 year) 
1026 
Ist Qr ; 12,405 | 150-4 hI 14,287 (1st 133-3 
2nd ., 10.598 «=| «118-3 4 year) 
trd 11,544 | 129-6 | 14,970 (2nd 139-6 
ith ., : 12,358 138-9 | 4 year) 
1927 | 
Ist Qr. ..| 12,339 138-4 || 15,394 (Ist | 143-5 
2nd ,, ..| 13,198 } 148-1 | 4 vear) | 
3rd. ..| 11,561 129-9 { 15,828(2nd | 147-6 
ith ., -| 12,292 138-0 f 4 year) 
1928 | | 
Ist’ Qr. ..| 14,447 162-3 || 16,796 (Ist 156-7 
2nd ,, ..| 14,863 167-0 4 year) 
ards, -+| 12,761 143-4 { | 17,255t(2nd 161-0t 
ith ,, .-| 14,748$ | 165-6¢f | 4 year) 


* Figures not comparable owing to War Stocks. 
Estimates based on incomplete returns 


Judged by the volume of copper imports antici- 
pated for the last quarter of 1928 and the steadi- 
ness of employment, there is no reason to suspect 


a decline in the industry during the first part. of | 


1929. 

Confirmation of the trend indicated in the first 
table is to be found in the following Table IT con- 
taining figures of the insured workpeople and 


unemployed in the electrical engineering industry | 


published by the Ministry of Labour, with an addi- 
tional column showing the actual number employed 
at July, 1928, compared with the same period in | 
previous years. A census of the number of persons 
insured is only taken once a year relative to the 
month of July, and for this reason this table is 
confined to one month per annum. 


Taste 1.-—Electrical Engineering—Actual Number | 


Employed. 
Number of Workpeople. 


Date Index 
Unom- . 1923 — 100 


Insured, ployed Empioyved. 


60,960 


July, 





* Includes only persons 16-64 vears of age. 


This table as it stands is not strictly comparable, 
and unfortunately the data to make it so are not 
available, nevertheless it is possible to supply 
conclusive evidence that the increase in employ- 
ment shown in the table errs on the side of modera- 
tion. As already indicated, due to the provisions 
of the Widows’, Orphans’ and Old Age Contributory 
Pensions Act, 1925, all persons over the age of 65 
ceased to be insured under the Unemployment 
Insurance Acts as from January 2, 1928. There- 
fore, although there were undoubtedly persons over 
65 in the insured column of Table IJ for the years 
1923-27, there are none of that category for the | 
year 1928. It has been estimated by the Ministry 
of Labour that the number of insured in 1927 on 


between 16 and 64 inclusive, is 77,800. This shows 
an increase in the number of insured of practically | 
2,000 instead of 400, and it seems permissible to 
assume that the number actually employed was 


about 2,000 greater in 1928 than in 1927, for it is | 


inconceivable that all the insured men aged 65 
suddenly went out of industry, and such as did go 


into retirement would most certainly be replaced | 


by new recruits in a comparatively new and fasci- 
nating branch of engineering which is in such a 
progressive condition. 

The export statistics which are contained in 


Table III reveal the continuation of a position | 


which, whilst superficially very satisfactory, con- 


tains cause for some anxiety, especially when read | 


in conjunction with Table V below. 


Taste III.—United Kingdom LExports of Electrical 




















Machinery. 
Volume. Value per ton. 
Monthly | - - se 
Average for } | | 
Tons. Index. £ | Index. 
| | | 
aS | a 
1913 .. we te 2,238 | 100-0 84-5 | 100-0 
1922— 
Ist’ Qr. 1,757 78-5 272-5 322-5 
2nd .. 1,228 54:8 274-0 | 324-2 
8rd 1,204 8 214-9 | 254-3 
ith 1,389 221-5 261-9 
1923 
ist Qr: .. | 1,635 73-1 | 206-8 244-7 
ae ..| 1,659 | 74:1 186-6 | “8 
3rd, ls. ..| 1,467 65-5 | 189-2 | 
Misc. hc ; 2,234 Y9°8 175-5 
1924 
Ist Qr 2,574 115-0 162-3 192-1 
i ae ..| 2,406 | 111-1 | 166-9 | 197-5 
ae : ..| 2,439 | 109-0 | 174-5 | 206-5 
4th 2,844 | 127-0 175°5 207-7 
1925- | 
Ist Qr | 131-4 174-5 206-5 
2nd ,, 125-8 | 177-0 209-5 
3rd, 113-4 | 171°3 202-7 
ith ,, 124-0 171-8 203-3 
1926— | 
Ist Qr. | 141-8 | 162-6 | 192-4 
aia ,, 108-7 | 163-2 193-1 
3rd | 122+7 174-5 206-7 
4th | 138-7 176-3 | 208-8 
1927 | 
Ist Qr. | 3,606 161-2 164-1 194-2 
| aa, | 3,135 140-1 | 171-6 203-2 
3rd 3,571 | 159-6 156-6 185-5 
ith | 3,314 148-1 | 165-7 196-2 
1928 | | | 
ist Qr. .. ..| 3,588 | 160-3 | 161-5 | 191-3 
2nd ,, Fs Fen 3,507 156-7 | 163-7 | 193°8 
ard. ..| 3,096 | 138:3 | 163-9 | 194-0 
-4* | 163-6* | 193-8* 


4th... ots ..| 3,637% 162 
| j 


* Estimated on ‘Mannan returns. 


Precise details for the whole year are not avail- 
‘able at the time of writing, but it is possible to 
estimate fairly accurately, on the basis of eleven 
months, that the previous year’s total volume of ex- 
| ports will be just exceeded by the 1928 total, but that 
| the total value of 1927 will be exceeded by so small 
|a measure as to indicate a slight reduction in the 
value per ton. This is the feature of the table 
which is not too satisfactory, and which will be 
referred to later when dealing with the international 
situation. 


The relatively high exportation in the first half | 


of the year would appear to be a contradiction to 


the statement that there was a diminution of work |_ 


in the early part of the year, but it is to be kept 
in mind that there is a lag between orders and 
deliveries ; exports in the first half of the year 
would be to a large extent orders placed in 1927 
and the decided decline in exports in the third quarter | ' 
of 1928 reflects the falling-off of work in the early 
part of that year. 

It is melancholy to reflect that South Africa and 
Australia—two young and growing countries—were 
not such good customers in 1928 as in 1927, but on 
the converse side of the picture, trade with South 


America and British India, and with Continental | 


countries despite Germany’s determined efforts to 
progress in the electrical world, has improved in a 
heartening fashion. 


Importation of electrical machinery is the next | 


factor to be taken into consideration, and here in 
Table IV electrical manufacturers are provided 
with food for thought. 

Ever since the war, the rate of importation of elec- 


trical machinery has steadily increased until in | 


1928 it is estimated that the highest post war impor- | 
| tation has taken place, although happily the total | 
volume is still very much less than before the war. 


soar above the imports of previous years, and much 
|above the value of our exports. This unsatis- 
| factory position has been referred to on previous 


TaBLE IV.—United Kingdom Retained Imports of 
Electrical Machinery. 





Volume. Value. 















* Estimated on incomplete returns. 


Monthly sage —- 
Average for | 
Tons. Index. £ | Index. 
—— ance | om emcee | ome | —___—____—_ 
1913 .. as ..| 902 | 100-0 | 113-1 | 100-0 
1922— | 
ist Qr. .. ..| 346 BAS -8 
2nd ,, - ae 354 | 254-0 
| 3rd a ne 505 | |} 201-7 
4th ae. Ct 190-6 
1923— | | 
Ist Qr. 338 | 246-4 214-2 
| 2ad ;,; 375 } 218-5 190-0 
| 3rd 296 | | 230-3 200-6 
| 4th 286 | 239-9 | 2038-6 
| 1924 | 
Ist Qr. 276 | | Fle 
ond ., 394 | ‘1 
3rd 303 | | 
| 4th 383 | 7:7 
| 1925— 
Ist Qr. ..  ../ 397 | 44-0 | 208-7 | 181-5 
| 2nd ,, .. ‘ 307. | 34-0 | 284-2 247-1 
i PONE 5, we oy 355 | |= 39-4 | 266-0 | 231-3 
ah 55. ..| 297 | 32-9 | 251-6 | 218-6 
| 1926 | | | 
| tat <Qr. 2. | 282 | B1-2 | 237-3 
| it ae ..| 389 43-1 | 226-3 
f werd vs. <2. ..| 264 29-3 | 249-3 
oath, G4. cal ol 44-5 | | 231-9 
| 1927— 
ast n@rs’ <.. ..| 424 47-0 | 270-1 | 234-8 
bend ay 3 oa $89 | 54-2 | 291-5 | 253-1 
GBI Ss. ..| 457 | 50-7 | 242-0 | 210-1 
MB i kx ..| 507 | 56-2 | 248-9 | 216-2 
1928- 
| WstA@r: <:.. ..| 666 73-9 208-5 | 
} 2nd’ |. ie ae 476 | 52-8 268-2 | 
} Brig .| 433 | 48-0 | 290-2 | 
SOR a s:. aie 469 | 52-0 | 283-6 |} 
| { 
| 


occasions, and at this stage it is probably not 
|necessary to do more than refer to the very deter- 
| mined efforts which have been and are being made 
| by the British Electrical and Allied Manufacturers’ 
| Association to overcome this increasing volume of 
importation. 

Last year it was deduced from the Census of 
Production figures published by the Board of Trade 
that about 90 per cent. of the home demands for 
electrical machinery is supplied by home manu- 
facturers. In view of the strong position of the 
industry in this country, there is no reason to 
suspect any reduction in the British share of the 
home market, and it is probably not unreasonable 
to deduce from this increase in imports an improve- 
ment in home demand. 

The world competitive position is most easily 
judged by an examination of the international export 
figures to be found in Table The declared 
| values of the exports of electrical machinery from 
six principal countries are given in sterling con- 
verted at the average rate of exchange in each year. 





Taste V.—Declared Value of International Machinery 
Exports in £, (000’s omitted). 

= ~ ; i hee on ; ane 
| 1913. 1924, 1925. | 1926. | 1927. | 1928. 
| 








Great Britain] 2,269 | 5,353 | 2 | 5,817 | 6,711 | 6,755* 
France ..| 838 | 3,368 | 2,883 | 3,363 | 2,071 | 1,120* 
Germany ..| 3,148 | 2,374 | 2,558 | 2,685 | 3,420 | 4,350* 
Sweden = ../._ 243 | 1,063 | 1,169 | 1,507 | 1,917 | 2,420* 
jaar 804 997 | 1,125 | 1,067 | 1,127 | 1,405* 

S.A. .| 1,694 | 5,935 | 5,067 | 5,452 | 5,110 | 4.755% 


8,996 | 19,090 | 18,564 | 19,891 | 20,439 | 21, 116 


* Estimated on incomplete returns. 


The figures given for the year 1928 are, of course, 
|at this early date, estimates. 

This country continues to lead the world in this 
| branch of engineering, but the tremendous strides 
made by Germany, Switzerland and Sweden last 
| year bear eloquent testimony to the intensity of the 
competition which has to be faced, and to the 
determined challenge, which every year becomes 
more fierce, to our supremacy. In 1928, German 
{exports increased in value by nearly 1,000,0001., 
|Swedisb by 500,000/., Swiss by 300,0007., whilst 
British advanced by but 40,000/. Therefore, 
although it is clear that the British electrical engineer- 
ing is in a powerful position, and although there is no 
| reason to doubt the continuance of our share of 
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world trade, it is clear that it will only be achieved 
by dint of sheer superiority of product and at prices | 
cut to the bone, for although we are the largest 
individual exporters, we command in‘ value less 
than one-fourth of the world’s markets. 

-The world demand continues to grow and it must 
be the endeavour of this country to secure at least 
its proportionate share of the increased production 
called for, but it cannot be said too frequently or 
emphatically that this result can only be achieved 
by the greatest economy in production, and, in 
many cases, by accepting prices which do not yield 
an economical or adequate return. 

In common with foreign markets, the home market 
shows a tendency to expand ; the Electricity Board 
has recently released some good orders ; the use of 
electrical appliances and apparatus in basic and 
manufacturing industries is growing. Therefore, it 
may be said that the electrical engineering industry 
may look forward to a year of production exceeding 
probably anything yet achieved in volume, both on 
home and foreign account, but any upward tendency 
in production costs would have disastrous results 
in our home and foreign markets, because of the 
very keen competition from highly organised elec- 
trical industries in other countries, where working 


cathode is employed. 
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than 150 milliamperes and is charged to 1,000 or 
2,000 volts by an auxiliary generator. The twoslits 
F, F,, Fig. 5, are adjusted in position with the aid 
of the screws V,, V,, which also level the grating. 
This latter is of rather small dimensions, being 
7 mm. by 10 mm.; there is no material screen 
in the path of the rays from source to grating. 
The grating used was ruled at the National Physical 
Laboratory with 28,800 lines to the inch. The 
carrier of the photographic plate K slides along 
the axis of the cylinder on the support B B. Dr. 
Thibaud first used Schumann plates or ordinary 
plates coated with a fluorescent oil, but he found 


that ordinary plates did not require any special | and is illustrated diagrammatically in Figs. 7 


preparation. The work with this spectrograph on | 
the K series of the light elements (oxygen, carbon 
&e.), and the L, M, N, O series of the heavier 
elements, has brought out discrepancies between | 
the wave-lengths of soft X- -rays as deduced from | 
observations with ruled gratings and with the 
natural gratings of crystals of fatty acids. T hese | 
discrepancies are ascribed to the small value of the | 
index of refraction of the soft X-rays, which are 
slightly less than unity, being 1—8. For glass, 8| 
was found to increase with the square of the | 
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: | 
The tube can take more | placed on an optical bench about 5 ft. long, which 


is convenient for use by persons with little know- 
ledge of optics. The Green nicol prisms used in 
this apparatus are not made wholly of Iceland spar, 
but consist of a thin slab of this material between 
two glass prisms with which it is cemented. 

The chief novelty on the stand of Messrs. George 
Kent, Limited, of 199, High Holborn, W.C.1, and 
Luton, was a recording balanced manometer for the 
measurement of low-pressure air or gas under the 
conditions met with in gas works and in connection 
with blast furnaces. It was protected from dust 
by acast-iron case. The manometer, like the other 





manometers of the firm, is due to Mr. J. L. Hodgson, 
7 and 
8, on page 84. The recording pen is attac co to 
| two cylindrical vessels V, and V,. containing oil or 
| some other liquid. V, is connected to the upstream, 
and V, to the downstream. The vessels are pivoted 
| about a knife edge E and connected to the pressure- 
| Producing device, which consists of an orifice or 
ja Pitot tube in the gas main, by means of rubber 
| tubing partly shown by dotted lines in Fig. 7. The 
| rotational movement of the pen, for a given pressure 
difference, is controlled by means of a weight, which 
jis attached to a pivoted arm to which is also 
This band engages on a 



































conditions generally are already more favourable. | wave-length, in accordance with the theory of | attached a flat band B. 
Dr. Drude-Lorentz, and to have, for waves of | cam surface C, connected with the frame which 
THE PHYSICAL AND OPTICAL 
SOCIETIES’ EXHIBITION. 
(Continued from page 56.) 
THE great interest of the Thibaud ruled-grating | 
X-ray spectrograph, made and exhibited by Messrs. | 
Adam Hilger, Limited, 24, Rochester-place, Camden- 
road, N.W.1, forthe study of soft X-rays and of the | 
Fig.5 
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extreme ultra-violet, lies in the fact that, up to the 
present, only the atomic gratings of crystals have been 
considered sufficiently fine for very short waves. By 
using almost tangential incidence (tan @ being of 
the order 10-5), Dr. Jean Thibaud, of Paris, has 
succeeded in obtaining X-ray spectra with gratings | 
of 200, and even 50, lines to the millimetre, though | | 
finer rulings are preferred in order to increase the | 
dispersion. The grazing incidence brings the lines | 
closer to one another in the direction of the rays, | 
and when @ is less than the limiting angle of total | 
reflection of the rays from the grating, the intensity | 
and purity of the diffraction spectra are satisfactory. | 
The spectrograph, which is illustrated in Figs. 5 and 
6, consists of a strong brass cylinder, 60 cm. long | 
and 18 cm. diameter, evacuated to a high degree. 
The cylinder is evacuated by a rotary molecular 
Holweck pump, or by a multiple-stage diffusion 
pump, and the vacuum is indicated by the gauge C. | 
The cylinder AA is closed at the ends by the| 
ground-on plates D,, D,. The source of radiation, 
either a condenser spark or an X-ray tube, 
attached to, but easily detachable from, the plate D,. 
Fig. 5 shows the arrangement for sparking. One| 
of the two adjustable electrodes i is earthed, and the | 
other insulated by a glass tube; the electrodes are | 
charged from a 0-02 » F condenser at 40 kilovolts. 
The all-metal X-ray tube, shown in Fig. 6, has | 


| graphic materials. 


70 A.U., the value 0-99, while the limiting angle 
of total reflection increased with the wave-length 
itself to values of several degrees. The ruled-grating 
spectrograph will be very useful for such studies 
and for astrophysical research, since, with the 
high temperatures of stars, the region of maximum 
radiation, according to W. Wien’s law, would be in 
the soft X-ray range. 

The other exhibits of the firm comprised a 
large vacuum grating spectrograph, of 2 m. focal 
length, for the study of the whole ultra-violet, 
a wave-length spectrometer with a new condenser 
|attachment, and a wedge spectrograph for the 
photographic measurement of the absorption curves 
of filters and the colour sensitivity of photo- 
We may also mention the latest 
model of the Hilger-Nutting spectrophotometer for 
dye studies, in which the comparison beam is 
vertically above the beam passing through the 
absorbing medium, and improved illumination 
and clear definition of the dividing line between 


is | the two fields are combined with ease of manipula- 
| tion. 


Another interesting exhibit is the simplified 

industrial form of the Coker photo-elastic apparatus 
for the determination of stress distribution in 
| engineering structures, which Messrs. Hilger have 


| constructed in collaboration with Professor E. G. 


Coker. The parts, lantern, polariser with quarter- 








water-cooled ground-in conical joints and a water-| wave plate, condensers, specimen holder between 
cooled interchangeable anode; an incandescent | the condensers, projection lens and analyser, are all 
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carries the two vessels. The radius at which the 
pull of the band acts rapidly increases as the oil 
vessels tilt about their knife edge, owing to the 
curvature of the cam on which the band rests. This 
increase in the pull can be felt distinctly when one 
of the vessels is depressed by hand ; the movement 
is easily produced as long as the pen is in the posi- 
tion indicated, but becomes more difficult as the 
pointer moves to the right. The end of the band is 
taken round the circular support P. The standard 
instrument operates at a maximum difference of 
pressure of 2-in. water-gauge. The length of the 
pen travel is 4 in. and the length of the diagram 
corresponding to a period of one day or one week is 
11 in. The spacing is practically equal down to 
one-twentieth of the full flow. A dotted line is pro- 
vided on the diagram, in addition to the pen zero 
line, as shown in Fig. 8, in order that a planimeter 
can be used for integration. The zero of the instru- 
ment can be checked at any time by the aid of an 
equalising valve in the control-cock U, and slight ad- 
justments of the zero can be made with the aid of a 
knuckle joint in the pen arm. The letter N in the 
diagram indicates the milled nut of the clock, 8; and 
S, are stops for the pen arm and the planimeter zero, 
and W is a control weight attached to the beam. 
The inclined-tube manometer and the curved 
tube instrument for low-pressures, which were also 
exhibited by Messrs. Kent, have been in use for 
been described in 





some years and have already 
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our columns. The precision manometer, also 
shown, has served for some years as a calibra- 
tion standard for commercial manometers in the 
Luton works. It was first used by Mr. Hodgson 
in researches on the flow of air, and was described 
by him before the Institution of Civil Engineers in 
1917 in a paper on the commercial metering of 
air, gas and steam. It is an instrument about 
6 ft. high, standing on a base of 17} by 17} in., 
and consists of a cylindrical vessel of 7 in. diameter 
and a calibrated glass tube. These two parts 
form the two limbs of a U-tube, and, owing to 
the large ratio of the diameters, the level changes 
take place practically only in the glass tube, in which 
they are observed by means of a travelling micro- 
scope, witha magnifying power of 30 diameters, which 
is raised and lowered by a guide screw and admits of 
reading to 0.001 in. The meniscus is always illu- 
minated in the same direction ; the gauge passes 
through a tube which slides on the end of the 
microscope and into which light can only enter 
at one end. The manometer liquid is oil or alcohol. 

The flowmeters and carbon-dioxide recorder shown 
by Messrs. Electroflo Meters Company, Limited, of 
Park Royal, N.W.16, were described on page 53 of 
our 123rd volume, and were also mentioned on page 
49 of volume 125. Novel features of an Electroflo 
control pyrometer, which was shown, were a coil box 
on the panel, added for the purpose of deflecting the 
indicating pointer in the event of the thermocouple 
burning out or becoming disconnected, and a time 
switch for starting or cutting out a furnace at a 
predetermined moment. 

Electric furnaces were shown by Mr. R. M. 
Catterson-Smith, of Lacland-place, King’s-road, 
Chelsea, S.W.10. The resistor rods of the furnaces 
were mounted into panels of Australian sillima- 
nite. The panels form shallow trays, up to 2 ft. 
square, perforated at the sides for the insertion 
of the rods. One of the heavy-service furnaces 
exhibited, intended for temperatures up to 1,350 
deg. C., for heat treatment, hardening and enamel- 
ling, has inside dimensions of 16 in. by 9} in. by 
5 in., there being 43 in. of insulation lining, con- 
sisting of sillimanite with a firebrick core, on the 
walls and door. The heater rods of silit are 
arranged vertically on the sides or horizontally ; in 
the latter case either both at the top and bottom or 
only in the top panels, so as to avoid the risk of over- 
heating of the furnace bottom. In other furnaces, 
carborundum insulation and nichrome-wire heaters 
are used. In order to enable the attendant to watch 
the furnace temperature, an indicator is clamped to 
the outside of one of the walls. This indicator 
consists of a flat casing containing a thermocouple 
and a Weston galvanometer provided with an arbi- 
trary scale. 


Among other firms showing electric furnaces 
were Messrs. A. Gallenkamp and Company, 


Limited, 17-29, Sun-street, Finsbury-square, E.C.2. 
One of their furnaces was designed to produce a 
maximum temperature of 1,350 deg. C. by means 
of a silit resistor, } in. in diameter, wound round a 
carbon tube so as to form a heater, 1} in. in 
diameter and 12 in. long; 8 in. of this length was 
at the maximum temperature within the furnace 
muffle. Apparatus was also shown for the 
thermostatic control of muffles, &c., for testing, 
drying, and baking at temperatures up to 300 deg. 
by means of tubes filled with toluene and mercury. 

The Brayshaw furnace, shown by. Messrs. Baird 
and Tatlock (London), Limited, 14-15, Cross-street, 
Hatton Garden, E.C.1, is a gas-heated carborundum 
muffle, 2} in. wide and 44 in. high inside, for fuel-ash 
testing and the determination of the softening 
point. The material, moulded into a cone, is 
placed on a pedestal in the muffle, which is charged 
with air or gases, preheated to 650 deg. in a jacket 
by means of an auxiliary burner, so that inside tha 
muffle a temperature of 1,400 deg. C. may be 
reached in a short time. The gas-absorption device, 
due to Mr. C. Hamilton Foott and shown by the same 
firm, is a glass spiral into which the gas and liquid 
are introduced in such a way that bubbles, large 
enough to fill the bore of the tube, trap small 
quantities of liquid which are carried up the 
coil and descend by a vertical tube, the circulation 
being regulated by a tap in the return tube. The 
viscometer, of Mr. C. W. B. Shorto, also shown, is 
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an apparatus for rapid viscosity tests at controlled 
| temperature, kept constant to within 0-25 deg. F. 
| The apparatus consists of a semi-rotary air chamber 
of a capacity of 1,000 cub. cm., made of light-gauge 
copper fitted with stirring fins. It is connected 
with a gas regulator, and is immersed in a nickel- 
copper bath. Around the chamber are mounted 
| three viscosity tubes, each of 35 cub. cm. capacity, 
for heavy, medium, and light oils. Each tube ends 
ina nozzle plug consisting of a piece of phosphor- 
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with a scale 5 cm. in length, for hydrogen-ion 
concentration tests, and the kinetic elutriator 
designed by Mr. Leonard Andrews, M.Inst.C.E., 
for the rapid classification of the discharge from 
grinding mills. It is a multiple apparatus, four or 
more glass tubes being fitted into another to form 
one vertical column, fed from above. The water 
enters from below, and the second vessel from the 
top widens out to ensure a rapid circulation and 
separation of agglomerated particles. Means are 
provided for the withdrawal of measured fractions 
for drying and analysis. 

The Vickers pyramid hardness-testing machine, 
exhibited by Messrs. Wild-Barfield Electric Fur- 
naces, Limited, North-road Holloway, N.7, was 
illustrated on page 518 of our issue of April 25, 1924. 
Among other firms showing general apparatus were 
Messrs. G. Cussons, Limited, of Manchester, whose 
chronograph consists of a tuning fork controlling a 
synchronous motor, and a geared-divided inking 
roller. It can mark divisions of 0-001 sec. spaced 
about 2 mm. apart on a tape, and other intervals. 
by the aid of a change-speed gear. Messrs. W. 
Edwards and Company, 8a, Allendale-road, Den- 
mark-hill, S.E.5, exhibited, in addition to their 
well-known vacuum pumps of various types, photo- 
electric cells, and simple and robust epidiascope, and 
episcopes, also arranged for use as an optical bench. 
The Codd cell of Messrs. Shimwel, Alexander and 
Company, 82, Fenchurch-street, E.C.3, is a single- 
fluid galvanic cell, with an e.m.f. of 1-52 volts, 








recommended for ordinary purposes and ,also for 
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bronze of acorn shape, perforated in the vertical axis 
by a bore-hole ; the diameter of the largest of the 
three holes is about 1 mm. The hole is closed, when 
not needed, by a cup-shaped valve cap, fitting over 
the top of the acorn, the vertical stem of which 
indicates the oil-level. The tubes discharge into 
beakers, and the time is measured in which a 
receiver is filled up to a 15-c.c. mark. Engraved 
against each tube is a factor, and the time in seconds 
occupied in filling the receiver up to the 15-c.c. 
mark, when multiplied by this factor, gives the 
viscosity in Redwood degrees. We may also men- 
tion the photometer bench and photometer head, 
due to Mr. J. F. Sutton, shown by the same firm. 
In the photometer head, which is_ illustrated 
diagrammatically in Fig. 9, two screens of milk 
glass are so mounted in slits that no dark line is 
produced by the partly overlapping screens. The 
angles made by the two screens with the axis of the 
bench, and with the pencils of rays, should be equal. 
When the two light sources are very different this 
latter condition will not be fulfilled, and one of the 
lamps is then set out of the axis by the amount 6. 

Messrs. John Griffin and Sons, Limited, and Baird 
and Tatlock, Limited, of Kemble-street, Kingsway, 
W.C.2, exhibited, in addition to apparatus men- 





tioned on other occasions, a microid galvanometer, 
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supplying wireless valves. The liquid, ferric chlo- 
ride, contains some pumice powder, which settles 
on the zine plate at the bottom of the glass jar and 
acts as a porous septum. It is claimed that the 
voltage of the cell will remain constant for two 
months with four hours’ use daily. 

Messrs. Negretti & Zambra, 38, Holborn Viaduct, 
E.C.1, showed several novelties of interest to the 
engineer. The ‘‘ boost’ gauge is used to indicate the 
absolute pressure in the induction pipe of an internal- 
combustion engine, particularly those fitted with 
superchargers. An aneroid-barometer movement, 
consisting of a diaphragm of nickel, silver, or steel, 
and a quadrant and pinion gear, is mounted in an 
airtight case which is connected with the pipe. 
The zero of the scale corresponds to the normal 
barometric pressure. The ventilated industrial 
hygrometers for textile works, also shown by the 
firm, are of the aspiration thermometer type of the 
late Professor Assmann. An electrically-driven im- 
peller draws the air past the bulbs; the wet bulb is 
located over a small water chamber, whichis fed toa 
constant level from a distilled-water tank in the 
cast-iron case. Messrs. Negretti & Zambra also 


show an accurate recording rain gauge, in which 
the gearing of the float movement, which com- 
prises a ratchet and pawl device, returns the pen 
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to zero after each half-inch of rain; the float 
cylinder is placed below the 10-in. funnel. The large- 
size gauge exhibited had a capacity of 12 in. of rain, 
5 in. on the chart scale corresponding to half an inch 
of rain. 

The novel barograph due to Mr. R. Harrison, of 
Messrs. Negretti and Zambra, illustrated in Fig. 10, 
on page 84, dispenses with pivots, links, and magni- 
fying levers. Its action depends upon the shifting 
of a weight, and it has therefore been called the 
steelyard barograph. The frame A carries the 
multiple diaphragm box B, rigidly fixed at C, the 
knife edges F and the pen arm G. A screwed rod 
extending from the end of B carries the stout disc 
D, the weight of which is taken up by a flexible strip 
EK. The adjustable weight J on the screwed rod H, 
fixed in the frame, forms the sensitivity control. 
Any alteration in the barometric pressure will 
disturb the momentary equilibrium of the supported 
system, and the expanding or contracting box will 
shift the weight D; the frame will then tilt slightly 
by an amount depending upon the position of J. 
The only friction to be overcome is that of the pen, 
and the sensitivity of the instrument can be adjusted 
so that true records of rapid and of slow barometric 
variations can be obtained. On the chart, a pen 
movement of 5 in. corresponds to a barometer 
change from 28-5 in. to 31 in. A new apparatus 
for testing the hysteresis of aneroid barometers was 
also exhibited. The aneroid box is placed in the 
vacuum chamber of a pump. When the air pressure 
under the bell is reduced, the poised frame of a 
spirit level is tilted until the bubble reaches its 
central position; this movement corresponds to a 
definite extension of the diaphragm and can be 
accurately determined. The experiment is repeated 
at increasing and decreasing pressures, and the 
variations in the bubble displacements indicate the 
hysteresis effect. 

(To be continued.) 








YEAR BOOKS AND ANNUALS. 


The “ Practical Engineer”? Mechanical Pocket Book, 
1929.—The field covered by the term mechanical engi- 
neering is so wide that the proper contents of a pocket 
book for mechanical engineers must largely be a 
matter of opinion, but we imagine that few people will 
quarrel with the selection made by the editor of The 
‘Practical Engineer’? Mechanical Pocket Book, which 
has now reached its forty-first issue. The only criti- 
cisms on this head that appear to us at all pertinent 
are that the subjects of automobile and refrigerating 
engineering are given scant consideration, and while 
both of these are, perhaps, somewhat specialised branches 
of mechanical engineering, it is advisable that all 
engineers should have some acquaintance with them. 
A knowledge of automobile construction, in particular, 
is useful to those engaged in other branches of the 
profession, as a study of chassis design often gives a 
useful hint for the solution of some mechanical problem 
on an entirely different machine. To take an example, 
automobile engineers have developed friction clutches 
to a high degree of perfection, and their designs should 
certainly be studied in connection with any new clutch 
problem. It is therefore at least open to question 
whether the section in a pocket book devoted to 
clutches should not give particulars of a modern 
single-plate car clutch, but we notice that this has 
not been done in the book under consideration, although 
this section has been revised. The latest type of Hele- 
Shaw multi-plate clutch has now been included, but 
we imagine that there are decidedly more applications 
in ordinary engineering practice for simpler designs 
of the single-plate type. Other revisions made in the 
new edition are in the sections devoted to boilers and 
auxiliary apparatus, heavy-oil engines, chain gearing 
and gas-heated furnaces. Generally speaking, the 
changes are of a minor nature, which is only to be 
expected, as the pocket book has always been kept up to 
date. As an example, the information given on the Sulzer 
two-cycle Diesel engine may be quoted. The figures for 
efficiency, and so on, have been altered to conform with 
the latest improved results, and a brief reference is 
made to the firm’s four-cycle engines, and the smaller 
auxiliary engines operating on the two-stroke cycle, 
The pocket book is published by Mr. Humphrey Milford. 
Oxford University Press, Amen House, Warwick- 
square, E.C.4, at 2s. 6d. net. 


Ice and Cold Storage Trades Directorya—The advance 
made during the past year in the application of refrigera- 
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new names have been added to the classified trades 
section of the Jce and Cold Storage Trades Directory 
and Reference Book for 1929. The present edition 
constitutes the 29th issue of this annual directory, 
which is devoted to the refrigerating industry and 
allied trades in Great Britain and Ireland. As was 
the case with previous issues, the first portion of the 
bock contains tables and miscellaneous data. These 
will be found useful by the refrigerating engineer 
and others connected with the industry, and include 
tables of cold-storage data, properties of refrigerants, 
relative humidity percentages, and the heat con- 
ductivity of various materials. Details are also given 
regarding new companies registered during the year, 
the articles of association of which include refrigeration. 
The other main sections of the work comprise a geo- 
graphical list of cold stores and ice factories and a 
classified trades section. The book contains 236 pages, 
and is strongly bound in cloth. It is obtainable, 
price lls., post free, from Messrs. Iliffe and Sons, 
Limited, Dorset House, Tudor-street, London, E.C.4. 


All the World’s Aircraft, 1928.—Described as giving 
a complete record of aeronautical progress throughout 
the world during the past year, the 1928 edition of 
All the World’s Aircraft has just been published. As 
is well known, the work was founded in 1911 by the 
late Mr. F. T. Jane; it is now edited by Mr. C. G. 
Grey, editor of The Aeroplane, and is compiled by 
Mr. L. Bridgman. The book is divided into five main 
parts, designated A, B, C, D and E; the first two 
(A and B) deal with the World’s progress in civil 
and in service aviation, respectively. Part C is devoted 
to the consideration of modern aeroplanes of al! nations, 
and contains many reproductions of photographs and 
scale drawings; complete specifications and _per- 
formance figures of current types are given, and a 
section on helicopters is included. The fourth main 
section (D) deals with aero-engines of all countries, 
and photographs of each engine, and, in some cases, 
scale drawings and views of the various component 
parts are reproduced. Airships of recent design 
of all nations are described and illustrated in the last 
part (E) of the book. Following their usual practice, 
the compilers of the work have eliminated all aircraft 
which are not in regular use, and must, therefore, be 
considered obsolete. In consequence of this policy 
the book is practically a new publication. As a 
work of reference it is probably unsurpassed, and the 
arrangement is such that detailed information regard- 
ing any modern aircraft or aero-engine may be obtained 
with the minimum of delay. The book is published 
by Messrs. Sampson Low, Marston and Company, 
Limited, 100, Southwark-street, London, S.E.1, and 
the price is 42s. net. 

Diaries and Pocket Books.—We have received a 
neat leather-bound pocket diary from Messrs. The Clay 
Cross Company, Limited, near Chesterfield, In 
addition to a considerable amount of miscellaneous 
information, it contains illustratiors of various 
instailations and products of the firm.—A_ useful 
little diary, bound in leather, has reached us from 
Messrs. Bernard Holland and Company, 17, Victoria- 
street, London, 8S.W.1. Some 24 pages of mathemati- 
cal and engineering data are included.—Messrs. The 
Stanton Ironworks Company, Limited, Stanton-by- 
Dale, near Nottingham, have sent us a handsome 
leather-bound pocket diary, which contains upwards of 
60 pages of information relating to cast and spun 
iron and concrete-lined pipes, and other products of 
the firm.—A neat pocket diary has come to us from 
Messrs. Braithwaite and Company (Engineers) Limited, 
Broadway-buildings, London, S.W.1. It conta‘ns 
illustrations of steel bridges, tanks and other structures, 
and detailed tabulated information regarding pressed- 
steel tanks, girders, channels, beams, stanchions, and 
other structural steel elements. 


Almanacs and Calendars—We have _ received 
monthly tear-off calendars from Messrs. Le Grand, 
Sutcliff and Gell, Limited, 14, Gray’s Inn Square, 
London, W.C.1; Messrs. Nobel Chemical Finishes, 
Limited, Slough, Bucks; Messrs. Industrial Brown- 
hoist Corporation, 4403, St. Clair-avenue, Cleveland, 


Ohio, U.S.A.: Messrs. The “Sentinel”? Waggon 
Works, Limited, Iddesleigh House, Caxton-street, 
London, S.W.1; Messrs. Petters, Limited, Yeovil ; 


Messrs. Chas. Pearson and Son, Limited, manufacturing 
stationers, 53 and 55, Mansell-street, Aldgate, London, 
E.1; Messrs. Atlantic Transport Company, Limited, 
38, Leadenhall-street, London, E.C.3; Messrs. Cam- 
bridge Instrument Company, Limited, 45, Grosvenor 
place, London, S.W.1; Messrs. Urquhart Lindsay and 


Robertson Orchar, Limited, Blackness Foundry, 
Dundee; Messrs. Peckett and Sons, Limited, Atlas 
Locomotive Works, Bristol; Messrs. Greenwood 


tion to industry and trade is evidenced by the fact | and Batley, Limited, Albion Works, Leeds; Messrs. 
that a number of new headings and several hundred! Charles Roberts and Company, Limited, Railway 
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Wagon and Wheel Works, Horbury Junction, near 
Wakefield ; Messrs. British Brown-Boveri, Limited, 
Trafalgar House, Waterloo-place, London, S.W.1; 
Messrs. J. C. Fish, Hall and Company, manufacturing 
stationers, 11, Bishop’s-court, Chancery-lane, London, 
W.C.2; Messrs. Burton Griffiths and Company, 
Limited, 64-70, Vauxhall Bridge-road, London, S.W.1 ; 
Messrs. Rd. Johnson, Clapham, & Morris, Limited, 


Jacem House, Trafford Park, Manchester; and 
Messrs. The International Construction Company, 
Limited, 56, Kingsway, London, W.C.2. Daily 


tear-off calendars have reached us from Messrs. Harrison 
and Sons, Limited, printers, 44 to 47, St. Martin’s-lane, 
London, W.C.2; Messrs. The Welin-Higgins Company, 
Limited, Morley House, 314/322, Regent-street, 
London, W.1; and Messrs. The Tangent Tool Engi- 
neering Company, Limited, Tangent Works, Keynsham, 
near Bristol. We have received a handsome metal 
letter opener from Messrs. Babcock and Wilcox, 
Limited, Babcock House, Farringdon-street, London, 
E.C.4._ Monthly calendar refills have reached us 
from Messrs. Hopkinsons, Limited, Huddersfield. 
Messrs. The I.ea Recorder Company, Limited, 28, Deans- 
gate, Manchester, have sent us a useful weekly calendar 
and scribbling pad combined. <A tri-monthly tear-off 
calendar has reached us from Messrs. Crompton 
Parkinson, Limited, Guiseley, near Leeds. Messrs. A. 
West and Partners, 91, Petty France, London, S.W.1, 
have sent us a wall calendar. We have received 
weekly calendar refi!ls from Messrs. Welin-Maclachlan 
Davits, Limited, Hopetoun House, Lloyd’s-avenue, 
London, E.C.3._ Monthly calendar refills have reached 
us from Messrs. J. Evershed and Company, Fairfield- 
road, Bow, London, E.3. Greeting cards have 
reached us from Messrs. Davidson and Company, 
Limited, Sirocco Engineering Works, Belfast ; and 
the Institute Marine Engineers, Minories, 
London, E.1. 


of 


DigseEL ENerNne Users’ Association.—The affairs of 
the Diesel Engine Users’ Association are now being 
conducted from 307, Abbey House, Westminster, S.W.1. 
Mr. P. Still, joint honorary secretary, and Mr. G. T. 
Greenland, assistant secretary, are both retiring from 
office, the former being succeeded by Engineer-Captain 
J. Hope Harrison, R.N. Mr. F. A. Greene is the newly- 
appointed honorary treasurer. 


Royat AERONAUTICAL Soctety.—-An informal dinner 
and discussion will be held by the Royal Aeronautical 
Society on Thursday, January 24, at St. Ermines Hotel, 
Westminster. The subject for discussion will be ‘The 
Compression-Ignition Engine for Aircraft,” the discussion 
being opened by Wing Commander G. B. Hynef, D.S.O., 
Captain G. F. Wilkinson will state the case of the petrol 
engine, and the Chair will be taken by the Master of 
Semphill. Tickets 6s. 6d. each may be obtained from 
the Secretary at 7, Albemarle-street, W. 1. 


British Propuction oF Pia IRON AND STEEL.— 
The number of blast furnaces in operation at the end of 
December last was 132, a net decrease of three since the 
beginning of the month. The production of pig iron 
during December amounted to 540,400 tons, compared 
with 544,400 tons during November, and 559,100 tons 
during December, 1927. The output of steel ingots and 
castings during December amounted to 683,100 tons, 
as against 762,500 tons during November, and 604,900 
tons during December, 1927. 


THe Posrrion oF THE SuterinG INpustRy.—The 
report on the shipping industry published annually 
by Messrs. H. E. Moss and Company, 26, Chapel-street, 
Liverpool, is, this year, distinctly optimistic in tone. 
It indicates that while the spirit of renewed confidence, 
which prevailed at the beginning of 1928, did not 
materialise to any great extent, an improvement 1s 
undoubtedly slowly but surely taking place, and it 1s 
pointed out that, at the present time, there are indications 
of better trade prospects. Although the returns of idle 
tonnage issued recently record a decrease of over 80,000 
net tons, as compared with the previous quarter, there 
are still a large number of vessels laid up in various 
ports in the United Kingdom. It is contended, however, 
that many of these are more or less obsolete. Principally 
on account of the large grain harvests of North and 
South America, freights for ordinary tramp cargo boats 
have improved, and time-charter orders have become 
more frequent. These and other factors have been the 
means of inducing owners to place a large number of 
orders for tramp steamers, and the prospects of the ship- 
building industry are rendered distinctly bright in 
consequence. Owing, in a large measure, to over-produc- 
tion of tonnage during the previous twelve months, 
the oil-tank ship freight market has passed through a 
trying year. Unfortunately there seems to be little sign 
of any real improvement in the near future until this 
surplus tonnage is absorbed. Internal-combustion engines 
for marine propulsion still continue to make headway 
in the case of vessels engaged in certain trades, namely, 
passenger and oil-tank vessels making long runs from 
pert to port, especially in the Pacific and Far East. 
In the case of ordinary tramp vessels, however, where 
first costs are of paramount importance, the recipro- 
cating engine is still considered the most economical 
and reliable. 
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LETTER TO THE EDITOR. 


THE DISCONTINUITY OF THE LIQUID 
AND GASEOUS STATES. 


To THE EpitoR oF ENGINEERING. 
Str,—With reference to your leader of November 2, 
1928, on the above matter, and Professor Callendar’s 
fascinating results, I beg to suggest that your statement 
that ‘ the famous hypothesis of van der Waals . . 
appears to be definitely disproved,” is a little in advance 
of the facts. 
do prove that coaggregation is a most important factor 
in connection with the phases of water so that in relation 
to that substance the van der Waals expression is very 
inexact, but it is not so certain that all other fluids 


| 


Professor Callendar’s results certainly | 


associate to a comparable extent or that the van der | 


Waals hypothesis is quite devoid of truth. Various 
papers on this subject have been published during the 
last five years and it still appears open. One argument 
that has been used is that the electric moment of the 
molecules as determined by the temperature changes 
of the specific inductive capacity of gases is generally 
smaller than that required, on Sutherland’s doublet 
hypothesis, to explain “‘ molecular attraction ” 
would indicate that this attraction may be smaller 
than the formula values but is still a reality. Your 
contention that ‘‘ Laplace’s demonstration that the 
forces responsible for capillarity are sensible only at 
insensible distances”’ invalidates van der Waals 
hypothesis is not sound, since the distance between 
the molecules of a gas at atmospheric pressure is only 
of the order of 10-7 centimetres, which is less than Lap- 
lace’s range. I have discussed this matter of range 
in my recent book, ‘ Studies in Molecular Force ” 
(Griffins, 1928). 

If molecular force is quite non-existent in gases 
it is not easy to understand why aggregation occurs 
at all, except to a limited extent in the form of 
temporary duration of contact during collision such 
as is referred to in your 1925 articles on kinetic 
theory. 

It seems to me that the most that can safely be said 
is that the molecular fields of foree may be appreciably 
weaker than has been supposed. As you yourself say, 
‘water is, in fact, a very exceptional body.” Its 
increased volume in the normal ice phase alone shows 
the existence of unusually strong surface bonds. The 
zero-valent gases, helium, neon, argon, &c., show the 
deviation phenomena and yet are reputed to have 
practically no chemical affinity. I therefore plead 
for a little further consideration before entirely abandon- 
ing the van der Waals hypothesis. 

Yours faithfully, 
HERBERT CHATLEY. 


Whangpoo Conservancy Board, 
Engineer in Chief's Office, Shanghai. 
December 11, 1928. 


{Since all residual aftinities are presumably electrical 
in origin, they must, in theory at least, extend to 
infinity. In practice, however, in the case of unexcited 
non-polar gaseous molecules it is, we believe, question- 
able whether the stray fields are of sensible strength 
at distances sensibly greater than molecular diameters. 
In the case of liquids, of course, capillary phenomena 
show clearly that the attractions extend over distances 
much exceeding the above limit. The general attrac- 
tion assumed by van der Waals to exist between gaseous 
molecules must depend upon the stray field of these 
molecules. In the case of H,O, which is a molecule 
having a very large electric moment, this hypothetical 
attraction, if it exists, ougut, therefore, to be specially 
prominent. In this case, however, experiment has 
shown, that as Laplace said of the Deity, there is no 
need de cette hypothse la. The onus of proof that it is 
required to explain the properties of other gases rests 
therefore on those who would restrict the range of the 
conclusions reached by Callendar in the case of water. 
The principle involved in the famous phrase of 
William of Occam, viz., Entia non sunt multiplicanda 
praeter necessitatem, applies here with full force, and 
until the hypothesis of co-.ggregation has been 
proved to fail in other cases, the introduction into them 
of van der Waals’ hypothesis must be regarded 
as unphilosophic. The remarkable similarity of the 
border curves of impure CO, and impure H,O to which 
Callendar has drawn attention, justifies the opinion 
that the phenomena are similar in both cases, and CO, is 
not, we believe, regarded as a highly associative com- 
pound. Moreover, every attempt to fit its properties 


in with an equation of the van der Waals’ type, even 
as complicated by Clausius, has uniformly failed. | 
This fact, in itself, goes far to justify the suggestion 
that van der Waals’ equation must be regarded simply 
as an interpolation formula which, though at times 
convenient and within a limited range reliable, has 
no basis in physical fact.—Ep. E.] 
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LAUNCH OF SUBMARINE; CHILEAN NAVY. 








SUBMARINES FOR THE CHILEAN 
NAVY. 


Tue last two of a group of three submarines, under 
construction for the Chilean Government at the Naval 


Construction Works, Barrow-in-Furness, of "Messrs. | 
Vickers-Armstrongs, Limited, were launched on 


Tuesday, January 15 last. 
Thompson and Almirante Simpson, were launched on 
the same tide, one immediately following the other. 
A photograph of one of the vessels, taken immediately 
after launching, is reproduced above. The first ship 
of the series, Capitan O’Brien, took the water in 
October last. The three submarines have each a normal 
displacement tonnage of 1,400, on the surface, and of 
1,800, when submerged. Their armament comprises 
one 4-in. gun and six 2]-in. torpedo tubes. 
general design is similar to that of the British ‘‘ O” 
Class. Of these vessels, Oberon has a normal surface 
displacement of 1,480 tons and a submerged displace- 
ment of 1,750 tons. The other vessels of this class, 





These two vessels, Capitan | 


| seven-cylinder 


Their | 


namely, Odin, Olympus, Orpheus, Osiris, Oswald, and | 


Otus, all of which were laid down under the 1926- 
1927 estimates, have a normal displacement of 1,540 
tons on the surface, and of 2,020 tons when submerged. 
The armament is similar to that of the Chilean sub- 


marines, and comprises one 4-in. gun, in an armoured | 


position, and four 21-in. torpedo tubes in the bows and 
two inthe stern. These vessels are officially designated 


Overseas Patrolling Submarines, and another 17 of this | 


class are scheduled to be laid down during the period 
1927-30. 

Two other vessels of the British O-class type are the 
submarines Oxley and Otway, of the Royal Australian 


Navy. As regards displacement tonnage, these are 
identical with the three above-mentioned Chilean 


vessels. It is interesting to record that eight sub- 
marines of the type under discussion have now been 
launched from the Barrow Naval Construction Works 
bringing the total number launched to date to 152. 
Another point of interest is that each of the three new 
Chilean submarines bears a British name. The officers, 
whose names are honoured in this way, were of British 
nationality, and helped to found the Chilean fleet ; 
they afterwards distinguished themselves in the War of 


Independence and in the struggle against Peru and | 


Bolivia. At the lunch, held after the launch, on 
Tuesday last, it was announced that an order for a 


submarine mother ship had been placed with Messrs. | 


Vickers-Armstrongs, Limited, by the Chilean Govern- 
ment. 


THe CANADIAN MinrinGc InpustRy.—A report issued 


recently by the Canadian Bureau of Statistics shows | 


that, during 1927, the total production from Canadian 
ores of all kinds included 22,736,698 oz. of silver, 
311,423,161 lb. of lead, 165,495,525 Ib. of zine, 880,590 Ib. 
of cobalt, and 6,227,968 lb. of arsenic. The production of 
gold from all sources during the same year totalled 


1,852,785 fine oz., which figure establishes a new high | 


record. 
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| LAUNCHES AND TRIAL TRIPS. 


** MANDAR.”’—Motorship ; Sulzer-Diesel —_ engines. 
Launch, January 5. Main dimensions, 165 ft. by 28 ft. 8 in. 
by 10 ft.; 400 tons deadweight carrying capacity. 
Built by Messrs. The “De Maas’ Shipbuilding Com- 
pany, Slikkerveer, Holland. 

CANADIAN LAKE STEAMER.—Single-screw cargo vessel ; 
inverted marine type engines with three cranks. Launch, 
| January 10. Length, 253 ft. Built by Messrs. Swan, 
Hunter and Wigham Richardson, Limited, Wallsend- 
on-Tyne, to the order of Mr. J. J. Boland, Junr., and 
Captain R. Scott Misener, Canada. 

** OILRELIANCE.”’—Oil-tank motorship; single-screw 
Neptune Polar Diesel engines. Trial 
trip, January 10. Main dimensions, 424 ft. length 
by 53 ft. beam. Designed to carry 8,800 tons dead- 
weight. Built by Messrs. Swan, Hunter and Wigham 
Richardson, Limited, Wallsend-on-Tyne, for the British 
Oil Shipping Company, Limited, London. 

** Water LANe.’’—Steel screw tug. Launch, January 
14, Main dimensions, 77 ft. 6 in. by 19 ft. 6 in. by 
10 ft. 3 in. Built by Messrs. Cochrane and Sons, 
Limited, Ouse Shipbuilding Yard, Selby, for service 
in the Port of London. 

** VACUOLINE.”’—Oil-tank steamer ; 
sion engine. ‘Trial trip, January 14. Main dimensions, 
460 ft. 6 in. by 62 ft. 6 in. by 36 ft. 6 in. Built by 
Messrs. Lithgows, Limited, Port Glasgow, and engined 
by Messrs. David Rowan and Company, Limited, 
Glasgow, for the Vacuum Oil Company, Limited. 


quadruple-expan- 


INpuUsTRIAL Licgutinc.—The importance of adequate 
lighting, both natural and artificial, as a factor in effi- 
cient and economic production, is now being somewhat 
tardily recognised and is being reflected in the Factory 
and Workshop Lighting Campaign, organised by the 
British Electrical Development Association. No victory 
can, however, be secured without adequate staff work, 
the success of which must largely depend on a knowledge 
|of fundamental principles. The Benjamin Electric, 
Limited, of Tottenham, London, are, therefore, to be 
congratulated on the production of a handbook, entitled 
‘** Industrial Lighting,” in which will be found in succinct 
form data which will give illuminating engineers just the 
information they require as and when they require it. 
| As might be expected, there is nothing much that is 
new in the handbook, but that is not the object of its 
compilation, Its aim is rather to condense and simplify 
and by means of charts and tables to eliminate tedious 
calculations. From this point of view it may be said 
to be a success. The handbook is divided into a number 
of sections, dealing with lighting fundamentals, measure- 
ments, economics, planning, testing and maintaining 
lighting installations, correct lighting equipment, and 
illuminating data respectively. The definitions are clear 
and concise, and free use has been made of illustrations, 
especially to indicate the difference between good and 
bad illuminations. In this connection there is a useful 
table, which shows the illumination recommended for 
various interiors, and though these to many may appear 
on the high side, it must be remembered that at present 
the provision made is too often miserably inadequate. 


| A first step towards improvement must be a recognition 


of present shortcomings, and the book will form a useful 
means of education in this respect. We hope its contents 
| will be widely studied and closely applied. 
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THE GEZIRA IRRIGATION SCHEME. * | The remaining crops planted under irrigation are|in the branch and main canal,* the following basis 
| (1) lubia, a leguminous plant grown to nitrify the soil | for design was taken :— 

CANALISATION OF THE GEZIRA. |and to provide fodder for the cattle, which occupies | 

3 P : . ee | one-sixth of the total irrigated area; and (2) cotton, 

By H. V. C. Jounsrone, 0.B.E., M.Inst.C.E. the principal crop. The type of cotton be este in 

In 1926, a paperf by Mr. O. L. Prowde, M.Inst.C.E., | Egyptian sakeliridis of high quality and is similar to | 

was read, which dealt with this scheme in general, | that grown in those parts of the Sudan inundated by | 

and in particular with the construction of the Sennar| the Gash river in Kassala Province and the Baraka 

dam. The Gezira plain shown in Fig. 1 is that part | river in the Red Sea Province. | 

of the Sudan which lies within the triangle bounded! The scheme so far completed is the canalization of | 

on the east by the Blue Nile and on the west by the | approximately 300,000 feddans of cultivable land and | 

White Nile. The area generally suitable for irrigation | is the first part of a larger scheme of which the second | 


JAN. 18, 1929. ] ENGINEERING. 











Major distributaries ... 20 cub. m. of water per 24 hours 
per feddan served. 
Main canal lower reaches 21-65 cub. m. of water per 
hours per feddan served. 
Main canal head reach 24 cub. m. of water per 24 
hours per feddan served. 


The main canal has been designed to carry water for 
the area it actually serves, but in such a way that 
it can be widened to carry water for 1 million feddans. 








lies between latitude 14 deg. north and Khartoum, | 
which is situated at the apex of this triangle. A low 
sandstone ridge runs in a north and south direction, | 
somewhat to the eastern side of the Gezira, and | 
occupies a part of the irrigable area. This ridge is | 
high and cannot be commanded by irrigation-water 
from the Sennar dam, but apart from the ridge. the 


stage is actually now under construction. The total 
area in the Gezira capable of being irrigated is about 
3 million feddans, but it is probable that a considerable 
portion of this will be agriculturally unsuitable and 
that the area which can profitably be irrigated will be 
14 to 2 million feddans. A triennial crop-rotation is 
now enforced, so that, in the first portion of the 
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ridge, the surface soil generally consists of loess, 
which is of high clay-content and very impervious 
to water. 

The average rainfall in the south-east of the Gezira 
is 400 mm. (15? in.) per annum, but it decreases to the 
west and north, and falls to 150 mm. (6 in.) at Khar- 
toum. The rainfall in the south-east is sufficiently 
assured in most years to produce a grain-crop, but 
cultivation in the north and west is precarious and is 
possible only in years of good rainfall. The wet season 
commences about the beginning of July and ends in 
September. 

Under irrigation, one-sixth of the canalized area will 
be put under dhurra crop. The average production of 
grain for the last 15 years before the canalization on 
the area now irrigated was, under rain conditions, 
20,000 tons per annum. The total grain-production 
during the second year’s working of the irrigation 
scheme in the area now canalized was 22,000 tons. 





* Abstract of two papers read before the Institution 
of Civil] Engineers, on Tuesday, December 4, 1928. The 
photographs reproduced in Figs. 3 to 7, pages 88 to 
90, are from originals kindly supplied by Messrs. Coode, 
Fitzmaurice, Wilson, and Mitchell.—Ep. E. 

+ Minutes of Proceedings Inst. C.E., vol. eexxii (1926), 
page 81. 














irrigation scheme, 100,000 feddans is producing cotton. 

When the Gezira canalisation-scheme was first 
proposed, little local information was available about 
the quantities of water required for crops or the 
losses by seepage. As a result of experiments at 
farms at south of Taiba, using lift irrigation, 
the water required by the crops was obtained for 
the different periods of the year from the quantity 
lifted by pumps, but no accurate measurement 
of the water was made. The figures, though not 
very reliable, were accepted as the best data available 
and a reasonable factor of safety was added for the 
purpose of design. Cotton is irrigated once every 
15 days, and other crops once every 20 days. The 
quantity of water required during the period of maxi- 
mum demand (October) to irrigate the cotton-crop once 
every 15 days was taken to be 495 cub. m. of water 
per feddan, and to irrigate the other crops once every 
20 days, 480 cub. m. of water per feddan. Therefore, as 
one-third of the whole area is fallow, the quantity of 
water for all crops at maximum demand was taken to 
be 19 cub. m. of water per feddan per 24 hours at the 
head of the minor distributary. With the addition of 
the allowance for loss by seepage and evaporation 





The basis of design of the main canal was taken 
to be 24 cub. m. of water per feddan irrigated per 
24 hours. On the basis of 300,000 feddans to be 
irrigated, the quantity required to be passed down the 
main canal was 7-2 million cub. m. per diem, or 
nearly 84 cub. m. per second at periods of maximum 
demand. 

At 57 km. from the Sennar dam the land is suitable 
forirrigation. This point was therefore selected for the 
first water control-regulator, and a suitable water-level 
was fixed at R.L. 413 m.+ The difference between this 
level and the level available at the head regulator at 
the Sennar dam allows a fall of 7 in 100,000. Manning’s 
formula was used, and the value of 1/n was taken as 
50 F. The type adopted for the first 57 km. of the main 
canal, was bed-width 26 m., the depth of water 
3°4 m., and the side slopes 1 to 1. The mean velocity 
was calculated to be 0-84 m. per second, and the 
discharge 84 cub. m. per second. The second reach of 
the main canal (km. 57 to 77) was designed to the 
same slope as the head reach, and with the same value 
for 1/n. The maximum discharge was calculated on the 
basis of 21-65 cub. m. per 24 hours per feddan irrigated. 
Distributaries were designed at varying slope according 
to the lie of the land, the highest being 15 and the 
lowest 5 in 100,000. They were capable of passing a 
discharge of 20 cub. m.in 24 hours per feddan irrigated. 
The alignments of the canals were designed to follow 
the ridges of the land but, to obtain uniformity 
in fields and to give a fall of 1 to 2 in 10,000 in the 
field channels, minor distributaries were set out as far 
as possible parallel and in such a way that they would 
irrigate from one side of the canal only and allow a 
suitable land-fall for the field channels (Fig. 2). The 
minor distributaries are spaced generally 1,415 m. 
apart, to conform with the standard layout of fields 
and to give the requisite nine plots each of 10 feddans. 

The minor distributaries supply water directly to 
the field, and were designed so that the maximum 
command of water over the land did not fall below 
0:10 m, nor exceed 0-50 m. with no water slope. 
Practically the whole of the direct irrigation is 
effected from the distributaries. Water is fed into 
the field channels through steel pipes 0-35 m. in 
diameter fitted on the upstream face with a sliding 
valve to which a handle is fixed which can be operated 
and regulated by the canal watchman. These pipes 
are designed to give the necessary discharge of 700 
cub. m. per diem under a head of 0-10 m. On 
alternate field channels the irrigation is complete 
in about seven days, and they are then closed and 
allowed to dry until the next watering is done. 
(Fig. 4 is a view on one of the minor distributaries 
with its regulator, to be seen on the right. On the 
left may be seen the channel to, and upper structure 
of, one of the pipe regulators supplying the field 
channels.) 

In the regulator and the escape head at km. 77 
on the main canal the foundations consisted of a 
fine alluvial sand, and a hydraulic gradient of 
1 in 10 was assumed; but in all other regulators, 
which were founded on loess, a hydraulic gradient 
of 1 in 5 under extreme conditions was assumed. 
The head regulators to major distributaries, with 
the exception of two, have clear over-fall masonry 
weirs or standing-wave weirs, on which regulation is 
effected by means of vertical timbers. These weirs 
were erected for the purpose of accurate and con- 
tinuous measurement of water. (Examples of head 
regulators under construction are shown in Figs. 3 
and 5.) 

The main canal is provided with three escape- 
channels to pass surplus water back to the river. 
These are chiefly used during the rains when a heavy 
fall necessitates the rapid closure of canals. The 
first two can discharge 20 cub. m. per second and are 
capable of enlargement. They have a bed width 
of 4:50 m. and a bed slope of 15 in 100,000. The 
heads on the main canal are masonry regulators 
having three vents, each 3 m. wide, similar in design 
to the regulators of the main canal, and capable of 
discharging 80 cub. m. per second. The third escape 
is at km. 108 on the main canal, and is capable 
of passing 16 cub. m. per second; the head regulator, 
of masonry, is 3 m. wide, and is controlled by 





* Sir M. MacDonald, “ Nile Control.” Cairo, 1920. 


+ Above mean sea-level at Alexandria. 
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IN THE SOUDAN. 














Fic. 3. Main Requcator at Km. 57. 














Fie. 4 


horizontal stop-logs. (The escape regulator at km. 57 
is shown in course of construction in Fig. 6.) 

In its upper reach (between the head and km. 35), 
the main canal cuts across the natural drain lines 
which carry rainwater from the plain into the Blue 
Nile, and it was necessary to deal with this water 
either by passing it under the main canal in syphons 
or by discharging it into the canal over small masonry 
weirs. The syphons, of which there are four, consist of 
a steel pipe with inclined ends cased in concrete, lined 
with cement plaster on expanded metal, and with bell- 
mouth masonry ends upstream and downstream. The 
velocity of water under a head of 0-60 m. is estimated 
to be 2-8 m. per second, and the syphons are capable 





of withstanding a head of 8-2 m. in extreme cases. 
(Fig. 7 shows the bell-mouth and part of the culvert of 
one of the main syphons, in course of construction, and 
before the completion of the embankment.) 

In the design of the scheme the following conditions 
had to be satisfied :—(1) No field irrigation at night 
was possible; (2) disposal of water in excess of the 
actual requirements for cultivation was not possible 
after it had left the main canal; (3) under the terms 
of their agreement, the actual requirements of the 
cultivating syndicate had to be satisfied ; (4) measure- 
ment of water under varying conditions and levels 
was necessary. 

The way of dealing with the water which could 








Masonry REGULATOR ON BRANCH CANAL AND PIPE REGULATOR. 


not be used at night was by storage in the canals 
themselves at night. Examination showed that by 
raising the water by 0-30 m. (approximately 12 in.) 
in all reaches of these distributaries it was possible to 
store sufficient water in them to suspend field irrigation 
at night for a period of eight hours or more, according 
to the field ‘“ water-factor,” that is, the volume of 
water required per feddan per 24 hours for the irrigated 
area. 

The banks minor distributaries were strong 
enough for the water to be raised 0-30 m. above full- 
supply level, but, owing to the large number of regu- 
lators in these distributary canals and to the different 
times taken to fill each reach of the canal, some simple 


of 
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Fia. 5. 


REGULATOR AT Km. 77. 








Fia. 6. 


automatic system of regulation was necessary to obtain 
the full effect of this arrangement and to make efficient 
working possible. The following method was therefore 
adopted. Regulators were built consisting of a 


regulating valve set in a wall across the canal, whose | 
top formed a broad weir at a calculated level above | 


the designed ‘ full-supply level” of the canal at that 
point. During the day-time, regulation is effected on 


the valves in the wall at normal water-levels—that is, | 
below the level of the sill; but as soon as irrigation | 


ceases at night and the field outlets are closed, careful 
regulation is carried out on the head regulator while the 
water levels are varying to maintain a constant dis- 
charge, the remaining regulators are completely closed, 
and water begins to rise in the first reach of the canal, 
and ultimately flows over the weir into the next reach 
in an increasing quantity, until the first reach is full 
and the whole discharge of the canal is flowing over 
the weir. Thus each reach is filled in turn. 

When the original calculations were made it was 
assumed that the maximum water factor of a canal 
would be 13-7 cub. m. per diem per feddan served, 
and on this basis it was calculated that the last reach 
of a normal canal would be filled to its full capacity 
11 hours after closure. In order to allow a margin of 





ithe depth of water over the sill ; 
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EscaPE REGuLatTor aT Km. 57. 


safety, the period of closure was reduced to eight hours 
and the following programme was adopted :— 


“s ee Hours of Hours of 
Fiekt Water-Factor. Watering. Closure. 
From 12-14 ; 16 8 
” 10-12 NE ard 15 9 
9-10 14 10 
pe 8-9 13 11 
Below 8 .. 12 12 





The water-factor (already defined) is assessed 
| periodically by an agricultural inspector for each minor 
|distributary. From his returns the engineers in charge 
lof water-control compute the discharge required at 
| the various control-points from the head of the minor 
|distributary to the head of the main canal and dis- 
‘tribute accordingly on measured quantities. 

Distribution and measurement of water into major 
| distributaries are carried out over weirs. Variation in 
discharge is effected by altering the level in the main 
canal at the main canal regulator and thus altering 
but in order to 
allow for variations between one canal and another 


at any one control-point, vertical ‘‘ needles” are 
inserted. = 
Where possible, clear over-fall weirs, of standar 
Egyptian design, were constructed, but in the majority of 
cases the very small working difference in level between 
the main canal and the major distributary made this 
impossible, and standing-wave weirs with a downstream 
apron-slope of 5 to 1 were adopted. The discharge over 
this type of weir is almost equal to that over a clear 
over-fall weir and follows the formula ¢ /29h up to 
75 per cent. submergence, while there is an error of 
10 per cent. from 75 per cent. up to 88 per cent. sub- 
mergence. The control and measurement of water 
flowing into minor distributary heads is through the 
steel sluice-valves. In all cases the actual measure- 
ments necessary for computing discharges, being simple, 
are made by the native staff in charge, and a check can 
| be made by the officer in charge of the control of water 





at alltimes. The system has worked very efficiently. : 





| SLUICES AND MACHINERY OF THE GbzIRA IRRIGATION 
ScuemME: Biue Nite Dam AND CANALISATION. 
By J. R. Russet, B.Sc., Assoc. M.Inst.C.E. 

THE normal level of the Blue Nile at the Sennar dam 
| varies between approximately R.L. 413 m. above mean 
| sea-level at Alexandria at the end of August to a little 
over R.L. 405 in the spring. The summer flood carries 
la load of silt, most of which must be passed through 
| the dam to prevent curtailment of the storage-capacity 
| of the reservoir and also to allow the water to retain 
| the fertilising qualities which it owes to this silt, and 
which were considered to be vital to the interests of 
irrigation on the lower reaches of the river. Therefore, 
when the river carries a heavy silt-content, which is 
| the time of its greatest discharge, it is essential to 
confine it as much as possible to its normal channel, 
so that a velocity high enough to prevent siltation 
may be maintained. To effect these objects the dam 
is pierced by eighty culverts, each 2 m. wide by 8-4 ms 
deep, with their sills at R.L. 404-20. The culverts 
are arranged in groups of ten, with piers 5 m. wide 
between culverts, and 10-m. panels between the end 
sluices of adjacent groups. Each culvert houses a 
sluice of the Stoney free-roller type, very similar in 
general design to those used in the Assuan dam, which 
have already been described* by the late Sir Wilfrid 
Stokes, M.Inst.C.E. 

The sluice-frame comprises two vertical cast-iron 
grooves containing the stationary roller-paths, built 
into the masonry on each side of the culvert and extend- 
ing upwards into the sluice-well to guide the gate and 
rollers when raised. Each groove is built up of four 
castings bolted together, the total height being 42 ft. 
(approximately 13 m.). The roller-paths are of mild 
steel and each is in two lengths, of 20 ft. and 22 ft. 
respectively. The grooves are connected at the bottom 
and top of the sluice-opening by cast-iron sill and lintel 
members, and the lintel is continued horizontally in 
a bell-mouthed and arched roof-casting to meet the 
face of the dam. The sluice-gates consist of mild-steel 
skin-plates stiffened by horizontal rolled-steel joists 
which are framed into vertical joists forming the end 
beams. The down-stream flanges of these end beams 
carry the moving or gate roller-paths. Between the 
moving and stationary roller-paths are placed frames 
of free mild-steel rollers through which the water- 
pressure on the gate is transmitted to the groove 
castings, and through them to the masonry, and which 
enable the sluice to be easily operated under the full 
head. With the reservoir at its full level (R.L. 420-70) 
the pressure on each gate amounts to nearly 200 tons. 
When the sluice is opened, the rollers, which travel at 
half the speed of the gate, project below the skin-plate, 
and are protected from the rush of water by mild- 
steel shield-plates. Each shield-plate is in two lengths 
of 14 ft., screwed to a machined face on the down- 
stream side of the groove. Stanching is effected at the 
sides and at the lintel by adjustable rectangular steel 
bars, which, when set in the desired position, are bolted 
rigidly to the skin-plates. These bars are adjusted and 
clamped from the back of the gate. Each gate is 
suspended by a short-link wrought-iron chain from a 
pair of channels which span the sluice-well at roadway- 
level, and can be held at any desired position by insert- 
ing a sprag between the links of the chain above the 
channels. The slack of the chain is accommodated 
in a cast-iron box on top of the sluice-well platforms. 

Two petrol-driven machines operate these sluices, 
running on tracks laid on the parapets of the dam. 
One of these machines has a fixed line of lift ; the other 
machine has a revolving jib, and, in addition to normal 
regulation, it can lift a gate clear of the well and place 
itonatruck. The jib machine is also capable of hand- 
ling a curtain of steel rails with wood packing-strips, 
which has been supplied for the purpose of closing 
a culvert opening should any one of the gates become 
jammed by an obstruction. 





ee Sluices and Lock-Gates of the Nile Reservoir, 
Assuan.”” Proc. Inst. C.E., vol. clii, p. 108 (1903). 








go 


The main canal takes off from the reservoir about 
650 m. from the river on the west bank. At this point 
the dam is pierced by fourteen culverts, 3m. wide by 
5 m. deep, with their sills at R.L. 411-25. Only seven 
of these culverts have so far been fitted with sluices, | 
the remaining seven being closed by concrete bulk- 
heads. These sluices are of the same type as those 
already described. The grooves in this case are 28 ft. 
high, and in three sections. Each sluice is operated 
by a separate hand crab. 

At a distance of 57 km. down the main canal is the 
first of the groups of regulators which control the flow 
of water down the main canal and into the distributary 
canals. The group at kilometre 57 includes the barrage 
of six sluices which form the main canal regulator and 
the three sluices of the escape-head. These sluices 
are each 3 m. wide by 5-05 m. high and are of the 
double-gate type. The two gates of each sluice run 
in separate adjacent grooves (Fig. 8), and each 
gate can be lowered to the sill or picked up clear 
of the piers. The rollers are of the circulating 
type forming a chain running round the end beams, 
caterpillar fashion. Stanching is effected at the sill by 
a timber member on the gate meeting the dressed 
granite sill of the culvert, and at the sides by adjustable 
stanching bars similar to those already described. 
The skin-plates of the two gates are face to face and 
2? in, apart, and each carries a horizontal bar 1} in. 
thick at top and bottom. Thus, when the sluice is 


closed, that is, with the top bar of one gate opposite | 
to the lower bar of the other, there is a gap of } in. | 
These sluices, therefore, are not | 


between the two. 
designed to be almost completely watertight as in the 
case of the culvert-sluices in the dam. 

One machine is provided for each barrage and can 
raise or lower one gate at a time. 

At kilometre 77 there is a similar group of regulators, 
with three sluices in the escape-head, and four in the 
main canal regulator. At kilometre 99 there is a 
regulator on the main canal comprising two sluices of 


the same span as before but of a slightly less depth. | 


At kilometre 108 there are three similar sluices. 
The erecting tackle for the Sennar sluice groovework 


was designed to make it possible to bring the groove | 


castings into true alignment. All the built-in parts 
were erected in recesses left for them after the 
surrounding masonry had been completed, and then 
grouted in. In the masonry recesses a clear 2 in. 
was allowed all round the castings, in which to 
position them accurately. 


Although the type of stanching used in all the roller | 


sluices of the Gezira scheme consists of rectangular 


steel bars which are capable of adjustment to the | 
groove-faces, these bars are clamped tightly to the | 


skin plates after adjustment, and the arrangement 
becomes equivalent to a rigid gate fitted and sliding 
between the faces of a rigid frame. The closeness 
of this fit determines the degree of watertightness 


that can be attained in the sluice, and depends entirely | 


on the accuracy with which the grooves are erected. 


The plumbing gear used in the erection of the | 


groove work was designed to give the greatest possible 
accuracy and, at the same time, to avoid delays 
caused by wind. The latter feature was of great 
importance in a country where, with very infrequent 
and short intervals of calm, a high wind blows all 
day and every day. This apparatus is illustrated 
in Figs. 9 and 10. The plumb-line, which consisted 
of waterproof braided silk trout line, was suspended 
from a bracket clamped to the stanching face of the 
groove where two vertical machined faces meeting 
at right angles permitted of simultaneous plumbing 
in both planes, and passed through a similar bracket 
supporting a damping vessel in which the bob-weight 
swung. A light steel tube, fitted between the two 
brackets and encircling the plumb line throughout its 
entire length, shielded it from air currents. <A rect- 
angular notch, from the corner of which the line was 
suspended, was machined out of the top bracket, 
and corresponding shoulders on the lower bracket 
enabled sights to be taken on the line. Thus, when 
the castings were truly vertical, the sides of the plumb 
line appeared in line with the shoulders of the lower 
bracket. Intermediate brackets were provided so 
that the plumb line could be extended if necessary 
to the full height of the grooves and the accuracy 
checked directly from top to bottom and also at three 
intermediate points. This method of sighting was 
found to ensure great accuracy even in a gale of wind, 
an error of less than 0-005 in. being easily detected. 
The gear was left clamped to the castings during the 
processes of shuttering and grouting, and the plumbing , 
was constantly checked until these operations had | 
been completed and the castings were finally secured. | 

One of the greatest difficulties experienced in the | 
plumbing of the groove work was the effect of changes | 
of temperature on the distance gauges and lintel | 
castings. This was controlled to a great extent by | 


the application of wet sacking to these members. 
For finally levelling the sill castings a special type 
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of water level was used. Two small vessels containing 
water were placed one at either end of the sill and 
connected by a flexible rubber tube. Hook gauges 
reading to 0-001 in. were used to measure the difference 
in level between the water surfaces and the machined 
face of the sill. 

The plumbing of the canal sluice grooves was done 
by means of accurately-turned beaded plumb bobs 
and washers, and this method was found to be quite 
satisfactory except for somewhat prolonged delays 
caused by wind. 

The methods employed in erecting the main and 
regulator sluice-frames of the dam were very similar. 








Fie. 7. Sypuon at Km. 55. 
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DETAIL AT LOWER BRACKET 
SHOWING METHOD OF ALIGNMENT. 


Fig.10. i 
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The cast-iron sills were suspended in their recesses 
by four levelling screws tapped into the castings. 
The sill was accurately positioned and roughly levelled, ° 
after which the first two lengths of groove castings 
on each side were bolted in position. The sill was 
then accurately levelled, the first lengths of groove 
were plumbed, and the whole was firmly secured and 
then grouted. When the grout had set, the second 
lengths were plumbed and grouted, and so on. 

In dealing with the regulator sluice frames, in which 
the lintels are attached to the second lengths of groove, 
the sills, first and second lengths of groove, and the 
lintels, were all bolted together before any grouting 
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was done. Although not designed for this, the sill The bitumen contained in the bituminous sands is a 
levelling screws were strong enough to take this extra | semi-liquid asphalt, which is too soft in its natural 
weight, and the rigidity gained by completing the | state for some of the purposes for which asphalt is used. 
rectangle of the frame minimised the risk of disturbing | But once it has been separated from the sand, its 
the castings during the operations of shuttering and | physical characteristics can be modified to meet the 
grouting. When the regulator gates were eventually | range of asphalt specifications. The bituminous sands 
dropped into position and the stanching bars adjusted, | in their natural state provide an excellent material for 
the results were distinctly satisfactory. road paving and other wearing surfaces; their suita- 

The sluices and machinery described in this paper | bility for this has been demonstrated. But by separa- 
were designed and made by Messrs. Ransomes and | ting the bitumen from the sand a much more extended 
Rapier, Limited, of Ipswich, under the supervision | sphere of usefulness is obtained. Indeed, it can still 
of Messrs. Coode, Fitzmaurice, Wilson and Mitchell, | be used for road surfaces and in a more convenient 
the consulting engineers. The author acted from | form than when combined with the sand, for sand can 
January, 1923, as agent and engineer in charge for | be obtained elsewhere and merely adds to the cost of 
Messrs. Ransomes and Rapier, Limited. The main | transport. There are a number of other applications for 
contractors for the completion of the Gezira Irrigation | bitumen which it is unnecessary to specify. But the 
Scheme were Messrs. S. Pearson and Son, Limited. use which would appear to offer the most promise of 
establishing a new and important industry is that as 
|@ substitute for petroleum. The bitumen content of 


THE SEPARATION OF BITUMEN | the bituminous sands may now be regarded practically 
FROM BITUMINOUS SANDS. | as a crude oil, and therefore a potential motor fuel. 


| In view of future prospects in such connections, the 
As the known petroleum fields come within measurable | importance of a practical method of separating the 
distance of exhaustion, or when they are no longer able | bitumen from the sand in Alberta bituminous sands 
to meet the full demand, the problem of finding substi- | js sufficiently evident. The studies carried out by the 
tutes will attain an increasing degree of importance. | Scientific and Industrial Research Council, which were 
The question of recovering oil remaining in exhausted | undertaken in anticipation of this need, have progressed 
oil fields, retorting oil-bearing shales, and the conversion | so well that the main difficulties may now be said to 
of coal into oil, are problems which already are receiving | have been overcome. 
considerable attention. | Separation of the bitumen from the sand by various 
In Canada investigations have been undertaken Over | known methods was studied, and the use of hot water 
a period of some fifteen years in connection with the | was found to offer the best chances of success. Hot 
exploitation of the enormous deposits of bituminous | ,.+¢- was used for similar purposes in the early days 
sands in Alberta and which now give promise of|o¢ the Pechelbronn oil-field in Alsace, whose first 
important developments. Although the existence of workings date back to 1735. Oil sands were excavated 
these deposits has been known for a hundred years or | ang the thickened oil washed out by hot water. Later, 
more, it is only since the extension of the railway from | 5. the workings penetrated further into the formation, 
Edmonton to Waterways was mooted that serious | jichter oil was reached, and finally it seeped into the 














attention was given to the possibility of the commercial galleries, so that washing with hot water became | 


development of these bituminous sands. Now that the unnecessary. 
railway has been completed the mining of the deposits | J, California, between 1899 and 1913 a number of 
— es : ones a A abies C. Elle plants were erected and operated for separating bitumen 
ll iad *| from bituminous sands by means of hot water. But, 
of the Canadian Department of Mines in 1913, and a Aas : Mie , A 
report of results psa up to date was issued in 1926. the rise of the Coltensian pe troleum industry, which 
(See ENGINEERING, May 13, 1927, page 571.) . | er —— apr rt to further undertakings 
mats pits , Spibetphoasie- tir is né > t m . 
In view of the importance of the question to the ss — moe: ee : 
province an investigation was commenced by the | Brief mention may here be made of two methods 
Scientific and Industrial Research Council of Alberta in | Other than the hot-water method which have been used 
1920, and a further report has recently been published. | for recovering oil from bituminous sands. Organic 
Part I deals with the occurrence of the bituminous | 80lvents may be used for dissolving the bitumen, and 
sands; Part II describes the development and opera- | the solvent recovered by distillation. The chief 
tion of a commercial process for separating the bitumen | difficulty with this process, however, is the prevention 
| of loss of the solvent without expensive equipment. 


* 
— or. of the Council in the Alberta bitu- | Another process is that by which the bituminous sand 


minous sand area was planned to secure detailed infor- | is distilled in a retort and the oil vapours condensed and 
mation regarding the range of variability of the sands, | Collected. This again entails the handling and heating 


eae . . , tities of sand in the retort in proportion 
which is clearly to be expected in a natural deposit | °f large quan : Z a 
covering such a vast area (the outcrops occur in an porn Sees ae sag 9 - ghd ed 5 
aren of about 1000 square miles), snd maching © cracking. Hence, if it is desired to break down bitumen 





fed upwards, and this was far from satisfactory, but 
was rendered necessary by restricted head-room. 
Sand was next delivered to No. 1 mixing box, 15 in. 
square and about 20 in. deep, in which a paddle was 
provided for agitating the water. An overflow pipe 
connected No. 1 mixing box with No.1 separation 
box. No. 1 separation box was rectangular, 36 in. 
by 15 in. by 374 in. deep. The bottom was V shaped, 
and had a screw conveyor built into it. At the end 
of the box, and built as part of it, there was a boot or 
sand sump. Sand tailings sinking through the water 
contained in the separation box were carried into the 
boot by the screw conveyor and then picked up by 
bucket elevator. A No. 2 mixing box and a No. 2 
separation box were provided, and were almost the 
same as those already described. No. 2 mixing box 
had a partition or baffle separating the overflow pipe 
from the part of the box where the paddle revolved. 
the object of the baffle being to make all the material 
entering No. 2 mixing box from No. 1 separation box 
pass downward under the baffle before it could proceed 
further. The second mixing box was intended to 
remove more sand from the bitumen concentrate 
floating off from the first separation box. Each box 
was provided with a system of closed steam coils. 

The plant was driven by electric power. All screw 
conveyors were turned at a speed of 40 r.p.m.; mixing 
box paddles at 100 r.p.m. These speeds enabled 
half a ton of bituminous sand per hour to be put 
through the plant. 
| Procedure was as follows :—A batch of about 3 tons 
of bituminous sand was dumped on a charging platform 
above the treatment box, in which the silicate of 
soda solution had been placed. The quantity of 
solution which varied in strength from } per cent. to 
2 per cent. by weight of liquid silicate of soda, was so 
controlled as to thoroughly soak the charge without 
any excess solution. The treatment box was charged 
at the close of the day, so that the material would be 
| ready for the next morning’s run. Steam was turned 

on in the steam coils of the treatment box, and the 
| charge left to heat up to about 80 to 90 deg. C. The 
| various boxes were filled with water, and the tempera- 
|ture of the water in the plant brought up to about 
| 85 deg. C. When power was turned on, the screw 
| conveyors in the treatment box lifted the treated sand 
| up to No. 1 mixing box, and dropped it on to a short 
| platform sloping into the water. A stream of water 
| washed it into the body of water agitated by the 
paddle. The treated bituminous sand on being intro- 
duced into the agitated water, dispersed imme- 
diately into clean sand grains and finely divided bitu- 
men. No. | separation box into which water with 
sand and bitumen suspended in it continually flowed, 
contained a large body of comparatively still water, 
and the sand sank to the bottom, whilst the bitumen 
rose in the form of a froth to the surface. The sand 
was removed from the bottom by a screw conveyor to 
the sand sump, and then picked up by the buckets. 
The layer of bitumen froth accumulated until it 








: 9 ; paige pgm see 
shichnene cf 96 eh ah HOE. Fee ple telowes from bituminous sands into lighter hydrocarbons, it is | overflowed through the outlet pipe into No. 2 mixing 


involved making cross-sections through representative 
bituminous sand exposures and samples were collected 
for laboratory examination. Trenches were dug from top 
to bottom and as deep as was necessary to get through 
the surface weathering, and a uniform depth of material 
was cut from the bottom of the trench. A large sample 
weighing from 50 lb. to 100 lb. was thus secured from 


clearly preferable first to separate the bitumen, and | box. The action of No. 2 separation box was the same 

then to subject it to cracking in a modern plant. | as No. 1 bitumen finally flowed through the outlet at 
It should be noted that the mere breaking down of | the end of the plant, and was collected. 

the adhesion between the bitumen and the sand is not, Owing to the difficulty of discharge of the buckets 

sufficient. For commercial purposes they must be | when filled with wet sand, it was found necessary to 

cleanly and completely separated. Many experiments | direct a jet of hot water into them as they travelled 

were made in the laboratories of the Research Council | along the horizontal part of the bucket line over the 





each division of the beds, from which samples were 
packed and sent to Edmonton. Thirty-five exposures 
were studied, situated at various locations along the 
Athabasca river down stream from McMurray for 
60 miles, on Clearwater river, and along several 





before a separation process was found which had 
practical possibilities. At length it was established 
that if bituminous sand which had been kept in contact 
with a hot dilute solution of silicate of soda for some 
tributary streams of these two rivers time was introduced with agitation into a comparatively 
7 : : ; . large body of hot water, a complete dispersion of the 
Eleven of the 35 cross sections recorded in the sepert bituminous sand took place, and when the agitation 
deal with a thickness of strata of 100 ft. or more, and was stopped, clean sand pine db 40 the bebe, aul 
two of these show three-quarters of the totel thickness bitumen collected on the surface in the form of a light 
to be composed of bituminous sand containing more froth 
then 9 per — - of wry four — — — | As a result of the success of the laboratory experi- 
the total = yo oe Soe eters “ = = = ie | ments it was decided to carry out fairly large-scale 
mabenies- > enneeee Se enengenes #8 Sage | operations. A plant was designed having a capacity 
assortment of lenses of variable material, but there is | for treatment of a batch of 24 to 3 tons of bituminous 
: general tendency for upper beds to be very ——, | sand, and then to separate it continuously at the rate 
alte in guture ent eneayenye mee ay of lanes nenteniel, | of half a ton per hour. This plant was built and 
and for the thick, massive, rich bituminous sand beds | operated during the spring and early summer of 
to occur toward the bottom of the formation. Gene- | 1923, and was carried through successfully ; about 
rally about half the thickness of the beds is of poor grade | 85 tons of bituminous sand being put through the plant 
material, meet of the goed materiel i a6 : panameveins | without serious difficulty. The plant was erected at 
and the upper Leds eonatiinte for: yanation! perpene the University of Alberta at Edmonton, with electric 
bts gp rg Pn aires _ * = pert | power connections at hand; but the drawback of 
nature of the bitumen present appears to vary. In| : ’ . : : 
the southern part the bitumen is heavier than the | oo head-room made the handling of the material 
rem, eounenee:® seus: ogeniion of Oe lower bolting) The plant consisted essentially of the following :— 
poet oy enmniines sae & aemnen Sen | A treatment box in which the sand to be separated 
lege ne rid ote Ss Se tee Ce en | received pre-treatment with silicate of soda solution. 
light, aott Kitamnen eoanyee. |This box was made of No. 16 gauge sheet metal, 
| 104 ft. long, 24 ft. wide, and 44 ft. deep, fitted at the 








© the Dini Route ef Sete. By Fs. Cit | bottom with a horizontal screw conveyor, with an | 


and 8. M. Blair. Part I, Occurrence; Part II, Separa- | *~*” ‘A 
tion. Edmonton: Scientific and Industrial Research | inclined screw conveyor at the constricted end. The 


Council of Alberta, Report No. 18. | box held 3 tons of bituminous sand. The sand was 


box in which the sand tailings were collected. 

Details concerning nine consecutive runs were ob- 
tained in which the conditions were purposely varied 
over a wide range. The length of time of treating the 
bituminous sand with the hot silicate of soda solution 
was varied from one hour to over seven hours. The 
quantity of dirty water eliminated from the plant by 
the introduction of fresh water was varied from 2,200 lb. 
to 10,750 1b. perrun. These variations caused a marked 
difference in the effectiveness of the separation. Sand 
tailings were obtained which retained from 6} per cent. 
to 2 per cent. bitumen. The bitumen concentrates, 
free of water, contained from 12 per cent. to 8 per 
cent. of mineral matter. 

As a result of the success of this trial plant, it was 
decided to erect a larger installation for continuous 
treatment separation, and to separate about 500 tons 
of bituminous sand. This plant was erected in the 
spring of 1924, and was much the same in design as 
that already described. The most important modifi- 
cation consisted of a treatment box with several 
compartments so that treatment of bituminous sand 
could be carried out simultaneously with the separation 
| process. The treatment box was placed over the separa- 
| tion boxes so that a gravity feed could be used instead 

of the inclined screw conveyor. Another alteration 
| was that the sand tailings from the first separation 
| were put through the second box, instead of the sepa- 
| rated bitumen. 

The treatment box contained four compartments 
each of two tons capacity, provided with water-tight 
door, inclined floor, and steam coils. The whole box 
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‘was mounted on wheels on a track, so that any com- 
partment could be brought into position for discharge 
into the plant. About 100 tons were put through this 
plant but the results were poor. It was, however, 


discovered that a simple pipe down which a stream of | 


hot water flowed, washing treated bituminous sand 
along with it into the separation box, gave sufficient 
agitation and was more effective than the former type 
of mixing box with agitating paddle. 

Later the separation plant was rearranged, the former 
treatment box and feed hopper being discarded and 
a clay-mixing machine substituted, which was banked 
with steam coils and steam jets placed inside it. Pipes 
were arranged for running silicate of soda solution and 
water to the bituminous sand in the mixer as desired. 

A bucket line delivered the sand into the mixing 
machine through a set of rolls; the old mixing boxes 
were replaced by 3-in. pipe. 


Thus modified and rearranged the plant worked | 


satisfactorily. Representative samples of the crude 
separated bitumen and of the sand tailings were taken 
daily and the results obtained showed a great improve- 
ment over the earlier operations. The average analysis 
for 75 samples was as follows :— 


Crude Separated Bitumen. 


Water ove sae bas ce 28 per cent. 
Butumen ... Jab ate 65 aR 
Mineral matter 7 + 


Sand Tailings. 
» 


Bitumen ae ee ‘ 
The programme of separating 500 tons of bituminous 
sand was carried out without difficulty; most of the 
separated bitumen being used in a road construction 
experiment as intended. 








ARC WELDER FOR EAST INDIAN 
RAILWAY. 


‘TneE progress in the use of electric resistance welders 
for repair, and even for manufacturing, work, to which 


we called attention in a recent issue, is being accom- 


panied by an at least equal development in welders, 
which use the electric arc as a basis. 
are made in both the stationary and portable form 


These machines | 


and can be employed both for repair work, for building | 


up worn parts, such as the tips of cutting tools, and 
for connecting together lengths of rails. 
latest patterns of welders of this type is illustrated on this 
page. It was constructed by Messrs. Alloy Welding 
Processes, Limited, of Church-street, London, N.1, for 
the use of the East indian Railway Company, and has 
been specially designed for employment out of doors 
in a tropical climate. As will be seen, the welding 
generator and its switchgear are contained in a steel 


One of the | 


| 


housing with wide removable inspection doors at the | y 
| street, Sheffield, have sent us a special list of calipers, 
| feeler gauges, rules, penknives and other small tools. 


sides. These doors are secured by long bolts, the 
ends of which pass through into the control com- 


partment, and cannot therefore be opened when the | 


door of that compartment is shut. 


The control panel | 


is recessed and is equipped with flush mounted switch- | 


gear, while adequate ventilation is provided through 
louvresin allthedoors. Connection to the welding arc is 
made by flexible leads from the plug terminals visible 


on the right and left hand at the bottom of the switch- | 


board, and similar equipment is provided at the other 
endof the plant, so as to give another welding position. 


it may be added that the holder in which the electrode | 
is mounted is designed so that the electrode itself can | 


be held at any angle. 
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ARC-WELDER FOR EAST INDIAN RAILWAY. 


CONSTRUCTED BY MESSRS. ALLOY 


WELDING 


PROCESSES, LTD., ENGINEERS, LONDON. 

















cause this transformer to inject voltages into the shunt 


Electric Motors.—A list of squirrel-cage induction 


winding, with the result that the effect of these changes | motors with a high starting torque has been issued by 


is lessened and a very stable arc can be obtained. In 
practice we are informed there is a complete absence of 
spluttering, and the metal deposited is homogenous 


CATALOGUES. 


Flooring.—Particulars of a new acid-proof concrete 
flooring is to hand from Messrs. Prodorite, Limited, 
Leabrook, Wednesbury, Stafis. 

Small Tools.—Messrs. Moore and Wright, Trafalgar- 


Valves.—An illustrated priced list of ‘“ Ismailia” 
valves of from 1}-in. to 27-in. bore, is to hand from the 
Ismailia Valve Company, 17, Victoria-street, London. 

Taps.—A priced list of white porcelain enamelled taps 
bearing the trade name ‘‘ Agate,” is to hand from Messrs. 
Saunders and Connor (Barrhead), Limited, Barrhead, 
Scotland. 

Tube Expanders.—A list of tools for expanding the 


| ends of boiler, condenser and similar tubes is to hand from 


Messrs. Reichwald (London), Limited, 120, Moorgate- 
street, London, E.C.2. 
Label Damper.—Messrs. Samuel Jones and Company, 


| Limited, Bridewell-place, London, E.C.4, have issued 


The trolley, on which the welding dynamos and | 
|for damping gummed labels. 


switchgear are mounted, is carried on wide steel wheels 


fitted with roller bearings, and is provided with a | 


swivelling fore-carriage, so as to facilitate easy move- 
ment. 
members, steel pads being welded to the latter to 
carry the welding machines. 

The machine supplying the welding current consists 
of a self-stabilising dynamo with a separate trans- 
former, though it is interesting to note that in future 
the latter will be eliminated. The output of this 
machine under welding conditions is 6 kw., the actual 
ratings at 30 volts being 200 amps for half-an-hour, 
150 amps for 1 hour, and 100 amps continuously for a 
temperature not exceeding 60 deg. F. The generator 


The frame consists of four girders with cross | 


” 


leaflets describing an apparatus known as the ‘ Labelor, 


Electric Meter.—Messrs. British Insulated Cables, 


Limited, Prescot, Lancs., have sent us a leaf catalogue | 


of single-phase meters in pressed-steel cases, which 
are made in 24, 5 and 10 ampere sizes, 


Dairy Machinery.—A machine in which all the opera- | 


tions of cleaning, filling, sealing and Pasteurising milk 
in bottles, is illustrated in a circular received from Messrs. 
Burlectas, Limited, Palace of Industry, Wembley. 


Fibre.—A priced catalogue of ‘‘ Vulmos,”’ a leatheroid | 


or fibre made from pure cotton rag paper, and supplied 
in sheets, tubes and rods, is to hand from Messrs. Mosses 


|and Mitchell, Limited, 122, Golden-lane, London, E.C.1. 
Steam Storage.—Several pamphlets dealing with the | 


has a drooping characteristic with a voltage range on | 


full load of from 72 to 75 volts on open circuit down to 
zero voltage on short-circuit. The field regulator is 
operated by the hand wheel which is clearly visible 
in the figure. 

The generator itself is an ordinary shunt-wound 
dynamo, which is self-exciting. There is no reverse 
compound winding as is usual with such machines, but 
the brushes are fixed so that when running in the 
positive direction the armature has a slightly com- 
pounding effect. The oil-immersed transformer, which 
forms part of the equipment, is carried on the top of 
the machine. The primary of this transformer is 
connected in the main circuit, while the secondary is 


economies of steam storage in power stations, dye works, 
&c., have been issued by Messrs. Ruths’ Steam Accumu- 


Messrs. Brook Motors, Limited, Huddersfield. The 
list covers single-phase and three-phase machines for 
25, 40, 50 and 60 cycle circuits. 

Lubrication.—A detailed description of the lubrication 
requirements of the Davey-Paxman vertical cold- 
| starting heavy-oil engine has been printed in pamphlet 
| form by Messrs. Sternol, Limited, Royal London House, 
| Finsbury-square, London, E.C.2. 

Boiler Mountings.—A circular describing boiler water 
gauges with new connecting fittings for the glass tubes, 
by which screws and the use of spanners in replacing 
glasses is avoided, is to hand from Messrs. Nunan and 

Stove, Limited, 118, Broomielaw, Glasgow, C.1. 
Railways.—A leaflet stating the case for the oil-engined 
|electric locomotive and another in favour of electri- 
| fication of suburban and branch lines of steam railways 
| are to hand from the Westinghouse and Electric Manu- 
| facturing Company, East Pittsburgh, Pa., U.S.A. 
| Motor-Car Tools.—Circulars describing a tool for test- 
|ing the braking power on the separate wheels of a :notor 
car and another, known as the “ Lindy,” for polishing, 
| filing, drilling, ete., are to hand from the Rothermel 
Corporation, Limited, 24, Maddox-street, London, W.1. 

Electric-Light Fittings.—Messrs. Korting and: Mathiesen 

| Electrical, Limited, 711, Fulham-road, London, S.W.6, 
have sent us new priced lists of reflector fittings for 
workshops, indirect and semi-indirect illumination fitt- 
ings, and a copy of their quarterly review Kandem. 


Sound Signals.—Messrs. Gent and Company, Limited, 
Leicester, have sent us a new edition of their catalogue 
of electrically-driven syrens and other powerful sound 
signals. They are capable of producing continuous or 
intermittent sounds, and a machine is shown for Morse 
signalling, so that a message can be conveyed in fog or 
darkness, 

Office Furnishings.—We have received from Messrs. 
Shannon Limited, 57, Victoria-street, London, S.W.1, 
a circular illustrating their ‘“‘ Acme” system of card 
records, the cards being hinged on trays which are 
mounted in cabinets, folders, revolving stands, &c., for 


| quick reference and to allow entries to be made without 


lators, Limited, Africa House, Kingsway, London, W.C.2. | 


Conveyors.—Messrs. Herbert Morris, Limited, Lough- 
borough, have issued a booklet illustrating the various 


| Company, 


removing the cards. 

Diesel-Engine Locomotives.—Messrs. C. M. Hill and 
Coventry House, South-place, London, 
E.C.2, have sent us a list of light Diesel locomotives 
made in seven sizes from 10 to 100 h.p. with two-speed 


| gearing on those under 50 h.p. and three-speeds on 


types of conveyor they produce and the many adapta- | 
tions to special kinds of carriage in factories and yards. | 


Heat-Insulating Material.—A_ bulletin of 
information on the insulation of the principal types of 
industrial furnaces and ovens is to hand from the Celite 
Products Corporation, Windsor House, Westminster, 


| London, 8.W.1. 


Machine Tools.—The United Machine Tool Company, 
Limited, Holborn Hall, Gray’s Inn-road, London, W.C.1, 


| have sent us a circular dealing with their radial drilling 
| machines and electric riveting machines, both intended 


connected in the shunt field. Sudden changes in the load | for heavy girder work. 


practical | 





the larger sizes. The locomotives are intended for con- 
tractors or plantation work. 

Machine Tools-—-We have received a pamphlet 
describing and illustrating the works of Messrs. Alfred 
Herbert, Limited, Coventry, and including a short 
history of the firm, which was established thirty-nine 
years ago. We have also received a new edition of their 
catalogue of turret lathes, including the types known as 
capstans, combinations, hexagons, automatic screwing 
machines, and automatic turning machines. In all cases 
the machines, fixtures and tools are described, and a 
number of machined parts are illustrated with dimensions 
and production times. 
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FRUIT PRE-COOLING PLANT AT 
CAPE TOWN. 


Ir is common knowledge that the Dominions 
contribute largely to our food supply, but few people 
realise the extent of our fresh-fruit trade with 
Australia and South Africa. Australia, owing to its 
remoteness, exports chiefly hard fruits, such as 
apples and pears, but South Africa has developed 
an extensive trade in nineteen varieties of soft 
fruit ranging from grapes to peaches. This decidu- 
ous fruit is exported to the extent of about 27,000 
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most extensive refrigerated ship investigation yet 
attempted. 

The main problem, however, as already mentioned, 
proved to be on shore, and centred around the 
inability of the cold stores to cope with the rapidly 
increasing volume of fruit, and particularly the 
heavy duty of pre-cooling. After several months 


of investigation, it was recommended that a pre- 
cooling plant should be built on the quayside at 
Cape Town, and handling facilities installed which 
would meet the exacting requirements of the fruit 
industry. 


The Government, under the Premier- 
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bers, however, extend the entire length without a 
break, bridging the gap between the sheds in the 
cargo sections left to allow for manceuvring road 
traffic. 

In view of the nature of the store it was decided 
to have a light coloured roof to reduce absorption 
of radiant heat, and asbestos cement was selected. 
For practical reasons, corrugated sheets were used, 
although it has been found by experience that flat 
material of a given colour is preferable to any 
corrugated form, owing probably to the absorption 
of heat from multiple reflection on the corrugations. 








Fia. 1. 














Fie. 3. CHAMBER FULLY CHARGED 


tons each season, and, in addition, there is the citrus 
export, chiefly oranges, amounting to 45,000 tons 
a season. In the early days, South African farmers 
used to deliver their fruit direct to the refrigerated 
chambers of the ship, but, as the quantity grew, 
it became necessary to utilise a cold store on shore. 
A government regulation was afterwards made that 
all fruit should be held in a recognised store for 48 
hours for pre-cooling purposes. In practice, how- 
ever, the development of the cold store did not keep 
pace with the industry, and about four years ago 
the matter became serious. Many waste shipments 
occurred, and mutual recriminations between the 
parties concerned did not help the growers to 
meet their losses. The Government then decided 
to have the whole question investigated, and 
initiated a programme of research including the 


Boxes oF Fruit STACKED ON TROLLEYS. 






































WITH FRUIT. 


ship of General Smuts, accepted the proposals, and 
when a change in Government took place the new 
Government confirmed the policy of their predeces- 
sors. Construction was then started in 1925, 
and the first part of the plant was in operation in 
January, 1926, the date of final completion being 
April, 1927. 

The Victoria Basin at Cape Town has an area 
of about 67 acres, and there are three deep-water 
berths suitable for mail steamers. It was neces- 
sary to locate the pre-cooling plant on one of these 
berths for obvious reasons. From the point of 
view of railway traffic, the East Pier was finally 
selected. Being a mail-boat berth it was considered 
desirable to make facilities for general cargo 
handling, and the ground floors of both sheds were 
reserved for this purpose. The pre-cooling cham- 





Fig. 4. TROLLEYS BEING UNLOADED FROM Ratnway Car. 


This material, however, gives wide joints owing to 
the thickness, and there is also the possibility of 
hair cracks in asbestos. 

With a view to isolating day-to-day consignments 
of fruit from each other thermally, it was decided to 
build small compartments, and the building is there- 
fore divided up into 72 chambers. In addition to this 
sub-division, it is necessary to avoid common air 
circulation, as the warmer fruit would still influence 
the cold if the same air coolers were used. The 
method actually adopted is a loop system, which 
may best be explained by considering one unit 
first. ach block of chambers is connected above 
to two air trunks, suction and delivery, extending 
the whole breadth of the group, and a cooling battery 
is built at each end. Starting with the first day’s 
fruit and placing it in No. 1 chamber adjacent to 
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A battery, the valves in the trunk are opened and 
B battery is used to cool the fruit. After about 
20 hours, the fruit is cool and A battery is started 
up. The valves are closed in the trunk and B 
battery diverted into No. 2 chamber which contains 
the second day’s fruit. Similarly on the third day, 
the A battery takes over the cold fruit in No. 2 
chamber and the B battery proceeds to cool No. 3 
chamber. Thus the sole function of A battery is to 
maintain the fruit cold, and the cooling surface of 
the battery could be made comparatively small, 
although in actual practice the batteries are similar, 
thus permitting the operations to be reversed This 
system, it might be thought, would permit of only 
one temperature being employed, but actually a 
control of several degrees range is possible by 
shutting the subsidiary valves, two of which are 
provided for each chamber. In practice, however, 
this method is not necessary as there are five coolers 
distributed along the length of the building, and 
different commodities can thus be isolated at quite 
different temperatures; in addition, humidity, 
which is a vita] factor, can be varied in the different 
sections. 

in order to appreciate the problem of handling 
export fruit, certain salient points must first be 
mentioned. All deciduous or soft fruit is exported 
in trays of a standard length and width, namely, 
18 in. by 12 in., but of a varying depth to accommo- 
date the different varieties ; for instance, apricots 
or plums would be packed in trays 2 in. deep, 
whereas grapes would be in trays 6 in. deep. 
Citrus fruit, on the other hand, is packed in a 
standard box, the internal dimensions of which 
are 24 in. by 12 in. by 12 in. There are four grades 
of deciduous fruit—extra selected, selected, choice 
and graded—and two grades of citrus, viz., choice and 
standard. The government regulations insist that 
5 per cent. of each grade and each variety of every 
grower’s fruit shall be inspected, and, it may be 
remarked in passing, there are over 900 deciduous- 
fruit growers alone. 

Further, the regulations state that every box in 


the consignment must be stamped with the 
xovernment stamp after being passed. Then 


there is the tallying of all the fruit for the information 
of the railways, the inspectors and the pre-cooling 
plant staff. The system of handling must obviously 
make the inspection and tallying as simple as 
possible. Various conveyor systems were con- 
sidered, but it will be evident that the fruit would 
have to be stacked for inspection, then placed on 
a conveyor and carried into the store, stacked in 
the store, loaded on to the conveyor for transit 
to the ship, and finally stacked in the ship’s hold. 
It is this repeated handling on to the floor and 
conveyor which is so costly as it must be done 
with great care, supervision being difficult when 
40,000 to 60,000 packages have to be handled 
each day. Some difficulties were also encountered 
with regard to the conveyor into the ship. Most 
of the ships are fast passenger liners, and any 
suggestion of modifying the ship’s structure was 
ruled out. Moreover, in the height of the season 
every available ship is utilised, and such vessels, 
not being equipped with special appliances or 
fixtures, would render the conveyor system 
ineffective. Ultimately a bulk-handling system 
was evolved which met the requirements. 

The simplest possible form of flat trolley or 
skid is used, measuring 7 ft. 9 in. by 5 ft. broad, 
the reason for choosing these dimensions being 
explained below. These trollies are marshalled in 
the receiving air locks before the fruit trains arrive, 
and unloading is carried out from the car on 
to the trolley, the 5 per cent. inspection quota being 
placed on the floor for exam:nation. The fruit 
is stacked lengthwise on the trolley, two boxes 
at each end, the middle tier of boxes being omitted, 
as shown in Fig. 1. It is thus possible to read the 
end label of every box and, when the inspection 
is finished, to stamp each box. After this has 
been done, the middle tier is filled in and the trolley 
is ready for pre-cooling. The length of the trolley, 
previously mentioned, has been made just sufti- 
cient to accommodate five tiers of cases for this 
reason. 

From the airlock, the trolley is carried up in 
self-levelling lifts to the cooling chambers. Here 
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|absence of projections is an advantage in passing 
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in turn, to drip. Apart from the cost, flat grids 


it is traversed by an electric traverser, shown in 
are not considered suitable for this class of work. 


Fig. 2, and brought opposite to the appropriate 
door and pushed in, the capacity of the chamber; The functions of these cooling grids are two-fold, 
being sufficient to accommodate 12 trolleys. One | the first being to reduce the temperature when the 
of the chambers fully loaded with fruit is shown! outside atmosphere is at about 100 deg. F., and 
in Fig. 3. As already stated, the chambers are | thus to check the ripening of the fruit. A matter 
15 ft. 5} in. wide and allowing for air trunks and | of hours appreciably affects peaches at this tempera- 
a passage way, trolleys 5 ft. in width proved most | ture. The second function is to avoid the necessity 
suitable. The trolleys are loaded to a convenient | for overtime working when fruit trains arrive late, 
height within reach of the workmen, about 350 to | the practice being to close down the airlock and 
400 trays or their equivalent being placed on each. | cool the building, including the fruit trucks, until 
The weight of the fruit and trolley must, of | next morning. This procedure is most satisfactory 
course, fall within the capacity of the quayside | from the point of view of fruit condition. 

cranes and does not usually exceed 3 tons. One| For manipulating the trolleys in the airlock, an 
of the loaded trolleys being transferred from the | electric traverser was provided, and erected in the 
cooling plant to the ship’s hold is illustrated in | position it would occupy when the lower floor 
Fig. 5. The trolley is designed for a maximum | cargo sheds are ultimately converted to pre-cooling 
bending moment when supported by lifting beams | chambers to meet future expansion. This traverser, 
at the extreme ends, and the underframe is composed | which is similar to that illustrated in Fig. 2, runs along 
of two 4-in. by 2-in. channels, tied together by | the back of theairlock platform and feeds the two lifts. 
4-in. by 2-in. headstocks at each end. The top! The traversers, one of which is provided in each air 
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Fic. 5. TROLLEY BEING TRANSFERRED FROM CooLina PLant To Suip’s Hovp. 
lock, run on a track with rails at 6-ft. centres, and are 
driven by 5-h.p. motors through double-reduction spur 
gearing. A dead-weight brake and also a magnetic 
brake are fitted. The controllers are in duplicate 
for either direction of travel. and on one side of 
the traverser is fitted a small capstan, of 2 h.p., 
separately controlled. This is used for towing 
trolleys out of the chambers on the shipping galleries 
or out of the lifts, and its provision enables full 
trolleys to be handled by one man if necessary. 
There are four lifts in all—two in each airlock. 
Those in No. 1 airlock are of the Express Company’s 
fully automatic self-levelling type, with a specified 
speed of 150 ft. per minute and a normal load 
capacity of 8,000 Ib., exclusive of the cage. They 
are operated by push buttons provided on each 
floor and in the cage, and the overhead equipment 
is driven by a 30-h.p. motor through worm and spur 
gearing. No. 2 airlock has two Waygood-Otis lifts 


of the trolley is of l-in. pine boarding, and two 
light angle stiffeners are bolted along each side 
to protect the wood. The axles are 1} in. in 
diameter, and the wheels run on 1.9-in. roller 
bearings, both Hyatt and solid rollers being 
employed. Large-diameter roller bearings were 
specified in view of the shocks imposed by landing 
on the decks with a leavy load. No lugs or lifting 
tackle are carried by the trolley, it being essential 
to make this as simple and cheap as possible in 
view of the large number required. Moreover, the 


through chamber doors, &c. 

Before leaving the question of handling, it should 
be stated that the fruit arriving in railway cars 
is shunted into two large insulated airlocks situated 
at the back of the sheds. No. 1 airlock is 221 ft. 6 in. 
long by 48 ft. wide, and No. 2 is 224 ft. long and 
of the same width. The working platforms are 
2 ft. 10 in. above the rail level. All the walls and | of the same speed and capacity, but each is driven 
floors are insulated with 6-in. of slab cork, the plat-| by two distinct motors. The main motor, of 
form being surfaced with a heavily reinforced slab to| 25 h.p., operates through worm gearing, while 
distribute the concentrated load of the trolleys on| the other, or micro-drive, motor, operates through 
the cork insulation. The ceiling is insulated with] a second worm reduction on to the main motor 
9 in. of cork, and provision is made for cooling. | shaft, the micro-drive being automatically brought 
No. 1 airlock has 6,000 ft. of 1} in. piping in| into play by an electromagnetic clutch at a specified 
elongated coils, each with a drip trough. Owing | distance, about 9 in., away from the particular floor 
to a misunderstanding, No. 2 airlock was supplied | required. 
with the same length of piping in flat grids covering} The cooling duty necessary in a plant of this 
the ceiling. It was found necessary to fit individual | nature is divided into that required to keep the 
drip trays under each pipe. but with careless} building cold and that for pre-cooling. For the 
operators there is always a possibility of cooling the| former, a simple estimate can be made on the 
drip trays below the dew point and causing them, | assumption that the external walls are at an average 
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temperature of 90 deg. F. and the roof at 120 deg. F. 
The total requirement under this heading is quite 
small compared with the pre-cooling. For the 
latter, taking deciduous fruit first, the boxes vary 
very considerably, only 3 lb. to 4 lb. of fruit being 
carried in peach boxes, whereas grapes and pears 
have a net weight of over 10 lb. per box. Taking, 
however, a fair average weight of 6 lb. and assum- 
ing the box and wood-wool packing to weigh 3 lb., 
with a specific heat of 0-9 for the fruit and 0-3 for 
the wood, the cooling required for 50,000 boxes a day 
from 90 deg. to 34 deg. is 27,100,000 B.Th.U. This 
fruit is accommodated on 125 trolleys, each trolley 
weighing 550 lb., and the cooling required amounts 
to 454,000 B.Th.U. Citrus fruit is a winter crop, 
and the cooling required is, say, 10,000 boxes, each 
box, with the fruit, weighing from 75 lb. to 80 lb. 
The temperature on arrival is 60 deg. F., and this 
has to be reduced to 40 deg. F., so that duty required 
is 13,120,000 B.Th.U. a day, or roughly half that 
necessary for deciduous fruit. Allowing for average 
moisture conditions, approximately 1 grain per 
cubic foot is frozen down at the mean temperature 
during pre-cooling operations. This involves 
29,000 lb. of water a day, or, at 203 B.Th.U. per 
pound, a duty of 5,800,000 B.Th.U. Allowing also 
for the heat absorbed through the insulation, and 
the heating effect of the fans, a covering figure, 
120 tons normal rating, or 38,000,000 B.Th.U. per 
day, was specified for each of two machines, one 
being a duplicate of the other in every respect. 

The machines are of the vertical type with two 
evlinders of 163 in. bore and 12 in. stroke, running 
at a speed which can be varied from 140 to 220 r.p.m. 


» They are electrically driven, the motors being sup- 


plied with continuous current at 500-550 volts, as 
used for the crane and wharf supply. Two main 
feeders are installed, one of 1 sq. in. cross-section, the 
other of } sq. in. cross-section, the lighter cable being 
brought under the water across the dock entrance 
so that the circuit is looped back to the sub-station 
as a precaution against breakdown. The com- 
pressors deliver to duplicate atmospheric condensers, 
mounted on an elevated concrete trough, main 
stop valves and cross-over valves being inserted 
above the oil separators. Sea water is pumped 
from the sea by two centrifugal pumps. Consider- 
able trouble was at first encountered by erosion 
of the shaft and impeller owing to incrustations 
formed in the pipe breaking away and passing 
through the pumps. The fitting of stainless-steel 
shafts, however, ultimately eliminated the difficulty. 
The high-pressure liquid ammonia distribution is 
through two 1}-in. bore pipes to the five batteries 
and a 1-in. bore pipe to the two airlocks ; a subsidi- 
ary hot-gas pipe is also laid for assisting the thawing 
down of snowed coils. The liquid ammonia con- 
densed in the thawing operation is led to the other 
batteries in service ; otherwise, it might form liquid 
slugs in the compressor suction main. 

There are, as already stated, five cooling batteries. 
Nos. 1, 2 and 3 are constructed with 16 sections 
and a total length of 8,000 ft. of 2-in. bore pipe. 
Each battery is designed to transfer, at normal load, 
10,000,000 B.Th.U. per day into the circulating air. 
The original intention was to construct these 
batteries with coils transverse to the air flow, but 
in view of the urgency of the first part of the con- 
struction and certain technical difficulties, longi- 
tudinal coils of the usual pattern were made. In 
the case of Nos. 4 and 5 batteries, however, special 
effort was made to obtain a transverse coil, and these 
two batteries were built of 10,000 ft. of 14-bore pipe 
with 12 distribution headers. A rough comparative 
test of the performance of the two designs is given in 
the accompanying table. The figures, however, are 














a SS - = SS ees 
ae B.Th.U. per 
Cubic feet | Air tem- | Super- hour after 
= of air perature | heat of| correction 
per hour. |difference.| gas. for water 
| deposited. 
’ Deg. F. | 
Longitudinal coils | 1,620,000 10°5 10-0 387,000 
Transverse coils..| 1,440,000 16°5 10-5 568,800 
' 

















only approximate. It was difficult, for instance, 
to maintain the same superheat in the two coolers, 
as the expansion valves could not pass sufficient 
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Moreover, the test had to be carried out by passing 
atmospheric air through and any variation in out- 
side temperature introduced complications since the 
specific heat of the cooling coils affects the results ; 
the coils weigh 25 tons, so that their heat capacity 
is appreciable. Lastly, the advantage of transverse 
coils could be better demonstrated with higher air 
velocities, that used in the tests being actually about 
450 ft. per minute. 

In estimating the pre-cooling air required, the 
thermal transfer necessary is 38,000,000 B.Th.U., 
less the heat equivalent of the snow, or, say, 
32,000,000 B.Th.U. a day. Assuming the specific 
heat to be constant and working with a temperature 
drop of 14 deg. F. at the commencement of pre-cool- 
ing, falling to 2 deg. F. at the end, or a mean tem- 
perature drop of 8 deg. F. for calculation, the 
quantity of air required is 16,650,000 Ib. a day. 
Assuming 12 cub. ft. per lb., the volume required is, 
approximately, 200,000,000 cub. ft. a day. The 
fans selected were three with capacities of 25,000 
cub. ft. per minute, one set of two fans handling 
36,000 cub. ft. per minute, and one of 35,000 cub. ft. 
per minute capacity, the total capacity thus amount- 
ing to 208,000,000 cub. ft. a day. In actual practice, 
it is possible to exceed this duty considerably, a 
reserve being necessary for emergencies since the 
load is not evenly balanced over the batteries. 

It should here be stated that the bulk-handling 
system, described above, has been carried a stage 
further since the plant was brought into operation. 
Empty trolleys are now forwarded to the growers 
and loaded with cases of fruit at the inland sending 
stations. ‘They are then pushed into special railway 
cars in which they are transported to the airlock 
of the pre-cooling station. Here the trolleys are 
wheeled out of the cars, one of which is illustrated 
in Fig. 4, and transferred to the pre-cooling chambers 
without any handling of individual cases. This 
practice is, of course, only carried out in connection 
with the larger sending stations, where the necessary 
inspection is carried out before putting the fruit on 
rail. This has the obvious advantages of reducing 
the amount of handling and of avoiding congestion 
at the pre-cooling plant. 

In conclusion, it may be mentioned that Mr. E. A. 
Griffiths, M.Sc., Physicist to the South African 
Government, has acted as consulting engineer for the 
design and construction of the pre-cooling station, 
which is largely the result of the research work 
on fruit handling and storage carried out by him 
since his appointment in 1923. 








THE DOCKYARD SCHOOLS AND THE 
SECOND SCHOOL OF NAVAL ARCHI- 
TECTURE. 

By A. W. Jouns, C.B.E., R.C.N.C., M.LN.A. 

(Continued from page 70.) 

CHATHAM YARD, which on a previous occasion 
had been anxious as to the education of its appren- 
tices, was the first of the Dockyards to open its 
school. John Fincham, the Instructor in Naval 
Architecture at the first Portsmouth School of 
Naval Architecture (1811-1832), was a master 
shipwright at Chatham from 1839 to 1844, and 
mainly by his efforts the Dockyard school there was 
started early in 1843. Those at Portsmouth and 
Pembroke opened late in the same year, at Sheer- 
ness in 1844, at Devonport in 1845, at Deptford— 
closed for building and repairing from 1831 to 
1844—in August, 1847, and at Woolwich in Feb- 
ruary, 1848. Difficulties in selecting and fitting out 
suitable classrooms accounted for some of the 
delay, but to these must be added the indifference 
of the officers at some Yards, who were not altogether 
favourable to the establishment of such schools. 
At Portsmouth the buildings of the First School of 
Naval Architecture were used as classrooms, but 
at other Yards portions of storehouses had to be 
fitted up for the reception of the apprentices. At 
Pembroke an old hulk, the Dragon, originally fitted 
out for the accommodation of the marine guard of 
the Dockyard, was first utilised, but proving un- 
suitable the classes were moved to rooms over a 
storehouse, until new school buildings were erected. 
These were proceeded with in all yards in 1846 and 
1847, and were in use at Chatham in 1848, and soon 


liquid ammonia in the case of transverse coils. | afterwards at the other Yards. 
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The schoolmasters at each Yard were selected 
by the school committee from the subordinate 
Dockyard officials and the clerical staff. Two mas- 
ters were appointed at Portsmouth and Devonport, 
and one at each of the other Yards. The first 
senior master at Portsmouth was James Bennett, 
an ex-pupil of the first school of naval architecture, 
and at the time a foreman of the Yard. In April, 
1847, on his promotion to timber inspector, he was 
succeeded by William Henwood, a fellow student 
at the first school. The first senior master at 
Devonport was Robert Rae, a Dockyard clerk, and 
the masters at other Yards were from the same class. 
Subsequent reports on the schools indicate that those 
first chosen as schoolmasters were in some instances 
either unsuitable for the work of instruction, or 
for the maintenance of discipline amongst their 
pupils. Their position was, however, a difficult 
one, for all had other Yard duties to perform before 
school hours, and their whole time must have been 
very fully employed in their dual appointments. 

The details of the organisation of the Dockyard 
schools were the subject of considerable corre- 
spondence between the school committees at the 
seven Yards and the Admiralty, but by 1846 these 
had all been settled and placed on a fairly uniform 
basis. An important letter dated June 27, 1846, 
was sent by the Admiralty to all Dockyards, stating 
that with the object of promoting greater emulation 
amongst those attending the schools, and also for 
the better regulation of the latter, Their Lordships 
had decided to establish a system of reward and 
punishment. They had therefore requested the 
inspector of the Greenwich Royal Hospital Schools 
to make an annual inspection and examination of 
the Dockyard schools, report on their condition, 
and, after consultation with the school committees, 
recommend apprentices who were considered deserv- 
ing of reward for their progress and conduct at 
school. So far as punishments were concerned, the 
superintendents of the Yards, acting on the reports 
of the school committees, were authorised to mulct 
any apprentices guilty of grave misconduct, or 
repeated neglect and disobedience whilst at school, 
a sum or fine up to a month’s pay, or as an alterna- 
tive direct him to work extra time without pay. 
Any apprentice, who, notwithstanding punishment 
by fine or extra work, proved incorrigible, was to 
be reported to their Lordships, who would decide 
whether his discharge from the Dockyard would not 
be for the general good. 

The letter proceeded to state that the Board of 
Admiralty thought it essential for the benefit of the 
service that a limited number of apprentices, who 
had displayed extraordinary ability should receive 
a more scientific education than that obtainable at 
the Dockyard schools. The Board had therefore 
directed the inspector that at the annual examina- 
tions he was to select a certain number of appren- 
tices, who had completed their fourth year, for a 
course of higher instruction, which would extend 
over the remaining three years of their apprentice- 
ship. Two per year were to be selected from the 
Portsmouth school, two from Devonport, and one 
each from Chatham, Sheerness and Pembroke, 
whilst one other would be chosen from Deptford 
and Woolwich together. The selection was to be 
determined by superior talent and _ proficiency, 
coupled with a certificate of good conduct from the 
master shipwright and the schoolmaster. To 
ensure the best selection, the inspector was to 
re-examine those apprentices whom he had at first 
selected, in the presence of the school committee, 
and no candidate was to be recommended unless 
he had passed an examination to the satisfaction 
of the inspector, in arithmetic, the first three 
books of Euclid, and algebra up to quadratic 
equations. The final selection was left to the 
discretion of the inspector, who was not of necessity 
to recommend the youth who was at the head of the 
examination list. If at any Dockyard school none 
of the apprentices was worthy of selection, the 
inspector was to report the name of a more suitable 
apprentice from another Yard. 

The eight selected candidates, their parents or 
guardians being agreeable, were to attend for three 
years at a school in Portsmouth Yard to be called 
the Mathematical School, where they were to be 
instructed in the higher principles of pure and 
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mixed mathematics as applied to practical purposes, | 
by the professor of mathematics of the Royal Naval 
College and his assistant, and in the theory of the 
science of naval architecture by the superior ship- 
wright officers of the Yard. Whilst at the Mathe- 
matical School they were to be employed for a 
portion of their time, like other apprentices, in 
learning the practical part of their profession in 
the actual building of ships and in “laying off” 
on the mould loft floor. A detailed scheme of 
instruction and employment was to be prepared 
by the professor of mathematics and the master 
shipwright in consultation with the inspector, 
and forwarded for the consideration of Their 
Lordships. The moral and religious education of 
the apprentices was to be the especial care of the 
professor of mathematics if a clergyman, and if 
not, of the chaplain of the yard, and the inspector 
was directed to especially report on the state of 
the school in this respect, in addition to the profi- 
ciency of the students in scientific attainments. 

The apprentices at the Mathematical School had 
also to attend the lectures “in chemical and 
experimental philosophy now given to the officers 
of the yard.” They were to be lodged and victualled 
at the public expense in the building erected for 
the first School of Naval Architecture. Their 
Lordships desired it to be distinctly understood 
that selected apprentices were to expect no further 
claim to promotion to the higher grades of their 
profession than that which it might be expected 
superior scientific attainments and professional skill 
would necessarily give them. It was therefore 
essential that their instruction in the practical 
operations of shipbuilding should be as much 
attended to as in its theory and science. 

In conclusion, the letter stated that Their Lordships 
had purposely limited the number of pupils entering 
the Mathematical School to eight each year, it being 
estimated these would fill one-half the annual 
vacancies in the superior grades of dockyard 
officers. The remaining half would be open to 
those apprentices who had not the good fortune to 
be selected for the higher course of instruction, but 
who subsequently recommended themselves to the 
favourable opinion of their officers by good conduct, 
skill, and professional attainments. 

This Admiralty Letter of June 27, 1846, estab- 
lished the Central Mathematical School or the Second 
British School of Naval Architecture. It was one 
of the last acts of the Board of Admiralty of which 
Lord Ellenborough was the First Lord, for on 
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evenings when they remained 14 hours after the| tank in which experiments on hydrostatics and 
workmen had left, and on Sundays when they | hydrodynamics could be carried out ; and apparatus 
attended for religious instruction by the chaplain. | for experimental physics and chemistry should be 
The workmen, who had been offered no similar | added. 

facilities for education in their youth, chafied the | The inspector stated that he regretted his pro- 
apprentices at having to attend school like children, | posals for improvement would involve additional 
and questioned the value of the instruction they | expense, but estimated that the saving to the Crown 
received. The subordinate, and some of the superior | by the decreased time of attendance at school would 
officers of the yards, complained of the departure | amount to about 800I. a year, and this to an appreci- 
of the apprentices for school in the middle of the able extent would meet the increased expenditure 
afternoons, and the consequent interference with | in other directions. The Dockyard Schools, reported 
the work on which they were engaged. So far as| Moseley, afforded a great opportunity, and he 
discipline was concerned the presence in the lower | believed the only one, in which the Admiralty could 
classes of apprentices 14 or 15 years of age who had | demonstrate to the public the benefits conferred by 
recently entered the yard, with the laziest and} education upon the working population of the 
dullest of previous entries, some of them 20 to 21) country, a matter to which recent Governments 
years old, who had failed to pass out of the classes, | had drawn attention, and to promote which they had 
was subversive of all order, and the schoolmasters | set up a special department. For these reasons, he 
who had to instruct and supervise classes of 60 or| did not suppose the Board of Admiralty would 
70 boys, the majority unwilling pupils, had the | object to the additional expense entailed by his 


| greatest difficulty in securing and maintaining | suggestions. Although the standard of scientific 


discipline. Some failed in the task. | instruction reached was low, and the ignorance of 

At Portsmouth Yard, 140 apprentices attended | literature on the part of the scholars was deplorable, 
school every day under two masters with important | yet from what he had seen at the Dockyard Schools, 
Yard duties to perform outside school hours. The | and from his experience in public training institutions 
school equipment consisted of one dozen books— | for schoolmasters, who were drawn from the same 
—termed a library—a small pair of globes, a black- | class as the apprentices, Moseley was firmly con- 
board, and a set of maps, a collection, which, | vinced that a class qualified to enter a higher course 
according to Moseley, the meanest National school | of instruction, and eventually to fill the most res- 
would be ashamed of. The schools at the other | ponsible positions in the Dockyards with advantage, 
Yards were no better equipped, and in those with| could be obtained from the Dockyard schools. 
one master, and housed in temporary fitted class- | Finally, he proposed that the first selection of youths 
rooms, the conditions were generally worse. for the Central Mathematical School should be post- 

To improve matters, Moseley had many sugges- | Poned, and provided the new system which he sug- 
tions to advance, the first that in the selection of | ested was in operation by midsummer, he should 
boys for apprentices, they should be entered strictly | ™#ke his selection in the following year. 





in the order in which they appeared on an educa- 
tional examination list. The perfunctory qualify- 
ing educational test previously recommended for 
apprentices on entry he proposed to make a strictly 
competitive examination. He stated that one 
admirable feature of the First School of Naval 
Architecture, and one which distinguished it and 
gave it an advantage over all others at the time, 
was the careful, thorough and strictly impartial 
examination of all who presented themselves as 
candidates, for entry. To the influence of this 
first experience in their professional career, Moseley 
attributed the honourable character and the 
enlightened and disinterested zeal for the pro- 
motion of the public service, for which the graduates 
of the First School had always been distinguished. 


Moseley’s report was under consideration at 
the Admiralty for ten months before any decision 
on his suggestions were arrived at. Inthe meantime. 
on February 27, 1847, a letter had been sent to the 
Dockyards directing a complete alteration in the 
procedure for the promotion of officers and workmen. 
and incidentally increasing the importance and 
value of the schools. 

Until that time, promotion from one grade to 
the next had depended on a selection of candidates 
of the grade concerned by the Dockyard officers. 
and on the result of an oral‘examination of such 
candidates in professional subjects by the master 
shipwright or his assistants—the officers who selected 
| them—the names of those successful being reported 
to the Admiralty for the formal approval of the 
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: Moseley next suggested that the apprentices | promotions. This procedure was open to several 
which Lord Auckland was the head. should be classed into four divisions corresponding | objections, and in many instances personal favour 

The Inspector of the Greenwich Hospital Schools, | to four degrees of educational proficiency, an appren- | or political influence, rather than suitability and 
referred to in the letter just quoted, was the | tice of a lower division passing into the next above | merit, was the factor determining promotion. 
Rev. Henry—afterwards Canon—Moseley, formerly | when he had attained the necessary standard. In- | Their Lordships were fully aware of this, and in 
a Professor at King’s College, London, but at this | stead of attending school three hours every day, | the letter referred to stated that they feared promo- 
time an Inspector of Schools under the Committee | each division should attend one whole working day | tion was regarded generally more as a matter of 
of the Council for Education. His annual inspec- | per week. Approximately, one-third less time would | accident or favour, than as a reward of merit 
tions and reports to the Council cover the period | be spent at school, but the hours of instruction being | dispensed on plain and equitable principles, and 
from 1846 to 1852, and to his many suggestions for | continuous, greater efficiency should be secured and|thus undermined and weakened subordination. 
their improvement can be traced the subsequent | should more than compensate for the shorter time. | Their I vordships had therefore decided to lay down 
efficiency of the Dockyard Schools. The Science | Moreover, there would be more time at manual a fixed and intelligible rule for all classes of em- 
of Naval Architecture is indebted to Moseley for | work, and less interference with that work, than | ployees, so that everyone would know that however 
his investigations, both vheoretical and experimen- | before ; the leisure of the apprentices in the evenings | humble: his position, his future depended solely 
tal, into the problem of the dynamical stability of | would not be sacrificed, and the schools would be-| upon his own exertions. Periodical reports were 
ships, a branch of the science with which his name | come more popular with the lads and with the | in the future to be prepared for every workman and 
is particularly associated. He dealt with this | officers. This arrangement would also give two} officer by his immediate superior, passed to the 
matter in a paper presented to the Royal Society | clear days a week to the schoolmasters for the pre- | higher grades for concurrence or amendment, and 
in 1850, the experimental results being obtained | paration of their lectures, &c. Two schoolmasters | finally to the master shipwright, and then to the 
in conjunction with Robert Rawson, the senior |—one for mathematics and the other for English— | admiral superintendent for ‘transmission to the 
schoolmaster at Portsmouth Yard from 1848 to | should be appointed to each school, and they should | Admiralty for record and further reference. Every 
1875, and the necessary experiments being carried | have no other duties to perform. As the respect | future examination for promotion was to include 
out at the school. Moseley’s ‘“ Principles of Engi- | of the apprentices for the masters depended to a} educational as well as professional subjects, the 
neering,” a text book used at the Dockyard! great degree on the status given the latter, this | standard for both being raised with the grade or 
Schools for some years, is stated in the preface 'should be raised. Officers of the Yard. preferably rank of the candidates. Workmen examined 
to have been corrected in proof form by Robinson, | those trained at the First School of Naval Architec- | for promotion to leading men had to demonstrate 
Rawson’s assistant. Canon Moseley was elected | ture, should lecture on ship design, calculation. and | their ability to write legibly, and were required to 
a vice-president of the I.N.A. on its formation in| construction to the most advanced classes. | havea knowledge of arithmetic up to and including 
1860, and remained such for many years. | Moseley also proposed that text-books covering | vulgar and decimal fractions, whilst foremen 

Moseley’s first report on the Dockyard schools | the school courses should be prepared, issued to | seeking promotion to assistant master shipwrights 
is dated January 23, 1847, the inspection having | each apprentice, and permission given to take them | were to be examined in arithmetic, mensuration, 
been made towards the end of the previous year. home for private study ; a library should be supplied | algebra, euclid, mechanism and hydrostatics. Their 
He stated that the schools were extremely unpopular | to each school; working models illustrating the | Lordships stated they had by these new regulations 
and the discipline very poor. The apprentices hoping nciples of mechanism, the construction of ship- | given sufficient proof of the surrender of their own 


July 13, 1846, it was replaced by a new Board of 
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their schooldays were over on entering the yards, | building tools, and the more important portions of a | patronage. and would visit with the utmost dis- 
resented having to resume them, and still more/ship’s structure should form a part of the school | pleasure every attempt to thwart their intentions 
strongly objected to the loss of their leisure in the | equipment ; the latter should also include a large | as expressed in the letter, whilst those who seconded 
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their efforts would be given proof of their favour and 


approbation. 

The older workmen and subordinate officers, 
all excellent practical men, but through the absence 
of facilities in their youth, generally devoid of all 
educational qualifications, were naturally deeply 
incensed at these new regulations, and refused, 
in many instances, to attend examinations for 
promotion. The regulations proved, however, 
to be a strong incentive and encouragement to the 
apprentices attending school, who now begun to 
appreciate the benefits to be obtained from the 
instruction they received there. 

In this letter Their Lordships also stated that 
the improvement of the Dockyard schools had 
for some time been under their consideration, the 
Yard officers having reported the good effects 
which had followed their establishment, and as 
soon as they were in thorough working order 
eight apprentices would be selected annually for a 
more advanced education at Portsmouth. They 
stated further that those whose conduct at the 
Central Mathematical School was satisfactory, 
would be readmitted, on the conclusion of their 
studies, to the Dockyards with therank of leading 
men, and favourably noted for further promotion. 
This was a step in advance of the terms of the 
letter of June 27, 1846. 

A second letter, dated November 29, 1847, 
still further modified the Dockyard school organisa- 
tion and embodied some of Moseley’s suggestions. 
This letter adverting to those of June 1846, and 
February, 1847, announced Their Lordships’ desire 
to give the schools the fullest development of which 
they were susceptible. The office of schoolmaster 
was to be dissociated from any other Dockyard 
duty, and placed on an equality with that of fore- 
man of the Yard. The entry of apprentices into 
the Yard was to be confined to boys not exceeding 
15 years’ of age, and having a competent knowledge 
of the three R’s. The schoolmaster had to examine 
each boy who came forward as a candidate for 
entry, and preface a graduated statement of their 
merits for Admiralty information, and except for 
a few compassionate cases, the best educated boys, 
as indicated by the schoolmaster’s examination 
test, would always have the preference. Every 
apprentice, instead of attending school during the 
whole of his servitude, would attend for the first 
four years only, at the end of which the examination 
and selection for the Central Mathematical School 
would take place. Compulsory attendance beyond 
the four years would cease, but in special cases, 
to be determined by the schoolmaster and school 
committee, further school attendance would be 
permitted. 

The apprentices attending school were to be 
grouped into two divisions, each to attend two 
afternoons and three evenings a week, the after- 
noon session lasting from the dinner hour to bell- 
ringing, and the evening session from bell-ringing 
to eight o’clock in winter, and eight-thirty in 
summer. Every apprentice, on completing his 
school course, would receive a certificate from the 
schoolmaster as to his progress and conduct whilst 
at school, and if this were unsatisfactory he would 
not be placed on the Yard establishment when he 
had completed his apprenticeship. The certificates 
were to be produced in all examinations for promo- 
tion, when due weight would be given them. 

The letter further stated that the first examina- 
tion for the Central Mathematical School would be 
held in January, 1848, and the estimates for the 
ensuing year would contain financial provision 
for giving effect to the promises of the late Board to 
establish the school. Their Lordships did not 
propose to make any alteration in the rules laid 
down in their predecessors’ letter of June, 1846, 
but as a stimulus to the young men selected for the 
Mathematical School, reiterated their intention of 
re-entering them as leading men, provided their 
conduct was satisfactory. They directed the 
Dockyard officers to impress upon the workmen the 
advantages brought within the reach of their sons 
by these new regulations. A boy might enter the 
Yard at the age of fifteen, attend school for four 
years, and at nineteen be selected for the Central 
Mathematical School, leaving at twenty-two to 
return to his yard as a leading man, become an 


inspector at twenty-five, and by superiority over 
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other competitors be appointed foreman a little 
later, and then assistant master shipwright and 
master shipwright in a few years. Their Lordships 
hoped this plain statement would stimulate many 
vigorous minds to contend for the reward of success- 
ful industry, for they were fully satisfied the public 
service would be the gainer by anything which 
added to the intelligence of those engaged in it, 
and which ensured to the Dockyard officers that 
moral influence over those placed under them, which 
superior knowledge would give. Finally, the letter 
stated, as the eight apprentices selected annually 
were distributed over seven Dockyards, there was 
no reason to fear the plan proposed would interfere 
with the course of promotion outlined in the letter 
of February, 1847. 

In one important respect the Admiralty decision 
differed from the suggestion of Moseley, and this 
was in the matter of school hours. Moseley pro- 
posed one whole working day a week should be spent 
at school, thus obviating any sacrifice of leisure 
time by the apprentices. The plan decided upon of 
attendance on two afternoons and three evenings a 
week involved a total of 12 to 13 hours at school, 
of which about one-half fell within working hours, 
and the remainder outside them. There appears to 
be little doubt that in making the apprentices 
devote six hours or so of their leisure to study at 
school, Their Lordships rightly considered the edu- 
cation they received would be a distinct advantage 
to them in their future careers, and some sacrifice 
might be reasonably expected in return. The 
hours of school attendance at the present time are 
practically those determined in 1847, covering two 
afternoons and three evenings a week, all appren- 


tices attending together on one evening, i.e., 


Wednesday. 

Moseley’s second inspection was made in Feb- 
ruary, 1848. Except at Chatham, where the new 
school buildings had been completed and occupied, 
and at Portsmouth, where the buildings of the First 
School of Naval Architecture were being used, the 
classes were still held in temporary school-rooms 
which the inspector considered were ill adapted for 
educational purposes. Moseley reported that the 
instruction given in the schools had improved, and 
that discipline was well maintained in the senior 
classes, but was still far from satisfactory in the 
lower divisions. A system of monetary fines for 
breaches of discipline had been instituted by the 
school committees, and it was intended that the 
accumulated sums should be used to provide prizes 
for the most diligent scholars. At Devonport, 131. 
was available for this purpose, but no prizes had 
yet been awarded. 

As the result of his inspection and examinations, 
Moseley forwarded the names of seven apprentices 
as his selection for the first entry to the Central 
Mathematical School. The names of the appren- 
tices were Richard Abethell and Frederick Barnes, 
of Pembroke ; John Coombe and John Sowden, of 
Devonport; John Moore and William Owen, 
of Chatham; and Nathaniel Barnaby, of Sheerness 
Dockyard. Coombe and Owen had recently com- 
pleted their third and fourth years respectively, but 
the others had served five years of their apprentice- 
ship. The inspector quoted the names of others 
who had acquitted themselves creditably in the 
examinations, and amongst these was Edward 
James Reed, of Sheerness, then a third-year appren- 
tice, and 18 years of age. 

Moseley reported that he could recommend no 
one from Deptford and Woolwich, the schools at 
those yards having been opened only a short time, 
that at Woolwich on the day of his inspection. He 
had, however, selected two apprentices from Pem- 
broke, in place of one allotted by the Admiralty 
letter of June, 1846, and in no other selection had he 
felt the same confidence. Those, he proceeded, 
familiar with the Dockyards would understand how 
great was the difference in social position between 
the two selected apprentices, Abethell being a son 
of the Master Shipwright* of Pembroke Dockyard, 





* Richard Abethell, the father of the successful 
apprentice, was born in 1794, entered Deptford Dockyard 
in 1808 as a shipwright apprentice, and was one of the 
first entrants to the School of Naval Architecture in 1811. 
He left at the end of 1815, remained a student at the 














and Barnes the son of the dockyard messenger. 
Both appeared by their talent and industry likely 
to promote the interests of the public service, the 
superior education, greater leisure, and many 
encouragements of the one, scarcely giving him the 
advantage over the other. Both had worked 
extremely hard for what was thought to be the 
single appointment to be given to the school. 

The Admiralty, after consulting Moseley, modified 
his list by adding John Jarvis and William Smith, 
both of Portsmouth, and omitting Owen, of Chatham. 
The allocation of appointments to the various Yards 
was by this alteration brought into close agreement 
with the Admiralty letter of 1846, although the 
subsequent careers of the three apprentices con- 
firmed ‘the inspector’s original selection. This 
modification completed the list of the eight for 
the first entry to the Central Mathematical School. 
They were informed of their success in May, 1848, 
and the school was opened on June 17, with the 
Rev. Joseph Woolley, of St. John’s College, Cam- 
bridge, as the Principal. Early in 1848, the Rev. 
William Guffen, B.D., of the same college, had been 
selected for the post, but the appointment fell 
through, and Woolley took his place. The Navy 
Estimates for 1848* included, under the Vote for 
Scientific Services, a sum of 800l. for the school, 
4001. of this being the salary of the Principal, and 
4001. for the wages of a housekeeper and a draughts- 
man and the rations of the students. 

Woolley soon proved that he possessed the neces - 
sary qualities for the important work for which he 
had been chosen. Like Dr. Inman, the Principal 
of the First School, he completely identified him- 
self with the life and studies of his pupils. In 
addition, to his ordinary duties, he collated the 
latest information bearing on developments of the 
science of naval architecture, and embodied this in 
manuscript form for circulation to his scholars. 
He prepared, and subsequently published, a book 
on Descriptive Geometry, a subject which was of 
some importance in the processes of laying-off of 
ships on the mould loft floor, and for many years, 
Woolley’s was the only work on the subject. E. J. 
Reed, in a speech before the Institution of Naval 
Architects in 1864, paid the following tribute to 
Dr. Woolley :—“ In the course of our studies he 
very early directed our minds to a number of colla- 
teral subjects, which some of us in that early period 
of our lives, would perhaps have rather avoided, 
because it took time and gave us trouble. But these 
were essential parts of anything like an approxima- 
tion to a general education. Without that step on 
the part of Dr. Woolley, and without the bestowal 
of great labour on that work, the pupils of the 
school would, from the nature of the case, have 
suffered serious disadvantages which they have been 
able to avoid by means of it.” + From 1864 to 1873, 
when he retired, Dr. Woolley was Director of Naval 
Education, and was responsible for the scheme of 
higher education of naval officers, and the establish- 
ment of the Royal Naval College at Greenwich. 
For a time he was directed to supervise the work of 





Dockyards until February, 1819, and was then appointed 
Foreman at Devonport. Promoted to Assistant Master 
Shipwright at Sheerness in July, 1826, he remained there 
until 1830, when he was moved to the same position at 
Woolwich, leaving in 1844, when appointed Master 
Shipwright at Pembroke. He was Master Shipwright 
at Portsmouth from 1852 to 1861, and was then appointed 
Constructor at the Admiralty, to assist Isaac Watts, the 
Chief Constructor of the Navy. He served on several 
important committees, and retired in April, 1864, at the 
age of 70, after 56 years’ service at the Admiralty and 
Dockyards, a remarkable and successful career. He died 
in 1881. 

* To a Parliamentary Committee appointed to report 
on the Navy Estimates for 1848-49, the Secretary of the 
Admiralty stated that the school for which 800/. had 
been included, “‘ was intended to furnish a class of 
young men from whom efficient officers of the dockyards 
may hereafter be selected. The scheme will, it is 
believed, give an incitement to industry and exertion 
among the young men, by holding out to them the 
prospect of becoming leading men, and subsequently of 
rising to be officers of the dockyards.. It proposes to 
combine practical with scientific education, and thereby 
to supply a deficiency much felt at present ” (Report of 
Committee). 

+ Reeds’ “ Stability of Ships’? was dedicated to Dr. 
Woolley, and in the notice to this effect, Reed expresses 
himself in the highest and most generous terms of Dr. 
Woolley’s qualities. Dr. Woolley later was co-editor 
with Reed in the Quarterly “‘ Naval Science,” published 
between 1871 and 1874. 
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William Froude at the first model experiment at 
Torquay, and he also served on the Committee of 
Designs of Ships of War, appointed by Lord Dufferin | 
shortly after the loss of the Captain. He was also | 
a member of the committee which considered the | 
design of the Inflexible in 1877. 


(To be continued.) 








THE PAST DECADE OF HIGH BUILDING | 
CONSTRUCTION IN NEW YORK CITY. 
By Rosins FLEMING. 

A GENERAL reorganisation of the City govern- 
ment under the Charter (1898) of Greater New | 
York took place in 1902, by which the Bureau of 
Buildings, with its superintendent as head, was given 
jurisdiction in the Borough of Manhattan (then 
comprising most of the area popularly known as 
New York City) alone. Each of the other boroughs 
—Bronx, Brooklyn, Queens and Richmond—now 

have their own separate Bureaus. 

Probably no measure of building legislation 
during the existence of the Manhattan Bureau has 
been more important than the Building Zone 
Resolution adopted on July 25, 1916, by the Board of 
Estimate and Apportionment. The measure divides | 
the City into use, heights and area districts. In 
the heights districts a limitation varying from | 
three-quarters to two-and-a-half times the width of | 
the street is put upon the height to which a building | 
may be erected. As on streets more than 100 ft. | 
wide the same regulations apply as on those of | 
100 ft. width the limiting height is 250 ft. These | 
restrictions, however, do not mean that buildings | 
cannot be built higher than the limits set for the | 
building lines of streets. A provision is made that | 
for each one foot that the building or a portion | 
of it is set back from the street a certain number of | 
feet shall be added to the height limit. In the two 
and one-half district, for each one foot of set-back 
the height limit is increased 5 ft. It is also provided 
that towers with an area not exceeding 25 per cent. 
of the lot may be carried to any height. 

The Ley building, a 20-storey store and office 
building, finished in 1919, was the first tall building 
to be completed of such height as to illustrate to any 
extent the working out of the set-back provisions 
of the Building Zone Resolution. The Hotel 
Pennsylvania, 20 storeys high, and the Hotel Com- 
modore, 28 storeys high, the largest hotels in the 
world at the time they were finished in 1918, are 
built without set-backs by reason of the fact that 
their applications were filed before the Zone Resolu- 
tion went into effect. The set-back provisions 
have thus had practically a trial of ten years. 

From their beginning until the present time, the 
assaults on the skyscraper have been continuous 
and vigorous. It has been arraigned for disturbing 
land values; for shutting out sunlight from the 
streets and opposite buildings; for putting the 


city to disproportionate expense for fire protection, | 


water supply and sewerage; for increasing an 
already difficult transit problem and adding to the 
terrible traftic congestion found in so many streets. 

George B. Ford, the Consultant of the Commission 
which framed the Zoning Act has written that, “the 
law was framed to stabilise and conserve property 
values, to relieve the rapidly increasing congestion in 
the streets and on the transit lines, and in general to 
make the business of the city more efficient and 
the life of the city more healthful and agreeable.” 
Colonel W. A. Starrett, one of a family of brothers 
that has been connected with building more 
skyscrapers than any other half-dozen firms 
combined, said in a noteworthy series of articles 
which appeared in the Saiurday Evening Post, 
(April 7, May 12, June 9, 1928), “‘The law 
was intended to protect the rights of lesser 
buildings and to permit the sunlight to reach 
the streets a greater part of the day. Its 
principal though purely collateral effect, however, 
was to give to architectural design in high buildings 
the greatest impetus it ever has known, and to 
produce a new and a beautiful and pyramidal sky- 
line.” Further on he writes: “The high building 
is only one factor in a condition practically in- 
escapable in modern urban life. The motor-car is a 
worse offender than the skyscraper.” A New 
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(Wm. O. Ludlow; July 31, 1926) has said that 
** Limiting the height of buildings was written into 
our zoning law to meet two demands—more sun- 
shine—less congestion. In obtaining more sunshine 
the law was a success: in obtaining less congestion 
it was a total failure.” 

It was thought by many at the time the Zoning 
Resolution was adopted that it would act as a 
curb to the building of skyscrapers in New York 
City. Such has not been the case. Under the 
heading “ High Buildings in Manhattan of 20 storeys 
or more” 61 buildings were listed in the World 
Almanac for 1918. In the 1928 Almanac, 194 
buildings were thus listed. 

The years 1916, 1917, 1918, owing to the world 
war, marked a period of inactivity in building 
operations throughout the country. Applications 
were filed for only 182 buildings of all kinds in the 
Borough of Manhattan during the year 1918. In 
1923, the number had increased to 1,569. In 1924, 
applications and plans were filed for 50 buildings 


other than apartment houses, more than 12 storeys | 





¢ 





| high, of which 12 were from 20 to 37 storeys. In 
1925, the number was 139, with heights varying 
from 13 to 42 storeys high. In 1926, the number 
was 113, with heights varying from 13 to 108 storeys. 
In 1927, for buildings, exclusive of apartment 
houses, 65 applications were filed for more than 
12 storeys high, 10 of which were for 30 storeys or 
more, one being for 52storeys. Plans for a factory 
building of 28 storeys were also filed. 

Not all, but the great majority of high buildings, 
for which applications and plans are filed with the 
Bureau of Buildings, are built. The past ten years. 
especially the last five, have seen a large number of 
what may be called monumental buildings erected 
in the Borough of Manhattan. These buildings are 
notable not alone for mere size or great heights, 
but also for the high grade of engineering skill 
involved and for architectural effects produced. 
As might be expected, the wind bracing has often been 
a problem, because of architectural requirements. 
The prevaient type is the gusset-plate, but advan- 
tage has been taken of diagonals and deep knee 
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braces, where they could be used. The system in| and the main portion extending 27 storeys with 

some buildings is quite complex. tower of two storeys higher, has 1,400 guest rooms. 
The architectural Press seldom see beauty in| The Park Avenue Hotel, built in 1877, was razed 

the skyscraper. Quoting a writer in Architecture | in 1926 to give way to the Park Avenue Building, 

(Lewis Mumford ; February, 1927) we read : “The! an office building of 26 storeys. The northerly 
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New York Central Railroad tracks). Fully a dozen 
other buildings are worthy of note. No detailed 
/mention can be made of high-building construction 
lin Brooklyn. Nor can we deal of the new uses 
| for which high buildings are being built or of sky- 





half a dozen really fine skyscrapers that have been | half of the site of the one-time famous Astor House, | scraper apartments which are springing up in great 


erected in New York occupy, for one reason or | built in 1834, is now occupied by the Transportation 
another, quite unique plots and sites; for the | Building, a 49-storey office building. The balance of 
rest, the great mass of our high buildings, such as | the site is occupied by a seven-storey office building, 
those that line the sides in the Forties, are either | the foundations for which were provided in connec- 
commonplace or meretricious.” A writer in the | tion with the construction of the Broadway subway. 
Architectural Record (Herbert Croly ; April, 1927)| The office portion of the Paramount Building 
says: “The newer and taller skyscrapers are | with its 30 storeys looms some 450 ft. high above the 
not proving to be as architecturally interesting as | surrounding streets. The erection of the trusses 
was expected.” A staff article in the American | over the theatre auditorium was a marked engineer- 
Architect (May 5, 1927) strikes a different key:|ing accomplishment. The main trusses carried 
“The modern American set-back building is an | three or four floors and the roof. They were 122 ft. 
original expression. It has been developed to| long, 16 ft. high, and the steel in each weighed 
solve satisfactorily an economic problem. .| 146 tons. About 5 tons of appurtenances had to be 
Besides giving more light and air to the interior of | lifted with each truss. The vertical distance from 
tall buildings, it gives them more grace of line and | the pit where they were assembled to where they 
greater beauty of line from an architectural stand-| span the auditorium is 130 ft. The morning of a 
point, and that is what counts most.” To quote | holiday, February 23, 1926, was chosen to erect 
Colonel Starrett once more : ‘‘ The intrinsic beauty | the first of these trusses. The traveller used was 
of the set-back has carried it to cities that put no | 52 ft. by 72 ft., and 84 ft. high. On its top were 
limitations on building dimensions.” | two derricks with 50-ft. masts and 75-ft. booms. 
In the following, a brief notice of a few of the |The Roxy Theatre, “the largest and most elabor- 
many recent buildings in Manhattan that may be ately equipped theatre in the world,” presented a 
called notable will be given. The Shelton Hotel, | special problem in the design of the balcony, 
a 32-storey building finished in 1923, well illustrates | seating 2,100, without any supporting columns being 
the effect of the Zoning Act, and shows how set-backs | visible. It had te be of such a shape and contour 
may be carried out successively. Of this building and | as to conform to architectural requirements. The 
of that of the American Radiator Company, a writer | structural features of the new Madison Square 
in the Architectural Forum (Edward Rush Duer; | Garden are of interest. The great structure, 200 ft. 
February, 1926) says: “They have nothing to | by 375 ft., has 17,000 seats around an oval, and from 
do with Europe or the past, they are symptomatic | all parts of the auditorium there is an unobstructed 
of America, and they are conceived in aspirit, which | view. Ground was broken February 16, 1925 and 
as far as I know, represents this country’s only|in nine months the building was completed. 
contribution to architecture of an entirely different | In view of the amount of capital involved, the 
style.” value of the site and the loss of income from rentals, 
The Barclay-Vesey Building of the New York|it is important that these mammoth structures 
Telephone Company, the largest telephone building should be finished as soon as practicable. For this 
in the world, is a remarkable structure as will be | reason strenuous efforts are made to hasten the 
seen from the illustration opposite. “There are | erection of the steel work. The steel work of the 
many people who estimate this admirably-situated | National City Company Building on Wall-street, was 
and designed edifice as architecturally the most | started on October 25, 1927, and by November 30 
successful skyscraper which has yet been erected.” | the steel was up, 38 tiers of framing having been 
So writes Herbert Croly in the journal already | erected in 32 calendar days. The steel framework 
quoted. The building, about 200 ft. by 250 ft., of the 56-storey Chanin Building, opposite the Grand 
covers an entire block, extends 32 storeys (not | Central Terminal, was completed in July, 1928, 
including the two highest storeys in the tower roof) | having been erected in 104 working days. 
above street level, and 5 storeys below. Theusable| The sky line of New York is always changing, 
floor space of 850,000 sq. ft. provides room for} or rather, new sky lines are being formed. From 
6,000 workers. From the beginning of demolition | the ever-deepening canyon of Wall-street buildings 
in 1923 until the building was fully occupied only | to the Grand Central Terminal on Forty-second 
three years elapsed. 35 buildings being demolished | street is three miles. In the latter neighbourhood 
for its erection. The weight of structural steel | a new financial centre is being formed, marked by 
used in its construction was 20,000 tons. Unusual | great building activity. A section a mile and a-half 
features were developed in the steelwork of the | square in area carries nearly one-seventh of the 
substructure (600 tons of steel rods being used to | assessed valuation of the Greater City, which 
reinforce the concrete walls lining the excavation). | includes 317 square miles. The Graybar Building, 
An unique feature is the arcade, 17 ft. wide, and | adjoining the Grand Central Terminal, of 6 storeys 
running the entire length of the Vesey-street side.| below and 31 above the street level, rivals the 
‘The loss of building space is more than balanced | Equitable Building in its claims to be the largest 
by the creation of a wide comfortable thoroughfare, | office building in the world. It is unique in having 
and by the added attractiveness to the stores which | railroad tracks, workshops and an electric gene- 
front upon it.” | rating station in its basement. The General Motors 
The Salmon Tower Building is a 30-storey office | Building, finished in 1927, 26 storeys high, and 
building with frontages of 150 ft. and 190 ft. and a | occupying an entire block, is another skyscraper in 
depth of 200 ft. The Ritz Tower, an apartment | the mid-town district. , 
hotel, dominates 57th Street and is very imposing,| The Woolworth Building, 1912, 13-14, with its 
especially when seen from a distance. It is the | highest point 792 ft. above the sidewalk, is still the 
first example in New York City of a residential | highest of the skyscrapers. At times its supremacy 
building built in tower-like form. Its 41 storeys | has been threatened by one project or another, but 
contain 400 rooms. The Savoy and Netherland | none of them have so far been carried out. The 
hotels, both landmarks, were demolished to make | Larkin Tower 108 storeys above and two below 
room for more modern hotels of 33 and 37 storeys | street level, if ever built, will cover an entire block 
respectively. The Savoy takes the name Savoy | and be the highest office building in the world. The 
Plaza and though the ground area is about 200 ft. | highest point will be 1,208 ft. above street level, 
by 150 ft. there are 876 guest rooms. Its near neigh- well exceeding the 984 ft. of the Eiffel Tower, and 
bour, the Netherland, when replaced by a new | the Eiffel Tower is not a building, but an all steel- 
structure, changed its name to Sherry-Netherland, | frame observation tower. A contract has, however, 
and the character of the hotel as well as its con-| been let for the 65-storey Chrysler Building. This 
struction changed to meet present-day conditions. | will have an extreme height of 808 ft. above street 
It is designed for all-the-year occupancy. All the | level, 16 ft. more than the Woolworth Building. 
storeys from the second to the thirty-seventh are| Limits of space forbids a description of the 
divided into rooms, with a total of 138 suites, count- | Equitable Trust Building, the New York Life 
ing the single rooms. Quite in contrast is the Hotel | Insurance Building, or the New York Central 
‘incoln which, with a ground area of 20,000 sq. ft.,| Building (occupying the last of air rights over the 
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numbers. The underground connections in centres 
like the New York Central and the Pennsylvania 
railroads are a study in themselves. 

It has been stated that New York is fast being 
rebuilt as an aggregation of skyscrapers. In contra- 
diction of articles, such as those on “The Passing 
of the Skyscraper,” ‘‘ The Black Shadow of the Sky- 
scraper,” “ Overdoing the Skyscraper Program,” 
and others of similar titles, skyscrapers are increas- 
ing both in numbers and size not only in New York 
but in other large cities. Mr. A. G. Bossom has 
stated that “architects predict that the skyscraper 
of the future will be a huge structure built upon an 
entire city block.” 

Even Canada has adopted the skyscraper “ in 
moderation.” The erection of the steelwork of the 
23-storey Royal Bank Building, the first skyscraper 
in Montreal was started on January 15, 1927, and 
finished on June 13, 1928. There are 26 floors, includ- 
ing sub-basement, basement and penthouse. The 
top of the lantern is 393 ft. above grade and 415 ft. 
above sub-basement level. When finished it was 
the highest office building in the British Empire. 
The building is now slightly eclipsed by the Royal 
York Hotel of the Canadian Pacific Railway Com- 
pany at Toronto. The number of floors, including 
basement and elevator tower is 28. The distance 
from street level to top of chimney is 399 ft. 2 in., 
and the distance from street level to top of roof 
ridge 376 ft. 2 in. 

It is not within the province of this article to 
predict future height limits for the skyscraper. It is 
noticeable that heights have increased far beyond 
what was considered practicable a few years ago. 
Due to the resources of modern engineering, steel 
framework and long-run elevators heights are 
probably practicable beyond those yet attained. 

Aside from the economic problem, which has to be 
worked out for each individual case, the passenger 
elevator has always played an important part in 
high building construction. The Otis Elevator 
Company, in a communication to the writer dated 
August 21, 1928, on the latest developments in 
elevator control, say: ‘‘ In the brief span of seventy- 
five years, the elevator has passed from the early 
crude stage of hand-power operation to that of com- 
plete automatic electrical control, apparently of the 
most intricate type and yet comparatively simple 
in its operation. Up until four years ago, the limit 
of car speed for gearless traction passenger elevators 
in high buildings was 700 ft. per minute. This 
was felt to be the maximum which could be con- 
trolled by manual operation of the car switch. In 
January of that year, the Otis Elevator Com- 
pany completed the first installation of the type 
of elevator designed to revolutionize high-speed 
vertical transportation. This was known as the 
Automatic signal control elevator, in which practi- 
cally all of the controlling features are entirely auto- 
matic. This invention has enabled car speeds to 
increase to 900 ft. per minute, which is the maximum 
speed which has so far been made, but there is no 
reason why this speed cannot be still materially 
increased by means of this automatic signal control 
combined with Otis micro-drive or self-levelling, 
and unit multi-voltage operation.” 

The Report of the Bureau of Buildings for 1927, 
previously quoted, states that there are 16,077 
passenger elevators in the Borough of Manhattan, 
exclusive of automatic lifts in private houses. In 
a number of the older buildings the elevators are 
being replaced at considerable expense by those of 
the newer type. 


Wreck Sratistics.—Returns covering the quarter 
ending June 30, 1928, and issued recently by Lloyd’s 
Register, show that the number and gross tonnage of 
ships of 100 tons gross and above, totally lost or con- 
demned in consequence of casuality or stress of weather, 
were 67 and 112,979, respectively. Of these 55 of 107,426 
tons were steamers and motorships, 17 of which, having 
an aggregate tonnage of 36,274, were British. Vessels 
to the number of 54, having a gross tonnage of 168,664, 
were otherwise broken up or condemned. Nearly all 
were steamers and motorships and 19 aggregating 











59,740 gross tons were of British nationality. 
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ELECTRIC PASSENGER LOCOMOTIVE; GREAT INDIAN PENINSULA RAILWAY. 


CONSTRUCTED BY MESSRS. 





Fia. 1. 


THE PLACING OF CULVERT PIPES | 
BY JACKING OR TUNNELLING. 


Or three well-known methods in use for laying 
culverts under existing railway embankments, experi- 
ence in America points to a considerable economy in 
favour of jacking, or in tunnelling, such pipes through 
the earthwork, where the type and material of the 
embankment permits. In most cases, there is a saving 
in first cost for labour and materials, traffic delays are 
avoided, and the disturbance of the road-beds or 
stability of theembankment. The subject was reported 
on and discussed at the Convention of the American 
Railway Bridge and Building Association at Boston 
in October last, and the committee, which based its 
report on information received from a number of 
railways, found that all the metal or concrete pipes 
commonly used for culverts can be _ successfully 
installed by these means, where the character of the 
embankments allows of the methods in question. 
The open-cut system of placing culvert pipes is expen- 
sive, compared with the other two, and the railways, 
with the idea of reducing costs and avoiding inter- 
ference with traftic and damage to the permanent way, 
are now making extended use of jacking and tunnelling 
for culvert construction. 

Judging from the information received, more culverts 
are being placed by jacking than by tunnelling. The | 
Cincinnati Northern has jacked 24-in. cast-iron pipe | 
through the embankments without removing the 
material ahead of the pipe by using a cone-shaped 
wooden plug at the end of the pipe, which is started | 
from the up-stream side of the fill. The Cleveland, | 
Cincinnati, Chicago and St. Louis has also used cone- | 
shaped plugs with cast-iron pipes of 12 in. to 24-in. | 
diameters. While most of the work reported on is of | 
iron or steel pipe with riveted joints, the Pittsburgh | 
and Lake Erie instances the successful jacking of 48-in. | 
reinforced concrete pipe. None of the railways using 
the jacking method of installation report any interrup- | 
tion to traffic or necessity for slow running during | 
progress of the work, and this is usually cited as the | 
most important reason for using this method. 





METROPOLITAN-VICKERS ELECTRICAL 
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84 ft., where 42 ft. of 36-in. pipe was jacked through, 
the cost would appear to be approximately 24.12 dols. 
per foot of pipe, based on the construction of a 2-bent 


trestle, 14 ft. long, of usable timber and new untreated | 


piles. There is a very rapid increase in the cost of 
trestle work, as the height of the fill increases. One 
road reported the installation of 120 ft. of 60-in. 
concrete pipe in a 30-ft. fill, where the cost of the 
trestle was 50-78 dols. per linear foot of pipe. 

The placing of pipes in embankments by tunnelling 
is older than the use of jacking, but not much informa- 
tion is available about costs. The method of timbering 
naturally varies with the material of the bank. The 
sides and bottoms require full support in some cases, 
while in others the roof only needs to be fully supported 
with bents for the roof timbers, spaced at regular 
intervals suitable for holding the sides. No cases were 
reported where any attempt was made to remove all of 
the timbering after completion. 

One company reported the installation of a line of 12 
in. and a line of 14-in. cast-iron pipes in two 3 ft. by 4-ft. 
tunnels, located in a 14-ft. fill, and near enough together 


to enable one gang to handle both jobs, where the | 


Jabour costs were 5.30 dols. per foot. 
Another railway reported costs as shown in the 
accompanying table :— 
Cost of Installation. 
(dols. per foot.) 


Size of Pipe. 


Diameter. Length. Labour. Material. Total. 
In. Ft. | 
24 56 8-78 | 1-55 10-33 
24 64 9-29 1-52 10-81 
24 80 9-35 1-47 10-82 
36 80 11-8 4-07 15-87 
48 112 7:05 8-18 15:23 


| 


Again, another company reported an installation of 30- 


in. cast-iron pipe in a 5 ft. by 6-ft. tunnel, 27 ft. below | 


rail level. This work was done by a contractor, and 
the price of 12 dols. per foot for the tunnel evidently 
included labour and material. 

The discussion in the convention showed that an 
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LocomMoTIvE ERECTED IN MAKERS’ SuHops. 


ELECTRIC PASSENGER LOCOMOTIVE 
FOR THE GREAT INDIAN PENIN- 
SULA RAILWAY. 

On page 163 of our last volume, we illustrated and 
described an electric freight locomotive, 41 of which 
have been ordered for the Great Indian Peninsula 
Railway from Messrs. Metropolitan-Vickers Electrical 
Company, Limited, of Trafford Park, Manchester. In 
doing so, we mentioned that the firm had also supplied 
an electric locomotive to be run experimentally in the 
passenger service of the line, together with those 
supplied by two other manufacturers, in order to 
determine which type was best suited to the particular 
conditions encountered. As a result of this experi- 
mental operation, orders have recently been placed 
with Messrs. Metropolitan-Vickers, as mentioned on 
page 14 ante, for 21 of the passenger engines referred to, 
so that, in view of their successful performance, the 
particulars of these engines which we are able to give 
below should be of considerable interest. The line. 
it will be remembered, is of 5 ft. 6 in. gauge, and, 
as it traverses the Ghats, long and heavy gradients. 
|reaching a maximum of | in 37, are encountered in 
| certain sections. Further particulars of the gradients 
;and of the arrangements for the supply of electrical 
| energy, as well as a map of the system, were given in the 
| article above referred to, but we may, perhaps, remind 
| our readers that direct current, at 1,500 volts, is used 





~ | for working the trains, the current being supplied to the 


| locomotives by an overhead system supported on the 
|catenary principle. Messrs. Merz and Partners were 
| the consulting engineers for the whole of the electrifi- 
| cation work. 

| A view of the first of the passenger locomotives. 
| erected in Messrs. Metropolitan-Vickers’ shops, is given 


- |in Fig. 1, above, and two longitudinal sections and 
5 ~ 


|a sectional plan showing its construction and general 
arrangement are reproduced in Figs. 6, 7 and 8, 
jon Plate XI. From these it will be seen that the 
|engine is of the 4-6-2 type, the wheel arrangement 
resembling that of a steam locomotive of the Pacific 
| type. Most of the main dimensions are given in Fig. 6. 


There is some difference of opinion as to the advis-| increasing number of railways are adopting jacking | but, in addition to those there shown, it may be 


ability of jacking pipes in cold weather. One railway | 


with considerable success and economy. The system 


| mentioned that the total length over the buffers is 
| 53 ft. 6 in., the overall width is 10 ft., and the height 














states that there is danger of the pipe freezing in, | has been successfully used with cast-iron, corrugated 
thus increasing the cost of jacking, while others say} iron and concrete pipes and, it should be noted, also 
the method is especially suitable for cold weather, | with water pipes of 8 in. and 10-in. diameter. In the 


because the approach trenches can be brought closer | experience of one speaker, the jacking method costs | 


to the tracks, thus decreasing the amount of pipe to be | 33 per cent. less than tunnelling, and only one-third 
jacked. | that of trenching. Mr. A. W. Spalding, of the Ingot 


In the summary of replies to a questionnaire, the |Iron Railway Products Company, stated that his 


estimated saving is shown as a percentage of the | company had installed over 600 culverts by the jacking | 
estimated cost of installation by the open-cut method. | method, with only three failures, and with an estimated 
For installation by open cut in the lowest fill reported, ' saving over other methods of about 1,200,000 dols. 


| over the pantograph current collectors, in the lowest 
| position, is 14 ft. 4 in. The total weight of the engine 

is 100 tons, of which 38 tons is due to the electrical 
| equipment, and the remainder to the mechanical parts. 
| The driving wheels are 5 ft. 3 in. in diameter, and each 
| of the three driving axles, which are spaced 7 ft. 6 in. 
| apart, carries a load of 20 tons, giving a total adhesive 
| weight of 60 tons and a maximum tractive effort of 
| 33,600 lb. at a 25 per cent. coefficient. Six motors, 
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ELECTRIC PASSENGER LOCOMOTIVE; GREAT INDIAN PENINSULA RAILWAY: 


CONSTRUCTED BY MESSRS. METROPOLITAN-VICKERS ELECTRICAL COMPANY, 


Fig.13. PERIOD OF OSCILLATION MODIFIED 
BY INITIAL COMPRESSION. 


Ins: Traverse of Truck 
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side panels in the body are removable. Views of the 
body, with the roof removed are given in Figs. 4 and 5 
on Plate X. Of these, Fig. 4 shows the central corridor, 
in which it will be seen steps are provided over the motor 
pinions. In the foreground, the cam-switch groups in 
the central portion of the body can be seen, and 
behind them are the auxiliary fuses and the compart- 
ment for the auxiliary machinery. This, however, is 
more clearly shown in Fig. 5, in which the electrically- 
driven exhauster for the vacuum brake can be seen in 
the foreground on the left, while, on the right, one of 
the ducts leading air to the main motors is clearly 
visible. 

As a further instance of the care exercised in the 
design to provide easy access to the electrical equip- 
ment, reference may be made to Fig. 3, on page 101, 
which is a side view of the locomotive with the doors 
covering the resistance frames. removed. To the 
right of these doors are others, provided with louvres, 
giving access to the main motors. These doors, which 
are more clearly shown in Fig. 1, are of sufficient 
area to enable the motors to be readily removed and 
replaced through them, without disturbing the bearings 
or main gearing. 

The motors are carried by brackets attached to the 
main frames, as is most clearly shown in the transverse 
section, Fig. 9, Plate XII, each pair being located 
immediately over the axle to which it is coupled. The 
motors are wound for a pressure of 750 volts, the two 
in each pair being normally connected in series across 
the 1,500-volt supply. The control apparatus is similar 
to that of the freight locomotive previously described, 
except that, as already mentioned, regenerative braking 
is not used ; the fact that there are six motors, instead 
of four, also, of course, entails some differences in the 
main and control circuits. For the lowest speed, all 
six motors are connected in series, one-third full speed 
being obtained in this way. Two-thirds full speed is 
obtained by connecting two groups, of three motors 
each, in series, with the two groups in parallel across the 
line, while for full speed the three pairs of motors are 
connected in parallel with the two motors of each pair 
in series. Three speeds are thus obtained with the full 
field, but a field tapping can be used in all three combi- 
nations to give a weaker field and higher speed, so 
that six speeds can be obtained without the use of 
resistances, as already stated. 

Air for cooling and ventilating the main motors 
is supplied by the two blowers previously mentioned, 
each of which delivers air through ducts to three 
motors on one side of the locomotive, as will be 
clear on reference to Fig. 2. The air enters over 
the commutator, which is situated at the inner or 
driving-pinion end, and is discharged through a circular 
opening at the outer end of the casing, with the assis- 
tance of a fan mounted on the motor shaft. The hot 
air, on leaving the motor casiig, passes out to the 
atmosphere through louvres in the access doors pre- 
viously referred to, so that it has no heating effect on 
the air in the body of the locomotive. 

The two current-collecting pantographs are shown 
in Fig. 1, page 100, one in the raised position and the 
other lowered. Each pantograph is mounted on a 
shield plate, and may be operated by compressed air 
from either of the driver's compartments. A folding 
ladder, giving access to the roof, is interlocked with 
the supply of compressed air for operating the panto- 
graphs in such a manner that the ladder cannot be 
used unless both the pantographs are lowered out of 
contact with the overhead line, and the pantographs 
eannot be raised until the ladder has been stowed 
away. 

(T'o be continued.) 
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Fig.14. PERIOD OF FREE OSCILLATION WITHOUT 





ings & Levers 
2 oS & & © 


’ 
a 


‘ 
S 





10 12 


ENGINEERING” 


Ins: Stroke of Control Spr 





(uoz.T) . 


THE VIBRATIONS OF ROADS AND 
STRUCTURES.* 


By J. H. Hype and H. R. Lintern, M.Sc., Assoc. MM. 
Inst.C.E. 


Tue work described in this paper was carried out at 
the National Physical Laboratory in order to determine 
the magnitude and nature of the vertical and horizontal 
vibrations commonly obtaining in roads and structures 
due to modern vehicular traffic and machinery. Special 
vertical and horizontal vibration instruments were 
designed for the work. These were portable, highly 
sensitive, and of a low natural frequency of vibration, 
and gave a graphical record extending over a con- 
siderable period of time. There was adequate multi- 
plication in the instruments, and the record is capable 
of being easily reproduced to a final magnification of 
1,000 to 1. 

Ground Vibrations.—Measurements have been made 
of the amplitude and periodicity of the vibrations of the 
ground set up by (1) a falling weight ; (2) stationary 
engines and machines ;, (3) the passage of a heavy 
motor-vehicle over definite obstacles ; (4) the passage 
of various types of motor-vehicles over ordinary 
roads ; and (5) the passage of an electric train. 

It was found that the vibrations transmitted varied 
with the state of consolidation of the ground; and 
that the presence of a pit 7 ft. deep, 13 ft. 6 in. wide, and 
20 ft. long, between the source of vibration and the 
instrument, caused no appreciable change in the ampli- 
tude or frequency of vibration recorded. The relation 
between the amplitude of vibration and the distance 
of the instrument from the source is given. 

Examples of the records of the vibrations due to 
several types of stationary engines and machines are 
given in the paper. Considerable difficulty is experi- 
enced in isolating any single contributory cause in 
cases in which superimposed vibrations of different 
frequencies are indicated in the main record. 

Experiments were made to determine the variation 
in amplitude and frequency of vibrations transmitted, 
due to the passage of a heavy motor-vehicle over 
definite obstacles, with the distance from the vehicle, 
due to the effect of tyres of different resilience, and with 
the speed of the vehicle. It was established that the 
frequency of vibration of a road-surface is greatly 
increased when the load carried places abnormal stress 
on the rubber tyre of a vehicle. Vibrations of consider- 
able amplitude are set up when the wheel drops into a 
pothole, and particularly when the pothole is immedi- 
ately preceded by a projection on the road-surface 
as commonly occurs in practice. The frequency of 
vibration of the road-surface set up by the passage of a 
wheel at a particular speed remains practically constant 
when the loading of the tyre is within the normal. 
In connection with motor vehicles, no effect which 
could be directly attributed to want of balance in the 
driving-mechanism of the vehicle was evident in the 
records obtained. Examples of the records obtained 
by the passage of electric trains show that the principal 
vibrations recorded are those due to the passage of the 
wheels of the train over the rail-joints. 

Vibration of Structures.—From the observations made 
it appears that the vertical vibration of a building is 
substantially the same in both amplitude and frequency 
as that of the ground immediately beneath the building 
and around it, as there is no evidence to indicate that 
the mass of the building has any tendency to damp the 
vibrations ; it also appears that the vibrations recorded 








* Abstract of a paper read before the Institution of 








Civil Engineers on Tuesday, January 22, 1929. 
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on the upper floors of a building may be identical with 
those registered on the lower floors. The records given 
in the paper comprise examples of typical vibrations of a 
building due to the passage of underground electric 
trains. ~The effect of the resonance of the floors is 
discussed. 








LABOUR NOTES. 


Tue January issue of the Record, the organ of the 
Transport and General Workers, contains an interesting 
reference by Mr. Bevin, the General Secretary, to the 
organisation’s new Marine Section. In this connection, 
he says, the Transport and General Workers’ Union 
have been loyal to the traditions of the movement. 
So long as the Union now disaffiliated was affiliated to 
Congress, no steps were taken to print card, book or 
bill. ‘‘ In fact,’ Mr. Bevin declares, “‘ the Executive 
Council set their faces against doing anything that 
would be disloyal to the constitution of Congress. 
The disaffiliated union set itself the task of trying to 
split the Trade Union Movement. Large sums of 
money were subscribed to the movement inaugurated 
by shipowners, bankers, and other capitalists with a 
view, we presume, to undermining the Labour Move- 
ment. Surely, the task it had of dealing with maritime 
problems affecting the Seamen was sufficient, without 
endeavouring to create a fissure in the side of the 
great Miners’ organisation. This action alone justified 
Congress in expelling that Union, and the conditions 
demonstrated in the literature we are issuing indicate 
that there was justification for the setting up of an 
active Seamen’s Union. We are credibly informed 
that the so-called Industrial Peace Movement which 
openly showed itself during the miners’ dispute was 
already conceived and discussed in readiness for a 
previous dispute in connection with the engineering 
industry, had it taken place. It appears that there 
were no respecters of persons among those who pro- 
moted the propaganda which had for its object the 
splitting of the bona fide Trade Union Movement.” 





Mr. Bevin goes on to claim that all that has developed 
was anticipated: ‘ But,” he says, “‘ we are confident 
of the final result. The employers will never finally 
succeed in keeping the men out of the union of their 
choice, and a union cannot be kept in being by sheer 
force of employers’ organisations alone. A union is 
only secure when it rests upon a very large percentage 
of the loyalty of the members ; and all our evidence 
goes to show that there are not 10 per cent. of the men 
of the sea to-day who, in their hearts, are loyal to this 
disaffiliated union, and time will prove this. Further, 
a union can only live by rendering real and effective 
service, and, in a study of the conditions of the men of 
the sea, we are convinced that if there was ever a 
section of men needing both efficient industrial and 
political protection, itis the seamen. Just one instance : 
they have the highest death rate of any section of 
workers in the country.” 





Mr. Bevin has also something interesting to say 
about future wage movements. ‘* We are convinced,” 
he writes, ‘‘ that one of the most rapid ways of com- 
pelling the country to adjust itself and to raise the 
standard of living is, at no distant date, to promote 
wage movements, particularly to raise the standard 
of the lower-paid workers. The habit of calculating 
wages on a pre-war footing and a pre-war standard is 
all wrong. Things which were luxuries to our fathers 
have become necessities to-day, and a re-costing of 
standards and values is absolutely essential. Low 
wages and bad conditions are largely questions of 
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habits of mind, rather than of economic necessity, and 
this fact, with the intensification which is at present 
obtaining, is so great that Labour is not getting any- 
thing like the results to which it is entitled. In many 
cases there is a reduction of from 25 per cent. to 30 per 
cent. in the personnel for the same volume of produc- 
tion. This is typical of most of the industries, and 
it is, therefore, imperative that efforts should be 
made in various ways to secure wages and conditions 
commensurate with the increased value of the machine 
and labour combined.” 


“For this reason,’ Mr. Bevin proceeds, “‘ we are 
perfectly certain that an opportunity will present 
itself, at no distant date, for those in employment to 
advance their standard of life. Competition, in the 
sense of competition between factory and factory, is 
not the best method to employ in order to make 
progress. The most satisfactory way is a constant 
urge for a higher standard of living for the workpeople 
over the whole field of industry, which will have the 
result of exercising the minds of the scientists, the 
organisers, and the management itself to keep industry 
at an efficient pitch. Where the highest standards 
have been maintained, the industry has always remained 
the most progressive. Therefore, during 1929, a new 
set of problems will present themselves, politically and 
industrially, and we are endeavouring to make this 
Union efficient to play its part.” 





On January 14, 1929, the number of unemployed 
persons on the registers of Employment Exchanges in 
Great Britain was 1,435,000. Of these, 1,064,200 
were wholly unemployed, 295,000 were temporarily 
stopped, and 75,800 were persons normally in casual 
employment; 1,114,900 were men, 45,200 boys, 
233,500 women, and 41,400 girls. Of 1,452,619 on 
the registers on January 7, 1929, 1,053,504 were 
wholly unemployed, 325,066 were temporarily stopped, 
and 74,049 were persons normally in casual employ- 
ment; 1,133,931 were men, 43,499 boys, 236,727 
women, and 38,462 girls. On January 16, 1928, the 
number of unemployed persons was 1,193,813, of whom 
945,163 were men, 41,319 boys, 169,266 women, and 
38,065 girls. een S 

At the end of December, 15,448 members of the 
Boiler Makers and Iron and Steel Shipbuilders’ Society 
were signing the books as compared with 16,106 
a month earlier. The number of members in receipt 
of superannuation benefit was 4,487, as compared 
with 4,603, and the number in receipt of sick benefit 
2,503, as compared with 2,513. In November, when 
there were five weeks’ outlays, the expenses were 
12,2121. 3s. 3d.; in December they were 10,2201. 19s. 7d. 





The possibility of a stoppage in the Scottish manu- 
factured iron industry is causing some concern in 
industrial circles. The position, as explained by an 
official of the Iron and Steel Trades Confederation, is 
that in this section of the industry there is a Concilia- 
tion and Arbitration Board, the machinery of which 
provides for a settlement of disputes by arbitration 
in the event of the parties not coming to an agreement 
on any matter that arises. Recently the employers 
asked for substantial reductions of wages and an 
increase of working hours. The issue had been before 
the Conciliation and Arbitration Board, but no settle- 
ment had been reached. The workers had stated that 
they were willing to go to arbitration to settle the 
difference, but the employers had declined to accept the 
offer and had posted notices intimating that after 
Saturday of this week the wage reductions and lengthen- 
ing of hours would be enforced, or the works would 
stop operations. The dispute involves seven works 
in Scotland. 





In their reply to the application of the National 
Union of Drug and Chemical Workers for a revision 
of wages rates and working conditions under the 
existing national agreement, the Drug and Fine 
Chemical Manufacturers’ Association intimates that, 
in its view, existing conditions do not warrant the 
meeting of the Union’s claims, and that if the Union 
insists on referring the claims to arbitration under the 
agreement, the employers will make a counter-applica- 
tion for reductions in wages and an alteration of the 
adult age, which will represent reductions in wages of 
as much as 16s. per week. The employers state that if 
the Union will withdraw its wages claims the employers 
on their part will not proceed with their counter- 
application. The Union’s Executive Council has 
advised the employers that the Council sees no reason 
to withdraw the Union’s claims, and has suggested 
that the question should go before a public arbitration 
court. 

The Italian Government has approved a Bill provi. 
ding for the co-ordination of institutes and school, 
formerly under the Ministry of National Economy wit) 
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those under the Ministry of Education. The object of 
the measure is to provide young persons taking preli- 
minary training courses with the necessary secondary | 
school training for the pursuit of various occupations | 
in agriculture, industry, or commerce. It is proposed | 
to organise a special type of secondary schools for | 
vocational training. These will be formed by combin- 
ing the present preliminary courses with those of voca- 
tional training institutions and continuation schools. 





According to the Ministry of Labour Gazette, employ- 
ment during the first three weeks of December showed 
a substantial improvement, owing largely to Christmas 
trade and traffic and to the approach of the holidays. 
By the end of the month, however, there was a sharp 
rise in the numbers unemployed, mainly due to a large 
increase in extended short-time working, which left 
the position considerably worse than it was at the end 
of November. The improvement in the early part of 
the month occurred chiefly in the coal-mining industry, 
where there was a considerable reduction in the numbers 
temporarily stopped. The other principal industries 
in which improvement occurred included the manufac- 
ture of artificial stone and cement ; the iron and steel, 
tinplate, motor vehicle, shipbuilding and ship-repairing, 
general and marine engineering, cotton, woollen and 
worsted, linen, carpet, tailoring, and hat and cap 
industries; the distributive trades; and river, dock, 
and harbour service. On the other hand, there was a 
decline in the fishing, pottery, pig-iron, hosiery, cocoa 
and chocolate, and building industries. 





Among the workpeople, numbering approximately 
11,880,000, insured against unemployment in Great 
Britain and Northern Ireland, the percentage unem- 
ployed in all industries taken together was 11-2 at 
December 17, 1928, as compared with 12-2 at November 
26, 1928, and 9-8 at December 19, 1927. The per- 
centage wholly unemployed at December 17, 1928, 
was 9-1, as compared with 9-3 at November 26, 1928 ; 
while the percentage temporarily stopped was 2-1, 
as compared with 2-9. 


In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation in 
December resulted in an increase of about 3,250/. in the 
weekly full-time wages of over 33,000 workpeople, and 
in a reduction of 40/. in those of 250 workpeople. The 
principal change affected men employed by civil 
engineering contractors, who received an increase of 
4d. per hour under a cost-of-living sliding scale. Other 
bodies of workpeople whose wages were increased during 
the month included those employed in the metallic 
bedstead industry in various districts, and mechanics 
in dye works in the West Riding of Yorkshire. 





The changes in wages so far reported to the Ministry 
of Labour for the year 1928, in the industries for which 
statistics are compiled, have resulted in net increases of 
21,1501. in the weekly full-time wages of 212,000 work- 
people, and in net reductions of 163,050/. in those of 
1,608,000 workpeople. In 1927 there were net increases 
of 30,7001. in the weekly full-time wages of 282,000 
workpeople, and net reductions of 388,500/. in those of 
1,855,000 workpeople. 


The number of trade disputes involving stoppages 
of work, reported to the Ministry of Labour as begin- 
ning in December, was 15. In addition, 12 disputes 
which began before December were still in progress 
at the beginning of the month. The number of 
workpeople involved in all disputes in December 
(inciuding workpeople thrown out of work at the 
establishments where the disputes occurred, but not 
themselves parties to the disputes) was about 6,000, 
and the aggregate duration of all disputes during 
December was about 32,000 working days. These 
figures compare with totals of 7,000 workpeople in- 
volved and 64,000 working days lost in the previous 
month, and with 7,600 workpeople involved and 
38,000 days lost in December, 1927. The aggregate 
duration of all disputes in progress in 1928 was rather 
more than 1,400,000 working days, and the total 
number of workpeople involved in these disputes was 
about 124,000. The figures for 1927 were 1,174,000 
days and 114,000 workpeople, respectively. 





The Polish Government has been taking steps 
gradually to re-introduce the eight-hour day in 
foundries in Polish Upper Silesia, in which certain 
classes of workers still remained temporarily on a 
ten-hour day. An Order recently issued by the 
Polish Minister of Labour and Social Welfare provides 
for the complete re-establishment of the eight-hour 
day by December 31, 1928, the only workers excluded 
being those in charge of the safety of buildings, perman- 
ent firemen in large undertakings, and chauffeurs and 
drivers not directly engaged in production. 
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ATRITOR PULVERISERS FOR THE 
HAMS HALL GENERATING STATION. 


THE generating station which the Birmingham 
Corporation is now erecting at Hams Hall, some eight 


| miles to the east of the city, will have an initial capacity 


of 60,000 kw., and has, of course, been selected under 
the Central England Scheme. As Mr. R. A. Chattock, 
the City Electrical Engineer, who is responsible for its 


| design, has frequently expressed his preference for the 


use of pulverised fuel in large boilers, it is not surprising 
to learn that the 200,000-lb. units v hich are being 
installed are to be equipped with thet form of firing. 
These boilers will supply steam at a pressure of 375 lb. 
per square inch and a temperature of 750 deg. F. 
It is further interesting to find that what is virtually a 
unit, as opposed to the bin-and-feetler, system is to be 
employed, as it is often stated that the former arrange- 
ment is more suitable for small than for large boilers. 
Tt should be added, however, that while each of the 
five boilers will be equipped with five pulverisers, four 
of which wi!l be capable of dealing with the coal required 
on normal load, the arrangement of hot-air ducts is such 
that it will, in case of need, be possible for the pulverisers 
to be supplied with air from boilers other than the one 
to which they are primarily attached. We hope, in 
due course, to give a complete description of what 
promises to be, from more than one point of view, 
an unusual station, but, in this article, we shall confine 
ourselves to dealing with the pulverisers, which are 
heing manufactured by Messrs. Alfred Herbert, Limited, 
of Coventry. 

These pulverisers are of the Atritor type, a machine 
which has been developed by the firm, as the result of 
many years’ experimental work, to form a unit which is 
complete, in that it requires no subsidiary equipment, 
such as driers or magnetic separators. Close attention 
has been paid to reliabilitv, and the design permits 
any required degree of fineness in pulverisation to be 
obtained. The wearing parts, as will be seen from the 
description given below, are simple, and renewals are 
easy, while the machine, it is claimed, is both noiseless 
and dustless in operation. A further important point 
is that its operating costs are low, the energy required 
being only 16-5 kw.-hour per ton on machines with 
a capacity exceeding 2,000 Ib. per hour, such as those 
which are to be installed at Hams Hall. 

The appearance of the particular pulverisers with 
which we are now dealing will be clear from Fig. 7, on 
page 108, which illustrates the front of the machine, 
and from Fig. 9, which is a rear view, showing the 
driving and feeder motors and the chain case for the 
feeder drive. Their general construction will be 
appreciated from Fig. 1, on page 104, which is a part 
longitudinal section and front elevation, and from 
Fig. 2, which is a transverse section. It may be re- 
called that, in the original Atritor pulverisers, the coal 
was not strictly speaking ground, but was first dis- 
integrated by being passed through a series of inter- 
meshing pegs. It was then pulverised by leading the 
disintegrated particles through a second stage from 
the periphery to the centre of the mill against the action 
of centrifugal force. It was found that the centrifugal 
eddies produced by the moving impellers were coun- 
teracted by the centripetal effect of the air stream 
through the mill tending to carry the fine particles 
inwards, the makers’ explanation being that vortices 
were generated upon which the coal particles were 
carried, the larger particles selecting the high-velocity 
vortices and the finer particles being sustained on the 
low-velocity currents. The effect of the number of air- 
coal streams travelling at widely different velocities, 
thus produced, was to cause attrition, with the result 
that the coal particles became smaller and smaller as 
they approached the centre. Gyration of the dust 
cloud was prevented by the introduction of fixed 
pegs, and the arrangement of the latter also determined 
the output and the degree of pulverisation. Coal is, 
however, a heterogeneous substance, made up of 
materials of different densities, and as the selective 
effect just described is based on a mass-surface 
principle, many particles of light weight and over- 
size would have been carried to the burners had 
not steps been taken to prevent this by the use 
of a rejector. This rejector passed the over-sized 
particles back to the pulverising zone for further 
treatment. Though these principles are still in use in 
the latest Atritor pulverisers, experience has shown that 
the peg type of disintegrator is subject to stripping, 
owing to the entry of foreign material into the mill. 
It has, therefore, been replaced by a hammer disinte- 
grator, which, combined with a metal separator, gives 
satisfactory results. Should, however, any metal 
inadvertently enter the pulverising zone, it is collected in 
a pocket in the base of the pulverising chamber, whence 
it can be removed while the machine is in operation. 

Coming to the actual operation of the machines which 
are intended for use at Hams Hall, the aw coal, the 
size of which will not exceed 1} in. cubes, is fed into the 
hopper, which is visible at the top of most of the 
illustrations, and descends on to the horizontal rotating 
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disc, which can be seen in Fig. 2, and to a larger scale 
in Fig. 3. The thickness of the coal layer carried 
round on the disc is controlled by a sleeve, the general 
arrangement of which is shown in Fig. 4. The height 
of this sleeve, which determines the thickness of coal 
on the disc, is adjustable by a handwheel, as will be 
clear from the illustration. The amount of coal fed 
from the disc into the pulveriser proper is regulated by 
a knife, the details of which are given in Figs. 5 and 6. 
This knife scrapes the coal off the disc, the amount thus 
removed depending on the thickness of the coal on the 
disc, and the adjustment of the knife, which is effected 
by a second handwheel, is clearly shown in Fig. 6. 
These feeding arrangements enable any quantity of 
normal coal, containing up to 25 per cent. moisture, to 
be directly dealt with, and finely regulated. As will be 
seen from Fig. 9, this portion of the machine is driven 
by a 2-h.p. variable-speed direct-current motor, run- 
ning at 2000/400 r.p.m., through roller-chain gear- 
ing, the speed of the rotating disco being 5/1 r.p.m. 
On leaving the feeder, the coal falls down a ramp 
into the pulverising compartment. As a magnetic 
separator is installed in the coal-handling system, the 
usual metal separator, in which arn air stream is used 
for eliminating metals and other meterials heavier than 
coal, has not been incorporated in these machines. 
The air supply necessary for the operation of the 
pulverisers will be obtained from the pre-heaters on the 
boilers at a temperature of from 250 to 360 deg. F., 
and will pass up to the top of the machine where it 
will be divided into three portions, the largest of which 
flows down the centre of the machine, while two smaller 
streams will flow down each side, thus serving to 
keep the ramps, down which the coal passes from the 
feeder to the pulverising chamber, free from adherent 
material. It should be added that no cold air will be 


admitted to the pulveriser, and driers are not, there- 
fore, required. It has, in fact, been found that any coal, 
which is not too wet to be fed successfully into the 
pulveriser can be dried and pulverised without diffi- 





191.B) 
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culty. In this connection, it may be mentioned that at 
any moment there is only a small quantity of coal in 
the machine, and that, as this is in suspension in 
turbulent air currents, a very large surface is exposed to 
the drying action of the hot air. 

The coal is pulverised in two stages, which are called 
the first and second effects. The pulverising chamber, 
which can be seen in Fig. 8,”is divided into two parts 
by the rotor disc, which is shown removed in the same 
illustration, In the first effect, the first stage of pulveri- 
sation is carried out by hammers. These hammers are 
in the form of paddles or beaters, and are freely pivoted 
on a steel disc which is carried on the rotor disc 
hub. They travel round close’to a'plain'semi-circular 
screen, which is made up of two segments fixed to a 
steel plate. This plate is bolted to the body of the 
machine, as shown in Fig. 1. The hammers catch the 
incoming coal, beat it against the screen, and then 
sweep it in coarsely-granulated form out of. the open 
top of the latter. Any metal or stone which may enter 
the pulveriser, is driven out with the coal and falls into 
a tramp-metal pocket at the bottom of the pulverising 
chamber. The granulated coal is carried by the air 
stream round the edge of the rotor disc into the second 
effect, where the fine pulverising operation is performed. 

In this second effect, the pulverising elements con- 
sist of alternate rings of segmental moving pegs, or 
impellers, and fixed pegs or interrupters, as shown in 
Figs. 5 and 10. The fixed pegs overlap the moving 
pegs, the clearance between the two being $ in. The 
moving pegs travel at high speed through a cloud of 
coal dust, which is prevented from swirling round 
with the disc by the fixed pegs. Violent vortices and 
eddies are set up in the dust cloud by the moving pegs, 
and the attrition of the particlés on each other in 
the currents reduces the coal to an impalpable powder. 
This arrangement is repeated on each side of the Hams 
Hall machines to give a duplex equipment, and it is 
stated that the rotor pegs in such a machine can 
pulverise about 10,000 tons of coal before renewals are 
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necessary. The method of construction which we have 
just described, it is claimed, also enables the fineness 
of pulverisation to be maintained throughout the life of 
the working parts. As the machine depends for its 
pulverising action upon the air currents created by 
the moving pegs and not on the fine clearances between 
two surfaces, the degree of fineness will obviously be 
maintained, so long as there is enough of the peg left 
to create an air current. Moreover, the opposing forces 
acting on the coal particles, due to the pull of the air 
towards the centre and the centrifugal effect towards 
the outside, ensure that practically all the coal is pul- 
verised to the required degree of fineness before the 
air current overcomes the centrifugal force and carries 
the coal down to the centre. It may be added that if a 
small piece of metal should pass the magnetic separator, 
it will be trapped in the pocket at the bottom of the 
pulverising chamber, which we have already men- 
tioned, so that damage to the pegs in the second effect 
is prevented. 

The pulverising chamber, as will be seen in Fig. 1, 
is separated from the fan chamber by a diaphragm, 
in the centre of which is a hole through which the 
coal dust and air have to pass. This diaphragm is 
shown opened up in Fig. 10 and behind it is the fan 
impeller dismantled from the shaft. The air current in 
the second effect is from the outside to the centre, a 
fact that is said to have much to do with the successful 
working of the machine. From the second effect, the coal 
is drawn through an opening in the diaphragm into the fan 
chamber. This opening contains the rejector, the object 
of which is to prevent any coal particles which have 
not been reduced to the required fineness from passing. 
It consists of a number of arms, which are fixed to the 
hub that carries the fan, and is shown on the floor 
at the base of the machine in Fig. 8. All the coal 





particles have to cross the path of these arms and, 
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as in the air stream the larger particles are travelling 
more slowly than the fine dust, they are caught and 
flung back among the pegs for further pulverisation. 
The fineness of pulverisation can therefore be varied 
by altering the number of rejector arms. 

The pulverised coal which passes the rejector is drawn 
into the fan chamber, the position of which is shown in 
Fig. 1; it can also be seen on the right in Fig. 10. The 
coal is thence blown directly into the burners. The fanis 
fitted with small auxiliary blades on the outside of the fan 
plate, and, by opening a slid on the casing, additional 
air can be drawn in by these blades and discharged 
into the coal-air mixture. At full load, about 15 per 
cent. of the total air required for combustion is 
discharged with the coal by the main fan, and this 
quantity can be increased to 20 per cent. by opening the 
auxiliary inlet. 

The foregoing description has probably been sufficient 
to indicate that, in the design of these machines, cen- 
siderable attention has been given to the question of 





accessibility. As a matter of fact, dismantling is an 
easy operation, for, after disconnecting the fuel-outlet 
pipe and removing the cover of the bearing bracket, 
the main roller bearing can be withdrawn and the fan 
casing swung back on its hinge. By drawing the 
fan off the shaft, the diaphragm can be similarly swung 
back on its hinge and the rejector arms and rotor 
disc exposed. As regards the pulverising elements, 
the parts most frequently requiring renewal are the 
moving segments and hammers. The most convenient 
way of replacing these is to keep a spare rotor disc ready 
pegged. The removal of the disc with the worn segments 
exposes the heads of the hammer pins, so that they can 
be renewed. These segments are cast with a projecting 
dowel formed by a pressed-steel ferrule. The whole 
of the centrifugal stresses are carried by the dowels, 
which fit in holes in the rotor plate, the segments being 
bolted together as shown. By simply removing the 
nuts, the worn segments can be easily replaced and any 
wear on the rotor disc proper is avoided. The fixed 
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pegs are cast into steel pressings, which have a flange 
at the bottom as shown in Fig. 1, and slip through 
holes in the cheek plate, which is bolted to the face of 
the diaphragm and so clamps the pegs. The latter 
may be removed by rotating the disc on a central 
spigot until the worn peg is opposite a hole in the 
diaphragm. It is then removed and a new one in- 
serted. The fan blades are of special hard wearing 
material and are also easily renewable. The body 
and fan casing are fitted with liners, though the 
wear on these parts is small. A further important 
point in the design of these mills is the ease with which 
lubrication can be effected, while it may be added 
that they are also extremely silent in operation. 

As already stated, each of the boilers at the Hams 
Hall station is to be provided with five of the 
pulverisers which we have just described. Three of 
these will be driven by alternating-current motors, 
and, together with a fourth which will be operated 
by a direct-current motor, will form a composite unit 
sufficient for meeting the full load output of steam. 
The quantity of coal fired will be capable of regulation 
by altering the speed of the direct-current feeder 
motor. At lower loads it will, of course, be possible 
to shut down one or more of the pulverisers. The 
fifth pulveriser will be used for over-load purposes, or 
as @ spare. 

Finally, we have to thank Mr. R. A. Chattock, City 
Electrical Engineer to the Birmingham Corporation for 
permission to describe; the pulverisers at this stage in 
their construction. 








IMPROVEMENTS IN VALVE- 
MACHINING METHODS. 


THE usual method of machining valves for internal- 
combustion engines on a production basis is on capstans, 
the time occupied, from floor to floor, being generally 
some nine or ten minutes. Objection is sometimes 
taken to the capstan method on the grounds that it is 
necessary to employ a broad forming tool under the 
valve head, such a tool having of necessity to be applied 
slowly on account of its width, and it is also difficult 
to obtain a good finish. A further point is that the 
stem of the average valve is only of small diameter in 
comparison with its length, and is thus particularly 
liable to spring, so that the machining operations on 
the stem must be carried out with care, and at a rela- 
tively slow rate. 

An effective alternative method of production, 
which overcomes the difficulties referred to, has been 
evolved by Messrs. B.S.A. Tools, Limited, Sparkbrook, 
Birmingham, centreless grinding machines, and special 
form-turning and facing lathes, being utilised. The 
sequence of operations is as follows :—The stem of the 
stamping is rough ground on a centreless machine, the 
time occupied being about 25 seconds. The head is 
then faced, turned to diameter, and the seat formed 
on a lathe, occupying 2 minutes. The third operation 
consists in rough and finish turning under the head ; 
grooving, finishing to length, and reducing the end of 
the stem, again occupying 2 minutes. The valve is 
then ready for heat treatment, after which the stem is 








finish ground on a centreless machine, which only takes 
some 15 seconds, and the final operation consists in 
grinding the seat, occupying only a few seconds. 

The B.S.A. centreless grinder, on which the first 
operation is performed on the chrome-tungsten steel 
stamping, was described and illustrated on page 316 of 
the previous volume of ENarneERING. It will be recalled 
that for grinding shouldered work, a hand-feed, operated 
by a lever, is provided, the movement of the lever 
bringing the wheel head to a definite position at the end 
of each stroke. The machine is also fitted with an 
automatic ejector in conjunction with the shoulder- 
grinding mechanism, and this serves to eject the work 
when the grinding process has been completed. When 
employed for valve grinding, this machine rough grinds 
the stems at the rate of 144 per hour. 

For the second operation, a B.S.A. form-turning and 
facing lathe is used. This machine, which is fitted with 
an air cylinder to facilitate the loading of the work, is 
illustrated in Fig. 1, annexed. The rough-ground stem 
is held in a spring collet, and the head is faced with the 
tool shown in the rear box, the seat being formed and 
the head reduced to diameter, simultaneously, by the 
tool in the front box carried on the cross slide. The 
former bar, which advances the front tool, can be 
clearly seen in front of the saddle in the figure, and 
it will be noticed that it is provided with two steps, of 
which the first advances the tool to reduce the head to 
size, while the second advances it for machining the 
seat. The first step does not appear very clearly in the 
illustration, but, in the position of the saddle shown, it is 
directly below the boss of the hand lever on the saddle. 
The output of the machine on this operation is 30 valves 
per hour. 

For the third operation, another B.S.A. form-turning 
and facing lathe, of modified design, is used. This 





machine is also provided with an air cylinder to facilitate 
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loading, but the usnal cross slide is not fitted. The valve 
head is held in a spring collet, and the rough-ground 
stem is supported in a special tailstock steady, as shown 
in Fig. 2. In this operation, the under portion of the 
valve head is rough and finish form turned from special 
tool boxes, operated through a rack and pinion motion 
controlled by front and rear formers. At the same time, 
the stem is grooved, and finished to length, from a 
second rear tool box and former. The tailstock steady, 
supporting the valve stem, carries a tool for reducing 
the end of the stem below the groove, this tool being 
brought into operation by moving the hand lever, 
visible in the illustration behind the tailstock, before the 
component is removed from the collet. The produc- 
tion rate on this operation is again 30 valves per hour. 
It may be noted that the method employed enables 
the under portion of the head to be turned by a single- 
point tool on the sliding principle with a high rate of 
speed, instead of by a broad forming tool taking a slow 
shaving cut. As already stated, after heat treatment, 
the operations are completed by finish grinding the 
valve on the stem, a B.S.A. centreless grinder of the 
type previously described being employed. 


YEAR BOOKS AND ANNUALS. 


The Motor Ship Reference Book, 1929.—The first 
edition of The Motor Ship Reference Book was published 
four years ago, when the motorships afloat aggregated 
not quite 2,000,000 tons. At the present time, the 
total is over 6,000,000 tons. These tigures will give 
an indication of the work involved in the preparation 
of a reference volume dealing with motorship con- 
struction and equipment. Full particulars are given in 
the book regarding every motor vessel of over 2,000 tons 
gross put into service during 1928. Lists of motor- 
ships completed in previous years are also included. 
{n this manner information on every ocean-going motor 
vessel afloat is rendered available in compact form. 
In addition, data concerning all the motorships on 
order at the beginning of the present year are given, 
the names of the owners being arranged alphabetic- 
ally in order to facilitate reference. Other chapters 
cover such subjects as principles of operation of 
oil engines, four-cycle single-acting engines, two-cycle 
engines, double-acting diesel engines, bunkering faci- 
lities for motorships, auxiliary machinery for motor- 
ships, and fuel and lubricating oil for motorships. 
The book, which is illustrated with many plates, is 
compiled by the staff of The Motor Ship, and is pub- 
lished by Messrs. Temple Press, Limited, 5-15, Rose- 
bery-avenue, London, E.C.1. The price is 5s. net, 
or 5s. 6d. post free. 


Les Flottes de Combat.—The 1929 edition of the 
well-known work of reference on the fighting fleets of 
the world. Les Flottes de Combat, has been considerably 
altered and enlarged. Among other innovations. a 
table giving, in concise form, all the more important 
particulars of the line-of-battle ships, cruisers, torpedo 
boats, submarines and other vessels of each country, 
has been introduced. This enables the reader to gauge 
at a glance the respective strengths of the fleets of 
the world. The descriptive section, which follows, 
has been much enlarged, and nearly 400 reproductions 
of photographs have been added. The plans and 
sectional drawings of the more important ships, of 
which there are upwards of 240, are neatly and. clearly 
printed. Each country is arranged in alphabetical 
order, France, however, being placed first. The book 
comprises 624 pages, and now measures 5 in. by 8} in. 
The work, which was founded by Captain de Balin- 
court, of the French Navy, is now edited by Captain 
P.. Vincent-Bréchignac, of the French Naval Reserve, 
and the volume is issued under the auspices of the 
French Naval General Staff. The publishers are 
La Société d’Editions Géographiques, Maritimes et 
Coloniales, 184, Boulevard Saint-Germain, Paris (6e). 
The price is 40 francs, bound in cloth. 





The British Photographic Journal Almanac.—Although 
but few engineering works or con ractors’ offices have 
a special photographic department, all those who make 
use of photography in the varied stages of engineering 
erection and constructive building will welcome the 
1929 edition of this old-established work, which has 
always contained a wide range of details and notes on 
the processes employed in the art. This sixty-fourth 
edition contains items of progress, notes on new cameras 
and lenses, a long illustrated chapter on crime and 
the criminal, with notes on finger-prints, forgeries 
and erasures, bullets and firearms, as well as reliable 
information on snapshotting subjects in rapid move- 
ment, such as hydroplanes and motor-cycles at high 
speeds. The book is published by Messrs. Henry 
Greenwood and Company, Limited, 24, Wellington- 
street, Strand, London, W.C.2, at the price of 2s. in 
paper covers and 3s, net in cloth binding. 
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TENDERS. 


We have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
Possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Depertment at the above address, 
the reference number given being quoted in each case. 


Electric Cranes.—The supply of 16 electric portal 
cranes. Ghent Municipality, Belgium; February 11. 
(Ref. No. A.X. 7398.) 

Machines.—A Copenhagen firm is 
(Ref. No. 


Cement-mixing 
proposing to buy cement-mixing machines. 
A.X. 7395.) 

Railway Supplies.—Plant and material for Central del 
Norte, Ibague-Armenia, Southern, Narifo, and Western 
Trunk Railways. Colombian Ministry of Public Works, 
Bogota. List includes, three shovels with petrol motor 
(caterpillar-tractor type), March 13; one turntable, 
70 ft. long for 914-mm. track, March 20; __ballast- 
producing plant, with crusher, screen, elevator and 
steam engines to be mounted on truck, February 27 ; 
Manila cable, March 21; hand lanterns (300) and acces- 
sories, March 26; and plate-layers’ and engineers’ tools, 
&c., March 28. (Ref. No. C. 2958.) 


Hawser Excavator.—The supply of one hawser excava- 
tor, caterpillar type. Latvian Agricultural Department, 
Riga; February 12. (Ref. No. A.X. 7405.) 

Swing Bridge.—The construction of a swing bridge at 
Abu Hommos, Mahmoudieh Canal. Egyptian Ministry 
of Public Works, Alexandria; February 16. (Ref. No. 
A.X. 7409.) 

Tunnel Construction.—The construction of a tunnel 
through the Precordillera, Mendoza. Argentine Depart- 


ment of Sanitary Works, Buenos Aires; April 8. (Ref. 
No. A. 7406.) : 

Structural Bridgework.—The supply of structural 
bridgework. South African Railways and Harbours 
Board; March 7. (Ref. No. A.X.7418.) 

Telephone Equipment.—The supply of telephone 


switchboard cords. The Department of Posts and Tele- 
graphs, Pretoria; March 28. (Ref. No. B.X.5048.) 


Generating and Pumping Sets.—The supply and delivery 
of a three-phase Diesel-driven generating set of 50 kv.-a. 
and an electrically-driven water pumping set of the 
reciprocating piston type. Board of the Port and Railways 
of Lourengo Marques; March 19. (Ref. No. B.X.5050.) 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—The situation in the 
Cleveland pig-iron trade is not greatly altered. To meet’ 
the increasing needs of steelworks, the make of basic 
iron is to be increased by the rekindling of an idle furnace, 
and the change over of a hematite furnace to the produc- 
tion of basic. Producers’ own consuming departments 
continue to use, in its molten state, most of the Cleveland 
iron output, and the quantities available for sale in the 
open market are few and small. Stocks are low, and 
merchants have command of very littie iron, while they 
are restricted as to how they may dispose of their holdings. 
Customers still seek price concessions, but despite con- 
tinued comparatively low rates named for Midland iron, 
fixed prices for Cleveland pig are firmly adhered to, and 
in addition to the local and other home business passing, 
recent sales include parce!s for Scotland, and for overseas 
customers. No, | quality is 68s. 6d.; No. 3 g.m.b. 66s, ; 
No. 4 foundry, 65s.; and No. 4 forge, 64s. 6d. 


Hematite.—Scarcity of East Coast hematite is still 
rather acute. Moderate but steady home and export 
requirements promptly take up the recently increased 
supply, and as overseas customers are prepared to buy 
more freely if early delivery could be guaranteed, further 
enlargement of production would be welcome. Makers 
have a free hand as to charges for their products, but 
quotations vary little. Market values may be put at 
the equivalent of ordinary qualities at 71s. 


Foreign Ore.—Business in foreign ore matures very 
slowly, buyers and sellers failing to agree as to prices. 
Merchants refuse to quote below the basis of best rubio at 
22s. 6d., c.i.f. Tees. 

Blast-Furnace Coke.—There is more activity in furnace 
coke, and Durham good average qualities realise 17s. 9d., 
delivered here, but local consumers are still disinclined to 
buy heavily ahead. 

Manufactured Iron and Steel.—Finished iron and steel 
manufacturers have a lot of work on hand, and expect 
to be busy for many months. Specifications for ship- 


building requisites should come forward freely, and there | 
is promise of more buying of railway material, while | 
| East of England scheme, with Messrs. Ferranti, Limited, 


constructional engineers hope to secure larger contracts, 
and sheet producers are not only heavily sold, but 
expect to book further orders. There is considerable 
activity in semi-finished steel. Values are firm, but the 
only quotable change is a 5s. rise in steel rivets. Common 
iron bars are 101. 5s.; best bars, 10/. 15s.; double best 
bars, 111. 5s.,; treble best bars, 117, 15s. ; iron and steel 
rivets, 111. 5s.; packing (parallel), 77. J0s ; —- 
(tapered), 10/7. ; steel billets (soft), 62. 10s. ; steel billets 
(medium), 7/. 2s. 6d.; steel billets (hard), 7/. 12s. 6d. ; 
steel ship plates, 8/. 7s. 6d.; steel angles, 7/. 178. 6d. ; 
steel joists, 7/. 17s. 6d.; heavy sections of steel rails, 
8/. 10s.; black sheets (No. 24 gauge). 10/.; galvanised 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Prospect of slightly increased activity 
is indicated in the trend of purchases of certain kinds of 
raw and semi-finished materials. While quietude gener- 
ally obtains in forge and foundry irons, contract deliveries 
of steel-making hematites are substantial, and there is 
a definite improvement in the enquiry for basic-steel 


|scrap, in which prices are steadily hardening. The 


maintenance of steel ingot and castings production at 
about 100,000 tons shows that production at district 
furnaces and related departments is well ahead of the 
average for the corresponding period of a year ago, 
and that much greater success is attending efforts to 
meet foreign competition, particularly in basic steel. 
Stocks held at constructional works in this area are so 
light that any marked expansion in the demand for 
finished manufactures would at once be reflected in the 
market for raw and semi-finished materials. Economies 
achieved in steel billet and forge iron production are 
reflected in the level of current quotations as compared 
with those of a year ago. Prices are as follow :—Hard 
basic-steel billets, 7/. 5s., soft basic-steel billets, 61. 5s. ; 
West Coast hematites, 77s. 6d. ; East Coast hematites, 72s. 
Lincolnshire No. 3, foundry iron, 62s.; Lincolnshire 
forge iron, 60s, 6d. ; Derbyshire No. 3, foundry iron, 61s. ; 
Derbyshire forge iron, 59s.; bars, 10/.; sheets, 12J. 
Both railway and shipbuilding requirements are opening 
out. Steelwork is to be provided locally for rail-car and 
bogie-carriage construction under contracts received 
from the Far East and from South Africa. High-class 
stee] buffers are an active medium. India is a big buyer 
and departments are working at considerable pressure. 
Machinery parts are in strong call from electrical engineers 
and special castings are being made for electric power 
station condensers. Production of grinding and crushing 
plant is a progressive line. In this connection there is a 
call for large machine tools. Good business is being 
done in drills, milling cutters, non-magnetic steels, and 
electrical fittings. Large deliveries are being made of 
picks, shovels, and forks. Greater activity is seen in 
farm- and garden-tool manufacture, but there is little 
development in plantation implements. 

South Yorkshire Coal Trade.—Business is opening out 
slowly, but on a more satisfactory basis than at the year 
end. Industrial fuel shows a good deal of activity. 
Contract inquiries are in circulation. In some instances 
the basis of settlement shows both a longer period of 
delivery and a slightly more favourable rate from the 
producer’s standpoint. Export trade is firmly maintained 
at about recent volume. When allocated tonnages have 
been absorbed there is little left for open-market disposal. 
Coke of all descriptions is fairly steady, mostly at recent 
rates. House coal is firm, with a somewhat better demand 
for better qualities. Quotations: Best hand-picked 
branch, 26s. to 27s. 6d.; Derbyshire best bright house 
coal, 23s. to 24s. 6d.; best house coal, 20s. 6d. to 21s. 6d. ; 
screened house coal, 17s. to 18s. ; screened house nuts, 
16s, to 188.; Yorkshire hards, 14s. 6d. to 16s.; Derby- 
shire hards, 14s, 6d. to 16s.; rough slacks, 8s. 6d. to 
9s. 6d. ; nutty slacks, 4s. 6d. to 6s.; smalls 3s. 6d. to 4s. 








MARKET FOR BICYCLES IN BEYROUT, SyR1A.—The con- 
dition of the market for bicycles other than motor- 
cycles in Beyrout has recently been made the subject of 
a special report. Firms in the United Kingdom desirous 
of receiving a copy of this report should communicate 
with the Department of Overseas Trade, 35, Old Queen- 
street, London, S.W.1, quoting the Reference No. A.X. 
7408. 


PERSONAL.—In order to reduce prices and to give an 
improved service, Messrs. Aveling and Porter, Limited, 
Rochester, have come to an arrangement with their 
associated firm, Messrs. Barford and Perkins, Limited, 
Peterborough, whereby the home sales of all new Barford 
and Aveling public-works plant will in future be handled 
by a joint company, Messrs. Aveling and Barford and 
Perkins (Sales), Limited, Aldwych House, Aldwych, 
London, W.C.2.—Mr. Duxbury, formerly of Messrs. 
Crofts (Engineers), Limited, has been appointed works 
manager of the Keighley Gear Cutting Company. 
Keighley, which is associated with Messrs. David Brown 
and Sons (Huddersfield), Limited. 





ContTracts.—Messrs. Babcock and Wilcox, Limited, 
have secured from the London Power Company, Limited, 
the entire contract for the steam-raising plant required 
in connection with the first section of the new Battersea 
electric power station. The installation comprises six 
Babeock C.T.M. water-tube steam-raising units, each 
capable of evaporating 250,000 lb. of water per hour 
under normal conditions, and having a maximum con- 
tinuous rating of 312,000 lb. per hour.—The Central 
Electricity Board has placed contracts, amounting in 
all to approximately 400,000/., for the construction of 
the 132,000-volt transformers in the area of the South- 


Hollinwood, Lancs., and Messrs. Fuller Electrical and 
Manufacturing Company, Limited, Chancery-lane, Lon- 
don, W.C.2.—In connection with the regional station of 
the British Broadcasting Corporation, which is to be erected 
atB rookman’s Park, Potter’s Bar, an order has been placed 
with the D.P. Battery Company, Limited, Bakewell, 
Derbyshire, for a battery of 115 cells with a capacity of 
1,950 ampere hours. The same company has received 
orders for a total, to date, of 52 Kathanode batteries, 
from Messrs. Wingrove and Rogers British Electric 
Vehicles, Limited, and Messrs. Greenwood and Batley, 
Limited, for use in connection with electric locomotives 


corrugated sheets (No, 24 gauge), 137. 12s, 6d. to 131. 15s. | employed in the construction of the new Mersey Tunnel. 
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NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel Trade.—There is practically nothing of 
any note to chronicle in connection with the steel trade 
of Scotland this week. All the works are in operation, 
but some are better supplied with specifications than 
others, and there is, on the whole, quite a good demand 
for ship plates. Sections, while fair, are not in very 
active request, but it is fully anticipated that an improve- 
ment will take place before long. The outlook is en- 
couraging, and the recent change for the better in the 
shipbuilding industry has given the trade more hope. 
Not only are some of the, yards well booked up, but 
orders are still arriving, and there are also a number of 
inquiries in the market for new tonnage. In the black 
sheet trade rather a quiet tone prevails at present. Order 
books are nevertheless quite fair for the month of 
January, and a steady business is going through for both 
light and galvanised sheets. The heavier gauges are 
not meeting with much support. Prices all round remain 
steady and are quoted as follow :—Boiler plates, 101. 10s. 
per ton; ship plates, 8l. 7s. 6d. per ton; sections, 
il. 17s. 6d. per ton; sheets, } in., 8/. 15s. per ton; and 
galvanised corrugated sheets (No. 24 gauge), 13/. 12s. td. 
to 131. 15s. per ton, all delivered Glasgow stations. 


Malleable-Iron Trade.—The Westof Scotland malleable- 
iron trade continues to move onward in a dull and un- 
interesting way. Specifications are seldom sufficient to give 
a satisfactory week’s output, but after such a long spell 
of quietness, makers are hopeful that some improvement 
in the demand for bar iron will make its appearance before 
the spring months have gone very far. In the steel 
re-rolling branch of the industry there is a fair amount of 
activity, although the demand is not as good as it was. 
Prices are unchanged and are as follow :—‘‘ Crown” 
bars, 101. 5s. per ton for home delivery, and 9/. 15s. per 
ton for export; and re-rolled steel bars, 7/. 15s, per ton 
for home delivery, and 7/. 10s. to 71. 15s. per ton for 
export. 

Scottish Pig-Iron Trade.—The demand for Scottish 
pig ‘iron has not developed since the works were re-opened, 
and ‘producers find difficulty in securing a steady flow 
ot orders. 
present. 
tions :—Hematite, 75s. per ton, delivered at the steel 
works ; foundry iron, No. 1, 75s. to 76s. per ton; and 
No. 3, 70s. to 71s. per ton, both on trucks at makers’ 
yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish | 
pig iron from Glasgow Harbour for the week ending Satur- | 


day last, January 19, was only some 193 tons—all for 
overseas. During the corresponding week of last year 
the figures were 410 tons overseas and 88 tons coastwise, 
making a total shipment of 498 tons. 


Shipbuilding.—Messrs. Bow, McLachlan and Company, 
Paisley, have booked an order to build an 800-ton oil 
tanker for the Anglo-Saxon Petroleum Company, for 
service in Australia. They have also se¢ured the con- 
tract to build a barge for South America for the Inter- 
national Petroleum Company. The Bombay Steam 
Navigation Company, Limited, Bombay, recently placed 
an order with the same builders for a cargo and passenger 
steamer of 1,500 tons gross. The dimensions of this latter 
vessel are: length, 230 ft.; breadth, 38 ft. 6 in., and 
depth, 23 ft. 3in. The builders are to supply triple- 
expansion engines of 1,500 i.h.p., capable of giving a 
speed of 114 knots. 








POWER-DRIVEN AGRICULTURAL MACHINERY FOR 
SwITzERLAND.—The Comptroller-General of the Depart- 
ment of Overseas Trade, 35, ‘Old Queen-street, London, 
S.W.1, informs us that two competitions in connection 
with power-driven agricultural machinery will be held 
in Switzerland in. September, 1929 and 1930. The 
first competition will deal with the designs of machinery 
suitable for the exploitation of small holdings. The 
1930 competition will involve the practical demonstra- 
tion of machines. British firms interested may obtain 
further particulars on application to the Department, 
at the above address, quoting Ref. No. A.X. 7394. 

H.M. Cruiser ‘“ Sussex.’’—On January 10 last, H.M. 
cruiser Sussex left the Hebburn-on-Tyne shipyard of 
Messrs. R. and W. Hawthorn, Leslie and Company, 
Limited, and proceeded to sea for her gun trials, which 
were satisfactorily carried out. The vessel returned to the 
builders’ fitting-out quay in the afternoon of the same 
day. The cruiser has a displacement of 10,000 tons, 
and the propelling machinery, which consists of 80,000 
s.h.p. gea turbines, has been constructed at the St. 
Peter’s Engine Works of the builders. The consumption, 
full power, and other sea trials were recently satis- 
factorily completed under trying weather conditions in 
the North Sea. It is anticipated that the Sussex will 
be handed over to the Admiralty at an early date. 





New ZEALAND Rattways.—The railways of New 
Zealand are making steady progress. Four railway 
workshops are being established, one in each of the 
capital cities of the Dominion, and equipment is required 
for them. British manufacturers should therefore note 
that there are openings for the supply of such apparatus 
as drop-forging hammers, guillotine shearing machines, 
punching and shearing machines, electric clocks, and 
oil-storage tanks and pumps. Full particulars can be 
obtained on application to the High Commissioner for 
New Zealand, 415, Strand, London, W.C.2. It is of 
interest to note that the purchases of the New Zealand 
Government from British manufacturers within the last 
twelve months amount to approximately 650,000/. 
These consisted of machinery and general equipment, 
chiefly for the New Zealand Railway Department. 


Foundry grades are particularly slow at | 
The following are the current market quota- | 
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NOTES FROM THE SOUTH-WEST. 


CarpirFr, Wednesday. 


The Coal Trade.—Strong conditions have developed | 


|in the Welsh steam-coal trade, and colliery owners are 
| securing higher prices for coal than has been the case 
|forsome months. Tonnage is in good supply, and export 
shipments are on active lines. At the same time the 
inland demand has improved, on account of the recent 
cold weather. The result is that collieries in many 
cases cannot meet the demand, and instead of berths 
being idle at the docks, vessels are waiting both for coal 
and for loading berths. All qualities of coal realise 
a premium on the schedule of minimum prices. Smalls 
in particular are tight, with the best bunker sorts up to 
13s. 9d., or 1s. 3d. above the minimum, and cargo sorts 
up to 12s., or ls. 6d. higher than the schedule. Best 
Admiralty large rules from 19s. 3d. to 19s. 6d., and is 
relatively the weakest section of the market, but second 
Admiralty large commands from 18s. to 19s., with 
Monmouthshires from 17s. to 18s. Dry coals, despite 
the re-start of Nixon’s pits, are also scarce on the basis 
of 18s. 9d. for bests. Collieries are booked up for this 
month, and in many cases well into February, with the 
result that prospective buyers experience difficulty in 
arranging fresh stems. Shipments of coal foreign as 
cargo in the past week were increased by another29,0C0 
tons to 484,840 tons, of which 314,630 tons were shipped 
at Cardiff, 60,500 tons at Newport, 59,750 tons at 
Swansea, 42,480 tons at Port Talbot, and 7,480 tons at 
Llanelly. Shipments to Argentina were raised from 
51,200 tons to 60,100 tons, to Brazil from 21,000 tons to 
38,450 tons, and to Italy from 57,990 tons to 82,550 tons. 


1928 Trade.—The export trade of Cardiff. Newport, 
Swansea and Port Talbot as regards coal, patent fuel 
and coke in 1928 amounted to 27,349,058 tons, which 
was nearly 2,000,000 tons less than in 1927 and 13,000,000 
tons below that of 1913, a loss of over 1,000,000 tons a 
month on the pre-war year. The returns were as 
follows :— 

1913. 1927. 1928. 
Tons. Tons. Tons. 
. 29,540,510 22,365,726 21,034,832 
4,700,156 3,810,928 3,669,302 


Coal.” 
Cargo (foreign) 
Bunkers (foreign) ... 











Cargo (coastwise) ... 4,459,960 1,461,113 1,505,353 
Totals ... 38,700,626 27,637,767 26,209,487 
Patent fuel 2,031,148 1,346,315 1,025,912 
| Coke 135,475 73,171 113,659 

Grand totals .-- 40,867,249 29,057,253 27,349,058 


Coastwise cargo shipments of coal in 1928 exceeded 
those of 1927, while coke exports also registered an 
improvement, but in neither case were the 1913 totals 
exceeded. 

Coal Loading Overtime.—The South Wales shipowners 
have made an offer to the coal trimmers to work over- 
time at the end of each shift during the week, and also 
on Saturday afternoons up to 4 p.m. An offer to the 
tippers will be made by the Great Western Railway, 
their employers. Meetings of the men are to be held 
during the ensuing week to consider the proposals. 








Science House in Sypney.—The first prize, valued 
at 250/., in the architectural competition for a Science 
House, which is to be erected in Sydney by the Royal 
Society of New South Wales, the Linnean Society of 
New South Wales and the Institution of Engineers, 
Australia, has been awarded to Messrs. Peddle, Thorpe 
and Walker, architects in business in Sydney. The 
corner of Gloucester and Essex-streets has been chosen 
as the site for the building, the estimated cost of which 
is 50,000. 





Evectric CLock IN VALPARAISO.—Some time ago 
Messrs. Gent and Company, Limited, Faraday Works, 
Leicester, supplied to a resident in Valparaiso, Chile, 
a 4-ft. diameter, four-face Pul-syn-etic electric clock 
fitted with electrical chiming apparatus. The clock, 
which has been presented to the citizens of Valparaiso, 
is placed in the Central Square of the city, on a 30-ft. 
| standard, and commands a good view. Connected 
electrically to the clock is a 1-h.p. electro-motor syren, 
which, by means of a contact-maker in the time circuit, 
sounds automatically at noon every day. A master 
clock is placed in the donor’s private house, and adjoining 
this a model time ball, which is operated by the local 
observatory so that the master clock may be checked 
whenever necessary. 





INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLAND.—The report of the council of the Institution 
of Engineers and Shipbuilders in Scotland, for the session 
1927-28, shows that on September 30 last there were 
1,540 members on the roll, as compared with 1,596 at 
the end of the previous September. Fourteen general 
meetings were held during the session, and a paper was 
read and discussed on each occasion. Premiums, to 
the value of 5/1. each, were awarded to the authors of 
two papers read during the 1926-27 session—namely, 
“A Btability Chart for the Use of Shipmasters and 
Officers,” by Dr. A. M. Robb, and ‘‘ The Use, Improve- 
ments, and Test Results of the Multiple Retort Under- 
feed Stoker in the United States,” by Mr. J. G. Worker. 
Six meetings of the students’ section were held and six 
papers were presented and discussed. A number of 
visits were paid to various works, collieries, and industrial 
plants in Glasgow and neighbourhood. The treasurer’s 
statement shows that the income of the Institution was 
4,9941., and that a surplus of 145/. was carried forward. 
The headquarters and offices of the Institution are at 
| Elmbank Crescent, Glasgow, C.2. 





| Distrect Association: Wednesday, January 30, 5 
| Queen’s College, Paradise-street, Birmingham. 
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NOTICES OF MEETINGS. 


| 


INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 
7 p.m., Storey’s-gate, S.W.1. Informal Meeting. 
‘* Measurement of Coal Supplies in Small or Large 
Quantities.” Introduced by Mr. J. E. Lea. North- 
Western Branch: Thursday, January 31, 7.15 p.m., 
Engineers’ Club, Manchester. ‘* Modern Development 
in Steam-Turbine Practice,” by Mr. H. L. Guy. London : 
Friday, February 1, 6 p.m., Storey’s-gate, S.W.1. 
Thomas Hawksley Lecture. ‘“ Engineering Principles 
in the Machinery of the Stars,” by Professor A. S. 
Eddington. Midland Graduates’ Section: Friday, 
February 1, 7.30 p.m., Chamber of Commerce, New- 
street, Birmingham. “‘ Recent Developments in Multiple 
Drilling and Tapping,” by Mr. E. H. Pease. 


JUNIOR INSTITUTION OF ENGINEERS.—To-night, 7.30 
p.m., 39, Victoria-street, S.W.1. ‘‘ Notes on Winches. 
Derricks, and other Lifting Appliances used in Modern 
Building Construction,” by Mr. M. J. McCarthy. Friday, 
February 1, 7.30 p.m. Lecturette. ‘‘ Notes on Road 
Construction,” by Mr. T. H. Cross. 


INSTITUTION OF PRODUCTION ENGINEERS.—To-night, 
8 p.m., Society of Motor Manufacturers and Traders, 
Limited, 83, Pall Mall, S.W.I. ‘‘ The Designer v. The 
Production Engineer,” by Mr. L. H. Pomeroy. Birming- 
ham Branch: Wednesday, January 30, 7 p.m., Grand 
Hotel, Birmingham. ‘ Production in the Foundry.” 
by Mr. D. Wilkinson. 


INSTITUTION OF MUNICIPAL AND County ENGINEERS.—- 
Southern District: Saturday, January 26, 11.30 a.m., 
Town Hall, Oxford. ‘‘ Road Surfaces and'a Standard 
of Maintenance,” by Mr. H. V. Overfield. 
the Construction of a new Public Convenience,” 
Mr. W. L. Williams. 


INSTITUTE OF BRITISH FOUNDRYMEN. 
District Branch: Saturday, January 26, 6.15 p.m., 
Neville Hall, Newcastle-on-Tyne. ‘‘ Coal Dust: Its Use 
and Abuse in the Foundry,” by Mr. B. Hird. Lancashire 
Branch: Saturday, February 2, 3.30 p.m., College of 
Technology, Sackville-street, Manchester. Joint Meeting 
with the West Riding of Yorkshire Branch. ‘‘ Works’ 
Accounting and Foundry Practice,” by Mr. J. O. Gray. 
Middlesbrough Branch: Saturday, February 2, 7.20 p.m. 
Cleveland Technical Institute, Corporation Road, Mid- 
dlesbrough. ‘ Progress and Precision in Motor Cylinder 
Manufacture,” by Mr. W. West. 

INSTITUTION OF ELEcTRICAL ENGINEERS.—Monday, 
January 28, 7 p.m., Victoria-embankment, W.C.2 In- 
formal Meeting. Discussion on ‘‘ Mains Testing,” opened 
by Mr. F. C. Raphael. North-Eastern Centre: Monday, 
January 28, 7 p.m., Armstrong College, Newcastle-on- 
Tyne. ‘“‘ Recent Developments in Electricity Meters, 
with Particular Reference to those for Special Purposes,” 
by Mr. J. L. Carr. North Midland Centre: Tuesday, 
January 29, 7 p.m., Hotel Metropole, Leeds. “ The 
Construction of the Grid Transmission System in Great 
Britain,” by Mr. J. Wright and Mr. C. W. Marshall. 
Scottish Centre: Tuesday, January 29, 7 p.m., North 
British Station Hotel, Edinburgh. Informal Meeting 
**Some Recent Extensions to Portobello Power Station,”’ 
by Mr. E. Seddon. 


Royat Socrety or Arts.—Monday, January 28, 
8 p.m., John-street, Adelphi, W.C.2. Cantor Lecture : 
“The Treatment of Coal (Lecture II.), by Dr. C. H. 
Lander. Wednesday, January 30, 8 p.m., “ The Shannon 
Scheme and Its Economic Consequences,’”’ by Mr. G. 
Fletcher. 

INSTITUTION OF ENGINEERING INSPECTION.—-Tuesday, 
January 29, 5.30 p.m., Royal Society of Arts, John- 
street, Adelphi, W.C.2. ‘Errors in Testing Bulk 
Supply by Random Selection,” by Mr. B. P. Dudding. 


** Notes on 
by 


-Newcastle and 


SHEFFIELD METALLURGICAL ASSOCIATION.—Tuesday, 
January 29, 7.30 p.m., 198, West-street, Sheffield. ‘‘ The 
Influence of Surface Conditions and Internal Stresses 
on the Physical Properties of Cold-worked and Quenched 
and Tempered Steels, with Particular Reference to 
Fatigue Resistance,” by Professor F, C. Lea. 

INSTITUTION OF ENGINEERS AND SHiPBUILDERS IN 
ScoTLanpD.—Tuesday, January 29, 7.30 p.m., 39, Elm- 
bank-crescent, Glasgow. ‘The Choice of Propelling 
Machinery,” by Professor P. A. Hillhouse. 

INSTITUTION OF CiviL ENGINEERS.—Tuesday, January 
29, 6 p.m., Great George-street, S.W.1. Further Discus- 
sion on ‘“‘ The Vibrations of Roads and Structures,” by 
Mr. J. H. Hyde and Mr. H. R. Linton. Birmingham and 

.., 
Scint 
Meeting with the Institute of Arbitrators Incorporated. 
Lecture: ‘‘ The Conduct of an Arbitration,” by Capt. W. 
T. Cresswell. London: Wednesday, January 30, 6.30 
p.m., Great George-street, 5.W.1. Students’ Meeting. 
** Design and Construction of Victoria House,”’ by Mr. H. 
G. Cousins. Manchester and District Association : 
Wednesday, January 30, 6.45 p.m., Manchester Literary 
and Philosophical Society, 36, George-street, Manchester. 
“The Town Planning Act as Applied to South-East 
Lancashire,’’ by Mr. A. Morris. 


NORTHAMPTON ENGINEERING COLLEGE, ENGINEERING 
Soctety.—Wednesday, January 30, 5.30 p.m., St. John- 
street, E.C.1. ‘‘ Modern Radio Reproduction,” by Mr. P. 
K. Turner. 

Royat InstirvTion.—Thursday, January 31, 5.16 

.m., Albemarle-street, W.1. ‘‘The Early History of 

-Rays ’’ (Lecture I.), by Sir William Bragg. 

Royat Sanitary InstituTe.—Friday, February 1, 
5 p.m., 90, Buckingham Palace-road, 8.W.1. Discussion 
on ‘‘ The Civilian Population and Chemical Warfare.” 
| Opened by Mr. F. R. Humphreys. 
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Fic. 8. Enp View sHowinc HAMMERS AND WEARING PLATES ON ROTOR. 


Fic. 7. PULVERISER AND FEEDER CONTROLS. 





























Fig. 10; Enp View with Fan REMOVED, SHOWING DIAPHRAGM 
OPEN AND StaToR PEGs. 


Rear VIEW SHOWING DRIVING AND FEEDER 
Motors. 
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amateurs. At a later stage, when it was found that their 
inquiries had a practical value, professional institutions 


had become possible. It was amateurs who first estab- 
lished world communication with short wireless waves, 


THE ROYAL METEOROLOGICAL 
SOCIETY. 








THE annual general meeting of the Royal Meteorological 
Society was held on Wednesday, January 16, in the 


Society’s House, 49, Cromwell-road, South Kensington, | 


Sir Richard Gregory, LL.D., President, being in the chair. 
The report of the council for 1928 was read and adopted, 
and the council for 1929 duly elected, Sir Richard Gregory 
being ro-elected President. 
awarded for the most 


important original papers 


contributed to the Society during the previous four | 
| of the Meteorological Office. 
Sir Richard Gregory delivered an address on Amateurs | 


years, was presented to Dr. Harold Jeffreys, F.R.S. 


The Buchan Prize, which is | 


were established and much of the work was taken over 
by industrial or national services. In the middle of 
last century, James Glaisher formed an organisation of 
voluntary observers for meteorological records, and the 
Royal Meteorological Society maintained this service 
until it was taken over by the Meteorological Office in 
1912. The systematic collection of rainfall records, 
which was started by G. J. Symons in 1859 and now 
included about 5,000 observers in Great Britain and 
Ireland, had similarly become part of the organised work 
The systematic study of 
upper air conditions, now carried on for practical 


when such waves were regarded as useless for commercial 
purposes. In transport also the conquest of the air, 
for the advancement of knowledge and the service of man, 
had been due chiefly to the pioneer work of amateurs. 
Every encouragement should be given, therefore, to 
all such voluntary workers 








Liguip SoLpEeRING FLux.—A new soldering fluid 
which can be used for soldering, tinning and repairing 
metals, including cast iron, with ordinary tinman’s 
solder, has recently been placed upon the market under 
the trade name “ Bon.” It is a clear colourless liquid, 
without sediment, and is claimed to be non-corrosive and 





as Pioneers, in which he said that though the word | purposes of aviation, had their origin in the work of such 
amateur is commonly used disparagingly to signify | amateurs as W. H. Dines and C. J. P. Cave. It was an 
a superficial student or worker ; its correct meaning was | amateur, Benjamin Franklin, who established the | 
one who loves or is fond of anything, or cultivates a | identity between the discharge from an electric machine | 
subject as a pastime, as distinguished from one who | and lightning by his famous kite experiment in 1752. | 
prosecutes it as a professional occupation. In this sense, | An amateur also, Oliver Heaviside, first showed that | caiind ciitniie cadiuiashese vaniiin in tathasiok 4 
every scientific worker was an amateur in any field of | there was a conducting layer in the upper air, now called | }"."— and tonl steel, sound pore ‘recog. Seale, ~gesi 
activity in which he was interested outside that in which | the Heaviside layer, which would reflect electro-magnetic | each case. The fluid is supplied in 4-oz., 10-oz., $-gal., 
he ‘was professionally engaged. Until relatively recent | waves, and it was through the action of the ionised layer | and 1-gal tins, and is manufactured by Messrs. Soldering 
times, all scientific socisties were organisations of! asa reflector that radio communication around the world | Fluids, Limited, Baythorne-street, Burdett-road, E.3. 


to give off no fumes. Copper, brass, tin, galvanised iron 
and zinc can all be soldered easily and without much 
cleaning, but the makers also recommend its use for the 
repair of cracked water jackets and scored cylinders, 
as well as for the re-metalling of bearings. In a few 
rough tests carried out with a sample received, we ob- 
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COMPARABLE DATA RESPECTING 
PULVERISED FUEL. 


For some time past few subjects have been more 
generally popular with students of public affairs 
than the general misuse of fuel. While, perhaps, 
they were making tentative estimates of the latest 
date to which they might postpone the payment 
of their income tax, they may have thought of low- 
temperature carbonisation as a word of Mesopota- 
mian comfort, and have wondered at times why the 
Government was not realising the unbounded possi- 
bilities of that remarkable process, and applying them 
to the relief of its struggling constituents. 

Engineers themselves, though all along they 
have had a good deal of knowledge about fuel, 
because conscious that there was even more to 
be learned about it than they had suspected, 
seem to have welcomed the fairly frequent 
occasions when papers on the subject have been 
submitted to their professional societies. The 
atmosphere of industrial economic discussion 
has been thickened with a fog of estimates, 
evaluating with careful precision the millions 
of pounds that are being lost every month or year 
through the imperfect combustion of raw coal, 
and no time has been thought unseasonable for 
drawing the familiar contrast between the smoke- 
laden sky which shuts off great cities from the 
health-giving rays of the sun, and the attainable 
ideal in which the land would be flowing with tar 
and petrol. 

The imagination of industrial philosophers of 
every kind, with a great array of scientific and 
arithmetical baggage, has been crossing the stream 
which separates the poverty-stricken present from 
the opulent future, before they have come to 
the bridge of practice; and when, once again, 
they have awakened to find it all a dream, they 
have fallen to reiterating the technical and scientific 
facts which show them that it should be a reality. 
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The technical papers in which this information is con- 
veyed, though sometimes encumbered by Faraday’s 
dictum that, in an expository address, the audience 
should be assumed to know nothing of the subject, 
often contain much useful material and sound reason- 
ing. They are numerous enough, and some of them 
are interesting. Yet when all is said and done, the 
advance they record is strikingly less than would 
have been expected on their facts. 

For a matter of such urgent importance this is a 
disquieting situation, and the discrepancy between 
the abundance of available facts and the relative 
poorness of the practical results seems to suggest 
that something is lacking in the measures by which 
use is being made of what is known. It is natural 


6| that in such circumstances attention should be 


attracted to the much greater amount of work that 
is being done on collecting knowledge in regard to 
facts on which fuel practice depends, than on 
defining and measuring practical results. At 
first sight, indeed, it may be thought that if 
the staff and equipment employed on studying the 
elementary factors were suitable to the study of the 
practice which is based on them, it might be 
desirable, in conditions of emergency, to turn 
these resources over temporarily to problems from 
the investigation of which more immediate results 
might be expected. Such a conversion, however, 
is not feasible, and probably would be inexpedient 
even if it were. The study of elementary factors 
provides bricks, and both its means and its points 
of view are necessarily different from those required 
for examining the structures into which they may 
be merged. The progress of the structure of technical 
practice depends in an essential measure on the 
extent to which technical and scientific labours have 
provided the bricks out of which the structure is 
built, and even if a delay in making bricks could 
accelerate the completion of a structure, it might 
have to be paid for at a later stage, when the progress 
of some other structure of practice was held up for 
the want of necessary supplies. None the less, 
however, it is quite unsatisfactory to regard energy 
and success in making bricks as a sufficient equi- 
valent to completing structures that are wanted at 
once. Considering the relatively small resources 
at the disposal of the brickmakers compared with 
what is provided for them in the United States, 
it can hardly be said that they are not doing their 
part. The lag appears to lie in the measures taken 
for completing and testing the finished structures. 

These reflections are suggested to some extent 
by three papers on the use of coal, read in this 
country during the last few days. Two of them 
were presented to that practical and hard-headed 
body, the North-East Coast Institution of Engi- 
neers and Shipbuilders, and contained an excellent 
discussion of the rational utilisation of coal, Mr. W. J. 
Drummond dealing with coal used in its raw state, 
and Dr. W. T. K. Braunholtz with fuels obtained by 
its treatment. The third, read before the Institute of 
Fuel by Mr. Berg and Mr. Erich Vogt, described in 
detail some methods of coal-dust firing in boilers and 
industrial furnaces, and, without particulars, showed 
a new rotary melting furnace for the production of 
cast and malleable cast iron. Both the former papers, 
of course, include references to the use of pulverised 
fuel, Dr. Braunholtz drawing attention to it among 
the possible application of low-temperature coke, 
and without question this is among the methods of 
using coal to which most attention is being given 
at the present time. The observations of the authors 
on that branch of their subject will therefore be 
read with special attention, and their study may 
suggest one reason why the pulverised fuel is not 
used or discarded more generally or with more 
assured conviction. The overall results, so far as 
they are given, are shown in no precise relation to 
the fuel used and the circumstances of use, and 
without such particulars, no inference can be drawn 
from recorded results as to those that may be 
expected in the next trial or in general use. 

The absence of such information is specially 
disabling when it is sought to apply results obtained 
from pulverised fuel, because one of its advantages 
is the wide range of composition within which coal 
can be used in the pulverised form, and the corre- 
spondingly wide variations of material that a given 
trial may represent. Even in the proposed use of 
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pulverised coal for direct burning in gas engines, 
the “clean” coal, which is necessary and can be 
obtained, retains the intrinsic ash, which in good 
coal may vary from a minimum of about 1 per cent. 
to an average of from 2 per cent. to 3 per cent., while 
the ash of untreated coal, suitable for being burnt 
when pulverised, may range within ten times those 
limits, or more widely still. No excellence of com- 
bustion can avoid the possibility that, with coal 
varying in ash within such limits, difficulties may 
arise in the same furnace from one source of supply 
and not from another, and similar doubts must arise 
when variations, not only in the quantity, but also 
in the composition and fusing point of the ash, are 
considered. The variations in the combustible 
part of the fuel are no less material, ranging from 
lignite, in regard to which so much recent German 
experience is available, to anthracite. The design, 
moreover, of the furnace and other parts of the 
equipment have an important effect on the result, 
and in marine work in particular, as Mr. Drummond 
points out, it is questionable whether a boiler or the 
bunkering and similar arrangements have ever been 
designed especially for use with pulverised fuel, and 
not merely converted from the forms used for solid 
coal. Itis not difficult, therefore, to understand that 
the apparently optimistic conclusions which the third 
paper suggests go considerably beyond Mr. Drum- 
mond’s more cautious estimate of the situation. 

A still more striking contrast may be found by 
comparing the application of pulverised fuel men- 
tioned in the third paper as having been made 
successfully, as the paper implies, to a small re- 
heating furnace for a forge connected with a small 
mill, and the experience described by Mr. F. G. 
Bell and Mr. R. Waddell in a paper published last 
year by the Liverpool Engineering Society. In this 
paper the authors described some full-size experi- 
mental work conducted for five or six years in a 
large Sheffield steel works on reheating furnaces 
used in conjunction with small rolling mills. In the 
course of this they succeeded, by appropriate 
changes of furnace design, in reducing the cost of 
solid fuel per ton of steel to no more than a fourth 
of its original figure. Their experiments included 
also furnaces fired with producer gas and with 
pulverised fuel, and while the producer gas gave 
results greatly superior to those obtained with the 
original solid-fuel furnaces, the pulverised fuel was 
a conspicuous failure. The cost of pulverising made 
even the lowest grade of fuel expensive in relation 
to its calorific value and ash content, the fused 
ash coated the steel with a sticky slag and attacked 
the brickwork of the firebox and the furnace proper, 
and the fuel consumption was much higher than that 
of the furnaces fired with solid coal. Nevertheless, 
no reason appears for questioning either the success 
recorded in the third paper nor the accuracy of 
Messrs. Bell and Waddell’s statement of facts and 
figures. 

It seems, in fact, that before extensive practical 
measures can be taken with safety, it is necessary 
to have precise trials of accurately defined plant, 
working under specified conditions on known 
material, and preferably on some variety of mate- 
rials. The evidence that at least in some circum- 
stances pulverised fuel can give economical results, 
even with material that would be valueless, or nearly 
so, for other purposes, is strong. It remains to be 
seen whether the economy of such results may be 
offset in practical use by other circumstances, such 
as may arise from dust and ash, and with what 
varieties of fuel these objections hold good. The 
question arises as much or more with marine appli- 
cations as with stationary plant, and the economic 
circumstances seem to justify Government interpo- 
sition, as it might not be justified in ordinary con- 
ditions. As a beginning, it does not seem too 
much for ship-owners to ask that on some vessel 
suitable for such a purpose, and not necessarily 
of sensible consequence to naval strength, the 
Admiralty should institute and carry through 
such trials. Traditionally, what the Admiralty 
undertakes is well done, and possibly it is not 
a mere accident that the superintendent of the 
Fuel Research Station, Captain Fraser Shaw, is 
himself a retired naval engineer. That the scheme 


of such trials would gain by being concerted in 
co-operation with technical officers of the civil 
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interests concerned would doubtless be a sufficient 
inducement to the great ‘Silent Service’’ to relax for 
once its traditional preference for wholly indepen- 
dent work. The possibility of carrying out sea 
trials on pulverised fuel is at present under 
discussion between the Fuel Research Board and 
leading representatives of the coal, shipping, ship- 
building and boiler-making industries, and if 
facilities such as the Admiralty could provide 
were available, the discussion should be shorter 
and more fruitful. The results of such trials should 
put the knowledge of pulverised-fuel results for 
marine purposes on a footing that would enable 
the conditions of its usefulness to be defined with 
an assurance that is impossible at present. They 
would doubtless also serve to suggest a basis on 
which observations of similar value might be made 


DEMANDS. 


To forecast the demand for a particular class of 
goods is among the difficult tasks a commercial 
man has to face, though to reduce the factors influ- 
encing that demand to a scientific formula is more 
difficult still. The task is indeed so complicated, 
and the results are as a rule so inaccurate, that it 
has seldom been carried out with complete success. 
We mean of course from the scientific aspect. To 
take a homely example, to predict the number of 
turkeys that will be required at Christmas time 
might at first sight seem a problem which could be 
solved, either by the application of the laws of 
probability or by a combination of experience and 
common sense. In practice, the unknown and 
uncertain factors are so many that a solution is 
found by a process, which is, we believe, known as 
averaging. In other words, a price is charged 
which, it is hoped, will be sufficient to cover every 
conceivable loss, and if it does not, the remainder 
is balanced by the charges made on other com- 
modities, the demand for which is more regular 
and the profits on which therefore are more secure. 

Unfortunately this simple process is inappli- 
cable in an industry like engineering where the 
profits, if they exist, are already cut to the 
narrowest possible margin. It is, of course, pos- 
sible to manufacture for stock during periods 
when the demand is slack, but such a policy can 
only be employed to a limited extent and, in 
any event, results in tieing up capital to a 
greater or less degree. It is, therefore, desirable 
for financial security to discover what the demand 
is likely to be at any particular time, even though 
the accuracy of the forecasts may not be very 
high. This is particularly necessary in the case 
of both electricity supply and telephone under- 
takings, since it would obviously be unsatisfactory 
to lay distributors or to erect exchanges purely 
on the basis of present demands. On the other 
hand, too great an optimism in providing for the 
future may lead to temporary financial stringency, 
if not to actual loss. The subject of planning for 
anticipated demands is, therefore, of considerable 
importance. 

Papers on two different aspects of this subject, 
read by Captain J. M. Donaldson and Mr. J. G. 
Hines, respectively, before the Institution of Elec- 
trical Engineers on January 10, as a prelude to a 
general discussion, were of much interest. The 
first author dealt with the anticipation of demand 
and the economic selection, provision and layout 
of plant for power undertakings, while the second 
considered the same problems in relation to tele- 
phone systems. Superficially, the factors that 
have to be taken into account in organising these 
two services on economic lines may seem to have a 
good deal in common. Further examination will, 
however, show that this is incorrect. For though 
they both make use of electricity and both supply 
what is more and more becoming a necessity, there the 
resemblance ends, except that, as Mr. Woodhouse 
said in the discussion, both aim to give the maximum 
service at the minimum expense. Nevertheless, the 
engineers concerned with one of these branches might 
learn a good deal from the difficulties of those in the 
other. Unfortunately, though their contributions 
were useful and interesting, the two authors forgot 
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this and, as is the way with specialists, remained 
solely wrapped up in the problems relating to 
their own little world, so that neither the coinci- 
dences nor the divergencies between the two services 
were emphasised. Mr. Hines especially was at 
fault in this respect. He concerned himself almost 
entirely with a description of the methods employed: 
by the British Post Office in making telephone 
development studies, framing layout schemes, and 
determining the economic period for which to 
provide plant, subjects which, incidentally, were 
fully dealt with in a paper which was read before 
the same Institution only two years ago. The 
results were that the wood was obscured by the 
trees, and that we were left with the feeling that 
it would have led to a better and brighter discus- 
sion had Captain Donaldson given his views on 
telephone systems, and Mr. Hines dealt with power 
distribution. 

Captain Donaldson’s thesis, both in its general 
and particular aspects, may be briefly stated. In 
a given road or street, more people will use 
electricity for heavy current purposes than for 
telephony. The telephone requires the provision 
of one or more exclusive channels between the con- 
sumer’s premises and the exchange (or sub-station). 
It may be pointed out that this is not invariably the 
case. In electricity supply no such individual chan- 
nels are necessary, and it therefore can reap the ad- 
vantages of diversity. On the other hand, in private 
houses, at least, the telephone has the advantage in so 
far as peak loads are concerned. In an undeveloped 
area it is not known whether factories, with their 
comparatively large demand, or houses will be 
erected, though this must also apply, if in less degree, 
to the telephone service, a point which Captain 
Donaldson disregarded, apparently because the 
demand, measured in kilowatt-hours or telephones, 
will in one case be much greater than that in the 
other. 

These considerations involve the laying of a 
flexible system, in which the distributors proper 
can be reinforced by secondary high tension feeders, 
and the two can be connected through a series of 
sub-stations, which would be erected as occasion 
required. Such an arrangement is relatively cheap 
and reliable, especially as eventually, if not from 
the very beginning, it can be developed into a series 
of ring mains. Distributors of 0-1sq. in. cable were 
recommended, since this is a generally convenient 
size and, if the load grows more rapidly than is 
expected, they can be disconnected from the 
transformer and reinforced by low pressure feeders. 
Alternatively, the suggestion was made that the dis- 
tributors should be connected to the transformers 
through reactances. 

While in the case of distributors it is considered 
a wise policy not to use too heavy cables in the 
early stages, this does not apply to feeders, which 
should not be less than 0-1 sq. in. section at 11,000 
volts. The actual size, of course depends on the 
demand per consumer, which is not difficult to 
ascertain. It is found, in fact, that this demand 
does not vary greatly, even between districts of 
widely different character. There is also a fairly 
constant ratio between the connections and the 
demand. Ring, rather than duplicate, feeders are 
recommended, though the choice depends largely 
on circumstances. As regards generation, the right 
policy is to design the station for a definite capacity 
and to employ units of the same size throughout, 
or, alternatively, to split the first unit into two, each 
of half the standard size, thus saving capital 
in the early stages. 

The general conclusion is that though it is impos- 
sible to make accurate forecasts of the load con- 
ditions in the electricity supply industry, distri- 
butors of reasonable size should be laid down in the 
first place and reinforced later in the way described. 
Empirical though this may appear, it is probably the 
correct policy, if the proviso may be made that with 
the rapidly increasing use of electricity for all 
purposes it would be well to err, if error there must 
be, on the side of generosity. As will be seen, 
Captain Donaldson’s paper is informative, and 
though he has little to say about telephones, he 
will probably stimulate his fellow supply engineers, 
either to follow his example or to criticise his 
deductions. 
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In addition to those we have already mentioned, 
Mr. Hines stressed certain points of dissimilarity 
between the two systems. Of these the most impor- 
tant was that each additional subscriber may affect 
the whole network of junctions and exchanges, 
not only in one, but in several towns. The analysis 
and routing of traffic are therefore necessary, in 
order that a minimum number of the more expensive 
types of conductor may be used. The problem 
is in fact a little analogous to those dealt with by 
the traffic department on railways. It is evident 
from the account given in the paper that the Post 
Office authorities are fully alive to the necessity 
of looking ahead, and have devised a well thought- 
out scheme for estimating telephone development, 
including the consideration of such factors as 
growth of population, change in the character 
of the area and extension of transport facilities. 
Knowledge of local conditions is, naturally, a great 
advantage. For instance, it has been found that in 
many areas a sharp rise occurs when certain classes 
of persons realise they must have a telephone, though 
when this rise will take piace requires some skill to 
determine. Alterations to property also demand 
special attention, if estimates and actuality are to 
agree. 

From the information thus obtained the number 
of telephone lines per unit of area can be calculated, 
and used to determine the amount of exchange 
plant and local and long-distance cables that will 
be required. This study must cover the whole 
city, and deal with a variety of factors from trans- 
mission losses to exchange sites and cable routing, 
so as to ensure the best economic results. The 
accurate determination of the time when it will 
be necessary to build new exchanges involves 
problems of its own, and the same may be said of 
their equipment and of the provision of the conduits 
and cables used in connection with them. In this 
respect at least there is a correspondence between 
telephones and electricity supply, though the loss 
due to overestimating and the drawbacks which 
result from underestimating, is probably greater 
in the former than in the latter. It is, there- 
fore, even more necessary to obtain a flexible 
system, and, though no method has been evolved 
which is generally applicable, there are two which 
can be employed in the great majority of cases. 
The first consists in teeing individual pairs of wires 
in a main cable to pairs in two or more branch 
cables, so that the main pair can be brought into 
use at alternative distribution points. By this 
means it is possible to obtain a high efficiency 
on the pairs in the main cable near the exchange, 
at the expense of a lower efficiency on the branch 
cables, and to keep the re-arrangement costs to a 
minimum. The second is to select points, upon 
which to converge the main and distribution cables, 
and to provide at these points a means for re- 
distributing the main cable pairs between the 
various branch cables with a minimum disturbance 
of the working pairs. The same general policy 
must be followed in order to provide for the tele- 
phone development, which often takes place in 
large buildings. 


THE CENTENARY OF THOMAS 
TREDGOLD. 


Wuen Dr. Unwin delivered his presidential 
address to the Institution of Civil Engineers in 
1911, he devoted a great part of it to the history of 
the study of materials and the theory of elasticity, 
and having traced the early advances made by 
such as Galileo, Hooke, Coulomb, Young, and others, 
referred to the experimental work done in this 
country by Peter Barlow, Thomas Tredgold and 
Eaton Hodgkinson, three of the founders of engineer- 
ing theory. Barlow was born in 1776, Tredgold in 
1788, and Hodgkinson in 1789. In neither instance 
was there any circumstance to suggest the possi- 
bility of their names becoming associated with 
engineering progress, for Barlow began life as a 
small, struggling schoolmaster; Hodgkinson aban- 
doned the prospect of entering the ministry so as to 
assist his widowed mother in business; while Tred- 
gold passed from school to be apprenticed to a 
cabinet maker in a remote village in the north of 
England. Of the three, Barlow lived to the age 
of 85, Hodgkinson to the age of 72, but Tredgold 
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died at the age of 40, his death taking place in 


London, January 28, 1829, just a century ago. 

In each of these men, however, we see, under 
different circumstances, the same untiring industry 
in the pursuit of knowledge, leading in the case of 
Barlow to his rise to the professorship of mathe- 
matics at Woolwich, in that of Hodgkinson to the 
Chair of Engineering in University College, London, 
while Tredgold, by his writings in the 20’s of last 
century made the whole engineering world his 
debtor. Born and educated and apprenticed at 
Brandon, Durham, Tredgold worked for five years 
as a journeyman carpenter in Scotland, and then 
for 10 years was an assistant to his relative, William 
Atkinson, a London architect. That was from 1813 
to 1823. Severing his connection with Atkinson, 
Tredgold then practised on his own account as a 
civil engineer. With what works or buildings he 
was associated we are not told, but of his writings 
everyone has heard. These began with his “ Ele- 
mentary Principles of Carpentry,” the first serious 
attempt in England to determine the data of 
resistance. This was followed, in 1824, by his 
valuable “Essay on the Strength of Cast Iron 
and other materials,” which Rankin said was the 
earliest systematic treatise on the subject, and three 
years later came his two books on the Steam Engine, 
which were at once accepted as the most authorita- 
tive works of their kind. This, however, by no 
means exhausts the list of writings of this indefatig- 
able author, for he also wrote, on the Warming and 
Ventilation of Buildings, on Masonry, on Joinery, 
on Hydraulics and other matters, some of his best 
work appearing in the Encyclopedia Britannica and 
the scientific journals of the day. Unfortunately, 
all his efforts appear to have brought him insufficient 
reward, for when he died, worn out by study, it is 
said, he left his family in but poor circumstances. 
His death took place, as we have already stated, 
on January 28, 1829, and he was buried in the 
cemetery of St. John’s Wood Chapel. “It has 
been rather a fashion among elasticians,”’ said 
Dr. Unwin, “to ignore or depreciate the work of 
Tredgold. But he had a practical insight into 
what was important and what was negligible in 
engineering problems greater than that of writers 
with more ample mathematical resources, and he 
rendered essential services to the engineers of his 
time.” 








NOTES. 
THE IrRisH FREE STATE RaiLways. 


AccorDinG to The Times, of January 21, a crisis 
is impending in the affairs of the Irish Free State 
Railways. Since the amalgamation brought about 
by the Railways Act of July 23, 1924, traffic receipts 
have fallen heavily and steadily, and some weeks 
ago this fact was recognised by a reduction of some 
70,0001. a year in the valuation of the companies’ 
property. To meet the situation, the Great Southern 
Railway Company is demanding a 10 per cent. 
reduction in wages, notices of dismissal having been 
served on 130 locomotive men and 150 shopmen at 


| Dublin, Cork and Limerick, and it is proposed to 


alter many miles in the western and southern 
districts to single track. The Great Southern Rail- 
way works 2,187 miles of railway, owns 570 loco- 
motives, 1,664 passenger coaches, and 12,671 goods 
wagons. For the year ending December 31, 1927, its 
receipts per mile were given as 2,013/., and the work- 
ing expenses as 85 per cent. of the receipts. A History 
of Railways in Ireland by Mr. J. C. Conroy was pub- 
lished last year, and gives a valuable summary of the 
growth of the Irish railway system from the 
economic point of view. Again and again he refers 
to the difficulties which have confronted the railway 
companies ; difficulties which do not affect railway 
systems of other countries. The railways of Ireland 
are placed in the unusual position that they supply 
the wants of a decreasing population. Before the 
Great Famine of 1847, when the nucleus of the 
Irish railways was being constructed, the popula- 
tion of Ireland. was about 8,000,000, whereas in 
1926 it was only a little over 4,000,000. The fact 
that most of the large cities are on the coast or on 
navigable rivers leads to much traffic by sea, while 
owing to the disturbed conditions which prevailed 
after the war, especially in 1922 and 1923, when 
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rail facilities were much curtailed, motor transport 
was largely used for the conveyance of agricultural 
produce. In his review of the problems of the Irish 
railways, Mr. Conroy says: ‘If the road motors 
are allowed to carry on their competition unchecked, 
the railways will inevitably become bankrupt.” 
Action, he suggests, should be taken to co-ordinate 
rail, road and canal transport, and the principle 
of rationalisation could also be applied to the rail- 
ways. 

RaiLway GAUGES IN AUSTRALIA. 


It is well known that Australia suffers con- 
siderably from the fact that the States have 
developed their railway systems on different 
gauges. Thus, the system in Victoria is on the 
5-ft. 3-in. gauge, a standard adopted also for 
some of the more important lines in South Aus- 
tralia, the remainder in that State by 3 ft. 6 in. 
New South Wales has a standard of 4 ft. 8} in., 
and Queensland and West Australia a standard of 
3 ft. 6 in. For the Commonwealth railways the 
standard of 4-ft. 84-in. was adopted, and it will 
be remembered that this was decided upon for the 
future uniform standard for the whole country, if 
and when it faces the difficulties and cost of con- 
version. In view of this, the information given by 
Mr. R. S. Sexton, Chief Engineer of the Queensland 
Railways, at a recent meeting of the Institution of 
Engineers, Australia, Brisbane Division, of a new 
line connecting that State with New South Wales, 
is of interest. The line will extend from South 
Brisbane to Kyogle in New South Wales, and the 
4-ft. 84-in. gauge having been adopted for it, will 
connect up with the system of that State. It will 
constitute the first 4-ft. 84-in. line in the State 
of Queensland, and as such is quite an innovation. 
The total length of this new line is 95 miles, 68 of 
which are in Queensland and the remainder in 
New South Wales. The earthworks in cuttings, 
tunnels, &c., will total 3,700,000 cub. yards. The 
tunnel under the Macpherson range, where the 
line crosses the inter-state border, will be 57 chains 
in length, and is being constructed by the New 
South Wales Government to a grade of 1 in 150. 
It is estimated that 100,000 cub. yards of concrete 
will be used, while 8,400 tons of steel and iron will 
be required for the bridges, which will have a total 
length of 11,800 ft. . 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


AN ordinary general meeting of the Institution 
of Mechanical Engineers was held on Friday last, 
the 18th inst., at Storey’s-gate, Westminster, 
the President, Mr. Richard W. Allen, occupying 
the chair. 

ELECTION OF OFFICERS. 


The minutes of the previous meeting having been 
read, the Secretary presented the list of Members of 
Council retiring, together with the nomination list. 
The latter was as follows:—As President, Mr. 
Daniel Adamson; as Vice-Presidents, Mr. F. H. 
Livens and Mr. Loughnan St. L. Pendred; as 
Ordinary Members of Council, Professor G. F. 
Charnock, Engineer Vice-Admiral Sir Robert B. 
Dixon, Mr. S. B. Freeman, Mr. R. J. Glinn (Asso- 
ciate Member), Sir Ernest W. Petter, Mr. R. W. 
Reid, Mr. D. E. Roberts, Sir Archibald J. C. Ross, 
Engineer Vice-Admiral R. W. Skelton, and Mr. 
W. A. Stanier. The names of Mr. Thomas Clark- 
son and Mr. George N. Guest were proposed by 
members present, and the President announced 
that they would be added to the list, which would 
then constitute the nomination list, for the election 
of officers at the next annual general meeting. 


MopERN FrEED-WaTER CIRCUITS. 


After the transaction of some other formal business, 
largely relating to the forthcoming election of 
the office-bearers of the Institution, the President 
called upon Mr. J. G. Weir to read a paper 
entitled ‘‘ Modern Feed-Water Circuits.’’ This was 
done in abstract, and the paper is reproduced, in 
full, on page 119 of this issue. 

The President, in proposing a vote of thanks 
to Mr. Weir, remarked upon the timely presentation 
of the paper, the present time being one of 
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change in steam practice, chiefly in the direction 
of the use of higher pressures. Perhaps the most 
important question raised in the paper was that of 
the de-aeration of feed water. Few engineers would 
like to prophesy what pressures might be common 
in afew years. De-aeration was a matter of great 
consequence in this connection. 

The discussion was opened by Mr. S. B. Donkin, 
who thought the comprehensive collection of 
possible cycles given in the paper showed great 
variety, in which the closed-feed circuit only 
took a minor part. At the same time, there 
were practical difficulties in some of the schemes 
which should not be overlooked. He had been 
particularly struck by the arrangement shown in 
Fig. 22, in which the heat rejected by the mercury 
condenser was utilised to generate steam. Without 
accepting this plan as ideal, he would like to 
point out that all the schemes in the paper failed, 
inasmuch as they threw away many heat units in 
the circulating water. It looked as though some 
contrivance were wanted in the nature of a heat 
transformer, in order to convert large quantities of 
low-grade heat into smaller quantities of high-grade 
heat. Engineers, physicists, and chemists were work- 
ing at this problem of heat exchange, and he thought 
it might be solved by chemists. Would it not, 
however, be desirable for the Institution, together 
with manufacturers of power plant, condensers and 
feed systems, to commence a co-ordinated research. 
The Department of Scientific and Industrial Re- 
search might be prevailed upon to give a grant 
towards the work. 

Mr. H. L. Guy, in continuing the discussion, said 
it seemed particularly fitting that Mr Weir should 
read a paper on the subject, as it was his father who, 
many years ago, first made use of the principle of 
taking away steam from a prime mover after 
partial expansion in order to heat feed water. The 
lesson was not, however, learnt at that time, in 
spite of the fact that Professor Elliot had examined 
the thermodynamics of Weir’s proposal, and had 
pointed out that what was then regarded as an 
inherent defect in the steam cycle could be over- 
come by carrying what was now known as bleeder 
heating to the limit; this was standard practice 
nowadays. The graphical notation suggested in the 
paper formed one of the most useful contributions 
in it. It could hardly escape the notice of the 
committee of the International Electro-Technical 
Commission, which was concerned with the stand- 
ardisation of notation. English engineers were 
already represented on this committee. 

Of the systems described in the paper, the one 
illustrated in Fig. 3 was perhaps most commonly 
found in power stations, but with a modification 
not mentioned by Mr. Weir. With the introduction 
of the surge tank, the question of aeration had 
arisen, and it was found that the rate of diffusion 
of air into the water of a surge tank was much 
more rapid than had been generally supposed. 
A way out of the difficulty appeared to be by putting 
a float on the water surface to mask it, but experi- 
ments had shown that the rate of air penetration 
was but little affected, even by a float of very large 
area. The next proposal was to use oil as a seal, 
but an oil film, or layer, really made very little 
difference to the ingress of the air. One solution 
finally and very generally adopted, was to put a 
float valve in the surge tank, the float controlling 
the admission of water from the surge tank to the 
condenser, where it was de-aerated. This was a 
simple and highly satisfactory method. Another 
equally successful method was to convert the surge 
tank into a vacuum chamber. It had been found, 
however, by the engineers of t'1e Liverpool Corpora- 
tion, after extensive experiment, that even with the 
tank heated and under vacuum, complete de- 
aeration was not secured unless the water was 
agitated by a surface disturbance caused by a small 
steam jet. The problem had really been solved, 
and he was consequently not in sympathy with 
such systems as that shown in Fig. 6, in which the 
feed was allowed to become aerated, and then was 
apparently de-aerated in a separate de-aerator. 

It was interesting to notice that, in marine 
installations, the terminal difference allowed on 
feed heaters was commonly 20 deg. This, he 
thought, though used in the past, was unlikely to 
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be a satisfactory basis of design for the future. 
Thus, if the feed water was to be raised to a tem- 
perature of 250 deg. to 300 deg., then the loss 
represented by the difference between terminal 
differences of 20 deg. and 5 deg. was round about 
1 per cent. in coal or oil consumption, a saving 
which would pay for quite a considerable amount 
of feed-heater surface, or, more accurately, better 
feed-heater design, because in all heat-transmission 
questions disposition of surface was at least as import- 
ant as quantity. He could hardly agree that when 
an economiser was fitted, fewer bleeder heaters 
would be used. In modern practice, when an air 
heater and an economiser were both employed, the 
number of feed heaters was the same, though the 
economiser was somewhat curtailed. Again, he 
was a little puzzled by Mr. Weir’s argument attach- 
ing some significance to and co-ordinating the 
temperature step in the expansion curve with the 
pressure step. A more useful way of visualising 
the subject appeared to be that of co-ordinating 
temperature difference with what was called avail- 
able heat drop—the capacity for doing work be- 
tween the two temperatures. Then it would be 
found that the work lost tended to increase as the 
point in the whole temperature range was lowered. 
For this reason, it was advantageous to take steam 
for the evaporators at a moderate temperature. 

In Fig. 12 and some of the succeeding figures, 
Mr. Weir had indicated the use of a drain cooler, 
with the object of recovering some of the heat loss 
represented by the feed-heater drains. He, himself, 
had been associated with the first use of such drain 
coolers and had formed an opinion that they were 
rather delusive. The transmission of heat from 
water to water through the walls of a tube was very 
unsatisfactory, particularly when, as in this case, 
the velocity on one side was low and on the other 
still lower. The temperature differences recom- 
mended for a basis of feed-heater design had been 
mentioned in the paper. He would like to know 
what temperature difference Mr. Weir found it 
practicable to work to on drain coolers. Unless the 
temperature difference could be made very small, 
then, since the temperature drop in the drain itself 
was very small, very little heat could be recovered. 
In conclusion, Mr. Guy said that he thought the 
compounding of pressures in boiler systems was 
indicative merely of a transition period in power 
production. 

Engineer Vice-Admiral Sir Robert B. Dixon 
remarked that the marine feed circuit in which 
he was particularly interested was omitted. Until 
comparatively few years ago, this circuit was an 
open one, perhaps best shown in Fig. 6 with the 
de-aerator left out. It was well adapted for 
pumping air into boilers, and the result was con- 
siderable corrosion of boiler tubes. It was import- 
ant to eliminate this in modern water-tube boilers 
with superheaters, and accordingly, when he was at 
the Admiralty, a closed-feed circuit was specified 
for the 10,000-ton cruisers then under construction. 
Many of these were now completed and had run 
their trials, while five were in service. The results, 
with regard to the feed circuit, had been quite satis- 
factory, although it would be impossible for some 
years to say whether the object aimed at had been 
attained. Apart from the property of preventing 
the entry of air into the boiler, he thought there was 
no question of economy in the use of a closed-feed 
circuit. It might be possible to put the de-aerators, 
illustrated in Fig. 6, into an installation in the 
merchant service, but it appeared to be impossible 
to do so in a warship. 

Referring again to the cruiser trials, it might be 
mentioned that the feed water was heated by the 
exhaust steam from the auxiliary engines, but the 
anticipated temperature was not obtained in the 
feed heater. If the feed water was to be brought 
near to the desired point, some form of bleeding was 
necessary, though the difficulties of fitting apparatus 
for this would be at once apparent. Further, the 
condensate temperature was not so close to the 
exhaust temperature as had been hoped. Mr. Weir 
had attributed such a state of affairs to bad con- 
condenser design, and it was to be hoped he would 
add some further information on the point. On the 
question of evaporators, to which Mr. Weir had 
alluded, some doubts had recently been expressed as 
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to whether it would be possible to use the distillate 
from them for high-pressure water-tube boilers. 
In the Navy, for the forty years his experience 
went back, fresh water had been distilled from salt 
water, not only for boiler use but for drinking, 
washing, and other purposes. The trouble experi- 
enced had been extremely small. 

Evaporators were not used to any extent in the 
merchant service, but in the new P. and O. liner, 
a low-pressure evaporator was being fitted. Refer- 
ring to the new C.P.R. liners, he noted, with satis- 
faction, that Mr. J. Johnson had increased the 
pressure and fitted water-tube boilers. He was not 
so satisfied about his combination of water-tube 
boilers and tank boilers. This combination had 
been used in the Navy about twenty years ago, 
but as they worked under the same pressure, the 
conditions were not the same as with Mr. Johnson’s 
boilers. The result was not so satisfactory as a full 
installation of water-tube boilers. He agreed that 
the use of two pressures was only a transition 
stage, and felt that, in future C.P.R. vessels, only 
water-tube boilers would be used, with evapora- 
tors for make-up feed and electrically-driven auxili- 
aries. This should prove a more economical arrange- 
ment and would be more satisfactory in maintenance. 

Major W. Gregson was pleased to see that the 
paper dealt with the modern practice of a two- or 
three-stage boiler, viz., the type of boiler in which 
the flue gases passed through a series of heating 
elements, as opposed to separate boilers at different 
pressures and independently fired. In such a boiler, 
there were different pressures, depending on the 
temperatures available and the heat gradient. 
Mr. Weir had pointed out two advantages of such 
a boiler, in its ease of operation and the simplicity 
of its feed circuit, but he had missed the chief 
advantage. In a single-unit high-pressure boiler, 
owing to the high temperature of both the saturated 
steam and of the flue gases, there was too much 
work to be done at the back end of the boiler, which 
involved the employment of stage economisers, air 
heaters, etc., to secure efficiency. With a two- 
stage, or possibly in certain cases, with a three- 
stage boiler, this difficulty disappeared, because each 
type of element or boiler employed could be used 
to its full advantage. The high-pressure boiler 
could be of the standard water-tube type where 
the temperature of the gases was high; farther on, 
where heat transmission was effected almost en- 
tirely by direct contact, a water-tube boiler with 
small tubes and high velocities was indicated. This 
combination would present a maximum of effective 
heating surface. To do the same work in one boiler 
would mean that one section was doing little work. 
A drum-type boiler, containing water of inter- 
mediate temperature which might be flashed into 
high-pressure steam if necessary, could be added. 

Major Gregson did not, however, agree with Mr. 
Weir that a multi-stage boiler possessed an advant- 
age, in that it cut out an air-heater altogether. On 
the contrary, he thought that, in certain types of 
firing, air-preheating was necessary to get the proper 
combustion effect, with this type of boiler, air- 
heating could be limited. There was no difficulty 
in interposing an air-preheater of any desired surface 
in the two-stage boiler circuit. The temperature of 
the combustion chamber could be thus controlled, so 
that, being more manageable, high maintenance costs 
for this chamber would probably not be involved. 
He would like to have some figures as to the cost of 
the mercury in the boilers quoted by Mr. Weir. This 
would be a factor in the capital cost of a mercury 
plant having also a turbine and steam boiler, and 
would help towards a comparison with a Diesel 
installation of similar size. He thought the best 
arrangement of the mercury set would be to have a 
boiler, turbine, and condenser, with a small waste-gas 
boiler generating steam which would join the steam 
produced in the mercury condenser and would be 
utilised with it in the low-pressure steam turbine. 

Mr. W. H. Patchell associated himself with other 
speakers in appreciation of the proposed symbolic 
notation. It was a difficult piece of work, and 
something of the kind was much overdue. He 
was rather confused as to Mr. Weir’s chronology, 
for he read in the early part of the paper, in 
connection with the de-aeration of feed water by 





boiling, that the first apparatus to make use of 
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this fact was the Weir direct-contact heater. 


This was shown in Fig. 7. He thought that Mr. 
Weir’s father had taken out a patent in 1871, which 
was no doubt the first time this boiling of the feed 
was adopted. The elder Mr. Weir had been puzzled 
by corrosion phenomena, and had attacked the 
subject from that point of view, having, indeed, 
said so in the patent specification. He, himself, 
would like to know what difference there was, if 
any, between the 1871 design and that shown in 
Fig. 7, which was represented in the paper as coming 
out at a much later date. He would like to see 
the paper enriched by a bibliography of the subject 
of feed-water heating or, by a schedule of the most 
outstanding work done and the dates on which it 
was done. Sometimes engineers spent much effort 
needlessly through forgetting what had already been 
done in a particular branch. A case in point was 
that of work recorded in a book by C. Wye Williams 
on Combustion. This book appeared in 1854, and 
subsequent use of it would have saved many 
Patent Office fees. 

A point which had not been emphasised in the 
paper was that the higher the steam pressure the 
more active the corroding agencies seemed to be. 
Mr. John Anderson, in his paper read before the 
Institute of Fuel the year before last*, had very 
frankly detailed his experience at Milwaukee in this 
direction, and his work was well worth following up. 
Mr. Weir’s father had done pioneer work in stage 
heating. He (Mr. Patchell) had first met with 
the subject in connection with the steamer 
Inchmona, launched about 1896. One of his col- 
leagues, who had come from that ship some years 
later, told him of the work done by Mr. Thomas 
Mudd, who had tried everything he could in the 
way of auxiliary apparatus. The engine was of 
the five-crank quadruple-expansion type, with 
four-stage inter-heating. There seemed to be little 
difference between that arrangement and the 
four-bleeder heating on a turbine, though there 
were more disadvantages in the case of the recipro- 
cating engine. His first contact with the bleed 
feed-heating system was in connection with the 
Delray Power House, of the Detroit Edison Com- 
pany. He had received from Mr. J. W. Parker, the 
chief engineer, a concise description of their experi- 
ence, which he submitted to the Institution. [We 
reprint this communication below on this page.— 
Ed.E.] This account began at 1914, when a regenera- 
tive feed-water heater was put in service. A few years 
later the instal lation was doubled, and the account 
records a test of it which formed the basis of the work 
which had lately been developed at the Trenton 
Channel Station. The latter station, he might point 
out, had been very fully described last year, the 
whole of the details having been published in an 
account which formed a very useful piece of work. 

Continuing, Mr. Patchell said he could not agree 
with the statement in the paper that when econo- 
misers were fitted fewer bled-steam heaters would be 
used. He thought the statement should be reversed. 
He would draw the attention of members to a paper 
on heat cycles by Hirshfeld and Ellenwood, read 
before the American Society of Mechanical Engineers, 
and to one read by Sir Charles Parsons at the World 
Power Conference in 1924. There was also some 
work by Dr. Emmett on this point. On this side, 
Professor A. L. Mellanby and Dr. W. Kerr had 
read a paper in which very much the same results 
were reached. None of these papers, however, 
gave the commercial efficiency. Many of the sys- 
tems schemed out by engineers were attractive, 
but it would not pay to work them, for while they 
might function well for very brief periods of a year 
the load was not right for the whole 365 days. For 
a given cycle, the engineer might find that, having 
juggled with the steam end, he could not afford so 
large an economiser, or that so much economiser 
was a disadvantage owing to the increase of draught 
power it might necessitate. If he got so many 
feed heaters, the feed water might be so hot that 
there would be no use for an economiser; then he 
would have to adopt an air-heater. The Howden 
air-heater, which had been very successfully used by 
Howden at sea for many years, was now coming 
into use on land in this and other forms. 





* See ENGINEERING, vol. cxxiv, page 687 (1927). 
t See ENenvgzrmra, vol. cxxv, pages 341, et sez. 
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As to the Ruth accumulator, the late Mr. Druitt 
Halpin was the first engineer, as far as he knew, to 
adopt thermal storage. He did not quite like Mr. 
Weir’s use of the word “ polytropic ”’ in connection 
with steam generation. According to the dictionary 
it meant “ versatile, much travelled.” Neither could 
he approve of the expression “ boilers of the capacity 
type.” Such boilers, if described as cylindrica: or 
tank boilers, would be more easily visualised. The 
term ‘‘ capacity,” as a rule, was used in connection 
with the amount of evaporation. As to pressure, 
there were boilers which were working regularly at 
400 lb. per square inch, and some boilers were on 
order for 800 lb. per square inch. Multi-stage 
boilers were getting quite common; for example, 
the Borsig and the Sulzer. The Brown-Boveri 
type was somewhat similar to the Léffler, which 
he had heard very favourably commented on by 
a Continental engineer, but he thought that one 
would have to wait some years before the figures 
essential to substantiate the optimistic claims for 
this type of boiler were forthcoming. 

Mr. Patchell further said, with regard to the 
binary-fluid boiler, the mercury plant at Hart- 
ford, Connecticut, had been running for some 
years, and figures relating to this plant had 
been published in American papers. He might 
mention another fluid, namely, bi-phenyl oxide, 
which could be used as an alternative to mercury, 
and could be obtained in quantity. There was 
apparently no trouble over the leakage of the 
mercury, nor any due to contact of the mercury 
with the metal of the boiler and condenser. The 
reference by Mr. Donkin to the utilisation of 
rejected heat from condensers of steam plants 
opened up an important subject, but the conditions 
of the sale of heat and electricity differed widely. 
He, himself, had been closely connected with 
electrical people who sold heat, but they had had 
to give it up as a by-product of a power station. 
It appeared that separate stations for heating steam 
and for power were required. 

Mr. I. V. Robinson said that many must have 
felt the need for a uniform system of symbols. 
Enquiries he had made six months ago had elicited 
the fact that no common system existed at that 
time in any foreign country, but that ascheme, con- 
taining from eighty to a hundred symbols, had been 
drawn up in Germany by an engineer, and was 
being tentatively considered. He suggested that 
the Institution might approach the British Engi- 
neering Standards Association on the question of 
this body drawing up a complete schedule of 
power station symbols with as simple outlines as 
possible, and including electrical as well as mechani- 
cal plant. 

He agreed with Mr. Guy’s remarks as to the 
possibly temporary nature of the present system 
of compounding power stations. This was con- 
firmed by the history of one of the medium- 
sized Continental stations, where they had been 
using a pressure of 710 lb. per square inch. The 
original installation was a 1,600-kw. high-pressure 
set exhausting to 275 lb. per square inch. This 
had worked well, and a 6,000-kw. set had followed 
when completing the compounding. But now 
they were proceeding with a 25,000-kw. set, working 
straight from the 710 lb. per square inch pressure 
and high superheat down to the station vacuum. 
On the other hand, in America, though they had 
had similar experience, high-pressure and low- 
pressure boilers were still being installed in one 
station. Boston was a case in point, two 10,000-kw. 
high-pressure and 65,000-kw. low-pressure sets 
having been ordered. 

Mr. J. G. Weir, in reply, thanked Mr. Guy and 
Mr. Patchell for their appreciative references to 
the work of his father, who had always had a 
real interest in the thermodynamics of the subject, 
and had had many difficulties due to the attitude 
of his generation of engineers, who could not see 
that it was possible for some of the steam supplied 
to an engine to do better work elsewhere than 
going right through the cylinder. Referring to Sir 
Robert Dixon’s comments, Fig. 6 showed a type of 
direct-contact heater which was frequently used in 
the merchant service, but was, quite inapplicable 
to naval conditions, which required all machinery 
to be below the armoured deck. 
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The President then announced that an informal 
meeting would be held this evening at 7.0 p.m. 
The subject for discussion was entitled ‘‘ Measure- 
ment of Coal Supplies in Small or Large Quantities,” 
and would be introduced by Mr. J. E. Lea. The 
Thomas Hawksley Lecture would be delivered on 
Friday, February 1, at 6 p.m. The subject was 
‘Engineering Principles in the Machinery of the 
Stars.” The lecture would be delivered by Professor 
A. 8. Eddington, the Professor of Astronomy at 
the University of Cambridge. 





As we have previously referred to the Detroit Edison 
Company and to this Company’s Delray Station, we 
reproduce below the contribution to the discussion by 
Mr. J. W. Parker, Chief Engineer to the Detroit 
Edison Company, and mentioned above by Mr. W. 
Patchell. We are indebted to the Secretary of the 
Institution of Mechanical Engineers for permission to 
do so: 

As Delray Power House No. 1, having outlived its 
usefulness as an efficient central generating station, 
is about to become a matter of history, it might be 
well to set down for record some of its outstanding 
features. The regenerative feed-water heating system 
was put in service in January, 1914, with the installation 
of two Reilly multi-coil closed feed-water heaters. 
Each heater had 450 square feet of heating surface 
and was rated 120,000 lb. per hour when heating water 
from 80 deg. F. to 200 deg. F. Steam for heating was 
bled from immediately ahead of the third-stage nozzles 
of Nos. 3 and 4 main turbo-generators, which were 
vertical shaft, Curtis type machines, rated at 9,000 kw. 
each. The feed water to be heated consisted of con- 
densate delivered direct from the condenser hotwell 
to the heaters by combination boiler-feed and hot-well 
pumps, at boiler-feed pressure of about 290 Ib. per square 
inch gauge. These pumps were Westinghouse 5-in., 
four-stage horizontal centrifugal pumps rated at 340 
gallons per minute against a dynamic head of 690 ft. 
at 1,750 r.p.m. The discharge opening was 5 in., while 
the suction opening was 6in. Each pump was driven 
by a 150 h.p. Westinghouse wound-rotor motor. 

Each Reilly heater was able to provide sufficient 
heating for the condensate of one machine only, so 
that of the remaining two machines was heated along 
with the power house No. 2 condensate in the Cochrane 
open heater system. The open heaters took exhaust 
steam from non-condensing auxiliary turbines, and 
heated the feed-water before it was delivered to the 
turbine-driven boiler-feed pump. In cases of low 
station load, the supply of clean exhaust steam in 
power house No. 2 was plentiful enough to heat the 
feed water for both houses. 

However, in 1921, Reilly heaters were installed in 
connection with the remaining two turbines in power 
house No. 1, namely, Nos. 1 and 2. This completed 
the equipment of one heater for each turbine and 
made operation much more flexible. Before this time, 
it was often necessary to put a machine on the system 
merely because it was equipped with a heater. Even 
with this increase in capacity, it was much more con- 
venient to regulate or take care of the surges in boiler- 
feed demand from power house No. 2, as its supply of 
heating steam could be more easily varied to meet the 
demand. Although this closed-heater system was put 
into service at such an early date and was designed for 
bleeding from only one point per turbine, it was essen- 
tially the same as the more elaborate systems of to-day. 
In fact, it was the experience gained at Delray that 
influenced the design of a similar closed heater system 
at the Trenton Channel plant. The only outstanding 
differences are in the points of bleeding and the disposal 
of the condensed steam. At Trenton Channel, steam 
is bled from three stages, the 14th, 17th and 19th, 
and the condensed steam, after being trapped, goes 
to the main unit condenser, while at Delray Power 
House No. 1, steam was bled from one point only, 
the second stage, and the condensed steam was returned 
to the common underground storage reservoir. 

The following figures were obtained from an actual 
test made in March, 1922 :— 


Duration of test 1 hour. 
Output of turbine -.. 7,477 kw.-hours. 
Steam pressure at throttle 200 lb. per sq. in., gauge. 
Steam temperature at 
throttle aaa ... 5388 deg. F. 
Temperature of feed 
water entering heater 65 deg. F. 
Temperature of feed 
water leaving heater 140 deg. F. 
Temperature of steam to 
heater ... me ... 340 deg. F. 
Pressure of steam to 
heater ... aaa ... . 13-5 ]b. per sq. in., gauge. 
Temperature of condensed 
steam leaving heater 165 deg. F. 
Bled steam condensed... 5,810 lb. 
Feed water heated 83,430 Ib. 


This feed-water heater system was in more or les” 
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continuous operation until January 1, 1928, when 
power house No. 1 boiler room was put out of com- 
mission. 

Another interesting feature of Delray Power House 
No. 1 was the method of obtaining power for the 
condenser auxiliaries. The four 9,000-kw. vertical 
turbines, mentioned above, had their individual motor- 
driven auxiliaries connected across their terminals 
through transformers, in such a way that when the 
turbine itself was started the hot-well and circulating 
pumps were picked up simultaneously. This did 
away with the heavy starting current across the 
auxiliary switches and simplified the starting of a turbine. 
The engineer was able to set his valves and rely on the fact 
that the auxiliaries would start with the closing of the 

. field switch. On the other hand, the starting current was 

so low that the circulating pump was unable to remain 
primed because of its low speed. This difficulty 
was removed by cracking the priming valve slightly, 
thereby allowing the steam-driven dry vacuum pump 
to maintain the water level in the condenser until the 
circulating pump had attained about half speed. At 
that point the priming valve was closed, as the cir- 
culator was then able to maintain a flow of water 
through the condenser. 

A double-throw switch was provided so that the 
auxiliaries could be fed either from the generator itself 
or from the station bus. Some turbine-room engineers 
preferred the former method of starting the turbines, 
while others would rather have their auxiliaries at 
full speed immediately. However, the unit method of 
starting was tried out at least once a week. Regardless 
of the starting method used, the turbines were run 
habitually with the auxiliaries connected across the 
generator terminals. An interesting incident occurred 
in this connection in December, 1912. A_ short 
developed between Delray Power House No. 1 and 
Delray Substation, killing the power house *bus im- 
mediately. As the electrically-driven auxiliaries were 
being fed from the individual main generators, the main 
units were kept turning after their main switches had 
been opened manually without endangering the con- 
densers because of lack of water. This gave very evident 
proof of the usefulness of the unit method of auxiliary 
feed. Taking everything into consideration, Delray 
Power House No. 1 was an ultra-modern power station. 
It had features which are being incorporated in some of 
the largest and most elaborate central stations of to-day. 
In fact, if the plant had had evaporators along with 
its closed feed-water heater system, economisers, 
underfeed stokers and so forth, it would have been 
essentially the same in design as those modern stations. 


THE PHYSICAL AND OPTICAL 
SOCIETIES’ EXHIBITION. 
(Continued from page 85.) 

A NOTICEABLE feature in connection with the elec- 
trical exhibits was that the distinction between 
firms specialising in heavy machinery and in deli- 
cate instruments is becoming less distinct. The 
alternating-current test portable multi-range am- 
meters and voltmeters of Messrs. Crompton, Parkin- 
son, Limited, of Guiseley and Chelmsford, and the 
direct-current portable multi-range testing sets, 
described last year, were shown with new attach- 
ments. A minor novelty exhibited was a small 
moving-coil galvanometer, balanced for use in any 
position, for 80 millivolts, which could, however, 
withstand 2 volts temporarily. 

The vacuum thermocouples shown by Messrs. 
Elliott Brothers (London), Limited, Century Works, 
Lewisham, 8.E.13, for delicate alternating-current 
measurements at all frequencies, consist of two parts 
fitting into one another with bayonet joints, and a 
glass globe containing a fine wire to the centre of 
which the junction of two dissimilar metals is 
attached by a material which is an electric insulator. 
The couples are made in various ranges, from 2-5 
up to 1,000 milliamperes. 

The rectifier-operated alternating-current, low- 
range ammeters and voltmeters of Messrs. Everett, 
Edgcumbe and Company, Limited, Colindale Works, 
Hendon, N.W.9, constitute a further advance as to 
accuracy, low power consumption, and immunity 
from the effects of changes of frequency and wave- 








form, as compared with the universal moving-iron 


instruments which the firm introduced two years 
ago. The moving-coil is connected across a bridge, 
the arms of which contain four copper-oxide dry 
rectifiers, about 1 in. in diameter. If used with 
a portable transformer these instruments can give 
any range from 1 milliampere up to hundreds of 
amperes. The rectifier principle can also be 
applied to switch-board ammeters for use with bush- 
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ing transformers. The time-meter for measuring 
time intervals of one-twentieth of a second comprises 
a Warren synchronous motor driving a pointer which 
is released and stopped by two solenoids of equal 
time constants. The rotation of the pointer marks 
the interval between the closing or opening of the 
circuits. Inthe standard time interval, the pointer 
makes one revolution per second, and an auxiliary 
pointer one revolution in 10 seconds. The Everett- 
Edgcumbe train-testing relay recorders for measure- 
ments on electric trains were exhibited, combined 
with Dr. C. V. Drysdale’s integrating device, which 
is shown in the upper portion of Fig. 11, the lower 
portion illustrating the grapher. The counting 
train S is driven by a small friction wheel Q resting 
upon the disc P, which is run at constant speed from 
the motor A in such a way that, as the quantity to 
be measured (current or speed, &c.) increases, the 
toothed sector R causes Q to shift more and more 
out of the centre of the disc. The number of 
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revolutions made by train S is proportional to the 
product of the quantity in question and the distance 
traversed on the chart, 7.e., the time. 

The novelty shown by Messrs. Evershed and 
Vignoles, Limited, of Acton Lane Works, Chiswick, 
W.4, was the Dionic salinometer, a modification 
of their Dionic water tester for indicating directly, 
for example, the grains of chlorine per gallon in 
any salt water that has found its way into a 
condenser. The Midworth distant repeater, which 
we illustrated two years ago, was shown fitted 
with a repeating device which serves to indicate 
that the device is operating. Of the exhibits of 
Messrs. Gambrell Brothers, Limited, of Merton 
Road, Southfields, S.W.18, we may mention the 
portable fault locator, which can be used up to 
80,000 volts. It is a Wheatstone bridge in 
which the pressure is raised until the fault 
breaks down, which is indicated by the Onwood 
galvanometer of the firm. The balance point of 
high-tension bridges is indicated by means of a 
vibration galvanometer of very low earth capacity, 
which is tuned from a distance by adjusting the 
direct current through the controlling electro- 
magnet. The sliding rheostats of Messrs. Isenthal 
and Company, Limited, Ducon Works, Victoria- 
road, Acton, W.3, are of the enamelled-steel tubular 
pattern, wound on slate formers or, in a novel type, 
on steatite tubes; in the latter case the enamel is 
sprayed on the wire and then baked. The testing 
transformers, for supply mains up to 440 volts 
alternating current, shown can produce currents 
of 2,000 amperes temporarily. The direct-reading 
| Voltmeter for 500,000 volts maximum consists 
of two condenser plates between which an electro- 
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static field is produced; the field causes a vane 
to rotate and produces a luminous line at a point on 
the scale corresponding to the distance between the 
plates. The mercury-switch relays are tilting 
tubular glass vessels containing mercury and 
nitrogen ; in order to prevent the cracking of the 
glass, the tube is fitted internally with a partial 
lining of steatite. 

The M.L. Magneto Syndicate, Limited, Victoria 
Works, Coventry, was only represented by pro- 
ductions of its wireless department, including 
motor-generators, rotary transformers and anode 
converters for supplying current to receiving and 
transmitting sets, all of which are permanent- 
magnet machines with magnets of 35 per cent. 
chromium steel enclosed in aluminium cases. As 
agent of Messrs. S. A. Beretti A. Perego, of Milan, 
Mr. O. E. Malinverno, 37, Walbrook, E.C.4, exhibited 
various relay-operated recording instruments, a 
power-factor meter for three-phase circuits, frequency 


Fig. 12. 
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Fig. 73. 
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meter and a wattmeter, and also a portable safety 
telephone apparatus for direct connection to a 
telephone line running near an overhead power 
line, which has been designed to prevent inductive 
and electrostatic disturbances of the telephone and 
danger in cases of accidental contacts. 

Of the exhibits of Messrs. Nalder Brothers and 
Thompson, Linited, 974, Dalston-lane, E.8, we 
notice two novelties, with the design of which Mr. 
C. L. Lipman, of the firm, has been prominently 
connected. The first is the induction type Lipman 
wattmeter, illustrated in the diagram, Fig. 12, 
and said to give true watts at all power factors 
and frequencies, and with the lowest power con- 
sumption. In the diagram, V, Vi indicate the 
potential winding, M, L the current winding, and F 
is the power-factor compensation winding which 
forms a closed circuit. The two fluxes F,, (potential) 
and F, (current) cross the rotor drum D at right 
angles to one another. The calibration resistance R 
is so adjusted that the phase angle between the 
two fluxes is also 90 deg. The potential coil flux 
F, is naturally almost 90 deg. out of phase with 
the applied pressure owing to the low ohmic 
resistance of the shunt coil V, V; and the effective 
magnetic core on which it is wound, whilst the 
series coil which consists of a few turns of thick 
wire placed in the no-leakage position inside the 
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rotor, gives a flux F, practically in phase with the 
current producing it. The torque acting upon 
the moving system D will be indicated by the watt- 
meter reading, VA cos qd, where ¢ is the phase 
angle between the load current and the supply 
pressure. Ammeters, and voltmeters of the same 
type were also exhibited. 

The second instrument is the Nalder-Lipman 
instantaneous reverse-current relay illustrated in 
Fig. 13. In this figure, P and C are the main 
potential and current windings, V and F the 
compensating potential and power-factor windings, 
and R and Ri are variable resistances ; V is ener- 
gised inductively from P; and Ri is so adjusted 
that the fluxes , and ¢, are electrically displaced 
by 90 deg. With forward power the coils C and P 
tend to hold the moving system and with it one 
of the relay contacts against a stop. On reversal 
of the power, the action of V opposes C; the 
contacts will close and the relay will operate as 











soon as the tendency to rotation in the opposite 
direction reaches the value of the reverse-current 
setting. The arrangement is such that the energy 
required decreases proportionally with the voltage, 
so that the reverse-current calibration remains 
practically constant for all voltages down to about 
one-fifth normal, whatever the selected percentage 
may be at normal voltage. A short circuit would 
reduce the effect of V and make the relay more 
sensitive. 

The chief novelties of the Record Electrical 
Company, Limited, of Broadheath, Altrincham, were 
a change-coil ammeter for measuring direct or alter- 
nating currents up to 600 amperes in six consecu- 
tive steps, and the Cirscale water-level indicator. 
The latter instrument does not rely upon contacts 
and variable resistances, but consists of a variable 
inductance, operated by a float. Another water- 
level indicator, especially for boilers, was shown by 
the Venner Time Switches, Limited, 45, Horseferry- 
road, S.W.1. The forged steel container, Fig. 14, is 
connected with the boiler, and contains a float; a 
drawn-metal tube passes axially through the con- 
tainer and the stuffing-box at the top. Inside this 
tube and exposed only to atmospheric pressure is 
a choking coil, supplied with alternating current, 
which at low water level is entirely embraced by 
the float; as the float rises with the water, the 
shielding effect and the back e.m.f. are diminished. 
The coil is connected to an indicator, the zero of 
which corresponds to normal water level. 

Messrs. Siemens Brothers and Company, Limited, 
Woolwich, exhibited various recording instruments, 
optical thermometers, and new developments of 
distance thermometers for cold stores, oil tanks, &c. 
Resistance coils of insulated nickel wire or bare 
platinum wire for low or high temperatures are 
wound on mica formers in a dome-shaped casing of 
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brass, copper or steel, through the gland of which the 
twin cables are passed. The thermometers each 
form one arm of a Wheatstone bridge, the other 
arms of which have a very low temperature co- 
efficient. 

The summation meters of the Stonebridge Electri- 
cal Company, Limited, Victoria-road, North Acton, 
W.3, register the total simultaneous maximum 
demand of up to eight circuits, with either direct or 
alternating current, or both, at any distance. Each 
circuit has a meter which is provided with a contact 
device, operating after a certain load has passed 
through the meter, and connected by a pilot wire 
with the summation meter. This comprises a 
continuous rotating spindle driven by a small 
induction device, and a separately driven spindle 
connected with the recording mechanism. The 
two spindles are only coupled during the registering 
period by a relay-actuated by acam. Several forms 
of these summation meters are in use, some 


Fig. 15. 
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Fig. 16. 
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combined with Merz maximum-demand indicators 
to register the total units and the true simultaneous 
sum of all the maximum demands. 

The portable harmonic analyser, made under 
the patent of Professor Miles Walker by Messrs. 
Tinsley and Company, Limited, of Werndee Hall, 
South Norwood, §8.E.25, measures, correctly to 
within 0-05 per cent., the odd harmonics, from the 
third up to the thirty-seventh, in a potential or a 
current wave, though these harmonics will not 
amount, as a rule, to more than a few per cent. of 
the fundamental. It can also determine the phase 
angle between harmonics of the same frequency 
in two different waves. The instrument, which 
comprises a synchronous motor, valves, a tuning 
condenser and a tuning inductance, a thermal 
milliammeter and a dynamometer, gives a steady 
deflection only when the currents through the fixed 
and moving coils are of the same frequency. The 
two currents are the current to be measured in the 
moving coil, and the sinusoidal analysing current in 
the fixed coil. The latter is produced by a syn- 
chronous motor driving a contact disc and a valve 
circuit. The face of the contact disc, Fig. 15, con- 
sists of a series of alternately insulating and conduct- 
ing segments or bands ; the movable brush bearing 
against the disc is set for the frequency of the de- 
sired harmonic, and the voltage impulses are applied 
to the grid of a valve. The analysing current is 
then obtained in the final oscillatory current, which 
is tuned approximately by the aid of the thermal 
ammeter. The connections are illustrated in the 





diagram, Fig. 16. By rotating the arm carrying 


II5 


the brush, the phase of the analysing current is 
adjusted to give the maximum galvanometer 
deflection D,, = k Ig In, where I, is the current of 
the nth harmonic required, I, the analysing current, 
and k the direct-current calibration-constant of the 
dynamometer, so that I, = D,,/kIz, Dm being the 
maximum dynamometer deflection. The corre- 
sponding formula for the voltage is V, = In Zp, 
where Z, is the impedance of the moving-coil circuit 
at the frequency of the mth harmonic. The cali- 
bration curve supplied with the instrument for the 
analysis of potential waves of about 100 volts 
gives the dynamometer deflection for a 1-volt har- 
monic, and for a given value of the analysing cur- 
rent. Higher odd harmonics than those stated— 
which will meet the usual demand—and even har- 
monics can be arranged for on a second disc. 

The exhibit of the Weston Electrical Instrument 
Company, Limited, 15, Great Saffron-hill, E.C.1., 
included examples of their laboratory standard and 
portable testing instruments, among which we may 
mention a new ‘model alternating-current instru- 
ment for general or wireless purposes. It is made 
with two or three ranges for voltages up to 600 
and currents up to 30 amperes, but is also supplied 
as a milliammeter. Among the special features 
claimed are high sensitivity, open legible scale and 
good damping. For use in connection with this 
instrument, the makers supply a small portable 
current transformer, with which currents from 
0-2 to 200 amperes can be measured. The trans- 
former, weighing only 2% lb., has self-contained 
primary ranges of 2, 5, 10 and 20 amperes, which 
are altered by switching, and inserted primary 
ranges of 50, 100, and 200 amperes, the indicating 
instrument having a range of 0 to 1 ampere. At 
frequencies between 25 and 150 cycles, the accuracy 
of the transformer is within 1 percent. The two 
instruments in combination would appear to have 
a particularly wide field of application in industrial 
and laboratory work where portability and lightness 
are important, and where extreme precision is not 
essential. One of the firm’s speed indicators, con- 
sisting of a magneto generator electrically connected 
to an indicating instrument, was shown in operation. 
They are made in various forms to meet all require- 
ments, and the indicating instrument can be gradu 
ated in revolutions per minute or in any other 
convenient unit. The direct reading valve tester, 
designed for valve manufacturers, gives the charac- 
teristics of a valve without any calculations, 
measuring the voltage-amplification factor, the 
plate impedance, the mutual conductance and 
the plate current, by applying alternating current 
to the grid circuit. The three variable voltages 
are adjustable by means of rheostats incorporated 
in the tester. Other models are made for testing 
receiving sets under actual working conditions. 

A number of interesting demonstrations were 
given by The Gramophone Company, Limited, of 
Hayes, Middlesex, in one of which complex Chadni 
figures were produced on a stretched aluminium 
diaphragm, over 2 ft. in diameter, by amplified 
gramophone music. An instrument was shown for 
comparing an unknown mechanical impedance with 
a known mechanical resistance by the aid of the 
amplified piezo-electric charges on quartz and the 
deflecting plates of a cathode-ray oscillograph. 
Other instruments exhibited, were a logarithmic 
recording galvanometer for detecting echoes in halls, 
and an automatic gramophone for demonstrating 
the large torque required from a modern gramophone 
motor. 

Proceeding to general optical apparatus, we may 
mention, in the first instance, that the Parsons 
Optical Glass Company, Little Chester, Derby, was 
again the only exhibitor of optical glasses, which were 
represented by fine specimens of barium light flints 
and dense crowns, double. extra dense flints of 
mp 1-897, and lens mouldings of various shapes 
and diameters ranging up to 140 mm. The quartz 
spectrograph of Messrs. Bellingham and Stanley, 
Limited, 71, Hornsey-rise, N.19, which gives a 
spectrum 130 mm. in length between 2,100 and 
6,000 A.U., is fitted with a horizontal plate holder ; 
the quartz prisms may be replaced by prisms of 
glass or liquids. Of the exhibits of Messrs. J. H. 
Dallmeyer, Limited, 31, Mortimer-street, W.1, we 
may mention a 40-in. f/8 Dallon tele-anastigmat 
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lens for cameras, and an enlarging anastigmat lens 
of aperture f/4 for photography at great distances. 

Noteworthy among the exhibits of Messrs. Wray, 
Limited, Ashgrove-road, Bromley-hill, Kent, was 
an epidiascope anastigmat for projectors, a triple 
anastigmat, 44 in. in diameter. The Holophane 
prismatic projectors for flood and spot lighting, 
shown by the firm, are made by Messrs. Holophane, 
Limited, of Elverton-street, Vincent-square, S.W.1. 
The parabolic mounts of these projectors contain 
triangular prisms arranged in rings, radial lines or 
parallel lines, the last mentioned producing a rect- 
angular beam. 

The characteristic feature of the remarkable 
Metalix X-ray tubes of Messrs. Philips Lamps, 
Limited, 145, Charing Cross-road, W.C.2, is that the 
lead-glass tubes are directly sealed to a chromium- 
iron alloy (containing 25 per cent. of chromium) 
which has the same expansion coefficient as glass. 
The alloy forms the central cylindrical portion of 
the tubular body, and is provided, on both sides, 
with a detachable coronaless flange of chromium- 
iron or nickelled brass; over the glass is 6 mm. of 
lead, covered by Bakelite. The electrodes and the 
window, as well as accessory screens are in this 
central portion. The glass cylinders are made with 
long re-entrant portions to facilitate cooling and 
the equal distribution of the charges. The anti- 
cathodes are made of tungsten, mounted in copper, 
or of other metals, such as platinum, rhodium, &c. ; 
the focus is generally a Goetze line focus. In the 
220 kv. tube exhibited for currents of 800 milli- 
amperes, a screen of tungsten is behind the anti- 
cathode to cut off soft X-rays. Connection with 
the pump is made by a screwed union. The 
cooling is by water circulation, for which purpose a 
spherical water vessel is joined to the tube. The 
notable exhibits of Messrs. Schall and Son, Limited, 
75, New Cavendish-street, W.1. consisted of a closed- 
iron transformer, oil-immersed, designed to operate 
continuously at 90 kv. and 30 m.a., with a control 
trolley running on castors, and another transformer 
for operating the filament of a hot-cathode rectifying 
valve. The radiographic control switchboard for 
hospital equipment is especially designed for simple 
operation and easy control by means of aswitch, the 
change-over from screening conditions to photo- 
graphic conditions being easily and quickly effected. 

The ultra-microscope for colloidal researches of 
Messrs. E. Leitz, of 20, Mortimer-street, W.1, and 
Weitzlar, is arranged as an optical bench standing on 
legs so that the lamp and the microscope rest at 
opposite ends on brackets below the level of 











the bench,jon which the polariser slides are the 
only movable components, apart from accessories. 
The 5-ampere lamp of the bench, another novel 
exhibit, is provided with clock mechanism and 
friction gear for feeding the carbons, which are 
kept of small diameter, 5 mm., for steady centring 
and burning. 

Of the exhibits of Messrs. W. Watson and Sons, 
Limited, 313, High Holborn, W.C.1, we mention a 
prismatic camera of very light weight, viz. 11 ozs., 
and the new universal microscope, Vickers’ pattern, 
for the examination of metals, &c., by transmitted 
or reflected, light, for projection, photo-micrography, 
comparison and drawing. Both Pointolite and arc 
lamps are used for illumination, the eye pieces are 
interchangeable and the objectives are carried in 
adapters. 

Messrs. Carl Zeiss (London), Limited, Winsley 
House, Wells-street, W.1, exhibited a great variety 
of instruments. The vertical micro-projection 
apparatus is a cabinet, about 40 in. high, on the 
top of which the miscroscope is mounted. An 
inclined mirror, fixed above the tube, reflects and 
projects the image received from a similar mirror 
inside the cabinet. 

The Zeiss gradation photometer is a comparison 
microscope and photometer for measuring the 
light transmitted through photographic films and 
industrial glasses, for determining the density of 
printer’s ink in its relation to the surface brightness 
of the paper, for comparing the whiteness, colour 
and gloss of textile fabrics, for examining docu- 
ments when forgery is suspected, and for the study 
of turbidity and of fluorescent solids, liquids and 
gases. 


(To be continued.) 








THE LATE MR. J. M. GORHAM. 


Mr. Joun MarsHatt GoruaM, whose death took 
place at Hall House, Hawkhurst, Kent, on January 12, 
had been connected with the electrical industry for 
over fifty years, and, like many other pioneers in that 
branch, began his career as a mechanical engineer. 
He was born on November 25, 1853, and after being 
educated at Tonbridge School, was articled to Messrs. 
Robey and Company, of Lincoln, where he gained 
experience in the various shops. He was subsequently 
engaged with the same firm on installation work in 
many parts of this country and the Continent, and 
obtained considerable experience in the erection of 
winding and pumping plant. After the conclusion 
of the Franco-German war he assisted in the construc- 
tion of the fortifications on the new French frontier. 
About this time, Messrs. Robey and Company obtained 
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a number of contracts for the supply of{their mining 
machinery to silver, lead and copper mines in Spain, 
and Mr. Gorham spent some years in erecting this type 
of plant, both in that country and in Portugal. He 
represented his firm at the International Exhibition 
in Paris in 1878, and, after carrying out contracts in 
Italy and Corfu, returned to that city for the famous 
electrical exhibition of 1881. 

This formed his first introduction to the branch 
of the industry with which he was afterwards so closely 
connected, since he was made responsible for the running 
of the plant supplied by Messrs. Robey’s for driving the 
Brush and Swan Companies’ installation. He per- 
formed a similar service at the exhibition which was 
held at the Crystal Palace in the following year. He 
next entered the service of the Austrian Brush Company 
and went to Bucharest, where he assisted in installing 
electric lighting in three of the royal palaces. In 1883 
he returned to London as works manager of the E.P.S. 
Company, a firm of which Mr. B. M. Drake, with whom 
he was afterwards so closely associated, was managing 
engineer. These two engineers soon founded the firm of 
Drake and Gorham, and gradually built up an extensive 
business as power engineers and electrical contractors. 
At a later date the partners also formed the firm of 
Drake and Gorham Wholesale, Limited, which manu- 
factures and deals in all kinds of electrical supplies. 
Mr. Gorham was the director of a number of other 
companies. He was a member of the Institution 
of Civil Engineers, and a Fellow of the Physical Society. 


LETTER TO THE EDITOR. 
WILLIAM MURDOCH. 


To THE Eprtror oF ENGINEERING. 


Smr,—The house occupied by William Murdoch at 
Redruth, in Cornwall, has been recently purchased by 
Mr. Arthur Pearse Jenkin, who intends ‘to restore it 
and give it to the nation. Would this not be a suitable 
occasion for engineers to pay a tribute to his genius ? 

William Murdoch is best remembered by his irven- 
tion of gas lighting. His other contributions to civili- 
sation are strangely overlooked. Yet Murdoch was 
the first to lay down the principles of steam locomotion. 
While living in Redruth, and years before Watts’ 
famous steam engine saw the light of day, Murdoch 
built a carriage that was actually driven by steam. 
This primitive engine exists to-day. 

Representatives of the gas industry have already 
paid tribute to Murdoch. Surely some association or 
society of engineers is able and willing to raise some 
suitable memento to the man to whom their profession 
owes so much. 





I am, yours faithfully, 
R. Aneus Downie, 
F.R.Econ.S. 





Clyde Cottage, Wishaw, Scotland. January 21, 1929. 
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THE GEARED STEAM LOCOMOTIVE. 


Tue fact that an invention has been discarded without 
any extensive use having been made of it or even some- 
times without any practical application whatever, does 
not invariably imply that the principle on which it is 
based is unsound. There may be many valid reasons 
for such rejection, one being that the existing technique 
of manufacture may not have been sufficiently advanced, 
at the time for the production of an efficient machine. 
The history of engineering is full of these so-called 
anticipations, and one of much interest is to be found in 
the development of the steam locomotive. Trevithick’s 
engine of 1804, mechanically of correct design, was 
geared, that is, the revolutions of the prime mover 
differed from those of the driving wheels, but the simpler 
plan of the direct drive, then less formidable from a 
manufacturing aspect, gained the ascendancy and has 
retained it until the present day. Nevertheless, there 
is a good case to be made out for the geared steam 
locomotive under certain conditions, as was brought 
forward by Mr. Kyrle W. Willans, in a paper read 
before the Junior Institution of Engineers, 39, Victoria- 
street, S.W.1, on Friday, January 4. From this paper, 
and from some additional remarks made by the author 
in replying to the subsequent discussion, the following 
summary has been prepared, and some of the illustra- 
tions which were used by Mr. Willans are reproduced 
in Figs. 1 to 11, pages 116 to 118. 

The advantages of the geared steam locomotive, as 
set out by Mr. Willans, are roughly (1) The factor of 
adhesion is increased from 1 : 43 to 1:3 owing to the 
reduction of the degree of irregularity of the torque at 
the driving wheels. (2) The prime movers can be 
standardised, the gear ratios being altered to suit the 
particular traffic requirements involved. This, from a 
manufacturing point of view, reduces capital cost. 
(3) The prime movers, being preferably of the totally 
enclosed type running in oil, are economical in upkeep. 
Further, as they are self- contained units, that is, not 
built-in with the boiler and frame as with the ordinary 
locomotive, they can be readily removed for overhaul, 
® re-conditioned engine being substituted so as not to 
interfere with the routine running of the locomotive. 
(4) The more even running of a geared locomotive 
reduces the wear and tear on the track, and its better 
adhesion enables a lighter locomotive to do the same 
work, The most suitable field for a geared locomotive 
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Fig.4. 
SECTION V.V. 


would seem to be that of goods or suburban work, and 
all industrial applications. Here there are normally 
varying load conditions and a maximum of starts and 
stops. Itis questionable whether the geared locomotive 
offers any decided running advantage in the case of a 
long distance express train with its constant load and 
extended runs without a stop. 

At this point the question arises of what limitations 
there are as regards the size of this type of locomotive, 
ignoring, of course, the loading gauge dimensions 
which affect all types of locomotive. Mr. Willans 
was of opinion that, utilising in a large measure standard 
steam wagon parts and following on standard undertype 
wagon design a geared locomotive could be built down 
to a weight of about 5 tons and up to an effective weight 
of abour 25 tons. Below 5 tons constructional problems 
and engine and boiler weights would step in, and above 
25 tons it would be impossible to provide adequate 
steam without departing from the cylindrical boiler of 
the combined shell and water tube type associated with 
the modern undertype steam wagon. It would be 
impossible to build a geared locomotive of the steam- 
wagon type, which would be capable of comparison 
under all conditions with an ordinary type locomotive, 
having cylinders of more than 13 in. in diameter. 
But, with a change of design a geared locomotive 
weighted up to 29 tons could be made which would 
quite comfortably beat a 15-in., or even a 16-in. 
ordinary type engine in haulage power at very slow 
speeds and in work on very heavy gradients with poor 
approaches. Where speed was a factor the ordinary 
locomotive would benefit. The limiting element of 
such a design would be the boiler, the increase of engine 
power proper presenting no difficulty. 

The cylindrical type of boiler is referred to above, 
and considerations of space lead to the conclusion that 
a maximum heating surface of 180 sq. ft. and a grate 
area of 7-7 sq. ft. would be all that was possible. 
This heating surface, Mr. Willans has found from 
experience to be insufficient to supply superheated 
steam at a pressure of 275 lb. per square inch to a 
6} in. by 9-in. engine developing 200 b.h.p., continu- 
ally, using commercial grades of coal of from 13,500 
B.Th.U. to 15,500 B.Th.U. calorific value, and assuming 
long hauls, on late cut-off. On these premises, Mr. 
Willans discussed, in an impartial manner, the charac- 
teristics of several of the better-established types of 
boiler other than the cylindrical, a discussion we omit 
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as not germane to our present purpose. His con- 
clusions were, however, that the L-shaped type, with 
its grate between the frames, of the present design of 
locomotive boiler is the best general form, while high 
pressures up to about 850 lb. per square inch, an 
efficient degree of superheat and complete accessibility 
for cleaning were laid down as essentials. Before pass- 
ing on to the type of boiler, however, conforming with 
these requirements, an interesting comparison may be 
made with the ordinary locomotive as a standard. 
Mr. Willans’ figures are given below, the comparison 
instituted being that of the ratio of cylinder volume to 
heating surface. Taking the figures for the ordinary 
locomotive first, the three upper lines give the data for 
engines constructed by Messrs. Kerr, Stuart and 
Company, Limited, Stoke-on-Trent, and the fourth 
those for the L.M. and S. Railway Company’s engine 
** Royal Scot,” particulars of the performance of which 
were given in ENGINEERING, vol. cxxiv, page 818. 
Lines 5, 6 and 7 refer to well-known types of boilers 
on geared Locomotives. Line 8 gives the figures for a 
new type of boiler designed by Mr. Willans, and line 9 
those for the larger geared high-pressure locomotive 
constructed by the Swiss Locomotive and Machine 






































Cylinder 
Size of Heating | Volume 
No. Description Cylin- | No. of | Surface |per Square 
of of Locomotive. ders.- | Cylin- | of Boiler| Foot of 
Line. ders. Heating 
Surface. 
| Tn. Sq. ft. Cu. in. 
Selerwel ere eee Ec ———_——— 
1 | Kerr, Stuart & Co. 6x9 2 86 5-92 
2 a a 14x20 2 638 9-65 
3 re ia 20 x 24 2 1,907 7-9 
4 | L.M.S. Royal Scot | 18 x26 3 2,526 7°85 
5 | Type A, geared 
locomotive .| 63 x9 2 75 8-588 
6 |Type B, ge ared 
locomotive 7x10| 2 80 9-055 
7 | Type C, geared 
locomotive ..| 63 x9 3 120 8-514 
8 | Mr. Willans’s de- 
sign 6x8 | 2 120 3°77 
9 | Swiss Locomotive | | 
Company .-| 8$x133] 3 1,040 | 2-25 
| | 





Works, Winterthur, which was described and illus- 
trated in ENGINEERING, vol. cxxxvi, page 51. 
It will be noted from the above that the average for 
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the ordinary locomotive is 1 sq. ft. of heating surface for 
approximately 8-5 cub. in. of cylinder volume. This 
average is maintained in the three smaller types of 
geared locomotive quoted, but the heating surface in 
Mr. Willans’ boiler has a much greater ratio, a charac- 
teristic obtaining also in the Swiss locomotive. It is 
understood, of course, that increase of heating surface, 
per se, is not desirable, as experience with the ordinary 
type of boiler has shown what is required in the 
modern high-pressure superheated steam boiler, being 
the effective disposition of the heating surface with 
economiser and superheater surface as well. 

A boiler which seems to meet these conditions is that 
referred to above, as designed by Mr. Willans. It has 
been constructed by Messrs. Kerr, Stuart and Company, 
Limited, Stoke-on-Trent, and the first example is 
fitted to a geared locomotive which has been running 
successfully for some six months 0: so as a contractor's 
engine on the Highland hydro-electric scheme. This 
locomotive is shown in Fig. 1, page 116, and _ is 
an 0-4-0 narrow-gauge engine, chain driven from 
an enclosed vertical engine housed at the front, and 
having the boiler placed at the back in the cab. 
The space between the engine and boiler casings is 
occupied by a cylindrical water tank which gives 
the locomotive somewhat the appearance of the ordi- 
nary type without a funnel at the forward end. The 
underframe is of Messrs. Kerr, Stuarts’ adjustable type 
in which the adoption of standardised parts make it 
possible to use the framework and gear on a wide range 
of gauges, and to carry either a steam engine or a Diesel 
engine. Details of this type of underframe will be 
found in an illustrated article, describing a crude-oil 
engine locomotive, on page 45 ante. In this case, the 
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Fig. 8. RIGHT HAND CRANKTO LEAD. 
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engine shown in position in Fig. 11, 


annexed has two cylinders, 6 in. in 
diameter by 8-in. stroke, the trans- 
mission gear being arranged to give a 


speed of approximately 9 m.p.h. at 
500 r.p.m. of the engine. It is of very 
ingenious design, and all the working 
parts are completely enclosed so that 
it works in an oil-bath, as will be seen 
from Figs. 6 to 10 above. There are 
separate steam and exhaust valves to 
each cylinder. These are of the long 
piston: type, so as to give short straight 
ports. They take steam, and exhaust 
it on the inside edges, and there is 
consequently no need for any valve 














spindle glands. Steam tightness is 
ensured by packing rings on the valves 
at the outside edge of the pistons. Both 
steam and exhaust valves are operated 
by a modified Hackworth gear, one valve direct, the 
other by a rocking lever giving it a motion in a contrary 
direction. The valves and gear are very clearly shown 
in Fig. 8. A point which might be commented on is 
the attachment of the engine to the shaft which also 
carries the sleeve forming the secondary driving shaft. 
This is well seen in Fig. 7. 

It is the boiler, however, that merits the closest 
attention. This is of very simple construction, but 
embodies several interesting features, as will appear from 
an examination of Figs. 3, 4 and 5, page 117. The 
firebox is rectangular in plan, elevation and cross 
section, and has therefore a grate of the normal loco- 
motive pattern, which can be fired and cleaned in the 
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customary manner. It has continuous water walls at 
the sides. These are composed of a number of vertical 
headers of 34% in. square cross section in contact with 
one another. The headers are made from solid bar with 
a circular hole 2} in. in diam. bored through them, and 
the ends are furnished at the top with a screwed plug. 
and at the bottom with a screwed nipple which connects 
the header to a horizontal one of similar construction 
lying below the grate level. Ata suitable height above 
the fire the vertical headers on each side are connected 
together by a number of horizontal tubes, 90 in all and 
2 in. in external diameter, which cross the firebox and 
have their ends expanded into the headers. Opposite 
each tube in one header or the other is a screwed plug, 
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filling her ya oe which the tubes are expanded, | 
inspected, and cleaned. These plugs are seen in Fig. 2, | a 

page 116, which illustration PP i how access is ob- | By J. G. Wer, C.M.G., C.B.E. 
tained to them from the exterior. Above the tubesand| Tue fundamental cycle traversed by the working 
between the headers is a small superheater with hori- : 
zontal headers connected by straight tubes. Above 
this again is the steam drum. This is a cylindrical 


8 ag }and from condenser back to boiler. Superimposed 
solid drawn drum lying with its axis in a longitudinal 


lid d | on this simple circuit there are generally a number of 
direction. It is connected to the upper part of the | subsidiary heat exchanges. Further complexity is 
vertical headers by curved tubes, and is wholly | introduced when leakages of the working fluid have 
immersed in the hot gases, the boiler casing being | to be considered, together with the necessary provision 
continued above it. Two short funnels, to give a better} for make-up. The importance is now generally 
distribution of gases, are placed at the top of the casing. | realised of considering the feed circuit in detail in 

This boiler is constructed for a pressure of 1,000 Ib. | order to establish a proper heat balance of the installa- 
per square inch, and has actually been steamed at/| tion and to choose the best among the various alterna- 
750 lb. per square inch, while it has been worked for | tive circuits available. Many factors enter into the 
short periods with the engine running at twice its | consideration of the best feed circuit, such as the steam 
normal speed. The normal working pressure is 300 Ib. | pressure adopted, the type of boiler used, the nature of 
per sq. inch. It has a total heating surface of | the load factor, and the quality of the water available. 
120 square feet, of which 89-4 square feet are water| Moreover, where very high steam pressures are 
heating surface and 30-6 square feet wet steam surface. | used, there is an increasing tendency to introduce in 


The superheater provides an additional 6-12 square | 
feet of surface. The feed water is introduced in the | . 
lower headers. Priming was stated to occur at first, | Fi ug 
but was stopped by fitting a pipe connecting the steam | SURFACE CONDENSER. 
drum to the lower headers so that any water brought | LOW ABSOLUTE 
over drained back naturally. The boiler has been | PRESSURE. 
tested in every possible way, including being allowed | —— 
to run thoroughly dry, on which occasion, beyond | 
36 tubes needing re-expanding, no damage was done. | 
A consideration of the design will show that all the | 
requirements but one postulated earlier in Mr. Willans’ 
paper are met, with the additional advantages that the | 
construction is one which may be undertaken in the | 
machine shop, and that any element which may require | 
repairs can be removed and replaced by a new one | 
— wi minimum of disturbance to the boiler as | 
a whole. 

The requirement referred to above as being not met, | i — 
is that of conforming to the L shape. The size of | H 
engine built did not require this, but it is obvious, as | . 
Mr. Willans pointed out, that this condition may be | _, | 
readily met in larger boilers, as the combustion space in | 
the furnace can be increased, and the heating surface 
extended by as many similar, but shailower, elements H i 
as may be required with the vertical headers connected ; 
to additional horizontal members lying above the engine | 
frames. The construction would then resemble an 
ordinary locomotive boiler in outline, except that 
the “ barrel ’’ would be square in cross section instead 
of circular. A smokebox with a funnel in the con- 
ventional position would occupy the front end, and 
in this would be fitted an economiser and a super- 
heater, the latter perhaps being reinforced by a 
portion nearer the fire in order to obtain effective 
superheat even when a low rate of combustion was | 
being maintained. This position of the economiser | 
ensures that the cold feed water meets the gases in | 
their coldest condition, and progresses towards the | 
hotter parts of the boiler, and any deposit would be 
retained in the colder part. The water tank in a 
locomotive so arranged would be partly under the 
barrel and partly on top of the frames above the 
coupled driving wheels in order to avoid upsetting | es 
the balance of the locomotive by its varying load, a | 
state of affairs likely to occur when the water tank | 
occupies an overhanging position on the frame. The | 
bunkers also run along the sides of the boiler, the | 
vertical engine being placed in the cab in the position | 
occupied by the back bunker in an ordinary tank 
engine. 

Mr. Willans stated that a 0-6-0 coupled engine 


71. 


HEAT EXCHANGER. 
WATER 70 WATER. 


a 


—_ 





i 














HEAT EXCHANGER. 
STEAM OR AIR 
TO STEAM. 


{ 





HEAT EXCHANGER. 
STEAM OR AIR 








-->- 






































TURBINE WITH BLED POINTS. BOILER 


(WATER-TUBE) 





HEAT EXCHANGER. 
COMBUSTION PRODUCTS 
TO AIR. 





BOILER 
(CYLINDRICAL) 
































(N58 A) “ENGINEERING” 


various forms what may properly be termed a “ sub- 
circuit.” The material in the “ sub-circuit ’’ may be 
used merely as a vehicle for the transference of heat 





on the lines of this second design, was now nearly 
completed at Messrs. Kerr Stuart’s works and would 
shortly be ready for test. This boiler has a total 
heating surface of 120 square feet divided into water 
heating surface of 82 square feet, wet steam heating 
surface of 5-5 square feet, superheater surface of 6-5 
square feet, and economiser surface of 26 square feet. 
The working pressure is 300 lb. per square inch. The 
locomotive will weigh 10 tons in full working order, 
and has an underframe which will admit of gauges 
between the limits of 60cm. and 1m. The tractive 
force will be 7,400 Ib. The water capacity is 275 
gallons, and the bunker space 22-5 cub. ft. The drive 
is by chain transmission, which, according to Mr. 
Willans’ experience, seems preferable for speeds not 
exceeding 20 m.p.h. to 25 m.p.h., and for powers not 
in excess of 100 brake horse-power per chain. 








AREA Gas Supply ComMMITTEE.—The Board of Trade 
has appointed Sir Alexander Walker chairman of the 
committee, to undertake an investigation respecting 
the technical and economic aspects of an area gas supply 
system, comprising an inter-connecting network of pipe 
lines fed by a number of gas works, coke ovens and the 
like. Mr. R. J. Moffat is the secretary, and communi- | 
cations should be addressed to the Secretary, Area Gas | 
Supply Committee, Board of Trade, Great George-street, 
London, S.W.1. 





| as in the Schmidt process, or it may itself form a work 


cycle as in the system described later in Fig. 18. 
Moreover, the sub-circuit may be of another material, 
such as mercury, having physical characteristics better 
suited to the conditions. 

The characteristics of the various circuits can be 
most conveniently studied by means of conventional 
diagrams, starting with the simpler and more funda- 
mental cases and proceeding later to consider the 
modifications and complications which have to be 
introduced to meet special conditions. 

For the purpose of simplifying the diagrams, it will 
be convenient to utilise the conventionalised notation 
shown in Fig. 1. Using this notation, the fundamental 
feed circuit is represented by Fig. 2, page 120. The 
arrangement shown is impracticable because there is no 
method of controlling the amount and distribution of 


| the working fluid in the circuit, i.e., as different rates 


of evaporation require different quantities of water in 
the boilers, the excess water at the higher rates of 
evaporation would cause flooding in the condenser. 
The simplest method of overcoming this difficulty 
is shown in Fig. 3. In this arrangement a surge tank 
has been inserted in the circuit between the condensate 


| pump and the feed pump. The boiler level may now 





* Paper read before the Institution of Mechanical 
Engineers on Friday, January 18, 1929. 


| fluid in all steam-power installations is from boiler to | practice. 
| power generator, from power generator to condenser, | exposed to the absorption of air which may find its 
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MODERN FEED-WATER CIRCUITS* | be controlled by a float as indicated, and variations 


in quantity of the water in circuit will be compensated 
automatically by the surge tank. 

This is a feed circuit frequently used in power-station 
It has the defect that the surge tank is 


way into the active circuit and so cause corrosion in 
the boiler or other parts of the system. Moreover, in 
some cases, particularly in marine installations, the 
static head necessary for an effective surge tank is 
not available. An alternative and more complete 
solution is to retain the original closed system but to 
provide automatic overflow and make-up connections 
to an external surge feed tank, as in Fig. 4. 

This arrangement gives a complete flexibility in 
operation between the feed requirements of the boiler 
and the condensate delivered by the condensate 
pump, and works well in practice. The automatic 


| make-up and overflow valves are generally operated 


through relays by floats situated in or connected to 
the bottom of the main condenser, and operate in 
such a way that there is maintained a predetermined 
water level on the suction side of the condensate pump. 

The distribution of water in the circuit is controlled 
by the water level in the boilers. Should there be 
too much water in the circuit, the condensate pump 
withdraws it from the condenser, and as the feed pump 
is controlled on its delivery the water level rises in 
the condensate suction pipe, and causes the float- 
operated relay to operate and open the overflow valve ; 
this allows the surplus water to escape out of the circuit 
into the feed tank. Should the converse condition 
arise and the feed pump demand more water than 
is forthcoming from the condenser, the water level 
in the condensate suction piping will fall and the 
float-operated relay will cause the make-up valve to 
open and allow water to flow from the feed tank 
into the condenser, where it is immediately de-aerated 
before entering the circuit. 

An alternative solution is to make the feed tank itself 
part of the condenser in the so-called ‘ internal 
capacity” system. This system is shown in Fig. 5. 
A large well is arranged in the base of the condenser, 
and the water level is allowed to rise and fall with 
load variations so that the boiler demands are met 
by the volume of water contained in this well. A 
make-up valve is fitted at a predetermined level to 
ensure that losses in the system are made up, and 
also to return to the system all the drain water from 
feed-heaters, &c. This arrangement has now been 
used in actual practice in several marine installations. 
It has given a very stable and smooth operation, and 
has proved itself to be an excellent solution of a 
somewhat difficult problem. 

The closed-feed system naturally depends for its 
success as a prevention against corrosion on the effi- 
ciency of the condenser as a de-aerator; in this 
respect some condensers are good and some bad. 
Good condensers are those which deliver their con- 
densate at approximately vacuum temperature, and 
should give a condensate containing oxygen to the 
extent of not more than 0-05 cub. em. per litre. This 
leads to the question of de-aeration. Feed-water 
can be de-aerated if the water be boiled, and this can 
be done at any pressure and temperature. The 
first apparatus to make use of this fact was the Weir 
direct-contact heater. This heater works in conjunc- 
tion with a simple type of open-feed system. The 
simplest form of this type of installation is that with 
which the majority of steamships are equipped, and 
is shown in Fig. 6. In this case the feed-water is 
passed from the open feed tank through a spray valve 
into a chamber where it mixes with exhaust steam. 
The pressure in the chamber is maintained close to 
the equivalent boiling point of the mixture by a small 
connection to the condenser, through which the libera- 
ted air is withdrawn. A water level is maintained in 
the base of the chamber by means of a float which 
in the case of water-tube boilers controls the delivery 
of water from the feed tank into the chamber as shown. 
In the case of tank boilers where the boiler itself forms 
the reservoir which compensates for the varying distri- 
bution of water in the circuit, the float controls the 
feed pumps and the pump drawing from the feed 
tank is itself controlled by a float in the feed tank, 
which in this case may be of very small capacity. 
Fig. 7 shows in more detail the construction. of the 
direct-contact feed heater and de-aerator. This is 
substantially the same as in the original design first 
fitted in 1887. As the water in the base of the feed- 
heater is close to the boiling temperature corresponding 
to its pressure, it is necessary that the feed heater 
should have a considerable static head over the feed 
pumps so as to prevent vaporisation when passing 
through the pumps. In actual practice an elevation 
of 30 ft. at least is desirable. This is in some cases 
a difficult requirement to meet, and it also entails the 
provision of a special pump to elevate the water to the 
heater. In the arrangement of Fig. 6, if it is undesir- 
able to introduce a float-operated valve between the 
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feed pump and its main reservoir of water, i.e., the feed 
tank, the float control may be dispensed with and the 
chamber in the base of the heater made large enough 
to carry all the reserve water necessary. This, of 
course, entails a large elevated tank of hot water 
which requires to be insulated to prevent heat loss, 
and must be made sufficiently strong to withstand 
variations of pressure both above and below atmo- 
spheric. 

As the water in a direct-contact heater is never 
actually boiling when the heater is working smoothly 
the degree of de-aeration obtained is not as high as is 
possible. This is particularly the case at relatively low 
temperatures, say, 120 to 130 deg. F.; at high tempera- 
tures, however, say 200 deg. to 220 deg. F., the de- 
aeration is quite satisfactory. This deficiency of the 
direct-contact heater at low temperatures can be 
overcome in special plants for de-aeration of which 
there are many designs. Fig. 8 shows the Weir 


Optimum de-aerator which embodies the results of 
This apparatus is 


recent research on this problem. 


Fig. 2. 


‘ 


i 


based on the principle that the efficiency of de-aeration 
is increased by the rapidity of boiling. The water 
enters at A and passes through the butterfly control 
valve B under the control of the float C ; after passing | 
through B, the water is sprayed into the top of the 
chamber D by the spray nozzles E, falls down over the | 
tloat C, and collects in the compartment F ; thereafter 
it passes through the port G and enters the compartment | 
H; here it meets with low-pressure steam which enters | 
at J and passes through a perforated plate K. This 
results in violent boiling taking place in the compart- | 
ment H. The steam generated passes upwards and | 
through the ports L and is condensed by the cold spray 
falling from the nozzles E. The water then passes | 
round the compartment H, and descends the port M 
to the suction of the water-extraction pump N. The, 
liberated air passes upwards through the cold sprays | 
and is withdrawn at P either by an air ejector or by its | 
connection te a condenser. This de-aerator works | 
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the advantage of cheapness. For cost considerations, 
therefore, and consistent with good working of the feed 
pump, as much heating surface as possible should be 
placed on the suction side of the feed pumps. The 
pressures at the bled points should be so chosen that the 
saturation ‘temperature of the steam should be about 
10 deg. F. higher than the outlet feed temperature from 
the heater. This temperature difference gives a 
reasonable size of heater with good economy. Some of 
the larger American power stations, however, have this 
temperature difference as low as 5 deg. F. For any 
given condition it is, of course, easy to determine the 
correct compromise between the capital cost and the 
thermal efficiency of the heaters. In marine instal- 
lations, for example, a terminal difference of 20 deg. F. 
is more commonly used. 

In order to get the best heat balance, it is necessary 
that the lay-out diagram should also include the 
combustion air circuit. Fig. 11 shows a feed circuit 
combined with a combustion air circuit, the latter 
having an air preheater and an economiser. E is the 


Fig.4. 
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air preheater and D the economiser. Since an 






extremely well and gives very efficient de-aeration | economiser is fitted, fewer bled-steam heaters 
either at high or low temperatures, characteristic per- would be used. The outlet feed temperature from 
formance figures being 0:02 cub. cm. per litre with | heater C as before would be about 220 deg. F., 
inlet water at 126 deg. F. and outlet water at 150 deg. F. | and the outlet feed temperature from the econo- 
and 0-02 cub. cm. per litre with inlet water at 47 deg. F.| miser would be about 400 deg. F. The air 
and outlet water at 100 deg. F. Its operation is | temperature leaving the heater would be 380 deg. 
entirely automatic, i.e., the steam and water quantities | F., and the final temperature of the flue gases leaving 
can vary independently without affecting the stability | the air preheater would be 300 deg. F. 
of the plant; the only change these variations cause; Another important influence on the feed circuit is 
is that of the vacuum in the apparatus. This de-| the make-up feed. This is generally supplied by the 
aerator is also a heater and can be placed at any con- | evaporation of raw water at a suitable pressure datum. 
venient point in the feed circuit, one convenient arrange- | The decision of the correct pressure datum to employ 
ment being shown in Fig. 9. The water is drawn into|depends upon the particular circumstances of the 
the de-aerator D by the vacuum therein, while a water- | lay-out. It is, however, generally preferable to have 
extraction pump withdraws from the de-aerator and/the datum low down on the temperature-pressure 
delivers under a light pressure to the feed-pump suction. | curve. This is advantageous primarily because of the 
In order to increase the tnermal efficiency of any | soft scale which results from low-temperature evapora- 
practical feed cycle various arrangeménts of feed-heaters | tion and from the relatively larger temperature differ- 
may be incorporated. Fig. 10 shows a common arrange- | ences at the low end of the scale. This may be seen 







ment having one stage of exhaust-steam heating and 
two stages of bled-steam heating. A shows the 
exhaust-steam heater which is placed between the 
condensate pump and the feed pump ; this heater takes 
all the available auxiliary exhaust. By selecting the 
correct number and kinds of auxiliaries to be steam 
driven, the quantity of auxiliary exhaust can be 
arranged to give an outlet feed teriperature from this 
heater of about 160 deg. F. to 170 deg. F. These 
temperatures should be taken as a maximum for smooth 
and efficient working of the feed pumps at full load. 
At reduced loads the heater outlet temperature rises, 
but owing to the reduction in quantity passing the feed 
pump, the Matter deals with the hotter water quite 


by considering the comparative temperature differences 
at, say, 100 lb. per square inch gauge steam pressure, 
and, say, 5 in. vacuum. For a 5 lb. per square inch 
| pressure difference in each case the comparative 
temperature differences are 11 deg. F. and 24 deg. F. 
This means that for the same transmission rate in each 
case the low-pressure evaporator need only have a 
surface }iths of that of the high-pressure evaporator. 
Owing to the smaller transmission rate normally 
obtainable at low pressures, this is not strictly true, 
| but even when the lower transmission rate is allowed 
for, the surface reduction permissible is very consider- 
able. It is occasionally found when working out heat 
balances, that too much exhaust steam is available. 





smoothly. Under such conditions Weir turbo-feed | In such cases the multiple-effect evaporator is advanta- 
pumps on a closed-feed system have dealt with water | geous. This evaporator may be double, triple, or 
at up to 220 deg. F., but such a high temperature on a | quadruple, or even sextuple-effect, the latter two being 
feed-pump suction is not to be generally recommended. | primarily suited for the higher steam pressures. The 
The two bled-steam heaters are placed on the discharge | ratio of production to steam used from the multiple- 
side of the boiler feed pump and are in series on their | effect evaporator is approximately as follows :— 

water side. These heaters consequently have to be of | ‘ 





F . : Simple effect 0-8 tol 
heavy construction to withstand the pump discharge | Tigahloiahent “et 
pressure and are thus expensive. The heater or heaters | Triple effect ei 2-6 ,, 1 
on the suction side are low-pressure heaters and have | Sextuple effect ... ee | 
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It is, however, only rarely that anything more than 
double effect is necessary for normal power plants. 
Fig. 12 shows a typical feed system having a low- 
pressure evaporator incorporated in the scheme; this 
is, in fact, the actual scheme adopted on the new P. and 


O. liner Viceroy of India. A is a drain cooler, B a 
low-pressure heater, C an intermediate-pressure heater, 
D a high-pressure heater, and E the low-pressure 
evaporator. The prevailing temperatures at the 
various points are indicated on the figure. It will be 
noted that the evaporator takes’ steam from the 
turbine at a pressure of 22-2 lb. per square inch 
absolute, the vapour passing into the lower bled-steam 
range at a pressure of 8-5 lb. per square inch absolute. 
These pressures give a temperature difference of 48 deg. 
F., which is quite moderate, and the shell pressure, which 
is only 8-5 lb. per square inch, with a corresponding 
temperature of 106 deg. F., should give a very soft 
scale. Coupled with the fact that the feed-water 
entering the evaporator is fresh water drawn from the 
double bottom, the arrangement should result in a 
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make-up free from all impurities. The heater drain 
system should be noted; the heater D drains to C, C 
to B, and B to A, and A to the main condenser. This 
arrangement allows the heat in the drain to be imparted 
to the feed-water at a high heat datum which is condu- 
cive to efficiency. All water therefore passes through 
the condenser once in every cycle. Consequently, 
since the system is closed, there is a cumulative de- 
aeration effect. The pressures at which steam is bled 
for the heaters may be noted, B taking steam at 8-5 Ib. 
per square inch, C at 22-2 Ib. per square inch, and D 
at 77 lb. per square inch, while the final feed tempera- 
ture is 300 deg. F., the boiler pressure being 375 lb. 
per square inch. It is also interesting to note that the 
steam for galley purposes is taken from the first bled- 
steam range at 77 lb. per square inch pressure. 

An alternative method of producing make-up 
working fluid is to introduce specially-arranged boilers 
for this purpose. This method has considerable 


advantages in high-pressure installations with high 
superheat as regards the steam supply to the auxiliaries. 
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A recent arrangement of this type applied to important 
modern vessels is due to Mr. J. J. Johnston, of the Cana- 
dian Pacific Steamship Company, and is a composite 
arrangement of high-pressure water-tube boilers for 
supplying high-pressure high-temperature steam to the 
main propelling engines with medium-pressure Scotch 
boilers for supplying saturated steam to the auxiliaries. 
The boiler pressures are 370 lb. per square inch and 
200 lb. per square inch respectively for the high and 
low-pressure boilers. The arrangement is shown in 
Fig. 13; it will be seen that the system is open with 
the normal type of direct-contact heater fitted, this 
heater being supplied with steam from the turbo- 
generator. The method of introducing the make-up 
for the high-pressure boilers is as follows. The make- 
up for the Scotch boilers is pumped from the reserve 
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| air pump, K centrifugal feed pump and L direct-acting 
pump. 

? Wide fluctuations in load adversely affect the per- 
formance of a boiler plant, and for this reason various 
|forms of heat accumulators have been devised for 
insertion in the feed circuit. The principle involved 
is that of storing heat in a large quantity of water, 
under pressure and at saturation temperature, and 
releasing this energy in the form of steam under 
decreasing pressure. Fig. 14 shows a Ruths steam 
accumulator arranged in the normal feed circuit for 
an industrial plant where a proportion of the steam is 
| used for electrical generation and the remainder for 
process work. The two valves A and B, one on either 
side of the steam connection to the accumulator FE, 
are so arranged that the pressure in the process-steam 





tank into the Scotch boilers in the usual way. Steam is | range is constant. When the steam supply is in excess 
fed to the intermediate-pressure receiver through a | of requirements, the valve A opens and admits high- 
reducing valve from the Scotch boilers through the | pressure steam to the accumulator, causing an increase 
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The accumulator is in direct communication with the 
boiler steam-drum and the water in the accumulator 
is taken from the boiler water-drum, a pump, being 
provided to give the water the required head and to 
maintain circulation. Since the pressure in the accu- 
mulator and steam-drum is the same, no control valves 
are required. 

With high initial steam pressures the steam becomes 
unduly wet long before the condenser is reached,?and 
in consequence erosion troubles and general loss of 
efficiency due to wetness may be encountered in the 
low-pressure blading. It therefore becomes con- 
venient to take the steam at a suitable stage of expan- 
sion and to reheat it, and in this manner to move the 
dew point farther along the steam path towards the 
condenser. Apart from eliminating erosion troubles, 


&c., in the turbine blades, this arrangement has a 
definite thermodynamic advantage and increases the 
In Fig. 16 this reheating is 


efficiency of the cycle. 
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pipe A. This steam does work in the intermediate- 
pressure and low-pressure turbines; the resulting 
condensate accumulates in the feed tank. The water 
level in the latter consequently rises till the overflow 
is reached, and the surplus flows back to the auxiliary 
feed tank for the Scotch boilers through the pipe B. 
Two heaters are employed, a low-pressure heater C | 
and a high-pressure heater D. The low-pressure | 
heater C takes all the auxiliary exhausts and drains 
to the auxiliary feed tank, while the high-pressure 
heater D takes steam from the Scotch boilers and 
drains to the main hot-well; the drain augments the | 
steam supply from the Scotch boilers to the inter- | 
mediate-pressure receiver for make-up purposes for the | 
high-pressure main system. It will be noticed that | 
no condensate from the low-pressure system, which | 
may contain grease from the auxiliaries, is allowed to | 
pass to the high-pressure system. This is a most | 
important feature. On trial, the temperature of the | 
feed leaving the high-pressure heaters was as high as | 
320 deg. F., and the economical running of the vessels | 
concerned is well known. In Fig. 13, E is the feed | 
tank, F an auxiliary tank, G the hot-well pump, J the ! 
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in pressure in the accumulator. At peak loads, steam | obtained by leading the exhaust steam from the first 
will be drawn out of the accumulator, causing the | turbine back into a series of heating coils arranged on 
pressure therein to fall, at which time the valve A will | the outside of the superheater, the heating medium 
be shut. Valve B controls the steam passing to the | being, of course, the flue gases. 

process plant C, and is automatically operated, as is| In Fig. 17 the reheating is effected by means of super- 
also valve A. The control valves A and B are actuated | heated steam at full boiler pressure. The reheater in 
by servo-motors operated by oil pressure under the this instance may be arranged in any suitable position, 
control of pilot valves and relays, which are in turn | and consequently this system has a wider field of appli- 


|controlled by the pressure to be regulated. The oil | cation. 


pressure is maintained by a suitable pump. The| In Figs. 16 and 17 it will be noted that the reheat 
accumulator is simply a large cylindrical tank with|steam forms a sub-circuit, and similar sub-circuits 
hemispherical ends. The water occupies about 90 per | may be applied to generate steam at extra high pressure. 
cent. of the volume. | Fig. 18 shows such an arrangement where water is 

Condensed process-steam is not always recoverable, | drawn off from one of the low-pressure boiler drums and 
but where it 1s, there are several methods of reintro- | pumped into the high-pressure boiler, which is simply 
ducing it to the main feed circuit. In this instance it is| an element of small-bore tubes arranged in coils and 
de-aerated and heated in a suitable de-aerator D before | accommodated under the tube banks of the low- 
combining with the condensate from the turbine plant. | pressure boiler. A represents the high-pressure boiler 
In the arrangement just described the accumulator|element. Since these coils are directly exposed to 
provides steam at a lower datum than occurs in the | radiant heat, the maximum transmission rate will be 
boiler, but steam at boiler datum may need to be held | obtained, and as the coils are composed of very small 
in storage. | bore tubes, the highest pressure can be maintained in 

Fig. 15 indicates how this may be accomplished. | the high-pressure boiler. The steam produced in the 
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high-pressure boiler is thus suitable for use in an extra 
high-pressure turbine, the exhaust from which can 
cascade into the turbine supplied with steam from the 
low-pressure boiler. In this manner the initial tem- 
perature datum for a portion of the working fluid is 
considerably higher than normal, and the thermal 
efficiency of the plant as a whole is thereby increased. 
The high-datum steam supply is drawn off through the 
valve B, and a spring-loaded circulating valve C is fitted 
to ensure a continuous circulation within the high- 
pressure element A under alli variations of steam 
quantity passing through the valve B. 

The use of boilers at two pressures in a combined 
circuit has recently become fairly common, and in this 
way it is possible to modernise existing plants by 
eens high-pressure boilers cascading into 
them. 

Fig. 19 shows in diagrammatic form such an arrange- 
ment. From the water-drum of the existing boiler 
a connection is taken to the boiler feed pump serving 
the high-pressure boiler. The steam produced in this 
boiler is expanded in the high-pressure turbine to the 
pressure datum obtaining in the existing turbine, and 
then mixes with the steam produced by the existing 
or low-pressure boiler. On the diagram the existing 
boiler pressure is indicated as being 350 lb. per square 
inch, and the pressure with the added high-pressure 


boiler as being 1,200 lb. per square inch. These figures | 


are representative of actual practice. 








To obtain the full thermal advantage of polytropic 
steam generation, it is, however, necessary to put 
the boilers in series also on the flue-gas side. The high- 
pressure boilers are preferably of the water-tube 
type and the low-pressure boilers of the capacity 
type. 

Fig. 20 illustrates two water-tube and one capacity- 
type boiler arranged to give polytropic steam generation. 
On both steam and flue-gas sides the boilers are 
arranged in series. With this arrangement no air 
preheaters are required, as the low-pressure boiler will 
reduce the flue-gas temperature to the same level as 
in a normal air preheater. Similarly no economisers 
are required, but single-stage . regenerative feed- 
heating can, if desired, be incorporated in the system. 
The feed-water for the intermediate- and high-pressure 
boilers is taken from the low-pressure and_ inter- 
mediate-pressure boilers, respectively. Pumps _ for 
this purpose are indicated on the diagram. The low- 
pressure boiler is fed in the normal manner with 
condensate. 


The arrangement of boilers in series at varying | increased by 50 per cent. by the addition of a mercury 


datum is an alternative to the more common scheme 
incorporating a single high-pressure boiler with air 
preheater, economiser, and multiple-stage feed-water 
heating. 

A Schmidt boiler as shown in Fig. 21 is of the type 
referred to above. The tube element A is exposed to 
the radiant heat from the fire F, and the steam formed 


passes to the tube element B inside the boiler drum C. | 


Here the heat in the steam inside the tubes is trans- 
ferred to the water in the drum, which is evaporated 
and passes to the high-pressure turbine after being 
superheated in the superheater element D. The water 
inside the tubes of the element A is chemically pure 
and de-aerated, and the circuit is hermetically sealed. 


This ensures that the portion of the heating surface | 
of the boiler which has the most onerous duty to/| 


perform, i.e., to absorb the radiant heat, has the 
necessary protection against corrosion and 
deleterious action. The boiler is provided with an 
economiser E, and the reheating of the steam after 
expansion in the high-pressure turbine is carried 
out in the reheater G, which is supplied in the usual 
manner with superheated high-pressure steam. 
pump returns the condensed high-pressure steam to 
the boiler drum ©. In the sub-circuit of distilled 
water passing through the tube element A exposed to 
the radiant heat and the tube element B inside the 
boiler drum C, the circulation is entirely dependent 





other | 
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When the fundamental conditions of maximum 
efficiency in a steam cycle are investigated, it is clear 
that steam is not entirely suitable as a working fluid. 
Various alternatives have been tried, the most suc- 
cessful being the superimposing of a mercury circuit 
on a steam circuit. Fig. 22 illustrates such a binary- 
fluid cycle. The mercury is evaporated in the mercury 
boiler A, the heat being supplied from the fire B. The 
mercury vapour is expanded in the mercury turbine C 
and passes to the mercury condenser D, which also 
functions as the steam boiler. In condensing the 
mercury vapour, the feed-water for the steam cycle is 
evaporated, and the steam formed is led to the steam- 
turbine E and ultimately is condensed in the steam 
condenser F. This condensate forms the cooling 
medium in the mercury condenser D and thus the 
circuit is completed. Extraction pumps and feed 
pumps are required for both mercury and steam 
| circuits, and although not shown on the diagram, 
the mercury boiler is complete with economiser and 
air preheater, as in a normal steam boiler; but on 
account of the high saturation temperature of the 
mercury vapour no mercury superheater is installed. 
The steam, however, is passed through a superheater 
element before passing to the turbine. 

The binary-fluid system as described generally 
above has already been tried in a mercury turbine 
developing 1,200 kw. with results sufficiently en- 
| couraging to warrant the construction of a larger 
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unit of 20,000 kw. This set, which consists of a 
| 10,000-kw. mercury turbine and a 10,000-kw. steam- 
|turbine, is estimated to have an overall thermal 
| efficiency of 32-5 per cent. which compares favourably 
| with the best Diesel performance. It is claimed that 
|a modern steam station with a boiler pressure of 
| 350 lb. per sq. in. can have its thermal efficiency 


vapour installation. 








a 


| 
| Wortp Propuction or Trix ORE.—Some interesting 


facts regarding the production of tin ore given in a 
pamphlet entitled ‘‘ The Future of Tin,’’ by Messrs. H. 
|Oakley and E. Pritchard, and published recently, 
| price 6d., by the Saint Catherine Press, Stamford-street, 
London, 8.E.1. This shows that the world’s production 
of tin ore, in terms of metal, was 158,000 tons during 1927, 
an increase of 13,000 tons over the previous year’s 
figure. Out of this total the British Empire supplied 
72,000 tons, British Malaya being the largest producer 
| with 54,226 tons and the United Kingdom’s share being 
2,593 tons. 


LECTURES ON CoAL CARBONISATION.—A course of 
| 12 lectures of an advanced nature on the ‘‘ Theory and 
Practice of Coal Carbonisation, Part I,’”’ will be delivered 
| by Mr. H. D. Greenwood, in the department of organic 
|and applied chemistry of the Sir John Cass Technical 
| Institute, Jewry-street, Aldgate, London, E.C.3, on 
| Monday evenings, commencing at 7 p.m., on February 4 
|next. The lectures are designed to meet the require- 
ments of those interested in fuel technology, with special 
| reference to gas manufacture and the production of coke 
j and smokeless fuel. Seven lectures will be delivered 
| before Easter and five after Easter. The fee for the 
course is 15s, In connection with the course, a free 





| public introductory lecture will be delivered at 7 p.m., 


on January 28 next, by Dr. F. 8. Sinnatt. Part II of 


on a thermo-syphon, and no pump is therefore installed. | the course is to be held during the 1929-30 session. 
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| CATALOGUES. 


Well Boring.—We have received catalogues of rotary 
swivels and of inclinometers, both catalogues containing 
explanatory matter and lists of spare parts, from the 
Oil Well Engineering Company, Limited, Cheadle Heath, 
Stockport. 

Electrical Fittings.—Messrs. J. H. Tucker and Com- 
pany, Limited, Kings-road, Tyseley, Birmingham, have 
sent us particulars of new fittings, including three-pin 
sockets and plugs, front-entry switches, ironclad units, 
and cooker controls. 

Electric-Light Fitting —An adjustable arm for holding 
an electric lamp with a clamp fitting to attach to a 
column, machine or wall, is illustrated in a circular 
received from Messrs. Purit Specialties, Limited, Sher- 
bourne-street, Ladywood, Birmingham. 

Air Heating.—Methods of giving effect to the proposed 
London County Council regulation for heating the 
incoming air of theatres, music-halls and cinemas are 
discussed in the latest issue of the Journal of the British 
Commercial Gas Association, 28, Grosvenor-gardens, 
London, 8.W.1. 

Electrical Appliances.—The preliminary heating of 
electric trains and the selective protection of trans- 
mission lines by distance relays are the chief matters 
dealt with in two recent numbers of the ‘“ Review ”’ 
issued by Messrs. British Brown-Boveri Limited, 
Trafalgar House, Waterloo-place, London, 8.W.1. 


Power Transmission.—We have received from Messrs. 
A. J. Ashdown, Limited, 119, Victoria-street, London, 
S.W.1, a list of chain drives, laminated gears, worm 
drives, Micarta pinions, belting, gear cases, &c., for which 
they are the London representatives, the manufacturers 
being Messrs. T. H. Dixon and Company, Limited, 
Letchworth. 

Electrical Machinery.—Messrs. The British Thomson- 
Houston Company, Limited, Rugby, have sent us two 
catalogues dealing with truck-type switchgear for three- 
phase circuits up to 11,000 volts, ironclad, oil-immersed 
thermal circuit breakers, and an index to their catalogues 
and publications. In all these publications the informa- 
tion is presented in a well-arranged form. 

Drill Chucks.—A catalogue of the “‘ Stick-to ’’ patent 
chuck for twist drills up to ?? in. in diameter is to hand 
from Messrs. Frys (London), Ltd., 24, Water-lane, 
London, E.C.4. These chucks grip either on the shank 
or on the flutes so that only the required length of the 
drill need be exposed and pieces of drill may be used 
from which the shank has been broken off. 

Electric Lamps.—The General Electric Company, 
Limited, Magnet House, Kingsway, London, W.C.2, 
have issued a number of new catalogues and priced 
lists of lamps and fittings suitable for factories, work- 
shops, offices, shop windows, &c., and automobile 
lamps. An indicator showing the list price of any 
selected automobile lamp has also come to hand. 


Steel.—A publication, named “ The Commercial,” issued 
by the Manchester Guardian, and dated November I, is 
entirely devoted to a description of the plant, products 
and organisation of the United Steel Companies, Limited, 
Sheffield, which now includes ten of the largest coal, 
iron and steel companies. The result is a very striking 
record of the large-scale industrial operations now carried 
on under unified control. 


Boiler-House Plant.—We have received from Messrs. 
Edward Bennis and Company, Limited, 28, Victoria- 
street, London, 8.W.1, two catalogues, one of which gives 
a full and clear description of the firm’s coking stoker, 
and explains its power of consuming grit and smoke when 
efficiently operated. The second deals with coal elevators 
and the various devices now incorporated in them which 
make for ease and economy in working. 

Air-Heating Apparatus, &c.—Messrs. Blackman Export 
Company, Limited, 374, Euston-road, London, N.W.1, 
have issued catalogues showing various types of steam- 
fed air-heating apparatus; a portable electric blower 
| for removing dust from machinery, moulds, etc., and a 
|list of instruments for measuring and indicating air 
| and gas speeds and pressures. In all cases full technical 
|}and commercial particulars are given and prices are 
| stated. 

Coal-Mine Machinery-We have received from 
Messrs. Mavor and Coulson, Limited, 47, Broad-street, 
Mile End, Glasgow, S.E., a catalogue describing recent 
improvements in belt type conveyors to adapt them for 
conveying coal from the working face in the mine. The 
troubles arising from the application of ordinary belt 
conveyors to the unusual conditions of underground 
working have been dealt with by methods that will 
interest colliery engineers. 

Industrial Plant.—Messrs. Head Wrightson and 
Company, Limited, Stockton-on-Tees, have sent us three 
pamphlet catalogues dealing with chimneys and tanks of 
sheet steel and cast-iron plate tanks; blast-furnace 
plant, including casing, tanks, pipes, gantries, columns, 
slag trucks, &c.; and cement works plant, including 
milling, drying and a general range of machines and 
rotary kilns. Particulars are given of large contracts 
carried out by the firm at home and abroad. 

Heat Insulation.—The heat insulation of boilers, steam 
pipes, ovens, cold stores, &c., has n made a special 
study and practice for many years by Messrs. Newalls 
Insulation Company Limited, 4, Mosley-street, New- 
castle-on-Tyne. Three catalogues received from this 
firm deal with brick, cork, and magnesia insulation, 
while a fourth relates to the insulation of ships’ engine 
and boiler-room hatches and bulkheads, funnel uptakes, 
galleys, &c. The information given is extensive and 
practical. 
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A BAKELITE TURBINE ROTOR FOR 
PNEUMATIC-ELECTRIC LAMPS. 


Tue bakelite turbine rotor illustrated in the accom- 
panying figure is an excellent example of the high degree 
of technique attained in the manufacture of parts from 
this material. The specimen from which the photo- 
graph was taken is 5 in. in external diameter, and, as 
will be gathered from it, has a smooth and highly 
polished surface. It weighs 54 0z., which is consider- 
ably less than the steel rotor it replaces, while this 
reduction of weight, being proportionate to the tensile 
strength of the material compared with steel, the factor 
of safety is equally high in the two materials. The 
reduced weight, further, naturally reduces the losses 
in the mechanism concerned, and increases the life 
of the spindle bearings. Another advantage over a 
steel rotor is that the material is non-corrodible in a 
damp atmosphere, and, clearly, a moulding of this sort 
is much cheaper to produce than a built-up metal 
rotor. We have drawn attention to this construction 
rather as illustrating what may be done by the en- 
lightened use of new materials and as forming an 
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on some air supply systems wide variations of pressure 
occur. The valve is normally set to give a constant 
pressure of 40 lb. per square inch at the nozzle, and 
the lamp can, therefore, be run when a higher pressure 
is present in the supply; at 40 lb. per square inch 
pressure, and above, the consumption of the lamp is 
approximately 8 cub. ft. of free air per minute. 

A smaller lamp than that described above is now 
being manufactured. This is generally similar in con- 
struction to the larger one, and is made to give either 
18 or 24 watts output using a 6-volt automobile head- 
lamp bulb giving about 24 or 30 candle power, as the 
case may be. The air consumption is approximately 
55 per cent. of the large lamp for 18 watts output, 
and 65 per cent. for 24 watts output. An interesting 
application of the lamp is seen in the pattern supplied 
for use in the Rand Gold Mines. This consists of the 
larger size of lamp, but with a larger nozzle and a 
somewhat more powerful magnet unit, so that the 
generator has an output of 100 watts at 12 volts. Each 
generator lights four separate lamps. The air pressure 
in these workings is about 70 lb. per square inch during 
the day, while on the night shift it is only about 27 Ib. 

















example, small though it may be, of British engineering 
enterprise. It is not, of course, suggested that the 
material is suitable for all turbine rotors, but only in 
cases where the temperature of the working fluid is 
low, as with compressed air. 

It is for use with compressed air in the M. L. pneu- 
matic-electric lamp that the rotor has been designed. 
This lamp is manufactured by the M.-L. Magneto 
Syndicate, Limited, Coventry, and, in its original form, 
was described in ENGINEERING, vol. cxxiv, page 709. 
The sole agents for Great Britain are Messrs. John 
Davis and Son (Derby), Limited, All Saints Works, 
Derby. The lamp, it may be recalled, is intended for 
use in mines, and is distinctive in that the lighting 
current is produced in the lamp casing itself by means 
of a small turbine-driven generator actuated by com- 
pressed air. Besides eliminating fire risk, the casing and 
lamp being virtually gas-tight, this type of lamp per- 
mits efficient lighting to be provided without the neces- 
sity of running electric cables to the working face, it 
being assumed that compressed air is already in use 
as a motive power, for driving coal cutting or other 
machinery, &c. In normal working the generator is 
designed for an output of 60 watts at 25 volts. With 
gas-filled bulbs of this capacity, the candle power is 
very much greater than any of the battery lamps as 
at present made. The turbine rotor is carried on a 
short steel spindle adjacent to the generator rotor. 
The generator is of the revolving field pattern, and, 
the windings being stationary, there are no rubbing 
contacts. 

In addition to the lighter turbine rotor, several 
other changes have been made in the design of the 
lamp since we previously described it. One of these is 
the compounding of the turbine which has resulted in 
a reduction in air consumption of approximately 30 per 
cent. as compared with previous figures, and another 
is the incorporation of a reducing valve in the lamp 
casing. The compounding is effected by fitting an 
internal port across the inside of a portion of the 
circumference of the rotor, the blades of which are 
shrouded, as indicated by the projecting pins in the 
figure. The air is directed on to a portion of the 
exterior edge of the blades by a tangential nozzle in 
the usual fashion, and, then, by means of the transfer 
port on to a different portion of the interior edge of 
the blades, as it escapes in an outwards direction to the 
exhaust port. The reducing valve has been provided 
to make the lamp independent of the air pressure, as 





per square inch. The reducing valve is consequently 
set to maintain the latter pressure. It is estimated 
that these lamps cost to run, per candle power of the 
illumination provided only, from one-fifth to one-sixth 
of that of the system of acetylene lighting previously 
used in this particular case. 








BOILER EXPLOSION INQUIRIES. 


In accordance with the Boiler Explosions Acts, 
1882 and 1890, inquiries have been conducted by 
Board of Trade officials into a number of explosions. 
Reports of the investigations have been published 
recently, and of some of these we give brief summaries 
below. 


Explosion of a Boiler for Heating Water.—The 
securing ring, holding in place one of the cleaning-hole 
doors of a boiler used for supplying hot water in the 
restaurant at Southampton West railway station, 
failed on October 11, 1927. The boiler had a working 
pressure of about 34 lb. per square inch; it was 
gas-heated, and both the gas supply and the feed water 
were automatically controlled. Two circular cleaning- 
hole doors were fitted, and each were secured in place 
by a brass retaining ring screwed with a fine thread, 
engaging with the screwed part of the door mounting 
for a depth of ~ in. only. The failure of one of the 
securing rings, which was attended with fatal results, 
was due to stripping of the thread. Some wear of 
the thread had taken place, and this, together with 
slight distortion of the ring, had lessened its holding 
power. 

Fracture of a Boiler Stop Valve Chest.—The violent 
explosion of the cast-iron stop-valve chest on one of 
the four boilers of the steam-raising plant at Irwell 
Bleach Works, Pendleton, Manchester, occurred on 
September 13, 1927. The accident appears to have 
been caused by water hammer. The boiler, on which 
the stop valve stood, had been shut down for cleaning 
for some weeks, and the stop valve closed. The steam 
pipes next to the stop valve, however, were connected 
through the superheater to the main range of steam 
pipes, and were thus gradually filled with water by 
condensation. So long as the stop valve of the boiler 
was closed the possibility of water hammer did not 
arise. If, however, the stop valve were opened, even 
to a small degree, the conditions necessary to produce 
water hammer would be set up. It was found impossible 
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to obtain direct evidence on this point, but it was 
felt that the valve had, in all probability, been opened 
slightly by someone. 

Bursting of a Steam-wagon Boiler—The explosion of 
a cylindrical, vertical, water-tube type, steam wagon 
boiler occurred on March 21, 1927, in a garage in 
Canterbury-street, Blackburn, while the vehicle was 
being prepared for the road. The boiler, the outer 
shell and fire-box of which were flanged at each end 
and connected to one another by means of studs and 
nuts, had not been subjected to regular and uninter- 
mittent inspection for some time prior to the accident. 
The fire-box was made square in the middle of its 
length, and into this part the tubes, 54 in number, 
were fitted. The explosion was due to grooving at 
the lower flange of the fire-box, where it was bolted 
to the shell plate. The fire-box was ruptured at 
the flange for a length of 32 in. and the boiler was 
projected through the roof of the garage and landed 
at a spot about 125 yards distant. 

Explosion of a Heating Boiler—An exceptionally 
severe frost on December 18 last was the cause of 
an accident to a boiler used for heating the works 
and offices of Messrs. E. J. Bees, Limited, Bristol. 
The boiler was of a tubular type, and made of 
cast iron throughout. It consisted of two rectangular 
hollow castings, mounted vertically with the large 
surfaces parallel, and connected together by tubes 
running horizontally. There were two rows of tubes 
at the top, a vertical row at each side and a single row 
at the bottom, the latter forming the fire grate. The 
main outflow and return pipes were connected respec- 
tively to the top and bottom of the back casting. The 
whole system was maintained full of water by an 
open cistern situated 26 ft. above ground level. The 
fire was allowed to die down in the evening and at 
the week end, when the works closed down, and was 
relit every morning. Soon after starting up on 
Monday, December 19, an explosion occurred. This 
was caused by over-pressure, the supply pipe, which 
was the only opening that existed for the relief of 
excessive pressure, having become choked with ice 
during the week-end. The explosion would no doubt 
have been avoided if the boiler had been fitted with 
a suitable safety valve. 


Explosion of a Steam Oven.—The explosion of a cast- 
iron steam-heated oven used in connection with cloth 
pressing, occurred on September 16, 1927, at the works 
of Messrs. Crowther Bruce and Company, Limited, 
Marsden, Huddersfield. The oven wassupplied in 1907 
for a working pressure of not more than 50 lb. per 
square inch, and for 19 years it was operated at 
this pressure. It functioned satisfactorily until May, 
1926, when the pressure was increased to 130 Ib. 
per square inch; no reducing valve was fitted in the 
steam supply pipe to the oven. Moreover, during 
1925 the safety valve had been so severely damaged 
that it had been removed. In January, 1927, the 
pressure on the oven was further increased to 160 
lb. per square inch, and again no reducing valve 
was fitted. The inevitable explosion was of a violent 
nature. Four of the six bolts securing the oven 
door in place were fractured, and the door itself was 
forced off and broken into four pieces. A contributory 
cause of the explosion was a partial crack in one of 
the bolts, which flaw appeared to be of old standing. 








RatLway Company PurcHASES WaGcon Works.— 
The London and North Eastern Railway Company has 
purchased from Messrs. Thos. W. Ward, Limited, Sheffield, 
the site of Messrs. Ashbury’s Wagon Works, Openshaw, 
Manchester, together with buildings, properties and 
equipment. The site covers 20 acres, with railway sidings 
and connections to Ashbury station. One of the shops 
is a steel structure 680 ft. long and 108 ft. wide, and 
stone-fronted offices, a 16-roomed dwelling house and 
other properties have also been acquired by the railway 
company. Messrs. Thos. W. Ward are expediting the 
dismantling of the surplus plant in order to allow the 
new owners to take possession without delay. 





A CENTENARY OF BomER Makina.—Messrs. John 
Thompson, Limited, of Wolverhampton, is a combination 
of six companies which, though now concerned with 
a variety of engineering interests, was founded just one 
hundred years ago for the manufacture of boilers. The 
original] firm were pioneers in the production of Lancashire 
and other boilers, containing a minimum number of plates 
and joints, special plant being installed at the works 
to enable manufacture to be conducted in this way. 
They were also among the first, if not the first, to adopt 
dished ends, combined with a partial or entire corrugated 
flue, thus securing greater strength, elasticity and 
heating surface. Water-tube boilers have been developed 
by the firm, more particularly since 1903, and four types 
are now built. Other activities include such auxiliary 
steam-raising equipment as _ stokers, suyerheaters, 
piping, chimneys and water-softening plant, as well as 
structural steel work, pressings for motor vehicles and 
steel window frames. The staff and workpeople number 
some 2,000, about 700 of whom are shareholders in 
one or other of the Thompson companies. Funds for 
unemployment, accidents, old age pensions and other 
purposes have also been established. 
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** ENGINEERING ’’ ILLUSTRATED 
PATENT RECORD. 
SELECTED ABSTRACTS OF RECENT PUBLISHED 


SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 


The number of views given in the Specification Drawings is stated 
here none is mentioned, the Specification is not 


in each case; wi 
illustrated. 

Where inventions are communicated from abroad, the Names, £c., 
of the communicators are given in italics. 
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| MACHINE AND OTHER TOOLS, 
SHAFTING, &c. 

297,011. B. P. Dobson, Bolton, and W. Hartley, 
| Bolton. Thrust Bearings. (1 Fig.) June 11, 1927. 
| —The invention is for thrust bearings for the spindles of 
centrifugal spinning boxes. According to the invention, 
the spindle is supported against endwise thrust by a 
fluid-abutment, displacement of which due to the 
| thrust is prevented by counter-pressure generated by the 


| rotation of the spindle. The spindle is driven by means 


Copies of Specifications may be obtained at the Patent Office Sales | of a quick pitch worm thread 2 engaged by a compara- 


Branch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform price of 18. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given a the abstract, unless the 
Patent has been sealed, when the word ‘‘ Sealed” is appended. 

Any person may, at any time within two months from the date of 
the advertisement of the pt of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acta. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


293,968. A. V. Roe & Company, Limited, Newton 
Heath, Manchester, and C. B. Redrup, Newton 
Heath, Manchester. 
Combustion Engines. 





(1 Fig.) 


amount. In accordance with the invention, the relief 





valve m is provided in a compartment or chamber u 
formed within the crankshaft a, and any lubricant 
which passes the valve enters the compartment or 
chamber u, and by centrifugal force is delivered there- 
trom through an oil way or oil ways v and delivered into 
the crank chamber to take part in the lubrication of the 
engine. Finally, the lubricant returns to the collecting 
sump as usual, (Accepted, July 25, 1928.) 


HYDRAULIC MACHINERY. 


293,730. T.N. Husband, Blackheath. Hydraulic 
Packing. (2 Figs.) April 11, 1927.—The invention has 
reference to packing for hydraulic apparatus and consists 





(293,730 


in the combination with the cylinder 12, its ram 11 and 


the ordinary stationary hat or U-leather packing 13 con- | 


tained in a groove or recess in the cylinder wall, of a liner 
of leather or other suitable material 15 placed between 
the ram 11 and the side of the hat or U-leather packing 13 
adjacent thereto. (Sealed.) 


294,282. T.N.Husband. Blackheath. Hydraulic 


Radial Cylinder Internal-_| 
June 27, 1927.—In 
radial cylinder internal-combustion engines, it is usual | 
to provide a relief valve in the lubrication system to | 
release lubricant if the pressure exceeds a predetermined | 


| tively large driving wheel 3. Below the worm 2 the 
| Spindle reaches into a sleeve 6 which is supported by a 
| bearing 7. This sleeve has a cylindrical bore in which 
| the spindle closely fits, and at its upper end this bore is 
| enlarged at 9 to constitute an oil reservoir. In the lower 
| end of the sleeve there is placed a closing washer 10, the 
| position of which is adjustable by means of a set screw 11. 
| The lower end of the spindle is formed with a hemi- 
spherical projection 12 which can bear against the 








washer, or a ball supported therein, but which leaves 
around it, between the washer and the end of the spindle, 
a chamber 14 in which the fluid-abutment is located. 
The outer surface of the spindle at its lower end is formed 
with a helical groove 15, which reaches between the 
oil reservoir 9 and the lower end of the spindle. If the 
worm 2 be on the spindle “‘ right hand ” then the helical 
groove 15 is also “right hand” and, consequently, 
rotation of the spindle in the counter clockwise direction 
when viewed from above will cause oil to be fed from the 
reservoir towards the lower end of the spindle. In this 
way pressure is generated in the chamber 14 at the lower 
end of the spindle to counteract endwise thrust set up on 
the spindle by its driving wheel 3. The upward pressure 
of the oil on the spindle causes the latter to float and 
considerably reduces the pressure of the lower end of the 
spindle against the washer 10 or ball thereon. (Sealed.) 


MOTOR ROAD VEHICLES. 


| 
| 295,307. R. C. Graseby, Westminster, London. 
| Stoenang Mechanism. (3 Figs.) May 7, 1927.—The 
| invention relates to power-operated steering mechanism 
|for motor road vehicles. 1 is the steering wheel, 
2 the steering column, 3 the drop arm connected to 
ja drag link 4 by a lost motion connection, and 7 is 
|a spring acting between the drag link and the drop 
,arm. The drag link is connected by a link 23 to the 
lower end of a lever 9 of the first order. 12 is a cylinder 
within which moves a piston 13. At its upper end the 
lever 9 is connected to the piston 13 through a link 21. 
|The lever 9 carries a pillar 14 on which is pivoted a 
|lever 15. The upper end of the lever 15 is disposed 
| between valve-operating members 16, 17, and its lower 
'end is connected by a pivot to a link 18 which in its 
| turn is connected to a link 22. The link 22 is connected 








Fig | 


| ~ 
/ 
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position and the operation of the power mechanism 
is arrested. According to the direction in which the 
steering wheel is turned so one or other of the valve- 
operating means 16 or 17 is operated and the piston 
moves in one or the other direction. (Sealed.) 


296,202. R. C. Graseby, Westminster. Steering 
Mechanism. (1 Fig.) September 16, 1927.—The 
invention relates to steering mechanism for motor 
road vehicles having means whereby the transmission 
of shocks from the road wheels to the steering wheel is 
prevented. 1 is the steering wheel, 2 the steering column 
and 3 the drop arm which is connected to a drag link 4 
through a pair of springs 6, 7 arranged one on each side 
of the drop arm. On the drag link 4 is mounted a 
chamber which is divided internally and horizontally 
by a partition 9 to form a cylinder 8 and a chamber 10. 
Within the cylinder is a piston 11. The cylinder com- 
municates through non-return valves 14, 15 with the 
chamber 10. The cylinder 8 and the chamber 10 contain 
a fluid, such as oil. A lever 16 connected at one end to 
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a rod 17 mounted on the piston is pivoted on the 
wall of the chamber. At its other end the lever is 
connected to an arm 18 pivoted on the chassis frame 19. 
Pivoted also at 24 is an arm 20 arranged with its ends 
over the non-return valves 14, 15 and connected by 
links 21, 22 to the bottom of the drop arm. The 
operation is as follows. When the vehicle is travelling 
in a straight line the arm 20 is free of both of the 
valves 14, 15 and the piston 11 is locked by the fluid 
in the central position. When the steering mechanism 
is operated the drop arm 3 is first moved relatively to 
the drag link 4, whereby, through the links 22, 21, the 
arm 20 is tilted and one end of it operates to open one 
of the non-return valves, say, for example, 14. Further 
movement of the drop arm 3 moves a drag link 4 
and the cylinder in relation to the piston, the oil flowing 
from the one end of the cylinder through the valve 14 
into the chamber 10 and through the valve 15, which is 
opened by the pressure of the oil, to the other end of 
the cylinder. When the steering mechanism is moved 
in the opposite direction the valve at the opposite end 
of the cylinder is opened. When the vehicle is travelling 
in a straight line any shock which the road wheels 
receive is communicated to the cylinder 8 and the 
chamber 10, but these are unable to move relatively 
to the piston 11 by reason of the fluid therein and such 
shock is thus prevented from moving the steering 
wheel 1. (Sealed.) 


RAILWAYS AND TRAMWAYS. 


296,394. Cargo Fleet Iron Company, Limited, 
Middlesbrough, The Tees Side Bridge and Engin- 
eering Works, Limited, Middlesbrough, J. E. 
James, Middlesbrough, and J. B. Peat, Middles- 
brough. Sleepers. (5 Figs.) May 31, 1927.—The 
invention relates to steel sleepers of the type in which 
jaws are pressed out or openings are formed in the 
sleeper to provide for holding the rail thereto. According 
to the invention, a steel railway sleeper having an extra 
thickness of material, formed by longitudinal rolling, 











Packing. (3 Figs.) April 22, 1927.—The invention has | 
reference to the packing of the reciprocating parts of | 
hydraulic apparatus of the kind comprising a ring of | 
leather constituted of two parts, of which one, 13, is | 
parallel with the axis of the reciprocating part 11 and the | 
other 14 is integral with and inclined at an angle to the | 








by a pin 5 to the bottom of the drop arm 3. In operation, 
| movement of the steering wheel 1 moves the drop arm 3 


(234262) A . 2 
| and thereby the link 22. During this first movement the 


| drag link remains stationary, due to the lost motion | 
t A y : Movement | 
reciprocating part or in the wall of the cylinder 12 in| of the link 22 causes the lever 15 to swing and operate | 


first part and is contained in an oblique groove 15 in the | connection between it and the drop arm 3. 


which the reciprocating part works. In hydraulic packing | one of the valve-operating members 16 or 17, thus 


of the kind referred to, in accordance with the invention, causing one end of the cylinder 12 to be connected to | 


the wall of the cylinder 12 is recessed at 19 below the| the power supply and the other end to atmosphere. 
second part 14 of the packing which is contained in the | The piston moves, thereby moving the lever 9 and the 
oblique groove 15 in the wall of the cylinder, and behind | drag link 4, thus operating the steering mechanism 
the first part 13 of the packing so that the working fluid| by power. As the lever 9 moves, it carries with it the 
is permitted free access to the first part of the packing. | pillar 14 and thus returns the lever 15 to a position 
(Sealed. ) /in which the valves are again returned to a neutral 
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‘in the neighbourhood of the rail seats only, is further 
reinforced by ribs, formed by longitudinal rolling, super- 
imposed on the extra thickness, but not extending 
the whole length of the sleeper. The sleeper is formed 
with pressed-up jaws 20 to hold the rail chair. Ribs 21 
are formed on the under surface of the sleeper on each 

|side of the jaws and extending beyond both the 

| openings 22 resulting from the formation of the jaws 20. 

|The horizontal portion of the sleeper is also provided 

| with extra thickness on its under surface in the 
neighbourhood of the jaws 20 as indicated at | 23. 


(Sealed.) 
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THE BUILDING RESEARCH STATION. 


Or the many arts in which the practice goes far 
beyond the scientific foundations, that of building 
is amongst the worst off. None, perhaps, has to 
do with so great a variety of materials, and knows 
so little either of their composition or of the scientific 
facts on which their behaviour depends. None, on 
the other hand, is less able to postpone its operations 
until they can be placed on an adequate scientific 
foundation. The builder’s work, when it is wanted, 
has to be put up forthwith, and when it relates to 
materials or constructions which are not covered 
completely by previous experience, it conducts its 
own research on a secular scale by a process of trial, 
which sometimes turns to error. Attempts have 
been made to simplify and cheapen the art of 
building, and when, as has been usual, such opera- 
tions have been based on guess work instead of 
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apt to view results with suspicion if they seem to 
be based on what he has been taught to regard 
as unpractical assumptions. It is only of recent 
years that scientific and practical men have come 
to realise more generally both the value of each 
other’s results, and the limitations under which 
they have respectively to work. A practical sign 
of the advance that has been made in these important 
respects has been the institution and work of the 
Building Research Station, of which by the kindness 
of Dr. R. E. Stradling, M.C., the Director of Building 
Research, we are now able to give a general account. 

The Building Research Station is one of several 
similar establishments, founded by the Department 
of Scientific and Industrial Research for the purpose 
of doing such work in regard to industria] problems 
as cannot or is not likely to be done elsewhere. The 
present station continues investigations previously 
carried on in improvised and inconvenient premises 
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ascertained scientific fact, they have often amounted 
to the form of practical research known currently 
as jerry building. 

One possible reason for the lag of scientific theory 
behind building practice may be found in the mutual 
attitude of practice and science until recent years. 
The inductive method, by which practice learns from 
experience, though it may be as truly scientific as 
any other, is seldom as rapid as the experimental 
and deductive methods employed by scientific men 
in laboratories. On the experimental method the 
investigator begins by attacking his problem in 
its simplest possible form, and his most important 
business is so to arrange the details of the experiment 
that, as nearly as possible, only one variable is 
altered at a time. He must make whatever experi- 
mental arrangements and simplifying assumptions 
may be necessary for this purpose, and in many 
classes of work, among which most building problems 
are conspicuous, he can only attain the complex 
conditions of practice slowly and imperfectly. 
The builder, on the other hand, has to take his 
materials and methods as experience has given 
them, and to apply them in conditions that are 
dictated to him. He hasincomparably less latitude 
in regard to the circumstances of his work, and is 
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at Acton, and succeeds to the still earlier work 
by Committees of the Department on building 
materials research and allied subjects. Even under 
the disadvantageous circumstances in which they 
were placed, the earlier activities of the Building 
Research Board showed by their results that they 
supplied a need which must have long existed, 
though perhaps it was never consciously recognised. 
Most directly, no doubt, its usefulness was felt in the 
ability of its staff to place at the disposal of those who 
required it an unusually large volume of information 
in regard to the practical difficulties of building. 
The Office of Works, the Ministry of Health, the 
Scottish Board of Health, and other Government 
Departments, are themselves keenly interested in 
building questions, and constantly have occasion 
to require advice about how individual problems 
of practice are best solved. The material for a 
complete and certain solution of many of these 
questions is, doubtless, not at anyone’s disposal, 
but the Board’s staff, occupied as they are in the 
continuous study of such questions, and in large 
measure composed of men who, in addition to their 
scientific training, are experienced to a considerable 
degree in the practice of its various arts, are obviously 
in an unusually good position to give as sound an 





opinion as the state of knowledge permits. The 
Board’s success in dealing with the problems that 
were put to it came gradually to the knowledge 
of important firms engaged either in the building 
industry, or in the manufacture of building materials. 
Little by little it became the practice of the 
more enlightened among these firms to submit 
to the Board’s judgment any of the many problems 
they encountered, and could not answer from their 
own previous experience. They were, doubtless, 
led the more cogently to this course by the knowledge 
that, while they would obtain at the Station the best 
chance of whatever purely scientific guidance was 
to be had, they would meet with no procrustean 
attempts to distort the problem in order to bring 
it within the ambit of available scientific knowledge. 
They knew the Station was aware that, as the 
Director had repeatedly insisted, building practice 
at the present time depends largely on nothing 
better than accumulated practical experience, and 
they were therefore satisfied that no solution of the 
problems would be attempted or recommended which 
left this experience out of account or was disposed 
to undervalue it. 

While, however, giving practical problems the 
most immediate and ample attention that available 
knowledge would allow, the Building Research Board 
were keenly aware that, in addition to providing 
such practical wisdom, they would have to elabo- 
rate a building science before they could attack the 
problems of the industry with the necessary confi- 
dence and certainty. The various phenomena that 
affect the efficiency of buildings, the weathering of 
their walls, the changes occurring naturally in their 
materials, and even their structural strength, all 
were known to have elements as yet not amenable 
to purely scientific treatment ; and without preju- 
dice to the attention required by immediate 
problems of practice, an essential part of the work 
before the Board and its research Station was to 
endeavour to ascertain as much as possible of the 
fundamental scientific principles that at present 
are wanting in the art. The present Station, which 
is at Garston, near Watford, does not, doubtless, 
represent the full extent of the establishment which 
ultimately will be necessary for its purposes. It 
is, however, the result of a thrifty bargain, by which 
an estate affording abundant room for expansion, 
together with a large number of readily convertible 
buildings, were secured at a much smaller cost than 
would have been involved in erecting the barely 
essential buildings. 

A plan of that part of the estate which has 
already been utilised, leaving a considerably greater 
area in reserve, is given in Fig. 1 on this page. 
In the main building, which is indicated as Block A 
in Fig. 1, the work carried on may be said to 
represent in miniature the whole business of the 
Station. The work of the Station is regarded 
broadly as divided into general research and special 
investigations. By general research is meant that 
which seeks to obtain knowledge in regard to 
building materials and methods in general terms, 
apart from the special conditions of individual appli- 
cations, and thus serves to add to the data of build- 
ing science. The branch of special investigations 
includes not only the practical problems to which 
the station’s attention is drawn from within the 
industry and elsewhere, and the examination of 
building failures, but also what is sometimes classed 
as intelligence. In the latter branch, information 
is collected and collated for the service not only of 
the Station’s staff, but also of all other persons 
interested in building science and technology, and 
publications are prepared in which the results 
obtained or collected at the Station are expressed in 
technical, popular or scientific terms, according to 
the classes of readers for whom they are intended. 
The whole of the work of the Information Bureau 
and the Station’s publications, together with the 
many communications that have to be carried out 
in connection with the discovery and examination 
of building failures and the undertaking of special 
investigations, is concentrated in the first six rooms 
of the main building, supplemented by accommo- 
dation in various parts of the premises as required 
for special investigations. In the present descrip- 
tion of the Station there can be little to show for 
this branch of the work, and it is therefore the more 
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necessary to draw particular attention to it. Its 
importance does not lie merely in the fact that it is 
concerned pre-eminently with rendering immediate 
services. Its still greater claim on consideration 
lies in the fact that its work includes the liaison 
between the Station and those who in the widest 
sense constitute the building industry. Not only 
the extent to which the station will be able to 
contribute to the solution of practical problems, but 
also the completeness and promptness with which 
it becomes aware of them, depends on the intimacy 
of this liaison, and to no part of the working 
arrangement of the station is more importance 
attached. 

The remainder of the main building is devoted 
to laboratories for the study of building materials 
by physical and chemical methods. The subjects 
so investigated are of great variety, and must neces- 
sarily change from time totime. A list of some of the 
subjects at present under investigation may serve 
to outline the variety of the work. In one physics 
laboratory examinations are being made on a 
variety of building materials of the rate at which 
they absorb water under capillary forces, the head 
which expresses those forces, and their permeability 
under pressure, with allied determinations of the 
rate at which water evaporates from their surfaces 
under specified conditions. Other experiments 
are seeking to determine the conditions for the trans- 
fer of soluble salts from one material to another in 
walling. Pending the complete equipment of the 
experimental house, to which reference will be made 
later, determinations are being made in_ the 
laboratory of the heat losses in coal fires, as indi- 
cated by analyses of the flue gases, and work is 
also proceeding on radiation. In one room, devoted 
to section cutting, a variety of bakelite has been 
worked out, and is being currently prepared, for 
impregnating specimens and preparing thin sections 
in connection with researches on weathering of stone 
and allied subjects. On the first floor, Rooms 12 to 
16 provide accommodation for a number of chemical 
investigations. At the present time these include 
work on the quaternary equilibrium diagram of 
alumina, silica, lime and oxide of iron on the 
basis of experimental data obtained with furnaces 
to which reference is made below. Determinations 
are also being made of the rate at which lime is 
taken up by various pozzuolanic materials. A 
general investigation is also in progress into silica 
gels and the relation between their phenomena 
and those of building materials. Work is also 
going on with regard to calcium aluminate; and 
in the course of the study of slags, breezes and 
clinkers investigation is being made into failures 
of clinker concrete, and both laboratory and rough 
works’ tests are being sought for the suitability of 
particular clinkers as constituents of concrete. 
In connection with weathering problems, tests are 
being devised and tried for measuring resistance 
to weathering, in the presence in particular of 
sulphurous acid and carbon dioxide, including a 
variety of crystallisation tests. In the cellar of 
the main building, work is going on in respect 
to the effect of freezing on building materials, 
The top floor contains three rooms used as drawing 
oftice, photographic and micro-photographic rooms, 
and for the collation of data in connection with 
the research on weathering problems. 

The range of buildings Nos. 21 to 26, most of which 
originally were stables, provide a considerable variety 
of services for the work of the Station. In Rooms 21 
and 22 the whole of the chemical analytical work is 
done, upper floors of these rooms being used as 
chemical stores. Room 23 is a curing room for 
cement and concrete specimens. It contains a 
moist closet, kept constantly witha nearly saturated 
atmosphere and at constant temperature under 
thermostatic control. Setting-time tests on cement 
are carried out in this chamber, and briquettes for 
standard strength tests on various cements are stored 
in it in order that the results shall be strictly com- 
parable. ‘Che mixing shop for cement mortars, 
concrete and similar materials, in Rooms 25 and 26, 
is provided with a variety of appliances for mixing 
concrete, trass and similar materials, and for pre- 
paring and testing specimens. The equipment in- 
cludes a variety of appliances not in general use in 
this country, of which Fig. 2, on Plate XIII, shows 
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the Klebe hammer, which is used for preparing | without pozzuolanic additions, is being studied in 
mortar and similar test-pieces under standard con- | storage tanks. The building No. 39 is arranged for 
ditions. This machine is an automatic rammer, | tests in regard to resistance to fire, a gas furnace being 
by which a weight, usually 3 kgs., is allowed to | provided with a horizontal table to carry the specimen 


fall from a definite height a fixed number of times | under examination,with the protective coating which 


on to the specimen under preparation, the usual | is under test on its underside. Building No. 40 


height for compression specimens being 50 cms. | accommodates the power station, electricians’ shop 
and the number of blows 150, and 25 cms. and /and accumulator room, and contains the air com- 
120 blows for tensile specimens. Room 24 is a| pressors for the furnaces and for the sandblast 
|apparatus. Grinding appliances, including various 


cement store. | 
The shops for fitters, instrument makers, carpenters | grinders, ball mills, &e., and an Amsler abrasion 
and painters and plumbers are in Rooms 28 to 31, | machine, are provided in Room 41, and a sandblast 


while in Room 27 a useful appliance for cutting up | Cabinet in a small annexe. 
a variety of materials is the Anderson-Grice | An overall method of testing the resistance of 
carborundum disc saw shown in Fig. 4, on Plate | pavings to mechanical wear is, of course, to subject 
XIII, the working element of which is a mild steel | slabs of the material under investigation to actual 
disc surrounded by a carborundum ring. | traffic. Fig. 7, on Plate XIV, shows a number of 
Rooms 32 and 33 are used for special investigations. | such slabs laid down in the passage way No. 46a 
At the present moment tests on the freezing of | outside the canteen hut, the traffic over which is as- 
materials are proceeding in Room 32, which is| sured for obvious reasons. The effect of the practical 
provided with refrigerating apparatus, and in Room | wear undergone by these slabs will be measured at 
33, which is a laboratory, work is going on in | intervals, and compared with the relative results 
regard to pozzuolanas, the action of sea water on | obtained by laboratory tests. One type of these 
concrete, stone preservatives, and similar matters. | tests is illustrated in Fig. 9, on Plate XIV, which 
A number of furnaces of various types are installed | represents the Amsler abrasion testing machine. As 
in Room 34, and at present are being used among/ will be seen, the specimen under test is carried on 
other purposes for work on the quaternary diagram | the underside of a holder, where it is weighted with 
referred to above. The provision of furnaces enables | definite weights, and rotated at a definite speed over 
materials to be prepared at a variety of temperatures | an iron ring, standard sand being fed into the 
on a larger scale than is possible in most laboratories. | machine with or without water. The effect of wear 
Thus the furnace room has gas-fired Brayshaw, | is measured by weighing the specimens before and 
Incandescent Furnace, and Wright furnaces working | after a definite number of revolutions. The machine 
up to 1,600 deg. C., 1,500 deg. C., and 1,300 deg. C.| is worked with varying abrasive effect, according 
respectively, of capacities from } cub. ft. to 14 cub. | to the material under test. With a stone such as 
ft., a Méker crucible furnace working up to 2,000 deg. | Portland, a weight of 20 kg. is applied to a specimen 
C. of 1$ lb. copper capacity, and various small | 4 in. by 4in., with 1 gramme of sand fed in per metre 
annealing furnaces. |travel. The speed is about 2 m. per second (30 
For the preparation of special cements, the rotary | r.p.m.), and measurements are taken at various 
kiln shown in Fig. 12, on page 127, has been designed | travels from 100 m. or less up to 1,000 m. 
and constructed by Messrs. Edgar Allen and Com-| In the Amsler test. the wear is taken by the hard 
pany, on the lines usual in the manufacture of Port- | particles of the specimen. Another type of wear at- 
land cement, and Figs. 13 and 14 give details of its | tacks the softer matrix in which the hard particles 
construction and arrangement. It is fired with heavy | are set, and is illustrated by the sandblast abrasion- 
oil atomised by a supply of high-pressure air, with | test cabinet, shown in Figs. 10and 11. In this arrange- 
a separate supply of low-pressure air for combustion, | ment the test specimen T is clamped by means 
and is lined with sillimanite. The temperature /of four screws in a carrier C behind a rubber 
arrangements are such that it can work at any/ guard ring G, which allows a surface of 3-56 
desired temperature between 700 deg. C. and 1,550} sq. cm. of the specimen to be exposed to the 
deg. C. Tests are also proceeding in this room in | sand blast. The carrier is suspended on a spindle, 
regard to the effect of atmospheric conditions on | which passes through the lid L of the cabinet, and 
asphalt and bitumen sheeting, a more particular | is mounted on ball races. This spindle is driven by 
account of which will be found below. /a gear wheel W through a worm drive on an electric 
Block C with Rooms 35 to 38, is used principally | motor M, which also is mounted on the lid of the 
as a mechanical testing laboratory, and among other | cabinet, so that the lid can be raised in order to 
appliances has a 500-ton Amsler compression | adjust or replace a specimen without disconnecting 
machine, a 60-ton Universal Buckton testing| the drive. The sand is delivered through a jet 
machine, and two 10-ton Buckton testing machines, | J mounted on a sliding panel at the side of the 
enabling comprehensive tests to be made on | cabinet to enable its distance from the specimen to 
both materials and structures, and researches of | be adjusted. Compressed air enters the jet through 
various kinds to be carried on the mechanical pro- | the large tube A, and in flowing past the mouth of 
perties of concrete. A general view of the machine | an inner tube, induces a flow of sand from the 
section of the testing laboratory in Rooms 35 to 38| sand hopper H, which is mounted on the sliding 
is seen in Fig. 3, on Plate XIII, in the foreground | panel. The sand is delivered on to the exposed 
of which appears the 500-ton Amsler compression | surface of the test specimen, which rotates with an 
machine, as applied to testing a brick pier. Fig. 8, | eccentricity of 0°75 in. round the sand jet. The 
on Plate XIV, shows the pendulum dynamometer | hopper contains a detachable sieve to screen off 
will be seen that the! oversize material, and the sand feed is controlled 
| by a small slide, indicated at 8S. A rack and pinion 
|movement R serves to raise or lower the sliding 











and control, in which it 
pump is hung conveniently on the frame of the 
dynamometer ; while Fig. 15, on page 127, shows 
one of the 10-ton Buckton testing machines, which | panel which carries the sand hopper, the air supply 
has a split poise, and allows special width round the | pipe and the jet, so that the distance between the 
| specimen to accommodate an extensometer, furnace | jet and the test-piece can be adjusted while a 
| or other apparatus when required. In other respects | constant sand blast is maintained. The front of 
the machines are of standard design, but the type of | the cabinet is fitted with a glass panelled door to 
Amsler machine is exceptional in this country, where | facilitate adjustment. The sand used is, as specified 





testing machines of its power are usually horizontal, | in the British Standards Specification for Portland 
and normally do not exceed 4 ft. in working height, | cement, from Leighton Buzzard between 20 and 


|as against the 15 ft. provided in this design. The 


| determinations of the mechanical properties of 
building materials. At the back of the Amsler 
machine in Fig. 3 will be seen a brick pier, 18 in. 
| by 18 in. by about 8 ft. high, which is eccentrically 
|loaded by means of springs, and the flow of the 
| brickwork is being measured by an extensometer of 
| the Ames dial type. 

Here also, as elsewhere in the station, the action of 
artificial sea water on various concretes, with and 
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| purpose is, of course, to enable the Laboratory to | 
| make tests on entire structures, as contrasted with | 


'30 mesh. The usual distance of the model from 
the specimen is 3 in., the speed of rotation of the 
specimen 100 r.p.m., and the air pressure 5 lb. per 
/square inch, which gives a sand feed of 1 lb. per 
minute. The effect of the blast is measured by the 
loss in weight of the specimen after a definite amount 
of sand has been passed through the cabinet, usually 
20 lb. This standard, however, is varied as re- 
| quired, as, for example, when very soft or very 
|hard materials are being tested, or the effect of 
| surface treatments compared. Abrasion observa- 
{tions are useful not only for comparing different 
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materials for the determination of relative wear 
under traffic as already explained. 

The remainder of the buildings are mostly of 
more specialised type. Room 45 is maintained 
at constant temperature, and is used for studying 
the movements of moisture in building materials, 
the shrinkage and other phenomena of cement 
mortars and similar substances, and generally for 
investigating special problems of the same character. 
Other determinations include measurements of 
absorption, permeability and capillary head, similar 
to those mentioned above as carried on in the main 
block but on a larger scale, for which purpose an auto- 
graphic apparatus has been worked out, which, as 
will be seen later, is used for a variety of purposes. 
Room 47 is a laboratory of special construction for 
the study of acoustic problems, fuller particulars 
| of which will be given below. Room 48 is another 
| building of special construction, described likewise 
in some detail below, for the purpose of studying 
the heat requirements of rooms with different 
aspects under different weather conditions, &c., 
the heat losses through walls, methods of ventila- 
|tion and similar matters. Meteorological records 
| are made on the site of No. 49. 














i —— Bi ‘ | The block 50 to 53 serves a variety of purposes. 
2 | The walls and roof are used for practical exposure 
Fie. 15. 10-Tonx Bucxton Testinc Macuine. tests, and Figs. 5 and 6, on Plate XIV, show parts 


of the wall of this building with a number of test 
materials, but also for observing the changes in| researches are being conducted at present on brick, | panels. Such exposure is for investigating rates of 
resistance to wear which occur with time in a| terracotta, &c., in respect to weathering resistance, | evaporation, the formation of solutions and their 
setting material, such, for example, as Portland | liability to efflorescence, and similar matters. |interflow between adjoining panels, and allied 
cement, or its preparations. Room 46 is a staff mess hut, and the passage-way | problems which, though of great practical interest, 

Xoom 42 is used as a clay laboratory, in which | 46a, leading to it, is laid with various flooring | require at the same time a more certain scientific 
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H.P. GENERATOR BEARINGS; 160,000-KW. TURBO-GENERATOR AT HELL GATE. 


CONSTRUCTED BY MESSRS. BROWN, BOVERI AND COMPANY, 





Fig. 96. 
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knowledge of the processes at work. The room| 169.900-KW. STEAM TURBO-GENERA- 
No. 50 contains a rotary kiln for the experimental TOR FOR THE HELL GATE POWER 


preparation of cements and similar materials under 
controlled conditions, and further tanks are provided | STATION, NEW YORK. 
(Concluded from page 69.) 


outside Nos. 50 and 51 for investigating seawater 
Fies. 96 to 101 show details of the 450-mm. 


action on various concretes with and without | 
pozzuolanic additions. Rooms 51 and 52 serve as a bearings of the H.P. generator. Coils for water 
lime laboratory, in which investigations are made | .ooling PRP he tO? : er 
regarding the classification of lime, specification | — einai a et ‘a 
tests, gypsum plasters, paint on plaster, and panel | give details of the connections ‘of these coils with 
heating. No. 53 is another constant-temperature \the water service. Similar coils are also fitted to 
room, used for the study of adhesion, shrinkage | the other journal bearings. A shallow rectangular 
and the resulting stresses in reinforced concrete, | recess r is also provided ie Ghee cubtenal wusk ak the 
_and of the flow of various concretes under load. bearing surfaces; these are connected by piping to 
(To be continued.) /a motor-driven force pump which is used for forcing 
‘oil under high pressure into the bearings before 
| starting up the turbine. The area of the recess is 


THE Wortp CoNsuMPTION OF TrN.—According to a} x 
such that the pressure is able to ease the shaft on 


recent issue of the monthly publication Tin, the total world | ‘ : 
consumption of tin increased in the first ten months of | its bearings. As soon as the shaft begins to rotate 


1928 by 10,953 tons, compared with the same period | the force pump is put out of action. 


in 1927. The world consuraption for the period January : : a m 
to October, 1927, was about 115,000 tons, while that| As shown in the drawing, Fig. 92, page 68 ante, a 


for the first ten months of 1928 was over 126,000 tons. | combined thrust and ordinary bearing is provided 
The United Kingdom consumption of the metal is! on the turbine side of the coupling. This locates 


rising steadily ; it was equivalent to 13-8 per cent. of ‘ : 
the world production during the period January to | the turbine and generator rotors. Details of the 
October, 1927, and the figure for the corresponding | thrust blocks are illustrated in Figs. 102 to 107. 


period of 1928 was 15-5 per cent. British exports of tin- | The thrust bearings, as indicated in these drawings, 
plate during the first ten months of 1928 increased by allan to the Mishel & but the pad 

14-8 per cent., as compared with the same period of S20 SERNA SO" Sas ener vype, ou pecs ane 

1927. individually capable of adjusting themselves to any 

| motion the collar of the shaft may subject them to. 

FuichT CADETSHIPS AND Sir CHARLES WAKEFIELD | Moreover, in order to secure an automatic equalisa- 


ScHOLARSHIPS AWARDS.—It was recently announced | |. 
that aircraft apprentices W. S. Reed, T. N. Coslett, T. Q. | tion of the load on each pad, these are supported on 
Horner, W. H. Hodgkinson, from No. 1 School of Tech- | balls, as best seen in Fig. 105, page 129, which repre- 


nical Training (Apprentices), Halton, and aircraft! sents a partial development of the whole system. 
apprentice W. T. H. Nichols, from the Electrical and Siaweld aus d tend to tak than its d 

Wireless School, Flowerdown, have been selected for ould any one pad tend to take more oo ae ue 
cadetships at the R.A.F. Cadet College, Cranwell, on| Share of the load, the two balls supporting it are 
the result of the examination held on completion of their | forced slightly apart, since the horizontal com- 
three years training as aircraft apprentices. Sir Charles = . 7 es P i 

Wakefield Scholarships, valued at 75l. each, have been eae nts of the loads carried by each neplioe longer 
awarded to Flight-Cadet M. W. L. Baker, on the result | ¢quilibrium. The pad therefore sinks a trifle, and is, 
of the recent rang ell examination for entry into | thus automatically relieved of the excess. Similarly, 
the R.A.F. Cadet College, and to Flight-Cadet W. S. | ; , is taki i -han its e, its supporting 
Reed. The Hyde-Thomson Memorial Prize, valued at | M ony ped ts taking leas the rer wininey ee 














| balls come closer together and force it up against 
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about 33/., has been awarded to Flight-Cadet W. T. H. | 
Nichols. 


/ | the thrust collar. As is common knowledge, 
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| Michell pads ought to be loaded unsymmetrically. 
| This end is secured in the block under discussion 
| by cutting away the bearing surface of each 
| pad so that its centre of gravity lies nearer to 
|the ball at the leading edge of the gad than to 
| that at the trailing edge. Hence a resultant force, 
| which is symmetrical to the supporting balls, but is 
frome symmetrical to the bearing surface. The pad 
therefore takes, automatically, the microscopic tilt 
necessary to ensure satisfactory lubrication. As 
shown, the pads are bevelled to 45 deg. at each 
edge. Into this bevelled edge hardened steel plates 
are inserted to take the heavy load concentrated 
at the point of contact with the supporting ball. 
The pads are made of bronze and the shaft collars 
of hard steel. The balls themselves abut against 
hardened steel rings secured to the ends of the 
bearings. They are held together by a steel cage, 
shown in Figs. 105 and 107, and the pads are 
moreover threaded on a steel wire so that the set 
can be handled as a unit. 

The rings at the ends of the bearing, on which 
the thrust is taken are split horizontally in the 
same plane as the bearing, and in handling 
form integral parts of the latter. Longitudinal 
adjustment of the blocks is effected by shims 
inserted between the shoulders of the bearings 
and their housings. 

The lubricating oil is fed to the bearings at 
mid-point, and flows in two streams to the ends 
of the brasses, and thence to the thrust blocks, 
uniform distribution over these being ensured by 
baffle plates. 

As shown in Figs. 1, 2 and 3, page 2, ante, each 
alternator with its blower and cooler forms a closed 
circuit, and, contrary to the usual practice with 
large units, the alternators and blowers are direct- 
coupled. As a result of this deviation from standard 
practice, it is claimed that the general arrangement 
is simplified and the reliability increased. The rela- 
tive position of the alternator, cooler, and blower 
made it possible to reduce the volume of cooling air 
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THRUST BLOCK AND BEARING ; 160,000-KW. TURBO-GENERATOR AT HELL GATE. 
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to a minimum, the amount actually needed being 
from 65 to 70 cubic metres per second, per alternator. 
Fig. 118, page 140, is a transverse section through the 
three-phase generator driven by the H.P. turbine. 
As indicated by the arrows, the air enters the alter- 
nator from below and passes out at the top through 
a duct which leads to the fan. The latter forces 
the air through the cooler, which is mounted in the 
foundations, as shown in Fig. 1, page 2 ante. From 
the cooler the air is returned to the alternator. 
The construction of the housing and laminations | 
is such that the air passes radially through the) 
stator iron in a large number of parallel ducts, and | 
also over the surface of the rotor. The end con- | 
nections of the stator and rotor windings are cooled 
by special air currents. 

Short bar-windings designed to avoid the formation | 
of eddy currents are used in the stator, two of which | 
are inserted in each slot. Special attention has 
been given to the design of the end connections, | 
so as to render them capable of withstanding the | 
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stresses due to a possible short circuit, whilst at 
the same time ensuring adequate cooling. 

The stator is made in several parts; the cast 
steel end plates of the stator core are provided with 
bronze lugs for supporting the teeth of the lamina- 
tions, and, in order to minimise total losses, the 
stator end plates are made of non-magnetic cast 
iron. The end casings are aluminium ‘castings. The 
two views, Figs. 110 and 112, Plate XVI, show, 
respectively, the four-pole and the six-pole stator, 
the first with the end windings in place, and the 
second ready for winding. 

The rotor of the four-pole alternator consists of a 
central portion in the form of a hollow cylinder 
to which the end pieces are bolted, accurate regis- 
tration being secured by spigots. All three com- 
ponents are of forged nickel steel and the rotor 
circumference is slotted in the usual manner to 
take the windings. Fig. 108, Plate XV, shows the 
four-pole rotor being slotted, while Fig. 109, on 
the same Plate, shows the windings being pressed in. 
The end connections of the rotor are secured by 
seamless forged rings of a special non-magnetic 
nickel steel. The slip rings are arranged outside 
the end bearing and between this and the fan. 

The rotor of the six-pole machine is built up 
of a series of nickel steel discs, shown in Fig. 115, 
page 130, shrunk on to a hollow shaft. The shaft is 
in two parts, which are shown in Fig. 114, on the 
same page. These have flanged external ends and 
are provided with milled longitudinal slots. These, 
in conjunction with the spaces left between the 
discs, enable increased cooling of the rotor to be 
obtained. The circumferential speed of this rotor 
is about 425 ft. per second, that of the four-pole 
rotor being about 460 ft. per second. 

As usual, each alternator has its own exciter which, 
in this case, is overhung on the end of the blower 
shaft. The two illustrations, Figs. 111 and 113, 
Plate XVI, were taken during the process of erec- 
tion at Hell Gate, and need no further explanation. 

The weights of the cross compound turbo-genera- 
tor are :— 





Tons. 
H.P. cylinder with controlling gear and 
accessories roe “oF eae -.. 216 
H.P. rotor pea ae 27 
L.P. cylinder with accessories... 408 
L.P. shaft eve ee 104 
Four-pole alternator :— 
Stator and fan 160 
Rotor ... ay aes 60 
Six-pole alternator :— 
Stator and fan 180 
Rotor ... 95 
Total weight ... 1,250 
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The net total weight for shipment was 1,375 tons, 
and the gross weight 1,557 tons. The number of 
freight cars required was 82. The heaviest single 
piece was the rotor of the larger generator. This 
weighed 95 tons, and was despatched via Antwerp. 
It is shown crated for transit in Fig. 116, page 131, 
the crate itself being a substantial structure built up 
of 12 in. by 5in. channels and provided with massive 
lifting hooks. Fig. 117, page 131, gives a good idea 
of the size of the pieces which had to be shipped. 
The casting in question is the upper middle section 
of the L.P. cylinder casing, which is shown being 
slung from the steamer to a lighter at New York 
for transport to the Hell Gate Station. 
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THE ENGINEERING OUTLOOK. 
III.—Tue Motor Cycre anp Cyciz Inpustry. 


Last year, independent consideration of the motor 
cycle and cycle industry was introduced into this 
series on the grounds that it represents a self-con- 
tained and important branch of the engineering 


industry. The study was divided into two sections : 


TaBLe I.—Numbers of Workpeople Kmployed. 









































No. | Motors, Cycles and Aircraft.* 
| ploye | Index 
> yyed | 1923 — c 
auto ina |? Nos. | No. | No. | Index 
7 100. : | 1923 
dis- in- | unem- em- = 
tricts. sured. | ployed.| ployed. 100 
| | | 
| | 
1923 | 6,451 |100 — | — |175,722| 100-0 
1924— | | 
1st half year | 6,278 | 98-9) | one aya) . 
ae | vans 119-1} 203,340) 16,145] 187,195] 106-5 
1925— | 
Ist half year | 9,198 |142-6) |. | ena s a 
ond et 8,916 138-2 214,840) 14,100} 200,740) 114-3 
1926— | 
ist half year | 8,952 |138-8)| .. | «¢ 90° 4: 5 
— |) Pee 123.0 ¢ | 224040] 21,609) 202,431] 115-6 
oo 
1st half year | 8,506 |131°91 | 595 can! ena) < 6 99.5 
aa * 7353 114-0 f | 232,860) 18,339 214,521) 122-5 
aa 
Ist half year} 8,464 [131-2] | 59,4 gan) os cl oq rl 491. 
nc sgl 7660 118-8 f 234.830] 22,015] 212,815) 121-1 
| * ° { 
* Figures only relate to the month of July in each year. 


¢ Estimate on incomplete returns. 
t Aged 16-64 inclusive. 


(a) Motor cycle and (b) Cycle, because the trend 
of circumstances attendant on each branch are 
not necessarily common to both, and after a survey 
of the position of employment which is not capable 
of segregation it is proposed to adopt the same plan 
this year. 





The Ministry of Labour statistics on employment 
| group the motor cycle and cycle industry with the 
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motor and aircraft industries, and the motor industry, 
being very much the bigger of these three, unduly 
influences the movements of the figures, with the 
result that it is not possible to determine from them 
the employment position of the motor cycle and 
cycle branch of the industry. We are able, however, 
to supply a corrective in the form of a sample of 
employment at two periods of the year in the four 
main manufacturing districts, and if the two sets | 
of figures shown in Table I are read in conjunction, 


TaBLE II.—Exports—British Manufacture—Motor 
Cycles and Tricars. 























| Motor Cycles and Tricars. 
Monthly en _ a 
Average. | 
| Number. Index. Value. Index. 
£ 
1913 1,404 100-0 61,105 100-0 
1922 
Ist Qr | 41-7 41,411 67-8 
2nd , 51-5 50,741 83-1 
3rd | 48°5 42,909 | 70-2 
4th | 30-7 25,142 | 41-2 
1923 | | | | 
ist Qr 998 | 71-0 | 51,147 | 
2nd ,, 1,468 104-6 76,698 | 
3rd 1,287 91-6 | 66,093 | 
4th , 1.631 106-2 | 76,268 | 
1924 | | 
Ist Qr 174-1 106,341 174-0 
2nd ., 301-8 | 187.365 | 307-0 
3rd | 215-6 129,991 | 213-0 
4th 199-8 | 118,328 193-7 
1925- 
Ist Qr | 3,908 278-1 | 154,139 252-2 
2nd ,, | 5 302-9 | 180,723 296-0 
3rd 3,638 | 259-0 | 142,206 233-0 
4th 3,745 266-7 141,940 | 232-4 
1926 | | 
Ist Qr | 4,426 315-0 168,434 275-8 
Sad | 4,556 324-2 175,753 | 287-9 
3rd | 3.808 | 271-0 141,542 | 231-8 
4th | 3341 | 237-9 116,645 | 119-0 
1927 | | 
Ist Qr. | 185,596 | 304-0 
2nd ,, | 240,680 | 394-0 
3rd | 161,748 265-0 
4th , 126,033 | 206-4 
1928— 
Ist Qr. | 244,681 | 400-9 
Sad ,, | 308,644 505-2 
3rd a 234- | 154,260 | 252-8 
4th | 38,78 265-7 | 132,502 | 217-1 


TaBLE III.—Net Imports of Motor Cycles and Tricars. 









| Index. 
Monthly Number. Yaluo, | ————_._._.... 
Average. | | | 
| } | Number. | Value. 
| 
1913 | 117 100-0 100-0 
1922-— | 
Ist Qr. .| 95 81-2 | 166-6 
2nd ,, ¥ 110 94-0 156-8 
3rd _,, | 46 | 39°3 | 561°6 
4th ,, | 71 | 60-6 | 80-5 
1923 
Ist Qr | 109 4.491 | 93-2 | 118-3 
2nd .| 170 | 7,307 | 145-3 192-5 
3rd_,, oa 30 | 1,407 | 25-6 37-1 
4th ,, “a 28 } 1,141 23-9 | 30-1 
1924— 
Ist Qr 5 16 723 | 13-7 19-0 
2nd ,, 30 | 1,559 | 25-6 41-1 
3rd 18 199 | 15-4 5-2 
4th | 70 3,050 | 59-8 | 80-4 
1925 | } 
Ist Qr 75 3,491 | 64-1 | 92-0 
2nd ,, | 176 | 6,990 150-5 =| 184-1 
3rd iy 17 573 | 14-5 15- 
4th ,, * 21 1,037. | 17-9 27-3 
1926 | | | 
Ist Qr. sat 6 | 170 | 5-1 4-5 
nid 3 } 115 | 2-6 | 3-0 
ae 5 12 582 | 10-3 | 15°3 
4th ,, a% 5 207 4°3 | 5-5 
1927 | | | 
Ist Qr 14 584 | 12-0 | 15:4 
2nd ,, 12 H 598 | 10-3 | 15:8 
3rd 10 320 =| 8-5 | 8-4 
4th aa 13 535 | 11-1 |} 14-1 
1928— | | 
Ist Qr. 8 416 | 6-8 | 11-0 
2nd ,, 18 816 15-4 21-3 
3rd ° 1 ° | ° 
ith 12 558 10-3 | 14-7 





the liability to err in construing the Ministry of 
Labour figures is very clearly shown. 

The Ministry figures given are subject to the 
observations previously made on the changed basis 
of compilation of the number of insured workpeople, 
and thus it will be seen that whilst employment in 
the motor industry has had a downward tendency 
in 1928, although maintaining approximately 
the high level attained in 1927, employment in the 
motor cycle and cycle industry has been practically 
constant during the two years 1927 and 1928, but 





appreciably lower than the high level year 1925. 
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The autumnal decline in employment in recent 
years is a very pronounced feature of these sample 
figures, and is one which is to be expected in an 
industry of this nature, whose product is probably 
more seasonably used than any other, not excluding 
motor cars. The consistency of the employment 
figures during 1927 and 1928 will be taken into 
account later. 

(a) Motor Cycles.—It will now be an advantage 
to consider separately the motor cycle branch of 
the industry. 









































S1x-PoLE Rotor Nickret Steet Discs. 


Particulars of production are not available, but 
Table II above provides illuminating data of 
the exports of motor cycles and tricars over a 
period of years. 

Last year it was stated that the steady expansion 
indicated by the exports of 1927 might be expected 
to continue, as there was still a considerable foreign 
market capable of development. The year 1928 
has, in fact, witnessed a new high record as to both 
number and value of motor cycles and _ tricars 
exported. South Africa and Australia particularly 
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most satisfactory position has been achieved without 
effort or because the British are the only producers. 
It has been attained by sheer excellence of product 
and organisation, and the industry’s position is due 
to these facts and these alone. Even in America 
the British machine is in demand ; saturation point 
in the world consumption of motor cycles is almost 


|inconceivable ; the British industry is well set for 


further triumphs in foreign fields, and, with the 
maintenance of existing traditions, should go from 
strength to strength in the export of completed 
machines and parts. 

So far as imports are concerned, Table III shows 
that they are now almost negligible. The total 
value of imported motor cycles and tricars retained 


| TABLE [V.—International Exports of Motor Cycles.— 


£000’s Omitted. 
































3 | 1913. | 1924. | 1925. | 1926. | 1927. | 1928. 
| | | } 
| 
Great Britain} 733 1,626 | 1,857 | 1,806 | 2,142 | 2,520 
France | 37 143] 117] 152 159 | 184* 
Germany 130 77 60 | 94 291 | 234" 
Italy =F 6 42 54] 31 16 | 17* 
U.S.A. 154 907 | 1,052 | 1,011 900 | 935* 
| 1.064 | 2.795 | 3,140 | 3,094 | 3,508 | 3,890* 
* Estimated on incomplete returns. 
TABLE V.—Exports of Pedal Cycles. 
| Talue Index. 
Monthly Average | y, Valuc 
per quarter. es ¢ ESSER Gen es 
| Number. | Value. 
1913 12,303 50,790 100-0 100-0 
1922— | 
Ist Qr. .. ; 5,093 | 41-4 | 78-9 
0, -. 2 «| | 5, 68E | 46-2 | 77-5 
3rd 6,333 51-4 | 85-1 
4th ,, 5,972 48-5 | 75°5 
1923— 
Ist Qr. .. 6,909 56-1 82-0 
. 9,885 80°3 116-9 
3rd 12,318 71,96 100-1 141-7 
4th 5, «. ; 11,494 | 62,399 93-4 183-9 
1924— | 
Ist Qr. .. 14,875 | 76,242 120-9 | 150-1 
| See 16,800 87,162 136-6 | 171-5 
ae 17,178 86,752 139-6 | 170-8 
4th ,, 18,074 91,162 147-0 | 179-5 
1925— | 
Ist. Qe... 20,904 103,998 169-9 205-0 
Tae. 5. .| 22,258 106,784 181-0 210-5 
3rd | 23,322 108,077 189 +5 213-0 
4th ..| 29,005 | 117,132 235-7 | 230-7 
} | 
1926— | | 
Ist Qr. .. | 28,989 132,856 235-6 | 262-0 
| 21,249 93,603 172-7 | 184-3 
3rd | 23,170 95,731 188-4 | 188-5 
4th 19,943 80,974 162-0 | 159-4 
1927— 
Ist Qr. .. ..| 24,300 94,361 197-5 | 185-8 
i 26,723 116,383 217-2 | 229-4 
3rd 19,115 | 85,260 155-4 | 167-9 
OO 24,312 100,287 197-5 | 197-5 
1928— | 
Ist Qr... ..| 29,452 119,009 239-3 | 234-4 
7 ae | 29,537 122,650 240-1 | 241-6 
a | 23,898 98,367 194-3 193-8 
P| 30,062 112,595 244-2 | 221-9 





in this country during 1928 was 5,130/, as compared 
with 6,113/. in 1927; the value of parts retained 
declined from 17,700/. in 1927 to 10,6001. in 1928. 
It can therefore be said that the home market is a 
virtual monopoly. 

There is reason to believe that the home demand, 
during 1928, was not so good as was anticipated, and 
it is obvious that the serious unemployment position 
is bound to have a considerable effect on home 
demand. Nor can any pronounced improvement at 





Fig. 117. Upper Mippie L.P. CytinpeR CAasING BEING UNLOADED aT New York. 


were mentioned as potential buyers in greater 
quantities, and it is satisfactory to record that South 
African, Australian and New Zealand imports of 
British machines and parts and accessories thereof 
have increased by over 20,0001. Taking the total 
export of complete motor cycles and tricars, the 
value has exceeded the 1927 level—the previous 
highest—by over 370,000/., or, roughly, 17 per cent., 
and during the same period exportation of parts 





and accessories has increased by almost 350,000/., 
or over 37 per cent. The total value of parts and 
accessories exported in 1928 were approximately 
half the value of exports of complete machines. 
This is a most noteworthy feature, and the steadily 
increasing exportation of completed machines 
augurs well for an equally steady increase in the 
exportation of parts. 

It is not to be imagined for a moment that this 


home be looked for until] employment generally has 
|improved considerably over an extended period. 
| Furthermore, the increasing facilities for securing 
| cheap light cars is calculated to restrict, to some 
immeasurable extent, the demand for the motor 
cycle, particularly the heavy combination machine. 
On the other hand, as was pointed out last year, the 
use of a motor cycle is as much psychological as 
financial, and to this extent there must always be 
a considerable home demand, provided the country 
as a whole is in a moderately prosperous condition 
and can indulge in the, generally speaking, luxury 
of mechanical transport. It is more than likely that 
the stagnant condition of the home demand is 
respongible for the steadiness of the employment 
figures, for the increase in exportation would un- 
doubtedly have created opportunity for further 
employment had the home market progressed. 

| The international position of the motor-cycle 
| industry may be readily gauge from Table IV, which 











gives, in pounds sterling, at the average rate of 
exchange for each year, the values of the exports 
of the five main producing countries. The ascend- 
ency of the British industry is palpable. 

According to this table, which is of necessity to 
some extent estimated for the year 1928 on the 
basis of 10 months’ trading, world consumption of 
motor cycles has increased, and in the advance in 
international exports of 382,000/., Great Britain 


has shared to the extent of 378,000/., or 98 per cent. | 


The value of British exports is almost double that 
of all the other countries together—a highly gratify- 
ing and strong position—but there is one feature of 
which cognisance must be taken. France and the 
United States are advancing in competitive power, 
the former country’s exports having increased by 
25,0001., and America by 35,000]. At this stage, 
this is nothing more than a healthy sign—the 
advance has been made at the expense of Germany— 
but it requires to be noticed and kept in hand. 

(6) Pedal Cycles.—In pedal cycle exports, dealt 
with in Table V, a highly satisfactory improvement 
on the 1927 position is to be found the record 
level reached in 1926 in respect of cycles and parts 
being exceeded in value by about 100,000/. 

India continues to be the biggest individual 
market, the value of her imports of our pedal cycles 
and parts having advanced by 150,000/. from 
553,877]. in 1926, to 704,572/. in 1928. 


TaBLE VI.—Net Imports of Pedal Cycles. 




















| r, Index 

Monthly Average No Value. j 

per quarter. | ited | £ 

No. Value. 

Ne | 
1913 | 30 213 100-0 100-0 
1922— 

Ist Qr. | 116 427 386-7 200-4 

2nd ,, --| 103 335 343-3 157-2 

ord ,, ie 125 365 416-7 171-4 

4th , aS 130 383 433-3 182-0 
1923— 

Ist Qr. 2 128 315 426-7 147-9 

2nd ,, iy 323 1,161 1,076-7 545-0 

Srd_, | 158 777 526-7 364-5 

4th ++] 315 G11 1,050-°0 427°5 
1924— 

Ist Qr. 82 372 273-3 174°5 

2m ,, } 121 811 403°3 380-5 

3rd _,, |} 14 707 380-0 331-7 

4th ,, 48 310 160-0 145-5 
1925— | 

ist Qr. | 96 590 320-0 276-8 

2nd ,, 102 | 603 340-0 283-0 

Sra ,, 97 | 446 | 323-3 209-3 

4th ,, 53 | 333 | 176-7 156-3 
1926— 

ist Qr | 135 | 424 | 450-0 | 199-0 

2nd ,, | 175 | 825 | 583-3 387-0 

ard. ,, 74 | 417 | 246-7 195-7 

4th ,, $4 | 218 | 113-3 100-0 
1927— | 

ist Qr | 52 361 | 173-3 169-4 

2nd ,, 129 | 381 430-0 178-8 

3rd 101 | 428 336-7 200-8 

4th . 57 } 261 | 190-0 122-5 
1928— | 

ist Qr... at 30 | 207 | 100-0 97-1 

Zad ,, .-» a 161 988 | 536°7 463-6 

_ ae val 97 | 496 323-3 232-7 

ath: 4, | 45 222 | 150-0 104-2 


As is shown in Table VI, the importation of pedal 
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THE PHYSICAL AND OPTICAL 
SOCIETIES’ EXHIBITION. 


(Concluded from page 116.) 
A NuMBER Of firms exhibited wireless apparatus 


|and accessories, and of these we may mention 


Messrs. Marconi’s Wireless Telegraph Company, 
Limited, Marconi House, Strand, W.C.2, who showed 
direction-finding equipment, a new receiving set 
specially developed for naval and military purposes, 
the firm’s auto-alarm for wireless-distress signals, 
which was fully described on page 355 of our 124th 
volume, and wireless equipment for aircraft. A 


particularly interesting exhibit was a receiving set | 
specially designed for measuring the strength of the | 


received signals and intended for use by authorities 
in allocating transmitting licences, by research 
workers, and by those responsible for the operation 
of commercial wireless stations. In this set, a frame 
aerial for the reception of the signals to be measured, 
is mounted on a coupling unit, which is also provided 
with an attenuator unit for varying the strength of 
signals produced by a local oscillator capable of 
being tuned from 14 to 5,000 metres. 
the attenuator unit the signals produced by the local 
oscillator can be made equal to the received signals 
and measured, the two signals being equalised either 
by ear or by arecording device. The local oscillator 
output is, of course, adjusted to exactly the same 
frequency as the received signals. The attenuator 
and coupling unit, the local oscillator, and the 
battery box are each contained in a heavy metallic 
shielding case, in order to screen them completely 
from any local interference. 

The only other exhibit of the firm to which we 
propose to refer on this occasion is a tuning fork and 
thermostat unit, illustrated in Fig. 17, and designed 
for the accurate synchronisation of wireless trans- 
mitters and receivers used for transmitting facsimile 
messages, sketches, &c. In the system developed 
for use on the Marconi beam transmitters, speed 
control is obtained by supplying a synchronous 
motor with current from an electrically-maintained 
tuning fork, which must be kept at a constant 
temperature in order to avoid slight changes in 
frequency. The tuning fork used is of mild steel 
and is enclosed in a heat-insulated box, which is 
maintained at a pre-determined temperature, above 
that of the room, by means of a toluol thermostat. 
This closes a contact when the temperature attains 
the desired value, and, by means of a relay, switches 
off the current to the heater lamps, which can be 
seen on the right of the box ; when the temperature 
falls the lamps are switched on again in the same 
way. ‘Two fans are provided in the top of the box, 
as shown in the illustration, to keep the air in 
constant circulation, so as to avoid the formation of 
a temperature gradient, and in this way the tem- 
perature is kept constant to within 0-1 deg. F. 
The temperature can be observed by means of the 
mercury thermometer visible in the illustration, 
and it can be altered from that for which the 
thermostat has been previously set without opening 


By means of | 


pedestal on the deck and the handwheel for rotating 
it, together with the large indicating scale provided, 
are mounted on an extension below the pedestal 
and may be fitted over the chart table. Animportant 
feature of the design is the incorporation of fully 
automatic correction devices for quadrantal and 
pointer errors. The method of obtaining the 
“sense” of the bearing has also been greatly 
simplified, and the amplifier controls have been 
reduced to a minimum ; the controls consist only of 
a single tuning dial, a reaction adjustment and a 
“sense” switch. We understand that it is possible, 
after a little practice, to obtain a correct bearing in 
about 5 seconds. 

Valves of all types, receiving sets, loud speakers 
and components for wireless apparatus, were 
exhibited by Messrs. The Marconiphone Company, 
Limited, 210-212, Tottenham Court-road, W.1, and 
the Mullard Radio Valve Company, Limited, Mullard 
House, Denmark-street, W.C.2, also exhibited their 
well-known products. On the stand of the latter 
firm two of their DO/20 valves were shown gener- 
ating energy at a frequency of the order of 75 million 
cycles per second corresponding to a wave-length 
of 4 metres. The Mesny circuit was employed, in 
which the grid-anode capacity of the valve consti- 
tutes the capacity of the oscillating circuit and 
short wires joining the two anodes and grids form 
the inductance. The energy was transferred to a 
pair of Lecher wires and the nodes and antinodes of 
the oscillatory current in the wires, resulting from 
the standing waves produced, were shown by 
moving along the wires a slider fitted with a small 
electric incandescent lamp. It was interesting to 
observe how any disturbance of the frequency, 
due, for example, to the presence of the operator’s 
hand near the circuit, caused the lamp to be 
almost extinguished. 

The exhibit of the M.O. Valve Company, Limited, 
Osram Works, Hammersmith, W.6, included, in 
addition to numerous examples of transmitting, 
rectifying and receiving valves, some interesting 
demonstrations of manufacturing operations of 
which we may mention the eddy-current heating 
unit employed for heating the anode of a valve 
in order to volatilise the metallic “getter”? to 
remove any traces of gas left in the process of 
exhaustion. For this purpose, a valve circuit is 
arranged to oscillate at a frequency corresponding 
to a wave length of about 400 m., and a portion of 
the oscillating circuit, in the form of a small coil 
of stout copper wire, is brought out so that it 
can be placed over the valve. The eddy currents 
thereby induced in the anode raise its temperature 
sufficiently to volatilise the getter, which is usually 
a small piece of magnesium attached to the anode 
| during the course of manufacture. In another 
| demonstration, two miniature water-cooled valves, 
| with 5,000 volts on the anodes and a filament 
current of 10 amperes each at 20 volts, were used 
|to generate about 12 amperes of high-frequency 
| current at a frequency corresponding to a wave- 
‘length of about 150 m. The current was used to 





cycles rose in 1928 beyond the level of 1926 and 1927 ; | the box. The heater relay, which is valve-controlled, | illuminate a bank of ordinary neon lamps. 


the increase in value of imported cycles and parts 
is in the neighbourhood of 67,000/.—over 16 per 
cent. on the 1927 figure. This backward movement 





is mounted outside the box so that it is more easily 
accessible. Valve control, it may be* mentioned, 


| An improved form of the Sullivan-Griffiths 
| precision variable air condenser, which was illus- 


| has been adopted to ensure reliability, as by this| trated and described on page 237 of our 125th 


is regrettable and _ inexplicable. Unless it is) means, the make and break of the mercury contact | volume, was exhibited by Messrs. H. W. Sullivan, 
accounted for by taste in a certain section of the | of the thermostat can be made sparkless. The weak | Limited, Leo-street, Peckham, S.E.15, together 
cycling community, it seems to be, however, @/ alternating current from the tuning-fork circuit is| with a great variety of other apparatus for radio- 
matter quite within the power of the British manu- | amplified by a bank of valves and the anode current | frequency determinations, including precise valve- 
facturer to combat considering the large volume of | of these valves passes through the armature winding | maintained tuning forks, quartz-crystal resonators, 
output which the export market entails, and one | of the synchronous motor driving the transmitting | and different types of wavemeters. Theimprovement 
can only hope that next year will see a reversal of | or receiving apparatus, thus maintaining it in syn- : 


this rather impudent intrusion into the stronghold 
of the cycle industry. 


then, a strong position is again disclosed. 


| multiple of the frequency of the latter. 
Reviewing the motor cycle and cycle industry, | 
It is | 
difficult to conceive of any reason why this country | 


device may be used for maintaining a constant wave- 
length in any type of wireless transmitter. 
The new design of marine direction finder shown 


should not maintain its supremacy in this market, | by Messrs. The Radio Communication Company, 


and still further strengthen its grip on the satisfac- | Limited, 34-35, Norfolk-street, Strand, W.C.2, has | 
The home position is|a number of interesting features which may be) 


tion of foreign requirements. 


not so promising as the foreign one ; nevertheless, | briefly referred to here. The equipment has a 
it is anticipated that the demand should improve | wave-length range from 550 to 1,100 metres, and | 
with the much hoped-for absorption of unemploy- | comprises a supersonic-heterodyne receiver used in 
ment, and on balance it may be said, with some | conjunction with a rotatable frame aerial. The latter 
assurance that, provided no internal disturbing | is enclosed in a chromium-plated copper tube 2 in. | 
influences arise, the year 1929 should prove to be | in diameter and bent to form a loop 2 ft. 4 in. square | 
not less favourable than that which has just passed. | with rounded corners. The frame is supported on a | 


| to the Sullivan-Griffiths condenser consists in making 


| chronism with the turning fork or with some selected | the movable vanes in the form of plates of 
The same | thick glass, on each of which a number of separate 


small plates of thin copper are electrolytically 
deposited, this construction serving to correct for 
any angle of tilt that may exist between the 
fixed and moving vanes. The effect of this correc- 
tion is to reduce the extremely small error existing 
in the earlier models to one-fifth of the value shown 
by curve c of the diagram reproduced in Fig. 4 of 
the article above referred to. Another particularly 
interesting exhibit of the firm was a new form of 
modulated continuous-wave wavemeter, which is the 
invention of Dr. N. W. McLachlan, M.I.E.E. This 
wavemeter makes use of the negative-resistance 
characteristic of a screened-grid valve, which is 
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obtained when the anode voltage is less than that of 
the screen grid. A coil and condenser, which can be 
tuned to the required radio frequency, are connected 
in series with a similar circuit tuned to any suitable 
fixed audio frequency, and both oscillatory circuits 
are connected in the anode circuit of the valve. 
With properly proportioned coils and condensers, 
a continuous wave at any desired radio frequency 
within the range of the instrument, and modulated 
to the fixed audio frequency, can be produced. 
If the wavemeter is then placed near a receiving 
set, the audio frequency note is reproduced in 
the loud speaker, provided that the receiver is 
tuned to the same radio frequency as the wave- 
meter. The method of setting the receiver to any 
desired wave-length, or of measuring the wave- 
length of a transmitting station in terms of the 
calibration of the wavemeter, will be obvious. 
Various other interesting and useful effects can be 
obtained with this form of wavemeter, but the 
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voltage of the new 0°8 volt valves which are supplied 
with alternating current from a mains transformer. 
The firm’s exhibit also included thermal measuring 
instruments, testing sets, valve-testing instruments, 
and instruments for switchboard mounting. Mention 
should also be made of a demonstration of am- 
meters for use on the 132 kv. grid system. For this 
demonstration a standard moving-iron instrument 
and a moving-coil instrument with a copper-oxide 
rectifier were mounted side by side and connected 
in series with a current transformer of the bushing 
type. The moving-iron instrument had a torque 
of 0-2 gm. cm., while that of the moving-coil 
instrument was 1-0 gm. cm. and the response 
of the latter was also much more rapid. 

Messrs. Ferranti also showed examples of a 
new form of electric fire, in which the element 
consists of two rods of a carborundum composition 
mounted at the focus of a parabolic reflector made 





of chromium-plated copper and highly polished. 
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main advantages, in its normal application, are 
that it is simple and inexpensive, requires no 
reaction coils, produces a modulated wave with 
a single valve, the calibration is independent of 
the valve used, and tuning is effected without 
employing the heterodyne principle. It may, 
perhaps, be pointed out that the wavemeter can 
be made into a high-precision instrument by 
employing a suitable coil and condenser for the 
radio-frequency circuit. 

Messrs. Ferranti, Limited, of Hollinwood, Lan- 
cashire, showed a number of electrical measuring 
instruments, some of which were referred to in the 
account of the National Radio Exhibition at 
Olympia, given on page 393 of our last volume. 
We noticed, however, a new microammeter, with a 
range from 150 to 750 microamperes, suitable for 
alternating currents at ordinary supply frequencies 
or at audio frequencies up to 4,000 cycles per second. 
It is of the moving-coil type, the currents being 
rectified by means of a Westinghouse copper-oxide 
rectifier incorporated in the instrument, which has 
been designed for general laboratory use, particular- 
ly in connection with telephone development work. 
Another new instrument shown was a voltmeter 
operating on the same principle, but having a voltage 
range from 0 to 1 volt. This instrument has been 
specially designed for measuring the filament 





Marconi THERMOSTATICALLY-CONTROLLED TUNING FORK. 


The element operates at a bright-red heat, and the 
effect of the reflector is to make the whole surface 
of the latter appear to be red hot. The average 
life of the element is given as 2,000 to 3,000 hours, 
and the radiation efficiency as 68 per cent.; the 
remainder of the heat, however, is usefully employed, 
mainly in heating the air of the room by convection 
currents. 

The exhibit of Messrs. The Dubilier Condenser 
Co. (1925), Limited, Ducon Works, Victoria-road, 
North Acton, W.3, included a range of precision 
variable, fixed, and adjustable standard condensers 
for laboratory use, as well as examples of con- 
densers for wireless transmitting and receiving 
apparatus, power-factor correction, and other pur- 
poses, with mica or paper as the dielectric material. 
Examples of the so-called dry electrolytic con- 
densers, having capacities of the order of 1,000 
microfarads, and intended for smoothing low- 
tension currents for supplying the filaments of 
wireless-receiving valves from the mains, were 
also shown. In addition to condensers, the firm 
exhibited a wide range of components for wireless- 
receiving apparatus, including high-frequency 
chokes, toroid fieldless inductances, resistances, &c., 
as well as a portable receiving set arranged for the 
electrical reproduction of gramophone records as 
well as for the reception of wireless programmes. 
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Wireless components, receiving sets, and electrical- 
reproducing apparatus for gramophone records 
were also shown by Messrs. Igranic Electric Com- 
pany, Limited, 149, Queen Victoria-street, E.C.4. 
Demonstrations were given of the firm’s transverse- 
current microphone, which is of the graduated 
carbon-granule type, and is claimed to respond 
uniformly to all acoustic frequencies and to give 
complete freedom from ‘“ background” noises. 
With a special microphone-control unit, also 
exhibited, the equipment is suitable for use in 
broadcasting stations, public-address systems and 
band-repeating installations. Excellent results 
were obtained in the demonstrations in which one 
of the microphones installed in the basement of 
the Imperial College was used for speech trans- 
mission in connection with a moving-coil loud 
speaker on the firm’s stand. 

One other exhibit to which a brief reference 
should be made, in conclusion, is that of Messrs. 
Tsenthal and Company, Limited, Ducon Works, 
Victoria-road, North Acton, W.3. The variety of 
sliding rheostats shown by this firm included one of a 
new type employing moulded ceramic cylindrical 
formers and supplied in either the open or enclosed 
forms. These rheostats are claimed to have a 
high insulation resistance and to be of substantial 
construction, and they are suitable for regulating ail 
types of domestic or workshop electrical apparatus. 
The firm also showed a testing transformer capable 
of giving a current of 2,000 amperes for short 
periods, and a selection of the various types of 
mercury switches which they now make for all 
purposes. These switches are capable of handling 
currents up to 50 amperes, and some types can 
be used for pressures up to 1,000 volts. Relays 
for operating mercury switches were also shown in 
use. 








THE PRESERVATION OF NIAGARA 
FALLS. 


For some time a good deal of concern has been 
felt in regard to the future of Niagara Falls. The 
flow of the Niagara River varies considerably over 
long periods, apart from seasonal fluctuations, and 
a period of low-water seasons culminating in 1926 
emphasised the fact that the celebrated sight had 
lost much of its beauty as a result of the greatly 
reduced amount of the water passing over the 
American Falls, and the baring of the flanks 
of the great Horseshoe Falls. The concentration 
of the flow of the latter over a relatively narrow 
central section has also caused some uneasiness. 
As we recorded in our issue of April 6 last year 
(vol. exxv, page 418), the whole matter has been 
under investigation by a Special International 
Niagara Board, appointed by Canada and the 
United States, and this body, at the close of 1927, 
issued an interim report in which it was proposed 
that certain remedial measures should be taken to 
preserve the general scenic effect of what is un- 
doubtedly one of the great glories of the world. 
The steps proposed included the removal of rock 
and the construction of submerged weirs to secure 
better distribution of flow over the two crests. 
At the same time, it must be remembered, the 
question is bound up with that of the further 
utilisation of water for power purposes, this being 
sought by parties on both sides of the frontier. 
A great deal of effort has been expended to show 
that much more water can be withdrawn from 
Niagara for this purpose if suitable remedial works 
are introduced, and information just to hand from 
Canada in this connection is of very considerable 
interest. 

After the publication of the Board’s interim 
report referred to above, the Hydro-Electric Power 
Commission of Ontario and the Niagara Falls 
Power Company of the State of New York got into 
communication, and, on April 9 last, addressed to 
the Board a proposal that they should jointly 
undertake the construction of the necessary works, 
as outlined in the Board’s report, in return for 
permission to make use of a certain further quantity 
of water for power purposes. With relatively small 
modifications, this proposal was satisfactory to the 
International Board, and the proposal was therefore 
put before the respective Governments at Ottawa 
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and Washington. In due course the subject was 
carried further, and a Convention and Protocol 
has now been completed between the two countries, | 
and this, subject to ratification, will make it possible | 
for the work to be put in hand. It may be remem- | 
bered that the Board announced that the object | 
they had in view in issuing an interim report was | 
that work might be begun without delay in the | 
then ensuing season. This season has, however, | 
lapsed without, we understand, actual commence- | 
ment, but the time has not been spent unprofitably, | 
since it has enabled the Hydro-Electric Commission | 
and the Power Company to co-operate in giving 
effect to the scheme. Part of the present under- 
taking given by these two bodies involves the 
commencement of the work within 90 days of the 
acceptance of the proposals, so that it may be 
regarded as certain that it will soon be in full 
swing. 

In their interim report, the Board refrained from 
going into minute detail regarding the works 
proposed or in connection with estimates, which, 
at the best, they pointed out, must be somewhat 
unreliable owing to the unusual character of the 
work involved. The proposals, however, were 
expected to need the expenditure of something like 
1,750,000 dols., while an outline of the steps which 
would be taken was given. In Figs. 1 and 2 we 
are now able to show more clearly than was the 
case in our previous article the present proposals, 
which involve excavation at various points in order 
to secure a better distribution of the flow, and the 
construction of a number of submerged weirs to 
the same end. The most important of the latter 
would be a long submerged weir at Grass Island 
Pool, shown to the right of Fig. 1, the object of 
which would be to raise the level of the pool to 
the extent of 1 ft. to secure a greater flow of water 
across the river into the channel leading to the 
American Falls. 

The plans show on the American side of the Horse- 
shoe Falls, a cofferdam about 1,100 ft. up-stream of 
Goat Island, extending some 400 ft. into the stream 
at an angle of 45 deg., with an arm at the end 150 
ft. long, extending down stream. This would un- 
water the flank so that the bed of the river could 
be excavated to a depth of 3 or 4 ft. over the areas 
crosshatched and shown most clearly in Fig. 2. 
Submerged weirs are also proposed in the tentative 
positions marked. The weirs are expected to direct 
some of the flow close in to the shore of Goat Island. 

On the Canadian side, a cofferdam would also be 
constructed at the position best shown in Fig. 2, 
extending from the shore at 45 deg. for a distance 
of 300 ft., with a 400 ft. arm at the end of it running 
downstream. This, it is expected, would lay bare 
about 400 ft. of the crestline of the Horseshoe 
Falls on the Canadian shore, and, in the area exposed, 
(crosshatched in Fig. 2) excavation would again 
be carried out, and deflecting weirs built. 

The Grass Island Pool weir (Fig. 1) is some dis- 
tance above the falls, and it is expected that it 
would be necessary to carry this structure out 
into the river for a distance of 2,000 ft. to obtain 
the desired result of raising the level sufficiently to 
increase the flow over the American Falls by some 
2,500 or 3,000 cusecs. No works are contemplated | 
either in the channel leading to, or at the crest of, | 
the American Falls. 

For the work on either flank of the Horseshoe 
Falls, two forms of cofferdams are proposed. The 


| 
| 
| 





one would be of the stop-log type, constructed of | 
gravel-filled rectangular cribs about 16 ft. by 8 ft., | 
spaced 11 ft. apart, the openings between them | 
being closed by stop logs. The second type pro- | 
posed would consist of 12 ft. by 8 ft. cribs filled | 
with gravel and set in a continuous line. Two)| 
types of construction are submitted for the Grass | 
Island Pool submerged weir. If this is sited on | 
rock, it is proposed to utilise four-legged steel | 
trestle frames about 25 ft. by 12 ft., spaced 50 ft. | 
apart centre to centre, the gaps being spanned by | 
girders carrying two tracks from which rock would 
be dumped, and on which a long-jib crane would | 
run, to place the trestles ahead, and the span girders, 
as the work advanced. The rock would first be | 
dumped on either side, forming two lines mainly | 
outside the trestle legs, and the central portion 
would be deposited last, as the steelwork was re- 
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NIAGARA FALLS. 
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claimed on the withdrawal of the plant. In 
the case of hard-pan bottom, a wooden trestle 
would be made use of, rows of piles being driven 
into the bottom at about 15 ft. intervals, and carry- 
ing tracks. It is not proposed, as far as can be 
judged, to withdraw these piles. 

Although the estimates for the work proposed 
as a first measure, and amounting, in the view of the 
Commission and Company, to about 1,161,800 dols., 
has necessarily had to be based on something 
definite in the way of quantities, the arrangements 
ensure that the work shall be under the supervision 
and control of the Special International Board 
at all times, and that it must be varied if, in their 
opinion, this should be advisable. As a material 


part of the scheme is that the improvement of the 





condition of the falls should, if possible, be coinci- 
dent with the withdrawal of a greater quantity of 
water for power purposes, permission is given to 
the Hydro-Electric Commission and the Power 
Company each to take an extra 10,000 cusecs from 
the river during the winter season, commencing 
October 1 and ending March 31. In order that the 
two parties concerned may recoup themselves 
for the expenditure involved, this provision is to 
run for seven years. The present amount of water 
taken from the river amounts to 56,000 cusecs, 
and the additional amount can be taken off through 
works on each side already in existence. The Board 
retains complete control regarding the amount 
and manner of the diversions, and has power to 
suspend them. As a result of the present measures, 
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which are looked upon as tentative and, in some 
degree, experimental, it is hoped that it will be pos- 
sible to gauge the effect on the falls themselves, and 
subsequently to arrive at some final scheme which 
will make possible the permanent utilisation of a 
much larger quantity of water for power purposes 
without detracting from the beauty of the sight. 
The present work is designed therefore to facilitate 
watching its effect as it proceeds, and, for the 
purpose of testing the result, the stop logs of the 
cofferdam or parts of the crib work would be 
removed so as to allow water to flow over the parts 
unwatered for construction purposes. If the steps 
taken should prove insufficient, the cofferdam 
would be made good again and further work carried 
out. It is considered that the seven-year period 
decided upon would be sufficient not only to allow 
the Commission and Company to recoup themselves 
for the cost, but would suffice to show the effect 
of the works over a period of years long enough for 
judgment to be formed of their effect in a variety 
of seasons. The Board considers that this tempo- 
rary permit should give place to permanent 
conditions when it has been possible to determine 
what these should be, the additional permanent 
diversions being contingent on the construction 
of modern plants. 

It may be added that the Special Board which 
has been investigating the subject, and will now 
exercise control over the works and diversions, is 
composed of Mr. J. T. Johnston, M.E.I.C., Director 
of the Dominion Water Power and Reclamation 
Service, and Dr. C. Camsell, Deputy Minister of 
Mines, representing Canada, and Major De Witt C. 
Jones, U.S.A. Corps of Engineers, and Dr. J. H. 
MacFarland, representing the United States. 








LETTERS TO THE EDITOR. 


FUEL FOR SHIPS. 
To THE EpiTor oF ENGINEERING. 


Sir,—The many people in this country who are 
interested in the well-being of the coal industry, 
will welcome the leading articles in ENarNEERING of 
December 7 and January 25 as giving an excellent 
summary of the present position in regard to the 
competition between coal and oil at sea. 

There is no doubt, in the minds of well-informed 
engineers, concerning the merits of coal as the cheapest 
fuel for the great majority of vessels, more particularly 
new vessels designed to use coal in a scientific manner, 
rather than in the manner which has survived from a 
past generation. 

As the writer of the former article points out, the 
results of recent developments in the use of coal are 
not widely known among shipowners, nor, possibly, 
have they yet been in use for a sufficiently long time 
to justify making generalisations. 

There is clearly need for some authoritative body to 
take the lead in forming such a committee as is indicated, 
in order to co-ordinate and publish results, and, if 
necessary, undertake further research, with the object 
of extending the use of coal in preference to oil, not 
only at sea, but wherever competition is felt. 

It is understood that the Mining Association of Great 
Britain is already interested in the subject, and it is to 
be hoped that this Association, representing, as it does, 
those who stand to gain most by any increase in the 
use of coal, will take the initiative in this matter, for 
it can be of little consequence to engine builders, as 
such, whether they build machinery to use oil or coal. 

Yours, &c., 
W. J. DrRuMMOND. 

Newcastle-on-Tyne, January 27, 1929. 








THE GEZIRA IRRIGATION SCHEME. 
To THE Epitror oF ENGINEERING. 


Str,—The arrangement described in your issue of 
the 18th inst., by which irrigation water heavily 
charged with silt is being stored in the distributaries 
of the Gezira irrigation system for periods of eight 
hours or more out of the twenty-four, is too original 
in the annals of irrigation to be allowed to pass without 
comment. While an approximate computation shows 
that the volume of silt which is probably being 
deposited annually would, if distributed equally 
throughout all the channels, obliterate them in 
approximately twelve years’ time, the real menace 
lies in the fact that the period of heavy silt load 
occurs at the beginning of the working season, and 
that precipitations, in consequence of the system of 
water storage adopted, must necessarily be concentrated 
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in the upper reaches of the distributaries. As, more- 
over, the period of maximum demand occurs later in 
the season than that of maximum silt load, it seems 
inevitable that, before many more seasons have passed, 
the water section of the channels in their upper reaches 
must become so restricted as to render them incapable 
of satisfying the demand for water at the subsequent 
peak of the requirements curve. 

That the soil of the Gezira plain is heavy and 
requires as much silt as possible to lighten its compo- 
sition, is a fact sufficiently well established to call for 
no further comment, while the remarkable decrease 
in the yield of cotton per acre experienced in the last 
season gives cause for anxiety. In spite of this, a 
system of water manipulation has been deliberately 
adopted which cannot fail to deprive the land of the 
silt which it badly requires. When it is considered 
that the period during which the water is heavily 
charged with silt is comparatively short—about six 
weeks out of thirty-five weeks in the whole season— 
and that it occurs when the discharge of the river is 
abundant, when, therefore, no withdrawal of water 
is necessary from the Sennar Reservoir, the arrange- 
ment of storage adopted appears all the more 
unfortunate and unnecessary. 

Yours faithfully, 
A. Burton Bucoktey. 

50, Parliament-street, S.W.1, January 22, 1929. 








THE RECONSTRUCTION OF THE 
HOLT FLEET BRIDGE. 


To THE Eprtror oF ENGINEERING. 


Sir,—Our attention has been drawn to the interesting 
article, published in your issue of January 11, describing 
the reinforcement of this old cast-iron bridge. 

The welding of the various parts was entrusted to 
us, and we believe we are correct in stating that this is 
the first case in this country of an old metal bridge 
being brought up to modern requirements, so far as 
strength is concerned, by a ferro-concrete design in 
which electric-arc welding played an important part. 

As pointed out in your article, quite a number of 
bridges on the Continent have been successfully dealt 
with on somewhat similar lines, and, in this connection, 
the writer recently had an opportunity of inspecting 
work of this nature in progress on the bridge at Saint 
Ouen, not far from Paris, where existing cast-iron 
girders have been reinforced by the welding in position 
of steel plates by means of the electric arc. As the 
possibilities of work of this kind come to be more 
appreciated, it is not improbable that more of our own 
bridges may be saved and given a new lease of life by 
adopting somewhat similar methods. 

So far as welding is concerned, we are confident in 
stating that the quality of electric-arc welding is no 
higher in France than is already available in this 
country, provided the best methods are adopted, so 
that there is no technical difficulty in the welding part 
of any similar project in this country. 

Yours faithfully, 
The Anglo-Swedish Electric Welding Co., Ltd., 
T. M. AITKEN, 
General Manager. 
Greenwich, S.E.10, January 23, 1929. 








SEWAGE CHLORINATION. 


To THE Eprror oF ENGINEERING. 


Stmr,—We were very interested to read the article, in 
your issue of January 11, relating to Mr. Enslow’s 
paper on Sewage Chlorination, which naturally gives 
prominence to work done in America, although in 
that paper reference is made to an installation which 
we supplied about two years ago at Bath. 

For a number of years, serious complaints had been 
received by the City Corporation of Bath of objection- 
able smells occurring at the sewage-disposal works, 
which are placed in a rural area some miles from the 
City. A careful investigation of the subject, by Mr. 
F. P. Sissons, the City Engineer, indicated that the 
production of odours was due to anerobic action, 
owing to the long period of passage through the pumping 
main from the City to the works, and the low velocity 
of the flow. The smell production was also intensified 
by the intermittent access of quantities of water having 
high amounts of sulphates in solution. 

Acting upon the advice of the City Engineer, the 
Corporation installed a Paterson Chloronome at the 
sewage pumping station, to chlorinate the sewage 
before it entered the rising main. The treatment has 
been remarkably successful in eliminating what had 
for years been a serious local nuisance, and this has 
been done without interfering in any way with the 
bacterial purification of the sewage or sludge at the 
disposal works. 

In view of the world-wide circulation of your paper, 
you may care to take the opportunity of indicating 
that British technique in such matters is up to date. 
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Similar installations have been made for dealing 
with sewage at Ealing, for treating sewage effluent 
at Stoke-on-Trent, and for treating a noxious trade 
effluent which interfered with the satisfactory purifica- 
tion of sewage at a works near London. 

The Stoke-on-Trent installation is one ef interest, 
in that it makes possible the use of a purified sewage 
effluent for subsequent employment as make-up water to 
the surface-condenser cooling system at the Corpora- 
tion’s electricity generating station. In view of the 
attention which has, of recent years, been given by the 
Ministry of Health, and other authorities, to the conserva- 
tion of the water resources of the country, this successful 
attempt to utilise an effluent which would normally 
have been wasted is of very considerable interest. 

The application of chlorine treatment to condenser- 
circulating water was originally suggested by Sir 
Alexander Houston, who was consulted by the Elec- 
tricity Department of one of the Metropolitan Boroughs. 
The pioneer installation effected by us attracted con- 
siderable attention in this country, and also in America, 
where a number of similar installations were afterwards 
carried out. During the past three or four years, we 
have installed many Chloronomes in various power 
stations throughout this country and abroad, treating, 
in some cases, as large a volume as 96,000,000 gallons 
a day in a single installation. 

Yours faithfully, 
The Paterson Engineering Co., Ltd., 
O. C. KEerrison, 
January 24, 1929. Secretary. 


THE RE-GIRDERING OF A RAILWAY 
BRIDGE OVER THE KRISHNA RIVER.* 
By H. N. Coxam, B.A., Assoc.M.Inst.C.E. 


THE method of re-girdering the single-track metre- 
gauge railway-bridge over the Krishna River on the 
Madras and Southern Mahratta Railway, without 
interruption to traffic, is believed to be new and 
capable of modification to meet most cases. The river 
has a dry season of eight months, during which there 
is flow through five or six spans. During the wet 
season, floods up to 65 ft. deep, with a very rapid flow, 
are known, and are approached very nearly in most 
years. 

The essential feature of the scheme was a “ service 
span” to carry the traffic over the gap between any 
two piers while the old permanent span was being 
removed and the new one put in its place. This 
service span was aligned on the centre line of the 
bridge, and the level of the rails on it was the same as 
the level of the rails on the bridge, so there was no 
diversion of trains either horizontally or vertically. 
After functioning thus at the first span, the service 
span was moved to the second span, and the cycle 
of operations was repeated there, and so on. 

The service span was of the through type, arranged 
so that it could be moved forward between the main 
girders of the old spans, which were of the half-through 
type with no overhead bracing. The new spans were 
ordinary through spans with top bracing, but the brac- 
ing was omitted until the service span had been moved 
forward, to allow two transverse lifting-girders attached 
to the top booms of the service span to pass without 
fouling the new steelwork. 

The service span was erected ashore, jacked up the 
railway embankment, traversed sideways on to the 
main line, and run out on to the old No. 1 span, where 
it was supported on hydraulic jacks. Next the weight 
of the old span was taken by another set of jacks, and, 
when the packings had been removed, it was lowered 
to the tops of the piers. The service span was then 
lowered on to packings prepared to receive it. 

When the service span was in place, the floor of the 
old span was first cut away; then the two old main 
girders were lowered bodily into the river-bed for 
cutting up and removal. The new girders, without 
connecting floor and bracing, were built in the river- 
bed and hoisted on to the piers bodily ; the floor was 
built into them there. 

The service span, which was heavier than the heaviest 
train using the bridge, was moved forward by rolling 
on the main-line rails, the weight being carried by 
forty small wheels, two to each bay, sprung with cali- 
brated springs. This allowed the weight to be distri- 
buted evenly over the old weak spans. 
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Survey or Lire-Savine APpPpLIANcES.—The Mercantile 
Marine Department of the Board of Trade has recently 
issued Supplement No. 1 to the 1926 edition of ‘ Instruc- 
tions as to the Survey of Life-Saving Appliances.’”” The 
supplement contains additions and amendments con- 
cerning lifting hooks, keel connections, wireless-tele- 
graphy installations, navigation lights, sails, buoyant 
apparatus, and lifejackets. The supplement is published, 

rice ld. net, by H.M. Stationery Office, Adastral House, 
neers, London, W.C.2. 








* Abstract of a paper to be read before the Institution 
of Civil Engineers on Tuesday, February 5, 1929. 
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McLAREN-BENZ HIGH-SPEED AIRLESS-INJECTION ENGINE. 


CONSTRUCTED BY MESSRS. J. 


THE McLAREN - BENZ HIGH - SPEED 
AIRLESS-INJECTION ENGINE. 


Ir is now nearly twenty years since experimental 
work was commenced in Germany on the equipment 
of road vehicles with heavy-oil engines, but little pro- 
gress could be recorded until about 1918. Since that 
date, however, and particularly in the last year or two, 
considerable development has taken place in light 
airless-injection engines, and the problem of providing 
a suitable engine for such purposes as rail cars or 
heavy tractors may be said to have been satisfactorily 
solved. Almost equal progress has been made in designs 
for heavy road vehicles, at any rate on the Continent, 
and heavy-oil engines for aircraft are in the advanced 
experimental stage. While these developments are not 
confined to any one country, the greatest credit 
for them must undoubtedly be given to Germany, and 
among the engines which have been instrumental in 
placing that country in her present strong position, 
the Benz is not the least importint. As is probably 
well known, Messrs. J. and H. McLaren, Limited, of 
Leeds, entered into an agreement with Messrs. Benz 
some years ago for the manufacture, under licence, of 
their light-weight models, and have since employed 
the McLaren-Benz engine for a variety of purposes. 
We described their cable-ploughing windlass, in which 
this engine is fitted, on page 76 of vol. exxiv of Enet- 
NEERING, and more recently, on page 45 of the present 
volume, we dealt with the Kerr-Stuart crude-oil 
engine locomotive, in which the power unit is of the 
same type. In both cases, the description of the 
engine was necessarily curtailed by considerations 
of space, and through the courtesy of the manufac- 
turers, we are now enabled to describe it more fully. 

The engine, which is illustrated in Figs. 1 to 6, on this 
and the opposite pages, operates on the four-stroke cycle, 
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and, in common with all light-weight crude-oil engines, 
is of the airless-injection type. It is made in three sizes, 
developing 30, 60 and 90 b.h.p., respectively, each size 
having an overload reserve of 10 per cent. for short 
periods. The engines differ only in the number 
of cylinders, such units as the fuel pumps and atomisers 
being identical, and no difficulty will therefore be expe- 
rienced in understanding the two and six-cylinder 
models from the drawings, which show the 60-b.h.p. 
four-cylinder engine. The bore of the cylinders is 
135 mm., and the piston stroke 200 mm., in all cases, 
and each engine has a normal crankshaft speed of 800 
r.p.m. 

Turning now to the details of construction, it will be 
seen from Figs. 1 and 6 that the cylinder casing is in the 
form of a single casting, into which liners are pressed, 
as shown in Fig. 1. The liners are of cast iron, and 
are held at the top by flanges, gripped between the 
cylinder body and the detachable heads, while at the 
bottom they are free to slide through an expansion 
joint. The cylinder heads are separate, as shown, and 
each one houses an exhaust valve, an inlet valve and an 
atomising valve. In addition, there is a relief valve 
in the ante-chamber which, as will be clear from 
Fig. 1, is provided between the atomiser and the 
combustion chamber proper. The whole of the cylinder 
casing, cylinder head and atomiser are water jacketed, 
the water being circulated by a pump on the end of 
the cylinder casing, and driven by belt from the 
crankshaft, as shown in Fig. 1. The joints for the heads 
are made with copper rings for the gas passages and 
rubber rings for the water connections. The pistons 
are of cast iron, and are fitted with four gas and one 
scraper ring. Oil-return holes are drilled through to 
the interior of the piston below the scraper ring. The 
connecting rods are of the usual I section, the big-end 
bushes being lined with white metal, and the small 
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ends phosphor-bronze bushed. The gudgeon pins are 
case hardened. The crankshaft is a one-piece forging, 
running in five bearings lined with white-metal. The 
valves are operated by push rods from the camshaft, 
which is not shown in the illustrations, but is mounted 
above, and driven by, the large spur wheel shown on 
the left in Fig. 1. The camshaft can be moved end- 
ways, bringing alternative cams into operation for no- 
compression, half-compression, or full-compression. 
On half compression, the air pressure in the cylinder 
rises to about 170 lb. per square inch, as compared 
with 450 lb. per square inch for normal operation. 
The whole of the valve gear is totally enclosed, the 
rockers keing protected by covers as shown in Fig. 6. 

The fuel pumps, although grouped together and 
driven by a common shaft. are independent for each 
cylinder. Their position on the engine can be clearly 
seen in Fig. 6, while details of their construction are 
given in Figs.2 to4. As will be clear from these figures, 
the pump plunger is of the usual spring-loaded type, 
without a stuffing box, and the suction and delivery 
valves are automatic. The delivery valve is above the 
suction valve, as shown to the left of the plunger in 
Fig. 2, and is spring loaded, the suction valve being 
of the gravity type. Both valves are of steel, with 
conical seats. A wide cam lever, with four fingers 
terminating in cylindrical ends, is interposed between 
the tappet head and a short lever connected to the 
priming-lever shaft. The end of this short lever rests 
on one of four rods, screwed into the pump casing at 
their lower end, to regulate the stroke of the pump. 
The cam lever is shown in section in Fig. 2, and in plan 
in Fig. 4, while a section through two of the rollers 
is shown to the right of the centre line in Fig. 3, the 
upper portion of the corresponding cams being shown cut 
away to illustrate the rollers more clearly. One of the 
rollers is also shown in Fig. 2 resting on its appropriate 
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cam, and to make the construction clear, it should 
be explained that the cams are formed as concentric 
discs with a small cylinder inserted at the required 
point to form the relief. One of these cylinders is 
shown in Fig. 2 below the roller. It will be seen from 
Figs. 2 and 4 that the cam lever is pivoted at the outer 
end of a rocker system made up of two end plates 
with distance pieces between them. At the right-hand 
end, as viewed in Fig. 2, the system is pivoted on a 
shaft held in the pump casing, while at the left-hand 
end it is coupled to a universally-jointed rod terminating 
in one arm of a bell-crank lever, visible below the main 
driving shaft in Fig. 3. The upper arm of the bell- 
crank lever is duplicated, one member being connected 
to the control lever for the sliding motion of the main 
camshaft, and the other interposed between the 
governor shaft and its spring. In starting up the 
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engine, the main camshaft is moved into the no- 
compression position, and the bell-crank lever, which, 
as explained, is pulled over by the same movement, 
lifts the fuel-pump rollers clear of their cams, so that 
no fuel is being pumped. Immediately the engine is 
turning over, the camshaft is moved to the half- 
compression position, when the pump rocker arms fall 
sufficiently to allow a small supply of fuel to be pumped. 
Finally, the engine is put on full compression, and the 
governor then takes entire control of the fuel supply. 





In order that this may be effected, however, it is neces- 
sary that the front vertical arm of the bell-crank lever, 
as viewed in Fig. 3, should -be free to move to the 
right independently of the rear arm. To attain the 
required freedom of motion, the rear arm conveys its 
motion to the shaft on which the lever is pivoted 
through a claw clutch, which is only effective in one 
direction. The action of the governor will be clear from 
Fig. 3, and it will be observed that the :degree of 
spring compression may be varied by the movement of a 
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second bell-crank lever, shown behind the spring, with 
one arm resting on an adjustable stop, in Fig. 3. This 
stop gives a hand adjustment of the speed for slow 
running. The main speed-regulating lever is keyed 
to the shaft on which this bell-crank lever is pinned. 
The fuel pumps deliver the oil at a pressure of 1,000 lb. 
per square inch. Before concluding our description of 
the fuel-pump mechanism, it may be explained that the 
dog, shown on the left-hand end of the fuel-pump cam- 
shaft in Fig. 3, is used to operate the air-starting-gear 
valves when the engine is arranged to start on com- 
pressed air. 

An enlarged view of the cylinder head, showing the 
atomiser in position, is given in Fig. 5, while the 
atomiser is also shown in section in Fig. 1. As will be 
seen, it is of simple construction, consisting of a spring- 
loaded automatic valve, which opens when the oil 
pressure is high enough to overcome the spring com- 
pression. The oil then passes out through the annular 
opening between the valve cone and the jet plate in the 
form of a spray. On the top of each atomiser is a 
by-pass needle valve, which, when opened, allows the 
oil to pass to a small collecting tank instead of being 
forced through the atomiser, thus cutting out the 
cylinder. The atomiser can be removed as a complete 
unit for cleaning or testing by slacking off two nuts 
after the fuel-supply pipe has been disconnected. It 
can readily be taken apart by slacking off the nut 
which holds the needle valve seating on to the sprayer- 
valve guide, when the latter, complete with the valve, 
can be withdrawn. 

The lubrication system for the engine is generally 
similar to that employed in modern petrol engines, the 
oil being forced under pressure to all the more important 
bearings. The oil pump is of the gear type, and as will 
be seen from Fig. 1, is located in the sump and driven 
by?a horizontal shaft connected by gearing with the 
crankshaft. From the pump, the oil is first passed 
through a strainer, and is then delivered to the main 
bearings. From this point, it passes through oil ways 
drilled in the crankshaft to the big ends, and thence to 
the small ends. A relief valve is fitted on the system 
between the strainer and the main bearings, the oil 
being returned directly to the sump through the relief 
valve. A branch pipe on the oil system delivers oil to 
the camshaft and idler-pinion bearings. 

The particular engine illustrated is of the type fitted 
to the Kerr-Stuart locomotive, already referred to, and 
particulars of the clutch and starting gear will be found 
in the description of the locomotive given on page 45 
of our issue for January 11 last. If required, the engine 
can be fitted with a compressed air or electric starter 
instead of the subsidiary starter engine there described. 
The consumption of fuel is 0-46 lb. per brake horse- 
power on full load, rising to about 0-8 Ib. on light load. 
The torque, at 200 r.p.m. is 310 lb.-ft., rising to 476 Ib.-ft., 
at 550 r.p.m., and falling to 423 lb.-ft. at 800 r.p.m. 





TENDERS. 


We have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 
Possessions and in foreign countries. The closing 
date of each tender is stated below. Details may be 
obtained on application to the Department at the above 
address, the reference number given being quoted in each 
case. 

Locomotive Boilers.—The supply of nine Class “ 6A” 
locomotive boilers. South African Railways and 
Harbours Board, Johannesburg; March 7. (Ref. No. 
A.X. 7417.) 

Railway Supplies.—The supply of an hydraulic accu- 
mulator, horizontal ram pump, eectric motar, motor 
or belt-driven air compressor starter and control gear. 
South African Railways and Harbours Board, Johannes- 
burg; March 7. (Ref. No. A.X. 714.) 


Jib Crane.—One_ British-built hand-operated jib 
crane. Director of Works at Windhoek, South West 
Africa. Closing date not stated. (Ref. No. A.X. 7415.) 


Cement Works.—A company is being formed to erect 
and operate a cement works at Santiago, Chile. British 
firms manufacturing cement-making machinery, if 
desirous of quoting, should apply for further particulars. 





(Ref. No. A.X. 7411.) 
Booster Pumps.—The supply of three horizontal! booster | 


pumps. The City of Hamilton, Ontario, Canada; | 
February 20. (Ref. No. A.X. 7428.) | 
Electric Travelling Cranes.—With reference to the 


call for tenders by the Chilean Ministry of Marine, 
Santiago, for two electric travelling cranes for the Port of 
Valdivia, mentioned on page 54 ante, the closing date | 
has been postponed until March 15. (Ref. No. A. 7430.) | 
Swing-Hammer Mills.—The supply of two swing-ham~ | 
mer mills, with electric motors, for brown coal. The | 
State Electricity Commissioner of Victoria, Australia ; 
April 29. (Ref. No. A.X. 7434.) 
Materials.—The tender of a 
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local firm for the construction of the railway from 
Cocule to Ranco, Chile, has been accepted. 
tenders for materials may be issued. 
7425.) 


Further 
(Ref. No. A.X. 
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Underframes and Goods Stock.—The supply of under- 
frames and goods stock. The Railway Department, 
New Delhi, India; February 6. (Ref. No. A.X. 7433.) 


Pumping Plant.—The call for tenders by the South 
African Railways and Harbours Board for the supply 
and erection of pumping plant at Rubbervale, mentioned 
on page 76 ante, has now been withdrawn. (Ref. No. 
A. 7436.) 

Road-Making Plant.—The supply of a motor road 
roller, a motor stone crusher, a road breaker, a road 
tarring equipment, and a tar boiler. The Municipal 
Building Department, Riga, Latvia; February 11. 
(Ref. No. A.X. 7439.) 

Switchboard Cords.—The supply of switchboard cords. 
The Post and Telegraph Department, Wellington, New 
Zealand ; March 26. (Ref. No. B.X. 5067.) 


Engineering Materials and Stores.—The supply of 
miscellaneous goods, including general engineering 
stores, hand tools, belting, oils, bearing metals, bolts, 
nuts, galvanised-iron sheets, timber and wagon material, 
steam and other piping, solid-drawn steel tubing, pump 
rods and connections, galvanised tees, valves, and brass 
deep-well cylinders. South West Africa Tender Board, 


Government Buildings, Windhoek; February 28. 
Local representation is practically essential. (Ref. No. 


C.X. 2957.) 

Rolling-Stock Framework.—The supply of metal frame- 
work for 145 railway wagons. L’Administration Générale 
des Chemins de Fer et des Ports d’Etat, Angora, Turkey ; 
February 14. (Ref. No. A.X. 7445.) 

Hydraulic Gates.—The manufacture, delivery and 
erection of steel head gates with all embedded parts, and 
travelling crane. The City of Winnipeg Hydro-Electric 
System; February 11. (Ref. No. A.X. 7450.) 

Sanitation and Urbanisation Works.—In addition to 
constructing a new water supply and two new bridges, 
the Municipality of Bilbao, Spain, has, this year, ear- 
marked 4,000,000 pesetas for sanitation and town- 
planning works, 
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WEGEMANN AND OTHERS. [Price 10 cents.] Water- 
Supply Paper. No. 591. Surface Water Supply of the 
United States, 1924. Part XI. Pacific Slope Basins 
in California. [Price 50 cents.] Washington: Govern- 
ment Printing Office. 

Electrical Transmission and Distribution. Vol I. Overhead 
Lines. Vol. II. Power Cables. Edited by R. O. Kapp. 
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6s. net each volume. ] 
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Chapman and Hall, Limited. [Price 15s. net.] 
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RanpoteH P. HortscHer. Second edition. New 
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and Hall, Limited. [Price 15s. net.] 
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FRANK KEREKES. New York: John Wiley and Sons, 
Ine. London: Chapman and Hall, Limited. {Price 
12s. 6d. net. ]} 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Sales of Cleveland pig 
are not large or numerous, but this may be attributed 
to some extent to the limited quantity available for 
the market after makers have made provision for their 
own consuming departments. Merchants have command 
of very little iron, and, in addition, their powers of 
negotiation are limited, their terms of purchase from 
makers prohibiting their selling in certain quarters. 
Stocks are very light and are stated to consist chiefly 
of No. 1 quality. Midland iron producers are still 
selling comparatively cheaply to Scotland, but one or 
two small parcels of Cleveland have been recently 
disposed of for consumption beyond the Tweed. A few 
lots have also been sold for export, but business passing 
is mostly with local and other home consumers. Fixed 
prices are well maintained. No. 1 Cleveland is 68s. 6d. ; 
No. 3 g.m.b., 663.; No. 4 foundry, 65s.; and No. 4 
forge, 64s. 6d. 

Hematite.—East Coast hematite sales to home and 
overseas firms promptly absorb the limited output, 
and producers have virtually no stocks to draw upon. 
Export buying would quickly expand if sellers could 
guarantee early delivery. Terms of sale are a matter 
of individual negotiation, makers having no arrange- 
ment for fixing prices, but quotations vary very little. 
Ordinary qualities realise about 71s., and this may be 
given as the basis of values, 

Foreign Ore.—Imported ore sales continue few and 
small, owing to buyers and sellers still failing to agree 
upon terms of contract. Merchants look for upward 
movement, and will not entertain offers at below the 
equivalent of best rubio at 22s. 6d. c.i.f. Tees. 

Blast-Furnace Coke.—Durham blast-furnace coke is 
finding a readier market, but local users still hesitate 
to buy forward to any great extent. Good average 
qualities command 17s. 9d. delivered here. 

Manufactured Iron and Steel.—Finished iron and 
steel prices are firm, and demands for several descriptions 
of material continue to improve steadily. Caterers 
for shipbuilding requisites are busy and promise to be 
busier, and manufacturers of railway material have not 
only a lot of work on hand, but have grounds for 
belief that further substantial buying is likely. Sheet 
makers are well sold, and the time for usual spring 
demand is approaching. Among the principal market 
quotations are:—Common iron bars, 101. 5s.; best 
bars, 101. 15s.; double best bars, 11/. 5s.; trebie best 
bars, 11/. 15s.; iron and steel rivets, 111. 5s.; packing 
(parallel), 7/. 10s.; packing (tapered), 10/.; steel 
billets (soft), 67. 10s.; steel billets (medium), 7/. 5s. ; 
steel billets (hard), 7/. 15s. ; steel ship plates, 8/. 7s. 6d. ; 
steel angles, 7/. 17s. 6d. ; steel joists, 7/. 17s. 6d. ; heavy 
sections of steel rails, 8/. 10s.; black sheets (No. 24 
gauge), 107.; and galvanised corrugated sheets (No. 24 
gauge), 131. 15s, 


NOTES FROM THE SOUTH-WEST. 
CarvirF, Wednesday. 

The Coal Trade.—Although work has been re-started at 
a number of pits after months of idleness, the demand is 
easily able to absorb the extra supplies available and 
prices are at the highest levels touched for at least 
twelve months. Values in a number of instances are 
nominal owing to the impossibility of collieries accepting 
further stems until March. Compared with the beginning 
of the month, prices advanced from 3d. to ls. per ton, 
ordinary Admiralty large ruling from 18s. 6d. to 19s. 
against 17s. 9d. to 18s. at the beginning of the year, and 
Black Vein large from 18s. 9d. to 19s. 3d. against 17s. 9d. 
to 18s., for loading at Cardiff. Best dry large has ad- 
vanced from 18s. 6d. to 19s. to 18s. 6d. to 19s. 3d. Small 
coals, too, have become scarce and appreciably higher 
in price. Best bunker smalls command from 13s. 9d. to 
14s. against 12s. 6d. to 13s., and good bunker smalls, 
13s. to 13s. 6d. compared with 11s. 9d. to 12s. 3d., while 
cargo smalls, which were available from 10s. 6d. to 11s. 6d. 
at the beginning of the year, have appreciated to 12s. 6d. 
to 13s., and even at these figures are difficult to secure. 
The weekly output of the South Wales coalfield has 
reached nearly 1,000,000 tons for the first time since 
June, 1927. Furthermore, foreign cargo shipments in 
the first four weeks of the year have amounted to 
1,855,860 tons or 192,160 tons more than in the corres- 
ponding period of 1927, which is exclusive of foreign 
bunkers and coastwise shipments. In the past week 
shipments totalled 474,110 tons, of which 289.120 tons 
were shipped at Cardiff, 89,560 tons at Newport, 48,980 
tons at Swansea, 42,080 tons at Port Talbot and 4,370 
tons at Llanelly. Of these shipments France took 
120,360 tons, the Argentine 65,250 tons, Spain 53,840 
tons and Italy 37,720 tons. 

Trimmers and Overtime.—-The coal trimmers and tippers 
have rejected the proposals of the employers that over- 
time should be worked at the South Wales ports in the 
loading of coal, at the end of each shift and on Saturday 
afternoons, in order to complete vessels. The trimmers 
were offered 1s. 6d. per man per hour extra, for overtime 
worked from Monday to Friday, and 2s. 6d. per man per 
hour from noon to 4 p.m. on Saturdays, while the tippers 
were offered 25 per cent. on the tariff for overtime during 
the week and 2s. 6d. per man per hour on Saturday after- 
noons. The decision of the men will be communicated 
to the employers at a joint meeting to be held on Monday. 
The men have gone even further and demanded a national 
conference to secure national unity in regard to the 
question of overtime working, in consequence of the 
north-country trimmers and tippers having brought into 











operation an arrangement to work overtime up to 
10 p.m. on Saturdays to finish the loading of vessels. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel_—Though still labouring under a dead- 
weight of standing charges and failing to absorb all 
available operatives, the local steel and engineering 
trades present several promising features. The develop- 
ment of the by-product industry in connection with 
colliery work has brought a succession of valuable orders 
to makers of by-product plant. Some of these are well 
booked forward, and have fairly definite prospect of 
active conditions for some months ahead. Business is 
also opening out in the manufacture of special machinery 
for bread and cigarette making purposes. Plans are 
under consideration for broadening the basis of supply of 
automatic machines, for use by shopkeepers, by providing 
devices which will enable the sale after shop closing hours 
of a multiplicity of domestic articles. Skate manufacture 
has received a pronounced fillip owing to recent weather 
conditions. Emergency stocks carried at local works to 
meet the needs of British shopkeepers have been wiped 
out, and firms have been working overtime to keep pace 
with expanding orders. In this connection a high-class 
business continues with Switzerland, Russia, and the Far 
East. In the heavy engineering line the home demand 
for railway steel leaves a good deal to be desired, and this 
in turn is reacting on the call for acid steel. Overseas 
inquiries are, however, more abundant, and encourage- 
ment is drawn from the return to favour of British quality 
and durability. Tramway builders and automobile engi- 
neers are among Sheffield’s foremost customers for con- 
structional parts and fittings. Cold-rolled strip is coming 
increasingly into favour where considerations of accuracy 
and finish apply. There is a healthy demand for most 
kinds of high-speed tools, especially in connection with 
the latest engineering developments. Light-castings 
manufacture is suffering from reduced activity in the 
building trade, though when this is restored there is 
likely to be an excess of capacity. Rationalisation plans 
are stated to be under consideration, In raw and semi- 
finished materials prices tend to harden. Whether this is 
due to a general improvement in the demand or to the 
need for more remunerative working is problematical. 
Critics of increased prices point to the danger of this 
movement restoring the margin that previously obtained 
between British and foreign quotations. 


South Yorkshire Coal Trade.—-Values in several direc- 
tions have hardened owing to delays in delivery brought 
about by unfavourable weather. The reduction in the 
volume of free coal, due to the operation of the Five 
Counties’ Scheme, is also a factor. Industrial contracts 
are being renewed at an advance of 6d. per ton. Supplies 
to inland works are maintained at a fair level. Colliery 
outputs are well sold forward on export account. Some 
scarcity is reported in hards and nuts, while the market for 
smalls also shows a firmer tone. In house coal there is 
still an abundance of secondary grades available, but 
best brands represent a firmer market. Quotations : best 
hand-picked branch, 26s. to 27s. 6d.; Derbyshire best 
brights, 22s. 6d. to 24s. ; Derbyshire best house, 20s. 6d. 
to 21s. 6d.; Screened house coal, 17s. to 18s. ; screened 
house nuts, 16s. to 18s.; Yorkshire hards, 15s. to 16s. ; 
Derbyshire hards, 15s. to 16s.; rough slacks, 8s. 6d. to 
9s. 6d. ; nutty slacks, 4s. 6d. to 6s. ; smalls, 3s. 6d. to 4s. 








INstiruTION oF NavaL ARcHITECTS.—The annual 
general meeting of the Institution of Naval Architects 
will take place from March 20 to 22 next in the lecture 
hall of the Royal Society of Arts, John-street, Adelphi, 
London, W.C.2. The annual dinner will be held on 
March 20, at 7.30 p.m., in the Grand Hall, Connaught 
Rooms, Great Queen-street, London, W.C.2. 





AUTOMOBILE SHOw, BuEeNos Arres.—A short report 
on the 1lth annual motor show, held at Buenos Aires 
from November 29 to December 9 last, has been prepared 
by the Department of Overseas Trade. United Kingdom 
firms desirous of receiving a copy of the report should 
communicate with the Department at 35, Old Queen- 
street, London, S.W.1, quoting reference No. A.X. 7402. 





PERSONAL.—The amalgamation of Messrs. Laurence, 
Scott and Company, Limited, Norwich, and of Messrs. 
Electromotors, Limited, Openshaw, Manchester, under 
the new title Messrs. Laurence, Scott and Electromotors, 
Limited, is now in process of completion.—The Research 
and Development Department of Messrs. The Mond 
Nickel Company, Limited, has been removed from 
Victoria Station House, London, S.W.1, to Imperial 
Chemical House, Millbank, S.W.1.—Engineer-Rear- 
Admiral J. W. Milner has become associated with Messrs. 
The Brand Powdered Fuel System, Limited, York Man- 
sion, Petty France, London, 8.W.1. Mr. W. H. Wool- 
nough has been appointed general manager with control 
of the marine department of the firm, and Mr. W. H. 
Portas has assumed charge of its metallurgical furnace, 
cement and kiln department.—Mr. W. Parker, M.Inst. 
C.E., late sales manager of Messrs. British Furnaces 
Limited, has joined the staff of Messrs. Premix Gas 
Plants, Limited, York Mansion, Petty France, London, 
S.W.1, as sales engineer.—Mr. H. Warren Lee has been 
appointed a special director at the Elswick Works of 
Messrs. Vickers-Armstrongs, Limited.—Mr. E. J. Kirk- 
land has been appointed sales representative, for York- 
shire, of the Ioco Rubber and Waterproofing Company, 
Limited, and Mr. J. Curran as sales representative for 
Liverpool and North Wales.—Owing to ill-health, Mr. 
Basil Johnson is resigning his position as managing 
director of Messrs. Rolls-Royce, Limited, 14-15, Conduit- 
street, London, W.1. Mr. A. F. Sidgreaves is to succeed 
him as managing director; Mr. A. Wormald has been 
elected a director; Mr. W. W. Cowen becomes general 
manager, and Major Cox sales manager. 





ENGINEERING. 











NOTICES OF MEETINGS. 





Royat Sanrrary Instirvute.—To-night, 5 p.m., 
90, Buckingham Palace-road, S.W.1. Discussion on “‘ The 
Civilian Population and Chemical Warfare,”’ by Mr. F. R. 
Humphreys. 


INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 
6 p.m., Storey’s-gate, S.W. 1. Thomas Hawksley Lecture: 
‘* Engineering Principles in the Machinery of the Stars,” 
by Professor A. 8S. Eddington. Glasgow and West 
of Scotland Branch : Thursday, February 7, 7.30 p.m., 
Royal Technical College, Glasgow. ‘‘ Modern Develop- 
ment in Steam-Turbine Practice, ’’ by Mr. H. L. Guy. 
London: Friday, February 8, 7 p.m., Storey’s-gate, 
S.W.1. Informal Meeting. ‘“‘The Profession of the 
Mechanical Engineer,”’ introduced by Mr. L. A. Legros. 


INSTITUTION OF ELECTRICAL ENGINEERS.—To-night, 
7 p.m. Victoria-embankment, W.C.2. Meter and 
Instrument Section Meeting. ‘‘ Recent Developments 
in Electricity Meters, with Particular Reference to those 
for Special Purposes,’’ by Mr. J. L. Carr. Wednesday, 
February 6, 6 p.m., Wireless Section Meeting. ‘‘ The 
Development of the Oxide-Coated Filament,” by Dr. B. 
Hodgson, Mr. L. 8. Harley and Mr. O. S. Pratt. London 
Students Section : Friday, February 8, 6.15 p.m. Electric 
Welding,”’ by Mr. H. H. Taylour. 


JUNIOR INSTITUTION OF ENGINEERS.—To-night, 7.30 
p.m., 39, Victoria-street, S.W.1. ‘‘ Notes on Road Con- 
struction,” by Mr. T. H. Cross. Friday, February 8, 
7.30 p.m., Honorary Members’ Lecture. ‘‘ Recent 
Developments in the Art of Oil Cracking,” by Dr. A. E. 
Dunstan. 


INsTITUTE OF BritisH FouNDRYMEN.—Lancashire 
Branch : Saturday, February 2, 3.30 p.m., College of 
Technology, Sackville-street, Manchester. “ Works, 
Accounting and Foundry Practice,’’ by Mr. J. O. Gray. 
Scottish Branch: Saturday, February 9, 4 p.m., Royal 
Technical College, Glasgow. ‘‘ Monel-Metal and other 
Special Non-Ferrous Castings,’’ by Mr. W. McCulloch. 


Roya Instirution.—Monday, February 4, 5 p.m., 
Albemarle Street, W.1. General Meeting. Thursday, 
February 7, 5.15 p.m. ‘‘ The Early History of X-Rays,” 
(Lecture IT), by Sir W. Bragg. Friday, February 8, 9 p.m. 
““Recent Problems of Rail Transport at Home and 
Abroad,”’ by Mr. C. E. R. Sherrington. 


INSTITUTION OF AUTOMOBILE ENGINEERS.—Bristol 
Centre: Monday, February 4, 6.45 p.m., Merchant 
Venturers’ Technical College, Bristol. ‘‘ Coil Ignition,”’ 
by Dr. F. W. Lanchester. London : Tuesday, February 5, 
7.45 p.m. Royal Society of Arts, John-street, Adelphi, 
W.C.2  ‘‘ Some Investigations into the Performance of 
Tubular Radiators for Motor Vehicles,” by Mr. K. 
Thomas. 


BRADFORD ENGINEERING Socitety.—Monday, Feb- 
ruary 4, 7.30 p.m., Technical College, Great Horton-road, 
Bradford. ‘‘ Economical Power from Process Steam 
by Means of Moderate Sized Steam Turbines,”’ by Mr. 
E. H. Marsh and Mr. A. J. H. Fitt. 


Rattway Cius.—Monday, February 4, 7.30 p.m., 
57, Fetter-lane, E.C.4. Annual General Meeting, and 
Presidential Address. 


RoyaL Socrety or Arts.—Monday, February 4, 
8 p.m., John-street, Adelphi, W.C.2, Cantor Lecture. 
“The Treatment of Coal” (Lecture III), by Dr. C. H. 
Lander. Wednesday, February 6, 8 p.m., Trueman 
Wood Lecture. ‘The Vibrations of Railway Bridges : 
An Example of Co-operative Research,” by Sir J. A. 
Ewing. Friday, February 8, 4.30 p.m., Indian Meeting. 
“The History of the Indian Marine,” by Captain Sir 
E. J. Headlam. 


INSTITUTE OF TRANSPORT.—Bristol and District Section: 
Tuesday, February 5, 5.40 p.m., The University, Bristol. 
“The Relation of Civil Engineering to Transport Prob- 
lems,” by Mr. A. S. Quartermaine. Scottish Section : 
Tuesday, February 5, 7.30 p.m., Society of Arts, George- 
street, Edinburgh. “‘ Discharging of Grain Cargoes at 
Ports, with Special Reference to the Port of Leith,”’ by 
Mr. A. H. Roberts. 


INSTITUTION OF Crvit ENGINEERS.—Tuesday, Feb- 
ruary 5, 6 p.m., Great George-street, S.W.1. “‘ The 
Re-girdering of the Railway Bridge over the Krishna 
River, Madras and Southern Mahratta Railway: Fourteen 
Spans of 150 ft.,” by H. N. Colam. Yorkshire Associa- 
tion : Wednesday, February 6, 7.30 p.m., Grand Hotel, 
Sheffield. “‘Some Features of Modern Highway Con- 
struction,” by Mr. H. W. Perkins. 


INstTITUTE OF Metats.—Birmingham Local Section: 
Tuesday, February 5, 7 p.m., Engineers’ Club, Waterloo- 
street, Birmingham. Joint Meeting with the Birmingham 
Metallurgical Society and the Staffordshire Iron and 
Steel Institute. ‘‘ Electro-Deposition,” by Mr. I. J. 








Macnaughtan. Sheffield Local Section : Friday, February 
8, 7.30 p.m., The University, St. George’s-square, 
Sheffield. “‘Some Recent Developments in Nickel 


Metallurgy,” by Mr. W. T. Griffiths. 


WOLVERHAMPTON AND District ENGINEERING SOCIETY. 
—Tuesday, February 5, 7.30 p.m., Star and Garter 
Hotel, Wolverhampton. ‘‘ Electric Cranes,”’ by Mr. G. R. 
Adamson. 


BrITIsH ASSOCIATION OF REFRIGERATION.—Thursday, 
February 7, 5.30 p.m., Institution of Mechanical Engi- 
neers, Storey’s-gate, S.W.1. ‘The Industrial Value of 
Technical Education,” by Sir W. B. Hardy. 


MANCHESTER ASSOCIATION OF ENGINEERS.—Friday, 
February 8, 7.15 p.m., Engineers’ Club, Albert-square, 
Manchester. ‘‘ Engineering in the Chemical Industry,” 
by Mr. C. E. S. Place. 





= 


KEIGHLEY ASSOCIATION OF ENGINEERS.——Friday, 
February 8, 7.30 p.m., Temperance Institute, Keighley. 
Joint Meeting with Keighley Textile Society. ‘‘ Com- 
parative Advantages of Private Concentrating Plant and 
Purchased Power,’ by Mr. A. B. Maclean and Mr. K. A. 
Mountain. 


Socrety or CHEMICAL INDUSTRY : CHEMICAL ENGI- 
NEERING GRoup.-——Friday, February 8, 8 p.m., Royal 
Society of Arts, John-street, Adelphi, W.C.2. “ The Réle 
of Surface Energy in Chemical Engineering,”’ by Professor 
W. E. Gibbs. 








NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Scottish Steel Trade.—The hopeful feeling in the 
Scottish steel trade still continues, but conditions are 
without actual change at the moment. Certain esta- 
blishments are very well booked, and are assured of 
steady running for some time, but there are other 
works where specifications are none too plentiful. The 
general average is, however, very much better than it 
was, particularly so with regard to ship plates. The 
demand for sections has improved of late. With Conti- 
nental prices all continuing upwards the outlook for the 
home trade is brighter. In the black-sheet trade a 
quiet tone prevails, but quite a fair business is going 
through in the lighter sorts, and also galvanised varieties. 
On the other hand, heavy-gauge sheets are a very dull 
market. Prices continue steady, and are as follow :— 
Boiler plates, 10/. 10s. per ton; ship plates, 8/. 7s. 6d. 
per ton; sections, 7/. 17s. 6d. per ton; sheets, } in., 
8l. 15s. per ton; galvanised corrugated sheets (No. 24 
gauge), 131. 12s. 6d. to 131. 15s. per ton, all delivered 
Glasgow stations. 

Malleable Iron Trade.—No change of any kind can be 
reported in the West of Scotland malleable-iron trade. 
Business is as difficult to pick up as ever, and few bright 
spots ever seem to appear on the horizon nowadays. 
The re-rollers of steel bars are rather quieter again, 
and the importation of Continental hoops is blamed for 
the dullness at present. The following are the current 
prices :—-‘‘ Crown” bars, 101. 5s. per ton for home 
delivery and 9/. 15s. per ton for export. Re-rolled 
steel bars, 7/. 15s. per ton for home delivery and 7/. 10s. 
to 71. 15s. per ton for export. 

Scottish Pig-Iron Trade.—In the Scottish pig-iron 
trade a dull tone is general, and producers are not 
meeting with any calls they cannot overtake with ease. 
Output continues on a small scale. Prices are steady, 
and are quoted as follow :—Hematite, 75s. per ton, 
delivered at the steelworks; foundry iron No. 1, 75s. 
to 76s. per ton, and No. 3, 70s. to 71s. per ton, both on 
trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
Saturday last, January 26, amounted to 731 tons. Of that 
total 532 tons went overseas and 199 tons went coast- 
wise. For the corresponding week of last year the figures 
were 364 tons overseas and 42 tons coastwise, making 
a total shipment of 406 tons. 

Shipbuilding.—Messrs. Lobnitz and Company, Ren- 
frew, have booked an order for a new bucket dredge 
for the L. & N.E. Railway Company. This vessel is 
designed for use at the company’s docks at Hull. 

Wages in the Manufactured Iron Trade.—Messrs. 
James C. Bishop and Owen Coyle, joint secretaries of 
the Manufactured Iron Trade Conciliation and Arbitra- 
tion Board, have received the following intimation from 
Sir John M. MacLeod, Bt., C.A., Glasgow :—‘‘ In terms 
of the remit, I have examined the employers’ books 
for November and December, 1928, and I certify that 
the average net selling price brought out is 10/. 12s. 0-79d.” 
This means that there will be no change in the wages 
of the workmen. 


Contracts.—The British Admiralty has _ recently 
placed orders with Messrs. General Electric Company, 
Limited, Magnet House, Kingsway, London, W.C.2, 
for Osram gas-filled and vacuum lamps and for Robertson 
carbon lamps. The Port of London Authority has placed 
a contract with the same firm for six months’ requirements 
of Osram gas-filled and vacuum lamps.—Messrs. Alfred 
Herbert Limited, Coventry, inform us that their 
American licensees, Messrs. The Riley Stoker Corporation, 
have secured an order for four large Atritor unit pulver- 
isers for firing the boiler plant of an extensive hotel, 
which is being built in New York. 





New Wuarr at GARDEN ISLAND, AUTRALIA.—The- 
construction of a new wharf at Garden Island was recom- 
mended by the Federal Parliamentary Standing Com- 
mittee on Public Works as long ago as July, 1926, with 
a view to providing accommodation for the 10,000-ton 
cruisers, Australia and Canberra, the building of which, 
at that date, was well in hand in Great Britain. Owing, 
however, to some disagreement between the Common- 
wealth and New South Wales Governments as to the 
ownership of the island, it was not unti! recently that the 
Works and Railway Department was able to complete 
the necessary plans and specifications, and to negotiate 
with the Sydney Harbour Trust for a lease of the portion 
of the harbour into which the wharf will project. The 
estimated cost of the scheme, which will add about 
1} acres to the area of the island, is 150,000. A timber- 
pile wharf, some 960 ft. in length, is to be built on the 
south-westerly side of the island, where it will replace 
those already in existence, while an extension, about 
50 ft. in length, is to be made on the southern side 
for the accommodation of smaller craft. An electrically- 
driven travelling crane will be installed, with a working 
load of 20 tons. 
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Fie. 2. KiEeseE HAMMER. 








Fig. 3. MECHANICAL SECTION OF TESTING LABORATORY. 


RESEARCH STATION, WATFORD. 


(For Description, see Page 125.) 
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Fig. 5. Exposure Test Hovuse. 


Test PaneLs ExPposED TO WEATHER. 
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RESEARCH STATION, WATFORD. 


(For Description, see Page 1235.) 
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160,000-KW. TURBO-GENERATOR; HELL GATE, NEW YORK. 


CONSTRUCTED BY MESSRS. BROWN, BOVERI AND COMPANY, ENGINEERS, BADEN, SWITZERLAND. 


( For Description, see Page 128.) 




















Fie. 108. Four-Potr Rotor on Stot-MILLING MACHINE. 











Fic. 109. WINDINGS BEING PRESSED INTO SLOTS OF Four-PoLE Rotor. 








(To face page 128.) 











‘SONIUVAG SLI NI GHOVIG UOLOY AIOG-XIS “EI1 “OL 


‘ONIGNIM, BOT AGVAY YOLVIG AIOG-XIS ‘SLT ‘OL 





IMAI N 1747 


(To face page 129.) 


ye 


Ydddd aea* as a 


ENGINEERING, Fes. 1, 1929. 


\ 


* 
- 
- 
~ 
” 


¥ 

















‘NOILISOG OLNI ODNAIG ONIAA UOLOY TIOg-wAOT “TIL “OMT 

















é 
Ne 
Oe 

rE 

= 


? 


Py fs 


2 Bi Be. 





| ke a . ce < : 








(‘gz1 avg aas ‘uoydisosagq 404) 
‘GNVTUAZLIMS ‘NAGVdA ‘SHUAANIONGA ‘ANVdNOD GNV THYAAOd ‘NMOUM ‘SUSSHAN AM CGALOOAULSNOO 


“MINOA MUN ‘NOILVLS YWAMOd ALVD TIHH WOA YWOLVAANAD-OGAAL “MM-000091 


PLATE XVI. 















peo 
ENGINEERING. 


Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London,W.C.2. 

We desire to call the attention of our readers to 
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THE SHANNON HYDRO-ELECTRIC 
SUPPLY. 


It is now nearly four years since the Irish Free 
State decided to undertake the hydro-electric 
works now in progress on the Shannon, an account 
of which was given in these columns on May 29 
and June 5 and 12, 1925. As will be remembered, 
the scheme was prepared at the expense of the 
Government by an eminent firm of German elec- 
trical engineers, and was adopted subject to modi- 
fications suggested by a committee of four Con- 
tinental experts, after studying the circumstances 
of the river and the country for a few weeks. In 
essential respects the works went far beyond the 
limits of previous economical and technical practice. 
They made provision not only for the existing 
needs of the large part of Ireland they were intended 
to serve and for the fullest development that could 
be expected to occur naturally, but also for a 
large industrial demand on the part of trades yet 
to be established, and apparently not even definitely 
specified. It appeared that if the projected output 
was to be absorbed, a large proportion of it would 
have to be taken by new industries, and whatever 
reasons there may have been for expecting such 
a demand, it would be hard to name a business 
precedent on anything like the scale of this enter- 
prise for anticipating the creation and growth of 
new industries in an old country which previously 
had been typically non-industrial. On the technical 
side the plans went even further beyond previous 
practice. They required an area of some 26,000 
square miles to take its entire supply from a single 
power house, about 120 miles distant for the largest 
established centre of consumption, and involving 
high-tension distribution mains up to 225 miles long. 
The Government’s decision thus to disregard 
economic and technical precedent was not taken 
without hearing other views. In particular some 
two year’s study of Irish water resources was 
made by a committee under the chairmanship of 
a distinguished Irish engineer, Sir John Purser 
Griffiths, who speaks with especial authority on the 
subject of bogs such as border on the Shannon. 
On various grounds this committee advised strongly 
against the adoption, for Irish rivers, of high falls 
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and costly head-races, on which the scheme since 
adopted depends, and in plans for works on several 
rivers, prepared in accordance with the views of 
the committee by Mr. Theodore Stevens, the 
current was to be generated in a series of stations, 
which without increased cost could be put in hand 
successively as the demand for power arose. 

The originality and independence shown in the 
selection of the scheme now in progress lends 
therefore a particular interest to its ultimate 
outcome. It is in the nature of public utility works, 
with a diversity of operations and customers, 
that their results cannot be regarded as accurately 
known until they can be brought to a balance, like, 
for instance, a steam plant. This obviously cannot 
be done at present, when the works are not yet 
completed, but in the time during which the intended 
working has been under consideration it might have 
been expected that some authentic information 
would.have emerged on the points which were left 
indefinite at the outset. The large attendance at 
the Royal Society of Arts on Wednesday, when Mr. 
George Fletcher read a paper on The Shannon 
Scheme and its Economic Consequences, may perhaps 
be taken as indicating the hope of such information. 
Unfortunately, Mr. Fletcher’s admirable address, 


6| while it contained a striking description of the 


works, gave few technical particulars that will be 
new to our readers, and while it analysed in some 
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desirable for the Irish Free State, did little to 
satisfy curiosity as to how far such a supply would 
be provided and how far it was likely to be used. 
Mr. James Swinburne, the chairman of the evening, 
who characteristically introduced the lecturer to 
the audience in a single adequate sentence, des- 
cribed the Shannon scheme as the greatest industrial 
undertaking ever produced in Ireland. The phrase 
expresses practically all that is known of its indus- 
trial significance. Undoubtedly it is great; but 
whether it is to be a great productive influence or, like 
a white elephant, a great expense, cannot be con- 
jectured till more is known of how it is to be worked. 

When we last discussed it, no decision had been 
taken to accept the scheme or to reject it, and its 
main professional as well as industrial interest 
lay in its technical and economical merits or defects, 
both intrinsic and as compared with other schemes. 
At the present time the situation has altogether 
changed. The scheme has been adopted up to 
the completion of its first or partial development 
stage at an expense of some 5,000,000/. It is, 
or by about next October will be literally a fait 
accompli. The present question is, therefore, not 
what the extent of its merits may be but how the 
most can be made of them, and no useful purpose 
can be served by discussing the works on any other 
basis. At present, indeed, there is not much 
authentic material for discussion. So far as is 
known, the work has gone on reasonably according 
to plan. A detail, moreover, that will be found 
gratifying and perhaps a little surprising in this 
country, is that some of the material, such as the 
cement and some of the electrical gear, is, as we 
understand, of British manufacture. Hitches, 
indeed, there have been, but apparently not more 
that are natural in operations of their scale and 
difficulty. On the constructional side, as a speaker 
at the Society of Arts said, sand was found from 
time to time where the borings indicated rock, 
and rock where they had given sand. On the 
commercial side the minimum of 150,000,000 units 
to be sold per annum before the working could be 
considered satisfactory has shrunk to 110,000,000, 
and the 0-41d. cost per unit in the power house is 
said to have gone up by a decimal or two. 

On the selling side, the Electricity Supply Board 
is beginning to canvass actively for customers. 
There are about 130 towns and villages with a 
population of 500 and upwards which as yet have no 
electric supply, and distribution networks are being 
prepared in more than 30 of them, to be followed 
by as many more as possible when current becomes 
available. In these the supply is to be given to 
dwelling houses and business premises on the basis 
of 2d. per unit and an additional fixed weekly charge 
varying, for dwelling houses, from 6d. for houses 
with a Poor-law valuation under 5/. to 2s. 6d. 
for those with a valuation over 201., and, for business 
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premises, from 9d. for valuations under 5l. to 4s. 
for those of 351. or more. For supplies of not more 
than five points on premises valued at less than 
7l. 10s. the Board will wire the house on the hire- 
purchase system at a charge of 3d. per week, 
running for as many times 104 weeks as there are 
points, and in all other cases will wire up to 10 points 
at 6d. per week for 52 weeks per point. Public 
institutions will be charged 6d. per unit for lighting 
and 2d. per unit for other purposes, excluding 
industrial motive power. The charge for industrial 
power does not seem to be stated in general terms, 
but the lighting of factories which take power under 
agreement will be done at 6d. per unit. The terms 
on which bulk supplies will be given to towns with 
power houses of their own vary with circumstances, 
and apparently in some instances the Board proposes 
to take over the distribution as well as the supply, 
and possibly may claim the right to make higher 
charges than at present. The most notable instance, 
the situation of which does not as yet seem clear, is 
that of the efficient and extremely active Dublin 
municipal supply, which sold last year some 
25,000,000 units out of an estimated total of about 
75,000,000 for the entire area. No information 
seems to have been published as to how it is proposed 
to make up the shortage of 35,000,000 units out 
of the 110,000,000 minimum for profitable working. 
The discussion on Mr. Fletcher’s paper in regard to 
this point turned mostly on the extent to which 
agriculture, at present by far the chief occupation 
in Ireland, would provide the necessary load. 
While it was admitted that the load of work that 
was wanted in small quantities, like pulping turnips 
and cutting hay, might be left out of account, it 
was suggested that the stimulation of egg laying 
by the use of artificial light during part of the night, 
electric ploughing, and similar uses might yield a 
substantial load in the aggregate if the advantage of 
such operations was shown by electrically-run model 
farms. 

Another application from which some speakers 
expected great results is the manufacture of synthetic 
nitrogen products. From the farmer’s point of 
view it would encourage intensive cropping, which 
might take the place of growing corn, now become 
unprofitable in the face of overseas competition. 
It was pointed out, however, that no estimates had 
yet been submitted on which it would pay to supply 
current for chemical manufacture at the rate 
found profitable in Norway, and the opinion that 
agriculture could provide a greater load than 
industry was questioned. In regard, however, to 
what industries would find the load, and to what 
extent, no definite suggestion was made. One 
speaker expressed the opinion that, as trade follows 
the flag, the demand for current follows the supply. 
So it well might, if the current were available as 
cheaply and conveniently as is proposed for domestic 
houses in the villages on the Shannon system, but it 
remains to be seen how far such rates in quantities 
so small will turn out to be profitable. 

For the time being, therefore, it remains in 
suspense whether the Shannon power-house and 
grid will get the load it requires in any immediate 
future, and it is to be hoped that more is being done 
than has been published to promote the establish- 
ment and growth of current-using industries. It 
does not, however, seem unduly sanguine to hope 
that, now the Board has these works on its hands, 
it will find ways and means to develop the necessary 
load. In view of this probability, there is a con- 
dition which should not be overlooked. The 
existence in, say, Dublin of a supply from a distant 
power-house will not alter the fact that the whole 
of the current so supplied will have paid a tax in the 
interest on transmission plant and the loss in trans- 
mission. While the demand is less than the mini- 
mum necessary for satisfactory working, it may be 
politic to attach all supplies that it can take, 
to the Shannon station. None the less, an efficient 
power station is a valuable asset, and it would be 
wasteful to scrap existing steam stations while 
there is a prospect of an ultimate demand in excess 
of the output that the present hydro-electric 
development can produce. It would be a flagrant 
failure to profit by experience if on the occurrence 
of such a demand the Board automatically put in 
hand further parts of the scheme, to which it is as 
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yet not committed. By then the grid will have 
extended over all or most of the area for which it is 
designed, and before any further generating plant 
is put in, the cost at which it can produce current 
should evidently be compared with that of a suitably 
placed steam plant, or of one of the alternative 
water-power schemes. 





AN HISTORIC LOCOMOTIVE. 


ALTHOUGH there has probably always been an 
appreciation of the value and interest of historic 
engineering objects, this appreciation was at one 
time not widespread, and, in view of the amount of 
material which has been available in the past, it 
cannot be said that this country—the cradle of 
mechanical engineering—is over-rich in examples of 
that material. In recent years there has been 
evidence of a more general concern for the preserva- 
tion of such relics; an interesting example of this 
interest is furnished by the present activity of the 
Liverpool Engineering Society directed to the 
preservation of the “ Lion,” one of the early loco- 
motives of the Liverpool and Manchester Railway. 
This locomotive is the property of the Mersey Docks 
and Harbour Board, and Sir John Aspinall and 
Sir Henry Fowler are satisfied about its authenticity 
as a genuine example of one of the very early locomo- 
tives of the Liverpool and Manchester Railway. 
It was one of the first, if not the first, of the loco- 
motives built by Todd, Kitson and Laird, of Leeds, 
and was delivered to the Liverpool and Manchester 
Railway in 1838. It was sold by the London and 
North Western Railway Company to the Mersey 
Docks and Harbour Board on May 26, 1859, and 
has since that time been engaged operating an old 
chain pump at the Prince’s Graving Dock, Liverpool. 
The pumping arrangements at the dock are now 
being modernised, and the Dock Board is willing to 
hand the engine over to the Liverpool Engineering 
Society as trustees for its preservation for the City 
of Liverpool. Some expense will naturally be 
incurred in reconditioning and properly housing 
the engine, and the Society has opened a fund for 
these purposes, which we are glad to recommend to 
the support of our readers. 

The Lion was No. 57 of the Liverpool and Man- 
chester Railway, and later became No. 116 of the 
London and North Western Railway. It is of the 
0-4-2 type, with leading and driving wheels 5 ft. in 
diameter and trailing wheels 3 ft. 7 in. in diameter. 
The total wheel-base is 12 ft. 8 in. The engine 
was probably one of the first six-wheelers. The 
inside cylinders are 14 in. in diameter by 18-in. 
stroke, and have flat slide valves on top, which 
have a travel of 24 in. The valve motion is of the 
gab-rod type. The outside compound frames are 
made up from two flitch plates with a wooden centre- 
piece. The boiler is 8 ft. 6 in. long by 3 ft. 9 in. 
inside diameter and has 97 tubes and a copper fire- 
box. As the Lion exists at present, the frame has 
been cut short half-way through the trailing-wheel 
horn blocks to economise space, and the trailing 
wheels and axle are not in position. They, however, 
are still in the possession of the Dock Board and, 
although they have apparently been stacked out-of- 
doors, are in very fair condition. The boiler has 
lost its original wooden lagging but has otherwise 
not suffered to any extent. It has not been in use 
of late years, steam being supplied to the engine 
from a temporary boiler placed near at hand. 

Apart trom the question of the preservation of 
this engine, the necessary arrangements for setting 
it up on an appropriate site require much consi- 
deration. The matter was referred to by the Lord 
Mayor, who spoke at the annual dinner of the 
Liverpool Engineering Society, on Thursday of last 
week. In view of the approaching centenary of 
the opening of the Liverpool and Manchester line, 
which took place on September 15, 1830, it had been 
hoped to arrange for the setting up of the locomotive 
in Lime Street Station, Liverpool. In the course 
of his speech, however, the Lord Mayor mentioned 
that the directors of the London, Midland and 
Scottish Railway had stated that they could not 
agree to this proposal. This decision is, perhaps 





not difficult to understand. The circulating area 
at the ends of the platforms at Lime Street Station 
is not too spacious, and to find room for the Lion 
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would, no doubt, be difficult. The decision is 
none the less regrettable and we are glad to under- 
stand that it may be reconsidered. Lime Street 
is hardly the most beautiful railway station in 
Europe, and any re-arrangement of the miscellaneous 
collection of booking office huts which now adorn 
it, to make room for the locomotive, could not be 
other than an improvement. Lime Street Station 
is the right place for the Lion, and we hope to see it 
placed there; failing this, however, as the Lord 
Mayor said, other sites are available. It might be 
placed in the buildings of Liverpool University, 
or the Corporation could, no doubt, without diffi- 
culty, find a place in one of the parks. It is not 
desirable, however, that relics of this kind should 
be staged out of doors. In some cases certainly 
locomotives have been preserved in that way and 
appear to remain in good condition, but clearly in 
general it is very desirable that such historic objects 
should be kept under cover. 

The annual dinner of the Liverpool Engineering 
Society, at which this matter was mentioned, was 
evidence of the activity and progress of the institu- 
tion. It was the largest gathering of the kind the 
body had held and proved in every way a success- 
ful function. Much interest and enthusiasm was 
generated by the speech of the Rev. William Paxton 
in proposing the toast of “‘ The Engineering Profes- 
sion.” The fitness of the reverend gentleman to 
speak on this subject was made evident when he ex- 
plained that he had started life as an engineer. His 
experience had, however, not been wasted, and in his 
new walk of life he still had occasion to deal with 
eccentrics and cranks. The President, Mr. A. T. 
Wall, in his reply, referred to the status of engineer- 
ing and thought, despite the difficulties, that there 
should be no relaxation of the efforts to raise the 
status of engineers to that of doctors or lawyers. 
The toast “The British Empire,” to which the 
Lord Mayor replied, was proposed by Lieut.-Col. 
Albert Buckley. 








NOTES. 
BusINEsSs AND PROFESSIONAL ETuics. 


WE have had recently placed in our hands 
information regarding business proposals made by a 
firm in this country to a consulting engineer to which 
we think it desirable to draw attention. In the 
first place the firm approached the consulting 
engineer with regard to the possibility of the latter 
undertaking independent tests of plants, but 
subsequently made the suggestion that they would 
be glad to pay the consultant for any information 
which might lead to an installation of the type of 
plant in which they were interested—a certain 
sum to be paid for the information, a second and 
larger instalment on an investigation being com- 
menced, and a third payment, larger still, on the 
actual receipt of an order from the third party. 
At the same time the engineer was not to be taken as 
representing the firm in any way, and when acting 
as a consultant was supposed to be “in a position 
to give an entirely unbiased opinion.” The engineer 
approached refused, we are glad to note, to have 
anything to do with such proposals, in spite of the 
fact that a further explanatory communication was 
addressed to him by the firm. This communication 
regretted the “ misunderstanding,” but curiously 
enough the position that it would be possible for one 
and the same engineer to run independent and 
unbiassed tests, and at the same time to assist and 
receive payment from the firm was apparently still 
maintained. We hope that the action of the con- 
sultant in refusing the proposal will make it clear that 
any such practice would be inconsistent with the 
ethical standard of the profession in this country. 


La Revue DE METALLURGIE. 


The progress made by the iron and steel industry 
in France, during the past three decades, is indicated 
by the fact that, whereas the output of steel ingots 
and castings for 1900 was 1,565,164 metric tons, that 
for 1926 was 8,430,000 tons. The production during 
the period from 1900 to 1913 rose steadily until the 
output for the latter year reached 4,686,866 tons. 
The additional increase since the conclusion of the 
war is, of course, due in a great measure to the 





return to France of the Lorraine ore fields, but the 
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figures quoted above show that, during the 13 years 
immediately preceding the war, outputs had 
trebled. The production of non-ferrous metals has 
likewise increased during the same period, and the 
French aluminium industry, in particular, has made 
very rapid strides. At the beginning of the present 
century there existed no journal in the French 
language dealing exclusively with metallurgy, and it 
was becoming increasingly evident that such a 
periodical was a necessity to the expanding industry. 
It was in order to satisfy this growing need that the 
Revue de Métallurgie came into being in 1904. It 
very soon established itself and, on looking back over 
the years the Journal has been in existence, it is no 
exaggeration to say that the continued expansion 
and prosperity of the French metallurgical industry 
is, in some measure at all events, due to its influence. 
The twenty-fifth anniversary of the foundation of the 
Revue was marked by an interesting ceremony, in 
the form of a luncheon, at which we were privileged 
to be present, at the Hétel du Club de la Renais- 
sance, Paris, on Saturday last. The chair was 
occupied by Mr. André Francois-Poncet, Under- 
Secretary of State for Fine Arts and Technical In- 
struction. In welcoming the guests, Mr. Léopold 
Pralon, president of the administrative council of 
the Revue, stated that congratulatory messages had 
been received from Sir Robert Hadfield, Dr. W. 
Rosenhain, Professor Benedicks, Colonel N. T. 
Belaiew, Professor Federico Giolitti, and other 
prominent scientists and engineers. In a_ brief 
sketch of the history of the Journal, Professor Léon 
Guillet, technical director of the Revue, said that he 
was proud of the fact that fifty volumes had 
been published to date. These contained much 
information, not only on all subjects connected with 
metallurgy, but also on more general matters, such as 
economic questions and the training and education 
of technicians. In the course of an interesting 
speech, which dealt mainly with the dawn and sub- 
sequent progress of the metallurgical era in France, 
the founder of our contemporary, Professor Henry 
Le Chatelier, paid a tribute to all the engineers 
and metallurgists whose work had brought success 
to the Journal, singling out for special mention 
Messrs. Léon Guillet, Louis Descroix, and Albert 
Portevin. The next speaker, Mr. Arend, director 
of the Arbed group of steelworks, Luxemburg, ex- 
pressed the thanks of the assembled guests and wished 
the Revue a continuation of its present prosperity. 
The Chairman, in his concluding speech, said that 
those who had helped to establish the Journal or 
to consolidate its position had done a great work 
and deserved the best thanks of their countrymen. 








IMPACT ON RAILWAY BRIDGES. 

MopEt experiments made about the middle of last 
century by, if our memory serves, the “ Commis- 
sioners of Railways ”’ (a body appeinted in 1846 and 
superseded in 1851), showed very conclusively that 
impact could not be responsible for any really 
serious augmentation of the stresses in railway 
bridges. In one of these experiments, a heavy model 
truck was run at high speed on to a very light and 
flexible beam. In this instance, the so-called dynamic 
deflection attained nearly the theoretical limit of 
twice the static. It was very obvious, however, 
that corresponding conditions could never occur 
in practical railway work, and general experience 
was not unfairly reviewed in a paragraph included 
in some of the earlier editions of Molesworth’s 
Pocket Book. In this it was stated that, in the case 
of small bridges, the deflection to be expected at 
high speeds was from } more to } more than the 
static deflection under the same loadings, whilst, 
in the case of large girders, it was claimed that there 
was no perceptible difference between the static and 
dynamic deflections. The observations on which 
the above conclusions were based were probably 
somewhat rough, the instruments used being possibly 
incapable of measuring rapid oscillations, but the 
deduction as to the comparative unimportance of 
impact holds good. 

Nevertheless, Fairbairn’s experiments on a riveted 
girder* showed very clearly that a live load was 
distinctly more destructive than a dead one, and, 








* See ENGINEERING, vol. exvi, page 448 (1923), in 
which Mr. J. S. Wilson described these experiments in 
detail. 











Association in 1883, the late Sir Benjamin Baker 
stated that a number of girders of ordinary pro- 
portions had fractured under a five-minute train 
service. For excellent reasons, in addition to con- 
siderations of strength, maintenance engineers have, 
moreover, ever been averse from the use of light short- 
span under-bridges. From their point of view, the 
best bridge is no bridge, and, failing this ideal, they 
have favoured such liberal proportioning of these 
structures that the ballast could be continued over 
them without breach of continuity. 

The provision to be made in these cases re- 
mained for long very much a matter of individual 
opinion, but in the United States, where competitive 
plans were commonly sought from different con- 
tracting firms, it became very desirable to have some 
uniform basis for design. This need was met, to a 
large extent, by the late Mr. Schneider, when he 
devised the famous Pencoyd impact formula. 
According to this, impact increases the effect of 
300 


a live load by the fraction 300 FL 


the length of the span in feet. Innumerable variants 
of this formula have since been proposed, all em- 
bodying the desirable feature of promoting the 
adoption of liberal scantlings for short-span bridges, 
but also having the drawback of favouring false 
ideas as to the relative importance of impact as a 
factor affecting the strength of railway under- 
bridges. A main difficulty met with in any attempt 
to place the design of these on a satisfactory 
scientific basis is the extreme rarity of bridge failures. 
In view of the possible catastrophic consequences of 
the collapse of a railway bridge, designers have 
rightly displayed a caution which in other circum- 
stances might be regarded as verging on the extreme. 
Few engineering products are, in fact, so lightly 
treated in service as are railway bridges. These are, 
in general, not called upon, during their useful 
lives, to withstand more than a couple of million 
applications of their maximum loads. Recipro- 
cating engines, on the other hand, may in some cases 
be subjected to 2,000,000,000 repetitions of stress 
before they are discarded, and steam turbine shafts 
must be capable of withstanding 15,000,000,000 
repetitions of stress. Moreover, in both these cases 
the stresses are largely alternating in character, 
whilst in bridge members the range of stress is 
seldom high, and alternating stresses are almost 
unknown. 

The lack of data, due to the rarity of bridge 
failures, might, to some extent, have been made good 
by the experience of maintenance engineers, but 
information on this head is extraordinarily scanty. 
In the case already quoted, Sir Benjamin Baker 
merely mentioned the fact of the fractures, but gave 
no detailed particulars. Again, when an attempt 
was made, on the Great Eastern Railway, to emulate 
with a steam locomotive, the high accelerations 
readily realised with the electric type, the experi- 
ment was abandoned, owing, it was announced, to 
the protests of those responsible for the company’s 
bridges. It was not made clear, however, whether 
this protest was based merely on calculated stresses, 
or on actual observation of the behaviour of the 
bridges under the increased loadings. 

In the absence of data derived directly from 
experience or experiment, theorists have inevitably 
been rampant. It is, in fact, at all times much 
easier to reason than to think. The latter operation 
commonly involves prolonged, tiresome, and often 
expensive investigations, a necessity from which 
those who pursue the high a priori road are entirely 
relieved. 

Thus, as already noted, many variants of- the 
Pencoyd impact formula were proposed before any 
attempt was made to justify by experiment the 
underlying assumption that the impact effect was 
proportional to the total live load. This was first 
done in the United States, where experiments 
made during 1907-09 by the American Railway 
Engineering and Maintenance of Way Association 
showed very clearly that the differences observed 
between static and dynamic deflections were prepon- 
derantly attributable to defective balance of the 
locomotives, and that, in the absence of this cause, 
static and dynamic deflections were not very 
different. Quite similar conclusions were reached 
by a committee appointed in 1917 by the Indian 
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Railway Board, and these observations have now 
been very strikingly confirmed by the exhaustive 
experiments of the Bridge Stress Committee, whose 
report* has just been published. 

This committee was appointed in March, 1923, 
by the Department of Scientific and Industrial 
Research, partly to allay the apprehensions of 
railway engineers, aroused by the draft report on 
the design of railway bridges which was published 
in 1922 by the Ministry of Transport. As inter- 
preted by those most directly concerned, these 
proposals seemed to demand an enormous increase 
in factors of safety which prolonged experience 
had proved to be perfectly satisfactory. 

The committee had Sir J. A. Ewing as its chair- 
man, the other members being Messrs. C. J. Brown, 
A. C. Cookson, Professor Dalby, Mr. G. Ellson, 
Sir Henry Fowler, Professor C. E. Inglis, Sir R. R. 
Gales, Colonel Sir J. W. Pringle, and Messrs. R. V. 
Southwell and E. C. Trench. They were, very 
properly, given a very wide discretion, the terms of 
reference being merely “ to conduct researches with 
reference to the stresses in railway bridges, especially 
as regards the effects of moving loads.” For the 
practical conduct of the work, a technical staff, with 
headquarters at York, was constituted under Mr. 
Conrad Gribble, whose services were lent for this 
purpose by the London and North Eastern Railway 
Company. 

The work consisted, in the main, of determining 
the static and dynamic deflections of every ordinary 
type of bridge, and, in addition to this, the stresses 
in individual members were measured by means of 
stress recorders. In all, the behaviour of 52 struc- 
tures, ranging in span from 16} ft. to 345 ft., was 
studied, and the report is unquestionably a very 
valuable, highly interesting document, though, we 
think, distinctly ilogical in places. In fact, it 
seems to us that had not the final recommendations 
made been sounder than the reasoning on which they 
have professedly been based, the definite adoption 
of the proposed loadings could hardly have been 
free from danger. 

In support of this criticism, we may note, in the 
first place, that, as already mentioned, the committee 
confirm the American and Indian conclusion that 
it is the hammer-blow due to the unbalanced 
revolving masses in the locomotive driving wheels 
which are mainly responsible for producing bridge 
oscillations. It is noted, however, that the lack of 
balance varies greatly with different types of loco- 
motive, and that, with the three and four-cylinder 
engines now coming into use, nearly perfect balance 
can be secured, so that in future the hammer-blows 
will, it is probable, be smaller than in the past. 
Even as matters stand, however, the committee 
state (on page 26 of the report), “ There is no evi- 
dence of impact effect having caused the failure of 
a bridge.” Nevertheless, the loadings suggested in 
the report for future designs make provision not 
merely for a 15-ton hammer-blow, which is exceeded 
by only two of 38 engines investigated, but it is also 
assumed that almost every possible unfavourable 
combination of circumstances may occur, as, for 
example, that the hammer-blows of the two worst 
engines crossing a double-track bridge in opposite 
directions may synchronise, and that these may 
be supplemented by lurches and impacts due to 
defective rail joints or inequalities of road bed. 
On this basis, the tables of equivalent uniformly 
distributed loads, which we shall reproduce later on, 
have been prepared, and in this way an agreement, 
with a professedly rational basis, has been established 
between the provision required for impact and the 
generally recognised practice of endowing small 
structures with large factors of safety. Were 
the above reasoning sound, however, the conse- 
quences, we suggest, might well be disastrous. 

With electric traction, hammer-blow is eliminated, 
but, according to the tables, the same stress could 
be worked to. A high loading due, however, to the 
hammer-blows of two passing locomotives being 
in phase must be extremely rare—occurring, 
perhaps, once a year.t An occasional high stress 

* Report of the Bridge Stress Committee (1929). H.M. 
Stationery Oifice, Kingsway, London. [Price 18s. net.]} 

+ In Fairbairn’s girder experiments, an excessive load 
was accidentally applied some 150 times, and a permanent 
set produced, with apparently little or no effect on the 
endurance of the girder: 
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arising in this way would, however, prove far less | structural steel is much more dinit correlated 
serious than a stress of equal intensity produced | with its ultimate strength than with its elastic 
in the normal electrical operation of the line. |limit. In any case, the incidents cited by Sir 
The key to this peculiar, and, as we think, illegiti- | Benjamin Baker, and quoted above, appear to show 
mate, treatment of the problem is, perhaps, to be | conclusively that fatigue is a factor for which 
found on page 8 of the report, where it is stated that | | provision is required. 
‘* There is no reason to suppose that fatigue becomes} One element which may possibly have influenced 
operative under the conditions of stress which | the Committee is the fact that, having obtained a 
actually apply in bridges.” Were this truc, range | large amount of reliable data, much time and trouble 
of stress would be unimportant, and the computer, | was spent in an exhaustive analysis of them. This 
who enlarges on the dangers of secondary stresses, | proceeding was, of course, not merely proper, but 
would be justified. Actually, however, Fairbairn’s | imperative. In such cases, however, there is a very 
experiments are conclusive, and are further con-| natural tendency to assume that the practical 
firmed by the statement already quoted from Sir| value of the results thus laboriously attained is 
Benjamin Baker’s address at the Southport meeting | proportional to the effort expended, and this is 
of the British Association. In fact, he definitely | very far from being universally true. 
attributed the fracture of the girders mentioned| The Committee started their experimental work 


to the large increase in the number of loadings.|in 1924, and we commence, herewith, a summary 





Brciee -Palmer recorder proved sill and it 
is important to note that in such cases there was a 
close agreement between the records thus obtained 
and the deflectometer records. 

The season in 1925 was occupied with tests on 
bridges ranging in span from 19} to 102 ft., and the 
following year was devoted mainly to observations 
on bridge floors. 

Sketches are given in the report of all the 
52 bridges tested, which, as already stated, ranged 
in span from 16} ft. to 345 ft. Most of the bridges 
had openings square with the track, but a few skew 
spans were also investigated. The research could 
not have been undertaken without the cordial co- 
operation of the railways, and it will be seen that 
railway engineers were well represented on the 
Committee. 





The 38 engines used in the tests represented 
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RECORD FROM CAMBRIDGE STRESS RECORDER (WEIGHT FALLING ON GIRDER). 














Fic. 1. REcorD FROM FEREDAY-PALMER STRESS 
RECORDER (WEIGHT FALLING ON GIRDER) 


He is recorded elsewhere as attributing little im- 
portance to an occasional heavy stress, pointing 
out that if the maximum stress, regardless of con- 
ditions, really measured the safety of a structure, 
every rail must be ruined in the process of straighten- 
ing, as also every boiler plate bent cold in process of 
manufacture. As a matter of fact, fatigue must 
be an important factor, unless mild steel behaves | 
differently in bridges to what it does in engines 
and machines. What is true is that failure of 
bridges through fatigue is extremely rare. For this, 
however, there are two reasons, viz., the rarity of 
bridge failures of any kind, and the fact that such 
failures as do occur are almost invariably due to 
the collapse of compression members. This is 
fortunate, since careful inspection will always 
reveal the dangerous condition of a strut before it 
fails. Even in the case of that responsible for the 
fall of the first Quebec Bridge, signs of failure 
had been noted some days before the final catas- 
trophe, and probably careful inspection would have 
prevented the collapse of the giant German cranes 
at Panama. Dangers due to fatigue of structural 
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of their researches. During this season, they con- 
fined their attention to spans of over 100 ft. The 
reason for this was that preliminary experiments 
had thrown doubt upon the reliability of the stress 
recorders when used on short spans subject to 
severe shocks. In such cases, both the Fereday- 
?almer recorder and that supplied by the Cambridge 
Instrument Company, Limited, indicated the exist- 
ence of very short period vibrations, which the 
observers found reason to regard as fictitious. This 
suspicion was subsequently strikingly confirmed by 
records obtained with the Thomas electric recorder. 
In this instrument, the magnification is effected 





members are much less easily detected. | No| by means of a thermionic valve, the current through 
reasonable efficiency of inspection would have| which is varied by varying the inductance in the 
disclosed the dangerovs condition of the bar,| circuit to which it is connected. That extraordi- 


narily small changes could be detected in the 
inductivity of a circuit traversed by an alternating 
current was proved by Hughes nearly 50 years ago, 
by the invention of his induction balance. In 
the Thomas instrument, the very slightest displace- 
ment of a Stalloy induction plate may be made to 
produce a marked variation in the current through 
the valve. With mechanical magnification, the 
inertia of the gearing gives rise to abnormal records, 
when the instrument is subjected to sharp shocks. 
We reproduce in Figs. 1, 2 and 3, record obtained 
at the Engineering Laboratory, Cambridge, with 
the three instruments when fixed to a steel I beam, 

Some explanation of the Committee’s attitude in| which was then subjected to the impact of a 
this matter is given on page 145 of the report, where | falling weight. It will be seen that, in both the 
it is claimed that the fact that the stresses in| instruments in which mechanical magnification is 
bridges are below the elastric limit, rules out fatigue | | relied on, the records show enormous oscillations, 
as a factor in the problem. This remark seems to/ of which no trace is to be found in that furnished 
imply that there is some direct connection between | by the Thomas instrument. Unfortunately, the 


which, on fracturing, brought down the roof of | 
Charing Cross station. In this case, a faulty weld | 
caused a concentration of stress and consequent 
fatigue of the surrounding metal. In view of the 
difficulty of detecting incipient fatigue in bridge 
members, it seems very desirable that ample 
provision should be made at the outset for this type 
of failure. As stated, fatigue failures are extremely 
rare in structural work, but this is also the case 
with well-designed high-spee1 engine shafts, but 
the latter would have only a very short life if 
proportioned on the basis of the endurance of steel 
under static stresses. 





the endurance of a bar and the elastic limit, whereas | electrical recorder, in its present form, is ill-suited to 
all recent experimental work on this head has | field work. In the case of moderately long spans, 
pointed to the contrary. 


In fact, the endurance of | howev er, both the Cambridge instrument and the 








Recorp From THomas APPARATUS (WeiGHr FALLING ON GIRDER). 


every class of the 10,000 locomotives used on 
British main lines. At the request of the Com- 
mittee, the balance of each was carefully checked by 
the railway company concerned. We reproduce, in 
Figs. 4 and 5, on the opposite page, diagrams illus- 
trating five of these. Two engines, referred to in the 
report as A and K, were used on nearly every bridge 
tested. Their characteristic features are represented 
in Fig. 4, whilst Fig. 5 shows the arrangement of the 
balance weights and the hammer blows developed 
at 5 revolutions per second. It should, however, 
be noted that engine K is designed for coal haul- 
age, and would never, in normal working, reach the 
corresponding speed. Its drivers being 4 ft. 6 in. 
in diameter, the above rate of revolution gives a 
speed of nearly 49 miles per hour. It was, however, 
run much faster than this in some of the tests. 

It will be seen that the hammer blow of engine A, 
taken as a whole, is 12°78 tons, which, as shown in 
Fig. 5, is a little less than the sum of the hammer 
blows due to the individual axles. This is due to 
the fact that the radii at which the equivalent 
counterweights are located are not quite parallel. 
A similar remark applies in other cases. As origin- 
ally arranged, engine K had a total hammer-blow at 
5 revolutions per second of 15-00 tons. During the 
tests, some alterations were made in the balancing, 
thus reducing the total hammer blow to 14-4 tons 
as indicated in Fig. 5. A still heavier hammer blow, 
of 17 tons, was developed by a L.N.E.R. engine, but 
fewer experiments were made with this. 

Excellent balance was obtained with the L.N.E.R. 
express engine AF. This was, within a fraction of 
a ton, the heaviest engine tested, yet, as indicated in 
Fig. 5, the hammer blow, at 5 revolutions per second, 
as finally adjusted, was only 1} tons. The advantage 
of the three cylinders is thus very marked. A some- 
what similar two-cylinder G.W. engine, weighing 
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112 tons, lettered T in the diagrams, developed a 
hammer blow, at 5 revolutions per second, of 12°4 
tons, which may also be compared with the G.W. 
four-cylinder engine lettered 8 in the diagrams. 

In these diagrams, the right-hand side of the 
engine is shown, the left-hand cranks and coupling 
rods being indicated by dotted lines. The angles 
shown for the whole engine blow corresponded to the 
position of the left-hand crank. Slide-bar reactions 
are also transmitted to the rail; their maximum 
values are lettered SB in the diagrams, and the 
corresponding angle of the cranks is indicated. 


(To be continued.) 


THE FAILURE OF WATER MAINS IN 
THE STREETS OF LONDON. 


In view of the number of cases of fracture of mains 
of one kind and another laid under streets subjected to 
heavy traffic, to which attention has been directed 
recently, the following statement drawn up by Mr. H. E. 
Stilgoe, M.Inst.C.E., Chief Engineer to the Metropolitan 
Water Board, to which body it was recently sub- 
mitted, will prove of interest. The statement is dated 
January 17, 1929. 

In view of the bursting of mains which has happened 
recently at frequent intervals, it is desirable that, so 
far as the Metropolitan Water Board is concerned, 
an authoritative statement should be made with 
regard to these occurrences. 

Fracture of the Board’s water mains is caused by 
various circumstances and may be considered to arise 
principally from :—Change of temperature ; interference 
with support ; and traffic conditions. 

During periods of severe frost, there are many cases 
of burst water mains in London, due to the admission 
of water at a low temperature from the filter beds, 
the number of bursts being fewer in those districts 
where the water is derived from wells. During a fort- 
night at the beginning of December, 1925, there were 
834 fractures in water mains due to the effects of frost, 
there being in the Northern District 318, the Western 
District 317, the Southern District 164, and the Kent 
District 35. * In the Kent District, the water is derived 
chiefly from wells, and in the other districts it is river 
water pumped into the mains from the open filter beds 
which are exposed to the weather. The severe frost, 
which continued from the middle until the end of 
December, 1927, was responsible for 738 bursts in the 
Board’s area, only 52 happening in the Kent District. 

The bursting of the large water mains which has 
taken place recently is not due to change of tempera- 
ture, but to other circumstances. 

In Southwark Bridge-road, the new 36-in. diameter 
main through which water is pumped from Hampton 
to Nunhead, and which at this point is laid at a depth 
of 6 ft. below the surface, was fractured by reason of 
its support having been interfered with. 

The damage to the Board’s water mains in Broad- 
street and High-street, Bloomsbury, from High Holborn 
to Charing Cross-road, was due to the effect of explo- 
sions of gas, over which the Board had no control. 

The burst on the Board’s 24-in. diameter main in 
Grand Junction-road (Oxford and Cambridge-terrace), 
by Edgware-road, which took place on the morning of 
Sunday, January 13, 1929, was due to the effect of 
traftic. At the place where this burst took place, there 
are nine mains belonging to the Metropolitan Water 
Board. They are of the following diameters :— 
Three 36-in., two 24-in., one 21-in., one 15-in., one 
7-in., and one 5-in. 

Some of the larger mains cross each other. The 
24-in. diameter main, laid about 60 years ago, which 
was fractured, is that through which water is pumped 
from Campden Hill to Shoot-up Hill Reservoir. 
Immediately above this main is one of 36 in. diameter, 
the top of which is within 1 ft. 9 in. of the surface of 
the road. The weight and vibration of the traffic had 
the effect of breaking the 24-in. diameter main, by 
transmission through the road structure, and the 
36-in. diameter main which was in contact therewith, 
the 36-in. diameter main having been forced down 
upon the smaller main. 

There have recently been two cases of burst mains 
in the City—namely, in Bishopsgate and Leadenhall- 
street—which have been commented upon by reason 
of the dislocation of busy City traffic. These mains 
are the property of the Hydraulic Power Company, 
and not of the Metropolitan Water Board, but the 
Board suffered damage to one of their mains by reason 
of the water escaping at high pressure from the Hydraulic 
Power Company’s main. Mains are occasionally 


damaged during the construction of deep basements 
adjoining the streets. 

The volume, weight, and speed of traffic have vastly 
increased during recent years, and to meet this, the 
reconstruction of many of the old carriageways in 
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London has had a detrimental effect upon mains laid 
in the streets. 

In many cases, the surface of the carriageway has 
been lowered, thereby reducing the depth of the cover 
above the mains, and where this has occurred and a 
concrete road bed has been introduced and brought in 
contact with the main, much damage has been done by 
direct transmission of weight and by vibration. 

The Board has expended many thousands of pounds 
in laying new mains at a greater depth in streets where 
the carriageways have been reconstructed as aforesaid, 
and have not failed to give due consideration to the 
reconstruction and relaying of mains and service pipes 
when these street works have been put in hand. 

The soil beneath many of the main traffic thorough- 
fares in London is so crowded with sewers, drains, 
mains, pipes, and cables that there is much difficulty 
in finding a location for a new trunk. This circum- 
stance has led to the work of one undertaking impinging 
upon and interfering with another. 

The operations of other statutory undertakers have, 
in some instances, interfered with the stability and 
support of the Board’s mains, and the fracture of water 
mains has been the result. 


THE LATE MR. GEORGE IDLE. 
WE note with regret the death of Mr. George Idle, 
which occurred at his Dublin residence, 52, Belmont- 
Dennybrook, after a very short illness on 


avenue, 
January 4 last. Mr. Idle, who was in his 66th year, 
was the eldest son of the late Mr. Thomas Idle, and 


received his general education at various private 
schools. In 1881, when eighteen years of age, he 
entered the service of Messrs. R. and H. Green, ship- 
builders, Blackwall, London, as apprentice ship 
draughtsman. The firm afterwards became a limited- 
liability company, and the present title is Messrs. R. 
and H. Green and Silley Weir, Limited. The Blackwall 
shipyard has a history which dates back to the Tudor 
period, and, during last century, in addition to their 
shipbuilding activities, Messrs. R. and H. Green 
owned the famous Black Ball line of sailing ships 
which traded between London and Melbourne. Mr. 
Idle gained rapid advancement and eventually became 
chief draughtsman of the firm, which position he was 
holding in 1890, when he was offered, and accepted, 
the appointment of Naval Architect and Surveyor 
of Shipping to the Commissioners of Irish Lights. 
He continued to occupy this post until August last, 
on which date he retired after 38 years’ service. During 
his long tenure of office, Mr. Idle designed many light 
ships and steamers, the last of which was the twin- 
screw 8.8. Isolda, built in 1928 by Messrs. Vickers 
(Ireland), Limited, Dublin, and engined by Messrs. 
W. Beardmore and Company, Limited, Glasgow. 
This vessel, which constitutes the general service 
steamer of the Irish Lights Commissioners, was built 
to replace the 8.8. Tearaght, constructed by Messrs. 
W. Allsup and Sons, Limited, Preston, in 1893. 

Mr. Idle was specially interested in the rolling of 
ships and carried out numerous investigations with 
regard to the performance of vessels in- a seaway. 
In conjunction with Mr. G. 8. Baker, he presented a 
contribution entitled ‘‘ The Effect of Bilge Keels on 
the Rolling of Lightships,”’ at the spring meeting of the 
Institution of Naval Architects in 1912. He wrote 
several other papers and published a number of 
pamphlets on the subject, among which may be 
cited, “ Rolling of Ships,” and ‘‘ Effect of Bilge Keels.”’ 
His aim was to produce a lightship which would 
retain a high degree of steadiness in a heavy sea. 
Much of his experience was embodied in the design 
of the lightship Albatross, put into service during the 
latter part of 1926. An illustrated description of this 
vessel will be found on page 7 of vol. exxiii of Ener- 
NEERING. The bilge keels of the Albatross were a feature 
of the construction of the ship, and their design and 
position were the outcome of many experiments 
carried out on various stations. In every respect the 
Albatross is equipped with highly efficient arrange- 
ments and may be taken as an excellent example of a 
modern lightship. Mr. Idle became a member of the 
Institution of Naval Architects in 1898. He was 
for many years a member of the Engineering and 
Scientific Association of Ireland, and was elected 
president in 1912. Since his retirement in August, 
1928, he had acted as consultant surveyor of the 
Bureau Veritas in Ireland. 








DESIGNS FOR AERODROME COMPETITION.—The result 
of the competition for a design of an aerodrome, organised 
by the Council of the Royal Institute of British Archi- 
tects, has now been announced. The first prize of 1251. 
has been divided equally between Mr. D. H. MeMorran 
and Mr. M. Hartland Thomas, and the second prize of 
251. has been awarded to Mr. L. C. S. Farmer. The 
prizes were presented, for distribution, to the Council 
of the Institute by Messrs. The Gloster Aircraft Company, 
Limited, and Messrs. H. Martyn and Company. 
Limited. 
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LABOUR NOTES. 


Writine in the report of the General Federation of 
Trade Unions for the fourth quarter of 1928, Mr. W. A. 
Appleton, the General Secretary, says that any sensible 
diminution of our present unemployment does not seem 
possible until the politicians of all parties pay more 
attention to the science of economics and less to the art 
of acquiring and retaining power. It is common 
knowledge that all parties have put forward palliative 
proposals, but no party has dared to analyse even its 
own proposals exhaustively and to set forth the logical 
as against the desirable probabilities. The party which 
does this, which calls to its aid historical and scientific 
fact, and places on record the conclusions which know- 
ledge and logic indicate, stands, he admits, to be very 
unpopular. All the parties know this, he says, and 
hesitate. And yet, he declares, until this form of 
analysis and deduction is pursued, there can be little 
hope of effective and sustained improvement. 





For a disappointingly long time popular orators and 
orators who wanted to be popular, when speaking of this 
problem, have talked, Mr. Appleton, says, of solution, 
mostly using the word in the sense of complete and 
universal settlement. Much of this talk has been, in 
his opinion, foolish for there can be no settlement of the 
unemployment problem, he thinks, which applied to all 
countries and for all times. ‘‘ Upon the day we accept 
this fact,” he declares, ‘“‘ and determine to mind our own 
business and to concentrate upon the evil as it affects 
our own people, we place ourselves in a position to 
commence effective attacks upon our own misfortune. 
This, after all, is as much as the capacities of the 
wisest of us permit. We may, and do, regret the 
existence of the evil in other lands, but we possess 
neither the means nor the authority to undertake its 
removal in countries outside our own.” 





With trade revivals, Mr. Appleton thinks, trade 
unions may hope to recover lost membership—‘ but 
not without effort.”’ ‘‘ The circumstances, even with 
any kind of trade revival we are justified in expecting, 
cannot,” he says, “‘ be as favourable to Trade Union 
organisation as they were at the beginning of the 
century. Too many of the activities Trade Unions had 
developed, and which bound the members to their 
Unions, have been appropriated by the State. Mistakes 
have been made, too, both in policy and practice, and 
until other inducements can be offered and confidence 
restored, the task of the organiser will be a difficult 
one. With carefully thought-out methods, intelligently 
and faithfully applied, it need not be a hopeless one.” 





Mr. Appleton believes that the maintenance of indus- 
trial peace will assist in the recovery of membership. 
‘““Men and women are tired,” he says, ‘‘ of strife for 
its own sake. They have learned by experience that 
the burdens of such strife fall upon the home rather 
than the platform, and if the Unions support peace 
between employers and employed with the vigour dis- 
played when advocating peace between nations, they 
will have many interested listeners. Particularly will 
this be the case amongst those who, engaged in pros 
duction for export, know that industrial strife is a bad 
basis for international trade. But—and the but must 
be strongly emphasised—the peace to be advocated 
must be a peace of understanding and not of subjection. 
It must be based upon just and considerate dealing, 
and no attempt to secure maximum production for 
minimum and unstable rewards, or at the expense of 
life or health, can be tolerated. The demand for equity 
must enter into all advocacy of peace, and when 
schemes of amalgamation or rationalisation are put 
forward they must be examined from the workers 
point of view, as well as from the employers’. Co- 
operation in the development of industry and in the 
reduction of production costs is imperative; so also 
is co-operation in the efforts to eliminate risks and 
strains, to maintain skill, and to ensure regularity of 
employment. It is the close and joint consideration of 
all these matters which will tend to bring peace in 
industry.” 





The Reich Labour Court has decided in the em- 
ployers’ favour in the appeal against the arbitration 
award which preceded the recent lock-out in the Ruhr 
steel industry. The award which was declared binding 
by the Minister of Labour, was found to be void on 
both the grounds put forward by the employers— 
namely, that it was pronounced by the arbitrator alone 
and not by a majority of the Arbitration Court, and 
that it impinged on the terms of the covering wage 
agreement which was still in force. According to the 
Berlin correspondent of The Times, the decision is 
regarded as something of a rebuff to Herr Wissel, the 
Socialist Minister of Labour. Even Democratic news- 
papers suggest that, before declaring the award bind- 
ing, he should have made certain that it could not be 
upset on legal grounds, in order to avoid the danger of 
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a blow to the authority of the State. In other than 
industrialist circles it is considered that the decision 
does not justify the action of the employers in proceed- 


ing with their lock-out before the legal issue had been | 


settled. 
the movement in favour of a revision of the arbitration 
system, which Herr Wissel has repeatedly declared to 
be unnecessary. poss 

On January 21, 1929, the number of unemployed 
persons on the registers of Employment Exchanges 
in Great Britain was 1,425,600. Of these, 1,058,900 
were wholly unemployed, 291,700 were temporarily 
stopped, and 75,000 were persons normally in casual 
employment; 1,111,000 were men, 44,600 boys, 
229,300 women, and 40,700 girls. Of 1,434,997 on 
the registers on January 14, 1929, 1,064,161 were 
wholly unemployed, 295,055 were temporarily stopped, 
and 75,781 were persons normally in casual employ- 
ment; 1,114,861 were men, 45,187 boys, 233,512 
women, and 41,437 girls. The number of unemployed 
persons on January 23, 1928, was 1,178,750, of whom 
932,631 were men, 41,078 boys, 167,182 women, and 
37,859 girls. 





A Bill designed to facilitate the settlement of labour 
disputes and prevent stoppages of work has been 
introduced in the French Chamber by M. Loucheur. 
The Paris correspondent of the Manchester Guardian 
summarises the provisions of the measure as follows :— 
(1) In the case of a dispute between employers and 
employed a conference must take place between the 
parties on the demand of one of the parties before any 
cessation of work. (2) If no agreement is reached the 
parties must, if the Labour Minister or the prefect 
of police so decide, go into conference again in another 
attempt to find a formula of conciliation. (3) Should 
the second attempt fail further provisions for com- 
pulsory conciliation are provided by the Bill, even 
though a declaration of a strike or lock-out should have 
taken place in the meantime. (4) Should, again, the 
second set of negotiations fail, the prefect or the 
Minister of Labour can, on the demand of one of the 
parties, continue the attempts for conciliation. (5) The 
Bill proposes the founding of a Higher Commission of 
Conciliation, a body to be composed of an equal 
number of employers and employed chosen from among 
the members of the National Economic Council. The 
Minister of Labour would have the right to send the 
delegates of the disputing parties ultimately before the 
Higher Commission of Conciliation. 





In the course of a statement, which they have circu- 
lated, the Council of the British Engineers’ Association 
take strong exception to the proposal of the Melchett- 
Turner Conferences that a National Industrial Council 
should be set up composed of representatives of the 
Trades Union Congress General Council, the Federation 
of British Industries and the National Confederation 
of Employers’ Organisations. It is considered that 
the T.U.C. General Council, although fitted to deal 
with such labour questions as hours, wages and con- 
tions of labour, is not necessarily competent to deal 
with industrial, economic, and financial matters such 
as are suggested as subjects for discussion by the 
proposed council. The agenda is, in the opinion of 
the Council, over-ambitious, and could not be dis- 
cussed to practical advantage by such a body as the 
proposed National Industrial Council, which in respect 
to many subjects would be more fitted to receive evi- 
dence and instruction from experts than debate and 
examine them independently and reach decisions of 
vital importance to the well-being of the British people. 
The Council also consider that a much wider variety 
of interest and expert knowledge than is proposed 
would have to be represented on a body undertaking 
the responsibility of dealing in the national interests 
with the range of subjects covered by the agenda, 
and they are of opinion that undue weight and 
influence would be given to the General Council of 
the T.U.C., which directly represents less than 4,000,000 
out of the 12,000,000 insured persons engaged in 
industry and trade. Non-union labour and the 
unaffiliated trade unions would have no voice. 





‘** What is more important,” proceeds the statement, 
“the very brains of industry, the management, the 
technical staff, and other salaried staff employees are 
apparently to have no opportunity of contributing their 
great knowledge and experience and wisdom to the 
deliberations of a National Industrial Council.” Atten- 
tion is further directed to the fact that the General 
Council of the T.U.C. is a politically minded body 
committed to the pursuit of a frankly declared political 
policy to which the overwhelming majority of industrial 
employers and responsible men engaged in commerce, 
shipping and finance are directly and_ inevitably 
opposed. On the other hand, the industrial employers 
who would be represented on the proposed National 


Its general effect seems to be to strengthen | 
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Council are not organised on political lines and would 
not have either the will or the power to function as 
political units. The formation of such a council would, 
therefore, result in representatives of the employers’ 
non-political organisations sitting in conference with 
the representatives of the strongly political trade 
unions—representatives in fact, if not in theory, of the 
Labour Party and eager to seize every opportunity of 
furthering the political objects of that party. 


On Monday, about 1,500 men employed by Lanark- 
shire manufacturers of wrought iron declined to agree to 
the new wage rates and working hours schedule intro- 
duced by the Scottish Iron Manufacturers’ Association, 
and remained idle. The proposals to which exception 
is taken are an increase of the working week from 40 
hours to 474 hours and a revision of the rates of wages. 
The Iron and Steel Trades Confederation, of which the 
men are members, claims that the changes which it 
is desired to make should have been submitted by the 
employers to the industry’s Conciliation and Arbitra- 
tion Board, and that the failure to submit them is a 
breach of agreement. The employers deny that there 
has been any breach and express the opinion that in 
taking the step they have taken, they are acting in 
the best interest of the industry. - 





The ironmoulders employed in the production of 
rain-water goods who have been on strike since the 
beginning of the year against a proposed wages reduc- 
tion of 5 per cent. are balloting this week on an amended 
proposal. The new terms are an immediate reduction 
of 24 per cent. and a similar cut on April 1. The men 
affected—about 3,000 are understood to be involved 
are members of the Central Iron Moulders’ Association, 
the National Union of Foundry Workers, and the Stove 
Grate Moulders, the executives of which have, it is 
understood, recommended acceptance of the new terms. 








In his latest report to members, Mr. James Rowan, 
the general secretary of the Electrical Trades Union, 
makes an interesting allusion to the subject of 
rationalisation. The most remarkable feature of the 
past year has been, he says, the heavy production on 
the one hand in most of the staple industries, and, on 
the other, the large percentage of unemployment in the 
same industries. Shipbuilding in 1928 produced a 
tonnage in excess of all previous years, except 1922. 


Yet, so great has been the progress of labour-saving | 


devices, that the percentage of unemployed in ship- 
building districts never seems to have gone below 
10 per cent., and in many cases has reached 20 per 
cent. and even 25 per cent. In the engineering 
section much the same state of things has prevailed. 
The motor section had a great year, and certainly 
there was a boom in electrical engineering. Noting 
this, and while again noting there has been a record 
output both in volume and value, the percentage of 
engineers unemployed has been remarkably high. 
In all the productive sections of industry the same 
remarks apply. To think, Mr. Rowan concludes, 
that at the end of a year of such enhanced production 
it should leave us with about two millions of the 
workable population redundant is something that 
casts a very grave reflection on the powers that be. 
If this is the result of rationalisation, so far as it has 
gone, then it seems rationalisation has gone mad. 





In the latest official report of the United Pattern- 
makers Association, Mr. Findlay, the general secretary, 
states that in December, the number of unemployed 
members was 739. In the previous month it was 759. 
The average for 1928 was 6-4 per cent., as compared 
with 6-8 per cent. in 1927. The total membership of 
the organisation is now 10,972. 





CoMBINED CHAIN AND Bett Drive.—On page 323 of 
our 120th volume we illustrated and described a form 
of chain driving belt for vee pulleys, such as are used 
for motor cycles and for the fans and generators of motor 
vehicles, in which leather pads were attached to the sides 
of an ordinary roller cycle chain by means of spring 
clips. Our attention has recently been called by the 
manufacturer of this drive, Mr. E. Cork, to an improved 
form in which, it is claimed, the advantages of both a 
chain and a vee-belt drive are retained. In this, the 
spring clips holding the leather pads on the sides of the 
chain are so arranged that a sprocket can be used on the 
high-speed shaft und a vee-pulley on the low-speed 
shaft, the arrangement enabling a large reduction 
ratio to be obtained at short centres without slipping. 
As an example, it may be mentioned that a reduction 
ratio of 19-7: 1 can be obtained with a distance of 42 in. 
between the centres of the driving and driven shafts 
with six teeth of the sprocket wheel in engagement 
with the chain. In addition to the above-mentioned 
applications the combined chain-belts appear to be 
suitable for driving a variety of light machinery from 
electric motors. They are supplied by Messrs. Cork’s 
Chain Belt Company, Harcourt Works, Bexley Heath, 


Kent. 
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ROAD ROLLERS AND TRACTORS 
WITH AIRLESS-INJECTION ENGINES. 


THERE are obvious objections to utilising petrol as a 
fuel for the heavier class of tractors and rollers, and 
several makers have for some time past marketed 
machines of this type equipped with heavy-oil engines. 
Until comparatively recently, the engines employed 
were usually of the hot-bulb type, but the develop- 
ment on the Continent of the light high-speed airless- 
injection engine has undoubtedly placed a more suitable 
type at the disposal of manufacturers. On another 
page in this issue, we describe the McLaren- Benz engine, 
manufactured by Messrs. J. and H. McLaren, Limited, 
of Leeds, which has been selected by Messrs. Aveling 
and Barford and Perkins (Sales), Limited, Aldwych 
House, Aldwych, W.C.2, for a new range of tractors 
and rollers, and also for a contractors’ locomotive. 
The particular engine selected, which is identical 
throughout the range of machines, is the two-cylinder 
model developing 30 brake horse-power at 800 r.p.m., 
with a 10 per cent. overload capacity for short periods. 
It is needless to stress the advantages resulting from 
the adoption of a common power unit for a variety of 
machines, which not only results in a reduction in 
manufacturing costs by increased production, but 
ensures that an adequate supply of spares can be kept 
in stock without locking up excessive capital. Both 
these factors directly benefit the customer by reducing 
both the first cost and maintenance charges, and the 
latter also avoids vexatious delays in obtaining replace- 
ments. It may be mentioned that the interchange- 
ability of parts extends to the gear-box. 

Three of the machines incorporating the McLaren- 
Benz engine are illustrated in Figs. 1 to 3, pages 148 and 
149, but as already stated, the unit is also employed fora 
contractors’ locomotive, and in addition, for a tractor 
equipped with a centrifugal pump. The engine need 
not be described, as no difficulty will be experienced in 
understanding its construction from the particulars of 
the four-cylinder model given on page 136 of this issue. 
It should be mentioned, however, that the method of 
starting employed by Messrs. Barford and Perkins is 
not identical with that used on the Kerr-Stuart loco- 
motive. In both cases an air-cooled motor cycle 
engine is employed to provide the initial torque, but 
Messrs. Barford and Perkins transmit the power by a 
friction pulley bearing on the flywheel rim. The only 
other point in connection with the engine which need be 
referred to is that, when fitted to the caterpillar tractor 
illustrated in Fig. 1, a specially built supercharged 
engine can be supplied. The supercharger is manu- 
factured by the Swiss Locomotive and Machine Works, 
and increases the power of the engine to 50 brake horse- 
power. The rotary compressor is driven by belt from 
a pulley on the crankshaft. 

The gear box, which, as stated, is common to all the 
machines incorporating the McLaren Benz engine, 
is built up as one unit with the latter, and gives three 
forward and three reverse speeds. Spur gears of the 
sliding type are employed, and are of ample size to 
carry the somewhat heavy loads to which all parts of 
a tractor or roller transmission are necessarily sub- 
jected. The box, in general, is in conformity with the 
latest practice, the shafts being of large diameter and 
carried in ball bearings, with thrust races where neces- 
sary, and the wheels being accurately cut to ensure 
quiet running. 

The tractor illustrated in Fig. 1 has a measured draw- 
bar pull of 8,000 lb. without the supercharger, and 
although the corresponding figure with the super- 
charged engine has not yet been determined, it would 
probably be in the neighbourhood of 11,000 lb. The 
approximate weight of the tractor is 9 tons, the overall 
length 17 ft. 4 ins., and the overall width 7 ft. 74 in. 
The final transmission is geared to give road speeds of 
approximately 3, 1-6 or 0-75, miles per hour in either 
direction. The radiator is of the vertical tubular type 
of pressed steel, with corrugated intersecting air gills, 
and the water is pump-circulated. A radiator fan is 
provided, belt driven from the engineicrankshaft. The 
clutch is of the ordinary cone type with fabric facing, 
and is operated by an adjustable pedal. The connection 
between engine and gear-box is made by a short shaft 
fitted with Hardy flexible couplings. The final drive 
is by hardened-steel roller chain with a breaking load 
of 20 tons. 

The standard steering gear consists of the usual 
handwheel on an inclined shaft terminating in a 
worm and worm-wheel mechanism. From the wheel, 
a connection is made by a roller chain to the steering 
fork. This chain can be seen in Fig. 1 terminating in a 
length of ordinary link chain. Power steering gear 
can be provided if desired. This is capable of turning 
the wheels from the central position to the extreme 
lock in 4 seconds, even when the tractor is not in motion. 
It consists of two small metal-to-metal cone clutches, 
which transmit the power from the constant-mesh 
gears in the main gear box. The drive is transmitted 
by a roller chain to the steering worm spindle, and 
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operates from this point through the standard steering 
arrangement. The steering hand wheel can be moved 
into two positions, one for hand and the other for 
power operation, a single-hinged catch locking the 
hand wheel in the desired position. The movement 
of the wheel operates the clutches for engaging the 
power drive. A safety gear is provided which 
automatically throws out the power steering if the 
wheels are locked out beyond a safe angle. The 
clutch thrust is taken on ball races, and the gears are 
enclosed and run in oil. 

The tractor frame is of deep box girder form, and is 
made up by securing the tanks at the top to the sub- 
frame at the bottom by means of steel side plates. The 
sub-frame is constructed of rolled steel channel with 
cross bracing, and carries the radiator, engine, and | 
transmission units. This frame is underslung, and | 
can readily be detached from the rest of the tractor | 
for examining or overhauling the units. At the front 
of the main frame is mounted the spring steering head. 
This head is designed to protect the frame from road | 
shocks, as it allows a limited movement of the frame 
as a whole with respect to the front axle. The track 
is of the well-known Roadless Traction type, the joint 
between the plates being made with rubber pads under 
compression, resulting in a high degree of flexibility 
combined with long life and freedom from wear. The 
track drive is effected by means of sprockets on the 
driving shaft. These are of steel, and incorporate 
adjustable rollers which make contact with the teeth 
on the track. The bogie wheels are mounted on an | 
articulated casting pivoted on the main frame of the | 
tractor. The tractor is provided with a foot-operated 
band brake, the brake drum being mounted on the 
intermediate gear shaft extension. 

The road roller, shown in Fig. 2, has many features 
in common with the tractor described, in addition to 
the engine and gear box. The main frame is built up 
in the same way with a detachable sub-frame at the 
bottom, the spring steering head is similar, and so on. 
The roller was described on page 643 of vol. exxiv of 
ENGINEERING, and we may, therefore, confine our 
description to the new pressure-operated scarifier 
shown in the illustration. This scarifier is attached to 
the sub-frame of the roller. The angular position of the | 
tynes is such that they maintain their position in the | 
road until they come in contact with any hidden | 
obstruction, when they instantly rise ciear of the 
road and return to their former position after passing the 
obstruction by the action of the air pressure. The 
gauge wheels, being ahead of the tynes, are always 
travelling on the solid road surface. 

The cylinder is suspended from the upper cross- 
shaft, and the piston rod is attached to the tyne-holder 
shaft by a universal joint. The controlling valve, which 
permits air to enter either on one side of the piston or 
the other, is fixed beside the steering wheel in a/| 
convenient position for the driver to operate. To raise | 
or lower the scarifier, it is only necessary to move the | 
lever of this valve through an are of 45 deg. This | 
simple control obviates the necessity of having a 
second man to operate the scarifier, the whole mechanism | 
being quite automatic in action. The scarifier will 
work very effectively in either earth or gravel roads 
and in water-bound macadam. In the latter substance, 
however, it may be advisable to take one or more 
tynes out to reduce the load on the machine. The | 
drive for the compressor is by twin chain from the | 
engine crankshaft, and the compressor runs at engine | 
speed. 

If the roller is working over an undulating surface, 
the gauge wheels on the scarifier are in contact 
with this surface and the air in the cylinder acts 
asa flexible buffer. The cylinder of the scarifier, 
being a rigid attachment to the roller, slides up and 
down over the piston, while the latter keeps the 
same relative position with the ground line as the 
depth gauge wheels on the scarifier bar. The universal 
joint at the end of the piston rod permits the scarifier 
bar to oscillate, compensating any sideways oscillation 
of the roller itself over uneven surfaces. The curved 
slots in the main standards, in which the scarifier bars 
slide, permit this bar to recede and move upwards 
should any extremely hard object, such as a manhole 
cover, be encountered. This ot viates damage to the 
scarifier, and reduces the stresses that might otherwise 
be brought on the roller. The overall width of the 
scarifier is 684 in., the diameter of the clyinder bore 
is 9 in., and the vertical travel of the scarifier bar is 
14 in. The total pressure on the piston at 175 lb. per 
square inch is 5 tons. 

The remaining machines only call for brief comment. 
The tractor shown in Fig. 3 is provided with a jib 
crane on the steering head, a winding drum, and an 
air compressor for operating pneumatic hammers or 
similar tools. The crane has a lifting capacity of 
2 tons, and is built up with a steel channel jib braced 
to the tractor frame. The drum is driven from the 
main gear-box through a cross-shaft carrying two 
friction clutches. One clutch engages the drive to 
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! 
the worm gear for the crane drum, and the other | 


brings the air-compressor drive into operation. The 
air compressor is a two-cylinder model manufactured | 
by Messrs. Broom and Wade. The cylinder bore is 
6 in., and the piston stroke 64 in., giving a delivery 
of 100 cub. ft. per minute at a speed of 610 r.p.m. Two 
air-receiving tanks are fitted, one on each side of the 
main frame, and each having a free air capacity of 
6 cub. ft. The plant is of sufficient capacity to operate 
two pneumatic hammers of the usual type. 

The tractor fitted with a pump, which we do not 
illustrate, is practically identical with that to which a 
crane is fitted, but the subsidiary unit in this case 
consists of a two-stage centrifugal pump having a 
delivery of 200 gallons per minute at a static head of 
200 ft. The pump is mounted on the main tractor 
frame, and the drive is taken from the gear-box direct 
to the pump spindle by chain. The contractors’ 
locomotive weighs 5 tons 2 cwt., and has a haulage 
capacity of 100 tons gross load on level ground on 
low gear. The wheel base is 3 ft. 6 in., and the gauge 
2 ft. 54 in. 





Roap ROLLER AND SCARIFIER. 


TENDENCIES IN STEAM TURBINE 
DEVELOPMENT.* 


By H. L. Guy. 


Tue art of generating and distributing electric power 
is advancing so rapidly that many questions arise 
demanding immediate decision in advance of the guid- 
ance which experience and exhaustive trial can give. 
It is desirable in such matters, that those of varied 
knowledge, experience and opinions, those who use 
plant as well as those who supply it, shall meet periodi- 
cally in a community of deliberation. In providing 
a vehicle to facilitate such discussion on matters on 
which opinion is still in process of formation, the Institu- 
tion discharges one of its prime functions. To assist 
in visualising some of the more obvious directions in 
which development is taking place, certain main 
characteristics of steam plant for electrical generation 








* Paper read on January 31, 1929, at a meeting at 
Manchester of the North-Western Branch of the Institu- 
tion of Mechanical Engineers. 
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Fie. 3. Tractor Fittep wITH CRANE. 


have been plotted in Fig. 1, from the statistics of 
orders received by the works with which the author 
is associated. Averages are expressed on a basis of 
capacity and not of separate machines. In the period 
of 18 years which is under review, the average capacity 
of machines running at 3,000 r.p.m. has increased about 
12 times from 850 to 10,000 kw. The slightly larger 
ratio of increase in size of the 1,500 r.p.m. machines— 
which is nearly 15 times—is a result of the continuous 
tendency at all times to employ 1,500 r.p.m. for those 
ratings only which cannot be satisfactorily constructed 
at 3,000 r.p.m., and of the relatively decreasing market 
employing 25 periods. Average pressures have been 
doubled, while the maximum has increased over three 
times. The curve of average pressures betrays the 
characteristic of successive phases of increasing and 
constant levels, with the level changing at the present 
time. Temperatures, as with pressures, have been 
increasing in successive steps. There is some evidence 
that we are entering upon another period of increase. | 
Maximum vacua have not changed in level throughout 
the entire period. Average vacua on the whole show 
a slight but steady increase resulting from the increasing 
tendency to take large power stations to sites providing 
ample circulating water. 

Of the tendencies affecting the thermal efficiency 
of power plant, perhaps that which has loomed largest | 
in recent times has been the pronounced movement | 
towards increased steam pressures. The thermal | 
advantages to be gained by the adoption of increased | 
steam pressures are illustrated in Table I. The figures | 
hold, strictly, for a plant consisting of turbines supplied | 
with steam at a total temperature of 700 deg. F., | 
exhausting into a vacuum of 29 in., and equipped with | 
four stage feed heating; together with necessary | 
auxiliaries for boilers, turbines and condensers. By 
means of the corrections given below the table, the | 
gains with pressure for other initial temperatures and | 
vacua can be obtained with reasonable accuracy. | 
Thus the increase in thermal efficiency to be expected | 
from raising the pressure from 350 lb. per square inch | 
to 1,390 lb. per square inch, will be practically 11-37 | 
per cent. if the initial temperature is 900 deg. F. and | 
the vacuum 28 in.; compared with 9 per cent. when | 
these conditions are 800 deg. F. and 29 in. respectively. | 

On theoretical grounds re-superheating the steam | 
to the initial temperature after partial expansion in the | 





separate cylinder also increases. 


200 lb. per square inch gives the same increase in 
thermal efficiency as an increase of 720 lb. per square 
inch above 750 lb. per square inch. The percentage 
decrease in coal consumption is necessarily somewhat 
less than the increase in thermal efficiency and will be 
found stated at the bottom of the table. 

In view of the small changes in thermal efficiency to 
be effected by small changes in pressures, there should 
be little well-founded objection to the standardisation 
of some such series of steam pressures as those given as 
initial pressures in Table I. Surely there can be no 
real justification for calling for new plant at such a 
variety of pressures as 300 Ib. 325 lb. 350 Ib., 375 Ib., 
and 400 lb. per square inch when the maximum differ- 
ence of possible efficiency of the extremes from 350 lb. 
per square inch is but 1} per cent. The advantage of 
such standardisation to boiler, turbine and auxiliary 
manufacturers would be very real, and therefore of 
immediate interest to the ultimate purchaser of 
electricity. 

In discussions on the possibility of high pressure 
steam, the great importance of size of plant is not 
generally appreciated. It is not without significance 
that the successful installations using steam either in 
the region of 550 lb. per square inch or 1,200 lb. per 
square inch utilise what—in the experience of this 
country—are very large units. It is doubtful, for 
example, whether at the present time 350 lb. per square 
inch should be adopted for 50-period condensing plants 
having a M.C.R. (maximum continuous rating) lower 
than 10,000 kw., or 500 1b. per square inch for a rating 
less than 20,000 kw. M.C.R. With 25-periods plant 
these ratings should not be less than 20,000 kw. and 
40,000 kw. respectively. It should be clearly stated 
that these are at the present time, the probable minimum 
desirable ratings, for the pressures stated and not 
necessarily the desirable pressures for these ratings. 
The figures given in Table I apply to machines the 
ratings of which are not less than 40,000 kw. M.C.R. 


| if operating at 1,500 r.p.m., 20,000 kw. M.C.R. if at 


3,000 r.p.m. or 10,000 kw., if the high pressure cylinder 
is geared up to 6,000 r.p.m. 
their respective speeds, the thermal gain necessarily 
will be decreased. 

As steam pressures are increased, the desirability of 
confining the high-pressure expansion range to a 
Thus, at 350 lb. per 


For smaller ratings at | 
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turbine by a special reheat boiler might be expected | square inch there are decided advantages in a two- 
to increase the gain shown in Table I by 0-125 per cent. | cylinder turbine from purely mechanical considerations, 
per 100 lb. per square inch change in pressure. Experi- | while for pressures of 600 lb. per square inch to 1,200 Ib. 
ence with re-superheating installations up to the present, | fer square inch a three-cylinder turbine becomes 
makes it doubtful if this increased gain will mature, | attractive. In the latter case, the first cylinder may 
leaving Table I applicable to schemes including re-| be arranged to drive a separate generator, an arrange- 
superheating to the initial temperature by means/| ment which affords the advantage of permitting it 
of flue gases. It will be noticed that the ‘‘ Law of | to be run at a higher speed than the remaining low- 
Diminishing Returns’ holds in a marked manner.| pressure cylinder. Alternatively, the high-pressure 
Thus, an increase of 65 lb. per square inch above! cylinder might be geared direct to the low- or inter- 


mediate-turbine shaft, but this arrangement has not 
| yet received the compliment of adoption in practice. 

With geared arrangements it must be remembered 

that the gear introduces additional losses which, for 

instance, would mortgage 25 per cent. of the thermal 

gain obtainable by increasing the steam pressure from 

500 Ib. per square inch to 800 Ib. per square inch or 
| from 750 Ib. per square inch to 1,500 lb. per square inch. 
| The number of turbine cylinders into which the 
| total expansion and steam flow is divided has, in recent 
| years, been the subject of wide variation, ranging 
| between the extremes of a single cylinder to as many 
| a8 five cylinders. 

Generally, the tendency appears to be to adopt one 
| or two cylinder turbines driving a single generator for 
| 350 lb. per square inch, two- or three-cylinder machines 
| for 500 or 600 lb. per square inch, and two or three 
| cylinder machines for pressures of 1,000 Ib. per square 
| inch or higher, with the first cylinder driving a separate 
| generator and running at a higher speed than the inter- 
| mediate or low-pressure cylinder. 
| A variation of this last case which at one time attracted 
|a good deal of interest, consists of installing a new 
| bank of high-pressure boilersin astation where a lower 
pressure has been established already, and expanding 


| TaBiE I.—Jncrease in Steam Pressure for 3 per cent. Steps 
in Thermal Efficiency. 


| Basis,—700 deg. F. total temperature. 29-in. vacuum. 
| 4-stage feedheating. Including boiler and condenser 























auxiliaries. Capacity not less than :— 
40,000 kw. M.C.R. at 1,500 r.p.m. 
20,000 3,000 
10,000 6,000 ,, 
| | . 
| Increase in ther-| 3 | 6 9 12 15 
{| mal effici- | per per per per per 
ency :— | cent. | cent. cent. cent. cent. 
| 
Initial Pressure Final Pressure. 
From 200 Ib. 
per sq. in. g. 
to es vo] 265 365 505 764 1,360 
From 250 Ib. 
per sq. in g. 
oO .. ee] 342 472 703 1,200 
From 350 Ib. 
per sq. in. g. 
We ie --| 495 755 1,390 
From 500 Ib. 
per sq. in. g. 
to “ .-| 785 1,530 
From 750 Ib. 
per sq. in. g. 
oO at .-| 1,470 
From 1400 Ib. 
per sq. in. g. 
to - ‘oe 
Reduction in 2-92 5-66 8-26 10-71 13-04 
coal consump- per per per per per 
tion :— cent. cent. cent. cent. cent. 














Gain with pressure as above between 200 lb. 

[ per sq. in. and 750 Ib. per sq. in. 

< Gain with pressure increased by 4 per cent. per 
100 Ib. per sq. in. between 750 Ib. per sq. in. 

{ and 1,400 Ib. per sq. in. 


Gain with pressure increased by 0-3 per 
cent. per 100 lb. per sq. in. between 
200 Ib. per sq. in. and 750 Ib. per sq. in. 

Gain with pressure increased by 0-2 per 
cent. per 100 lb. per sq. in. between 
750 Ib. per sq. in. and 1,400 Ib. per sq. in. 


For 900 deg. F. 





For 28-in. vacuum 


| 


the steam from them through a back-pressure turbine 
down to the pressure in the existing engine-room main. 
On leaving the back pressure turbine the steam should 
be returned to the new boilers for re-superheating to 
something like the initial temperature. Fig. 2 gives 
the relation between the output of such a back pressure 
unit in terms of that which the plant operating at the 
lower pressure will develop with the same total steam 
quantity. Thus, consider the case in which new boilers 
are installed supplying steam at 1,200 lb. per square 
inch and 750 deg. F. to a back-pressure turbine, 
leaving which it is superheated to 750 deg. F. before 
being exhausted to older turbines designed for 200 Ib. 
per square inch. Under these conditions the back 
pressure plant will generate 3,450-kw. for each 
10,000-kw. generated by the lower-pressure plant. It 
must be clearly understood that this does not represent 
the gain in kilowatts for the same total coal consump- 
tion, but is the gain in prime mover capacity. The 
reduction in coal consumption can be computed from 
the relations given in the author’s earlier paper “ The 
| Economic Value of Increased Steam Pressure.”* It is 
assumed that the lower pressure plant is reasonably 
efficient of its type. If this is not so, probably the 
more economical course would be to reserve the older 
plant for peak load, or else to scrap it, and to instal 
modern plant, using perhaps a pressure intermediate 
between the two just discussed. 

Apart from the considerations already reviewed, the 





* See ENGINEERING, vol. exxii, page 643 (1926). 
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desirable steam pressure still depends on the increase 
in cost of plant with pressure, the cost of coal, that of 
money, and load factor with which the particular plant 
ca be expected to operate averaged for the whole 
redemption period. Of these, the first and the last 
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the use of a reheat boiler has recently demanded 
attention. In one example of this type, a proportion 
of the steam from the boiler is diverted before the 
turbine stop valve and condensed in a steam heater 
placed in a chamber through which steam from the 
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TABLE II.—STEAM RE-SUPERHEATING AND FEED 
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ture of the steam supplied to the whole system. The 
pressure at which steam is taken from the turbine to 
be re-superheated is therefore adopted as abscissa 
against which other quantities are plotted. The 
thermal advantage also depends very directly on the 
extent to which feed heating by bled steam is adopted. 
In order to simplify investigation, the effect of steam 
re-superheating, in the first instance, will be considered 
limited to a straight condensing turbine without feed 
heaters. The advantage of feed heating is included 
in so far as it is the result of mixing the condensate 
with the drain from the re-superheater, appearing in 
the analysis as augmenting the gain from re-superheating. 
Curve G in the lower part of Fig. 3, shows the probable 
maximum thermal gain for the conditions stated as 
compared with a turbine supplied with steam at 550 lb. 
per square inch, and a temperature of 750 deg. F., 
| but without re-superheating. Thus, if steam is supplied 
both to the turbine stop valve and the heating coil of 
re-superheater A at a pressure of 550 Ib. per square 
inch gauge and a total temperature of 750 deg. F., the 
upper limit of maximum gain is 1-9 per cent. In 
| this case the steam should be taken from the turbine 
to the re-superheater after having been expanded 
| down to a pressure of 40 lb. per square inch absolute. 
In the second case an additional steam re-superheater 
B of the ‘‘de-superheating” type, may be placed 
immediately after the condensing re-superheater A 
| just described, the whole of the steam supplied 


Fig.2. INCREASE IN CAPACITY FROM 
ADDING BACK PRESSURE REHEATING 
SET ON EXISTING LOWER PRESSURE 
FLANT. 
Initial Stop Valve Temperature-750°F. 
Temperature after Reheating -750° F. 


Pressure Plant. 


B.P. Set K.W.per 
10,000 on Lower 





HighPressure wv Lb. per Sq.frv. 9. 
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HEATING 


IN CONJUNCTION. 


Basis.—Steam to turbine falls 5 per cent. in absolute pressure through steam chest and expands with 80 per 
cent. dry stage efficiency ; it is re-superheated between cylinders to within 10 deg. F. of the saturation tem- 
perature of steam from boilers tapped to the re-superheater, and falls 5 per cent. in pressure through 


re-superheater. 
is drained as water at saturation temperature. 
turbine; saturation temperature of tapped steam 
temperature. 


Steam tapped to re-superheater falls 10 per cent. in pressure through re-superheater and 
Feed is heated by steam tapped at four points on main 


to each feed heater is 10 deg. F. above the feed outlet 


The drain from each heater is returned by a pump to the feed line and the re-super- 


heater drain is mixed with the main feed after the last feed heater. 








1. | Scheme : se He So oe A | Ge F 2 | D 
2. | Pressure at stop valve, Ib. per square inch g. . | 550 | 550 | 550 | 550 
3. | Feed heating by steam tapped from turbine .. . | None | None | 4 stage | 4 stage 
4. | Outlet temperature from last feed heater, deg. F. — — | 300 | 285 
5. | Temperature of feed to boilers, deg. F. .. se eae | 110- 7 | 300 | 300 
6. | Steam re-superheating pressure, lb. per square inch . | None 50 | None | 
7. | Temperature of re-superbeated steam, deg. F. .. Re | - 472 ot 
8. | Steam tapped to feed heaters, per cent. of steam to turbine wen | — | 20-61 } 
9. Sensible heat of feed from last heater, B.Th.U. per Ib. -| #40 | 44-9 269-6 | 
10. | Sensible heat ef feed to boilers, B.Th.U. per Ib. : 44-9 78-5 | 269-6 | 
11. | Total heat of steam from boilers, B.Th.U. per Ib. 5 me ae oe . 1387-2 1887-2 | 1387-2) | 
12. | Heat supplied by re-superheater, B.Th.U. per Ib. of steam through re-superheater 3°7 — | 
13. | Steam tapped to feed heaters before re-superheater, per cent. of steam to turbine 
14. | Heat supplied by re-superheater, B.Th.U. per lb. of steam to turbine i fa | 
15. | Steam tapped to re-superheater, per cent. of steam to turbine st he cee - | 
16. | Total heat supplied ; B.Th.U. per lb. of steam to turbine ; 1117-6 | 
17. | Wetness loss, per cent. = ; | 2-93 
18. | Wetness of exhaust, per cent. ok =. £% se a 13-26 
19. | Change in turbine steam consumption compared with A, per cent. +9-11 
20. | Change in total steam consump'ion compared with A, per cent. + 9-11 
21. | Change in thermal efficiency cor:pared with A, per cent. oe ste a ss 10-08 
22. | Difference in thermal efficiency due to re-superheating with constant, temperature 
of feed from last feed heater, per cent. Sa i a ei oe Sie - ras _ ; o— 
23, | Difference in thermal efficiency due to re-superheating with constant temperature | | | 
| of feed to boilers, per cent. Si x Se - ae, - ae eps | - ; +0-69 
24. | Reduction in turbine leaving and exhaust losses compared with A, per cent. . 0 0-43 Se 1-23 
25. | Corrected difference in thermal efficiency due to re-superheating with constant tem- 
perature of feed from last feed heater, per cent. a on ps a os - | 2-28 | - 
26. | Corrected difference in thermal efficiency due to re-superheating with constant tem- ' - 
perature of feed to boilers, percent. .. Ce os os _ j — _ +0-75 


are the only factors which show any sensible tendency 
to change. Apparently in this country the additional 


cost of plant due to increasing pressure has, on the 
average, decreased about 15 per cent. in the last two 
years. There is some hope of increasing this rate of 
improvement so far as very large plant is concerned. 

A system of re-superheating by means other than 

















Bl cl Dl El 
1100 1100 1100 1100 
None 4+ stage 4 stage 4 stage 
= 300 262-8 300 
138-2 300 300 332-3 
130 None 130 130 
550 = 550 550 
— 21-73 17-02 19-63 
44-9 269-6 231-5 269-6 
106-0 269-6 269-6 303-1 
1362-7 | 1362-7 | 1362-7 | 1362-7 
1143 = 114:3 114-3 
0 —_ 0 0 
114-3 = 114°38 114-3 
13-98 — 13°98 13-98 
1432-1 | 1093-1 | 1245-5 | 1207-4 
1:75 5-10 1:56 1-53 
10-30 17-65 10-30 10-30 
—11:34 | +8-81] —6-38| —4-26 
41-06 | +8:31] +6-72] +9-13 
+3-63 | +11-29 | +13-01 | +13-99 
| | } 
|} 40-93 || — | +8-63 ee. ats Uh eee 
| 
me foe — +1:54 —_ 
| 1:36 || 0 | 0-58 1-29 1:47] 1°51 
| | 
| seas — | sem; = ==) | sp8-¢2 
| 
| —— — | = | — +1-72 -_ 
| | 








turbine is passed after partial expansion, and before | from the boilers being used further to raise the tempera- 


being returned to the turbine to complete expansion. 
Such a system is shown diagrammatically at the upper 
left-hand side of Fig. 3, where A is the ‘“ condensing ” 
re-superheater. The thermal advantage of such a 
device depends on the pressure at which the steam is 
re-superheated and on both the pressure and tempera- 


ture of the steam leaving re-superheater A. In 
such a system the steam should be supplied from the 
boilers at a higher temperature than in the first 
case, the heating in superheater B being performed 
at the expense of this additional superheat. Thus, 
in the diagrammatic arrangement shown on the lower 
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left hand of Fig. 3, steam is assumed to be supplied 
to re-superheater B at a temperature of 850 deg. F. 
and a pressure of 550 lb. per square inch, so that it 
reaches either the turbine stop valve or the heating 
tubes at A at the pressure of 523 Ib. per square inch 


feed heating, except 
superheater is shown by curve 
Fig. 3. STEAM RESUPERHEATING SCHEMES. STEAM FROM BOILERS S50 LB. PER $Q.IN. 6. 
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Basis.—Steam from boilers falls 5 per cent. in absolute pressure and 100 deg. F. in temperature through 
re-superheater B if used. Steam to turbine falls 5 per cent. in pressure through steam chest and expands 
with 80 per cent. dry stage efficiency; it is re-superheated in A to within 10 deg. F. of saturation tem- 
perature of tapped steam at re-superheater inlet and falls 5 per cent. in pressure through each re-superheater 
used. Steam tapped to re-superheater A falls 10 per cent. in pressure through re-superheater and is drained 
as water at saturation temperature. No feed heating (other than by admixture of re-superheater drain with 
main condensate) except where stated. No correction for variation in leaving and exhaust losses. 
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and a temperature of 750 deg. F. Under these condi-|is performed at a pressure of 35 Ib. per square 
tions, the probable maximum thermal gain, without | inch. 
by the drain from the re- 


It is worthy of notice that if, instead of using steam 


vate Mp H and reaches an re-superheaters A and B, steam at the same initial 
upper limit of 3-25 per cent. when the re-superheating | conditions of 550 Ib. per square inch and 850 deg. F. 


is supplied direct to the turbine stop valve, the upper 

| limit of thermal gain is 3-75 per cent., or slightly greater 
| than in the double re-superheater scheme. Apparently, 
| therefore, the use of a system which includes a re-super- 
| heater of the type B would be justified only on the 
| very doubtful assumption that boiler plant valves 
and pipe lines can be successfully operated at consi- 
derably higher steam temperatures than steam tur- 
bines can be constructed to employ. The thermal 
economies of such steam re-superheaters for steam 
supplied to the system at any pressure from 200 lb. 
to 1,200 lb. per square inch but without feed 
heating, except from the re-superheater drain, are 
plotted in the group of Curves I in the top left-hand 
side of Fig. 4. The curves marked ‘‘ with wetness cor- 
rection’ represent the upper limit of gain. By com- 
parison with the curves marked “‘no wetness cor- 
rection” it is obvious that the whole thermal gain 
depends on decreasing the losses usually associated 
with wetness. 

Results in practice can be expected to approximate 
to the upper limit unless radiation and pressure losses 
in the reheaters and piping prove to be sensibly greater 
than assumed in these estimates. The detail design 
of such reheaters demands the strictest attention 
towards the elimination of pressure drop through them. 
It is only where the greatest care is taken that the 
pressure drop can be maintained within the limits which 
have been assumed. For both types of re-superheaters 
the thermal advantage increases rapidly with pressure, 
being from six to eight times as great at 1,200 Ib. per 
square inch as at 200 lb. per square inch. It should, 
however, be emphasised, as will be shown later, that 
the thermal advantages of these expedients are drasti- 
cally reduced by the addition of regenerative feed- 
heating to the plant. 

Curves II, Fig. 4, give the pressures at which re- 
superheating should take place for maximum thermal 
gain. It should be noticed that the pressure for 
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maximum gain is sensibly the same for both schemes. 
In Curves III, Fig. 4, the wetness at exhaust is 
plotted for toth systems on the usual assumption that 
| expansion takes place under stable conditions. The 
| upper two curves show the final wetness to be expected 
without re-superheating and with stop-valve tempera- 
| tures at 750 deg. and 850 deg. F. respectively. Com- 





parison with the lower two curves emphasises the 
| virtues of steam re-superheating as a drying agent. It 
is apparent that the use of the condensing re-superheater 
A alone dries the steam sufficiently to maintain the 
final wetness within desirable limits throughout the 
range of pressures considered. The amount of steam 
condensed in reheater A is plotted for both cases in 
Curves IV, Fig. 4. Contrary to natural expectations, 
the considerable proportions of the steam condensed in 
re-superheater A do not relieve the exhaust end of the 
turbine and the condensing plant to a proportional 
extent. 

In the one case the increased dryness increases 
the specific volume at the last stage, and in the other 
the exhaust steam has a higher total heat. Approxi- 





mately, the percentage reduction in leaving and 
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exhaust loss for the range of pressures considered 
varies from one-third to one-half of that which would 
correspond to the reduction in steam through the 
exhaust of the turbine. The reduction in heat trans- 
mitted to the condenser is negligible, the reduction in 
exhaust steam being practically balanced by the 
increase in total heat. 

The thermal economies of steam reheating are 
profoundly affected and reduced by the addition of 
regenerative feed-heating to the system. Pushing the 
expansion into a dryer region by re-superheating  vir- 
tually has the effect of reducing the possible gains 
from feed heating. In the first case examined, with 
steam at the stop valve at 550 Ib. per square inch the 
gain for a condensing re-superheater is given in Fig. 3 
by the heavy curves J and K if the turbine is fitted 
with four-stage feed heating to 300 deg. and 314 deg. F., 
respectively. Curve K, which rises to a maximum of 
0-69 per cent., is obtained on the assumption that 
the temperature of the feed to the heaters is the 


TaBLe III.—Ratio of Permissible Stress to Preserve the 
Same Rates of Creep at 900 deg. F’. as at 700 deg. F. for 
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TABLE 1V.—Combinations of Pressure and Temperature 
which give the Same Factor si Safety on Creep. 

















| Thermal Gain (Corr. 
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further slightly by the improvement in boiler efficiency 
resulting from the reduction in heat it has to supply, 
and becomes 0-78 per cent. if the boiler plant includes 
economisers and air preheaters. With a stop-valve 
pressure of 1,100 lb. per square inch, the thermal 
advantage of the condensing re-superheater on the 
turbine plant efficiency is 4-21 per cent. with no 
regenerative feed heaters, but is reduced to 1-72 per 
cent. in.a system designed with four-stage feed heating. 
The consequent improvement in boiler efficiency will 
augment this gain to 1-78 per cent. 

In the past, re-superheating has been employed for 
reasons quite apart from considerations of the increase 
in thermal efficiency which may flow from its use. 
As the steam pressure increases, the degree of wetness 
in the low-pressure stages increases, with consequent 
increase in tendency to erosion. Further, as_ the 
inherent efficiency of turbines has increased, the final 
wetness under given steam conditions has increased. 

The bulk of extended experience has been built up 
with turbine efficiencies and steam conditions which 
limited the wetness at exhaust between 7 per cent. and 
10 per cent. There is a very proper concern to main- 
tain final wetness within these limits. Re-superheating 
is one of the resources available to ensure this end, if 
pressures of 500 1b. per square inch, or higher, are to be 
used. At present, there is a decided tendency away 
from the use of re-superheating by flue gases, at least in 
the medium high pressure range of from 400 Ib. to 700 Ib. 
per square inch and below that range. The reason is 
largely, directly or indirectly, associated with the very 





same in all cases. On the assumption that the feed is | 
heated by the reheater drain to a higher temperature | 
than without the reheater, curve J is obtained, showing | 
a maximum of 0-9 per cent. gain. The former curve, 
K, is the more proper assessment. The maximum gain 
with feed heating is less than one-half of that possible | 
without feed heating. For other pressures the effect 
of a moderate degree of feed heating is obtained by 
comparison of curves M and W in Fig. 4, section I. 
Throughout the range the gain with feed heating is 
only one-half to one-third of that without feed 
heating. 

In order to elucidate this important effect further, | 
two series of cases of combined reheating and feed 
heating are worked out in Table II for the conditions 
there stated. Consider the more optimistic approach— 
when the full wetness correction is assumed, and the 
stop-valve pressure is 550 lb. per square inch. It will 
be noticed that, whereas the addition of a condensing 
re-superheater increases the efliciency of the straight 
condensing set by 2-28 per cent., the advantage of the 
re-superheater is reduced to 0-75 per cent. if the turbine 
is equipped with four-stage feed heating. The saving 
by re-superheating in the feed-heater case is augmented 


large steam volumes to be handled to, from, and in, the 
re-superheater, since re-superheating is performed at a 
pressure of 50 to 100 lb. per square inch. The addi- 
tional apparatus involved is, therefore, large and 
costly. Further, the additional apparatus necessary 
to safeguard the turbine if load is suddenly dropped 
tends to become complicated and relatively costly. 
Finally, in the case of flue gas re-superheating, the 
thermal advantages theoretically expected have.not 
fully matured in practice. For this range there is 
some tendency to turn to steam re-superheating, and 
if re-superheating must be employed, the steam re-super- 
heating systems just discussed possess some attraction 
as a drying agent. The small thermal gain which 
results should be regarded as a windfall. 

With flue gas re-superheating, if the initial steam | 
pressure is in the extra high pressure range of from 
1,000 Ib. to 1,500 1b. per square inch re-superheating for 
maximum advantage takes place at pressures from 
170 lb. to 250 Ib. per square inch, and the disadvantages 


of flue gas re-superheating are consequently minimised. 
The present tendency to retain re-superheating by flue 
gases in such cases is, therefore, probably justified. Both 
the advantage and need of re-superheating practically 
disappear if it prove possible to work successfully 


MICHELIN TYRE FACTORY ; 


(For Description, see opposite Page.) 





[FEB. I, 1929. 








STOKE-ON-TRENT. 





CONSTRUCTION OF FOUNDATIONS IN COFFERDAMS, 


at considerably higher temperatures than are now 
employed. The way in which the initial steam tem- 
perature should be raised as the initial pressure is 
raised is exhibited by the curves plotted in Fig. 5 
Thus, in order to preserve the same conditions as 
obtain in the low-pressure end of a turbine operating 
with 300 lb. per square inch and 700 deg. F. initial 
conditions, the steam temperature must be raised to 
830 deg. F. if the initial pressure is 600 lb. per square 
inch gauge and to over 930 deg. F., if it be 1,000 lb. 
per square inch gauge. To generalise, the initial steam 
temperature must be increased about 40 deg. F. for 
each 100 lb. per square inch increase in pressure, if 
the wetness in the exhaust end is to be maintained 
constant. The two sets of curves show how rapidly 
the wetness at exhaust increases with turbine effi- 
ciency. In the range considered, the initial tempera- 
ture must be increased by approximately 15 deg. F. 
for each 1 per cent. improvement in turbine efficiency 
if the wetness at exhaust is to remain constant. Un- 
happily this resource of increasing the total tem- 
perature as the pressure is increased is scarcely 
consonant with our recently-acquired knowledge of the 
relation between the physical strength of materials 
and their temperatures. 

We have begun to conceive engineering materials at 
high temperatures as behaving in some measure as 
very viscous fluids. They are found to extend con- 
tinuously, or creep under comparatively low stresses, 
at a rate which ultimately becomes approximately 
constant, and which depends upon the magnitude 
of the stress and the temperature. It has been 
thought that if at any temperature the stress was 
sufficiently reduced this continuous extension would 
be arrested and this stress was named “ the limiting 
creep stress.” This “limiting creep stress’? was 
usually deduced from tests in which measurements of 
creep rates were not carried below rates of strain of 
10-° per hour (i.e., 1/1000th inch in 100 hours per inch 
length). Consider the significance of a creep rate of 
10° per hour, which at 900 deg. F. might be expected 
in a mild 0-2 carbon steel if loaded to a stress of 6,000 
lb. per square inch. With such a creep rate a tube 
| (such as a steam chest, steam pipe or turbine cylinder) 

18 in. diameter if subjected to a simple tensile stress 
| of 6,000 Ib. per square inch at a temperature of 900 
deg. F. would increase in diameter at the rate of 

#; in. per annum. Or again, conceive a bolt and 
|nut, when tightened up, as a spring holding two 
flanges together with an extension of 0-20/1,000 per 
l-in. length. This extension corresponds to a load 
of 6,000 lb. per square inch of bolt area. Then, if the 
stress on the bolt was maintained at 6,000 lb. per 
square inch while the temperature was 900 deg. F., 
so that the creep rate was 10 per hour, the free 
length of the bolt would extend sufficiently in less 
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Fig. 12, BUILDING N24. 
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than 9 days to remove completely the spring force|deg. F. Table III gives the probable stresses and 
holding the flanges together. | their ratios, deduced from the work of various experi- 
On the assumption that a new phenomenon has|menters. Now, in the case of all those stationary 
been discovered concerning the action of stressed | structures of boiler and turbine plant which are subject 
materials at elevated temperatures, it might be) to the full initial steam temperatures, the stress in 
natural to suppose that advance into what is, at | them is practically proportional to the initial pressure. 
present, a relatively unexplored territory, would be | In particular, this is true of steam piping, flanges and 
beset by all kinds of insoluble difficulties. Fortunately | bolting, the high-pressure turbine cylinder, valves and 
such an assumption would almost certainly be wrong. | details. It follows that by making use of such ratios 
A critical examination of published data, more refined | as those in the the last columns of Table III, we can 
experiment and the hypothesis of Mr. R. W. Bailey, | arrive at steam pressures on a particular element of a 
suggest that creep probably takes place at all tempera- | plant of definite material and dimension, which will 
tures, but that the velocity of strain is very rapidly | result in the same creep conditions at both tempera- 
reduced as temperatures are decreased. If this be| tures. Making use of such stress ratios we obtain the 
true, then in pursuing higher temperatures we are not | corresponding temperature-pressure conditions given in 
embracing the unknown, but can interpret the new | Table IV. 
conditions in terms of our present and past experience,| The difference in thermal efficiency obtainable with 
providing certain essential data are available. For | each pair of conditions is given in the last two columns. 
instance, test results on particular materials give some | For example, suppose a given material has a certain 
guidance to the engineer in determining the stress| creep rate at a definite stress when subjected to a 
conditions which can be endured at 900 deg. F., and | temperature of 700 deg. F. and gives the same creep 
yet retain precisely the same physical conditions in| rate at 900 deg. F., but with the stress reduced to 
his structure as he is already familiar with at 700|40 per cent. Then, if design is determined by this 
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| condition, a pressure of 400 lb. per square inch can be 
contained by an article of this material at a temperature 
of 900 deg. F. with the same safety as 1,000 lb. per 
square inch with a temperature of 700 deg. Compared 
thermally, the 400 lb. per square inch plant will be 
3-9 per cent. more efficient than the 1,000 Ib. per square 
inch plant without feed heating and 1-1 per cent. 
more efficient if 4-stage feed heating is taken to the 
optimum temperature. 

At present, our understanding of th> phenomena 
involved, our knowledge of creep data, and the way 
in which such data should be interpreted, is very 
| limited, even in the case of the more common materials 
|of construction. Still the data used in the foregoing 
| discussion are probably sufficiently accurate to justify 
the conclusion that with equal factors of safety on 
creep conditions, for different combinations of tem- 
| perature and pressure at least up to a temperature 
lof 900 deg. F., the higher temperature condition 
| will probably give the higher thermal efficiency. 

(To be continued.) 








‘FACTORY BUILDING FOR MESSRS. 
| MICHELIN TYRE COMPANY, LIMITED. 


| (Concluded from page 58.) 

A soMEwHAT different type of construction is shown 
in Figs. 12 and 13, which are cross-sections of different 
parts of the ‘‘L”’-shaped building No. 4. The 
northerly portion is a single-storey steel structure 
with north lights and is generally similar to building 
No. 1, though the stanchions are slighter and the 
roof much simpler, as will be seen from Fig. 14. 
Here, instead of the threefold tile system of the roof 
of building No. 1, there are pre-cast “* Siegwart”’ 
beams with asphalt waterproofing externally. The 
southerly portion is a long structure with basement 
and three floors, the whole being of reinforced concrete. 
The superload on the suspended ground floor over 
the basement is 312 lb. per square foot, and that on 
the upper floors 208 lb. per square foot. The columns 
are spaced 24 ft. 7} in. (7-5 m.) each way, and are 
designed to resist a transverse load of 40 Ib. per 
square foot on the elevation with a maximum allowable 
stress of 712 lb. per square inch under combined 
loading. A mesh panel construction is adopted for 
the floor. Part of the basement floor slab lies on 
such poor ground that it was necessary to support it 
with reinforced concrete piles at 12-ft. 5-in. centres. 
As before stated, such piles are used in other of the 
buildings also, there being some 2,200 employed 
altogether. These are of three cross-sections, viz., 
10 in. by 10 in., 12 in. by 12 in., and 14 in. by 14 in., 
the maximum length being 33 ft. All were driven 
by steam-operated drop machines. The large area 
over which the piles were distributed caused some 
difficulty, but this was finally overcome by casting 
all the piles in one set of beds and dragging them to 
the site by a motor tractor. 

It will be noticed from Figs. 12 and 13 that reinforced 
concrete piles are used under the machine foundations, 
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columns, and walls of the single-storey part of the 
building. The different mixtures of concrete used 
were as follows. Footing slabs which rest directly 
either on the natural ground or on filling are made 
with a mixture having 3 ewt. of cement to 1 cubic yard 
of finished concrete. 


concrete. Reinforced concrete has 5} cwt. of cement 
per cubic yard, that is, proportions of 1 of cement to 
1-8 sand and 3-6 coarse aggregate. It may be noted, 


Mass concrete walls standing on | 
these footings have 3}? cwt. of cement per cubic yard of | 


however, that the finish of the floors varies greatly, | 
according to the purpose for which the particular | 
building is used thus, it is either of asphalte blocks, | 


asphalte run in situ, wood blocks, magnesite flooring, 
sand-and-cement rendering, granolithic rendering, or 
ceramic floor tiles. 

Fig. 13 may also be referred to in order to illustrate 
the complicated nature of some of the machinery 
foundations, details of the foundation to the left of the 
figure being given in,Figs. 16 to 21. There are numerous 
foundations scattered over the various shops, ranging 
in size from simple blocks to those of the type just 
referred to, which contain several thousand cubic yards 
of concrete, and show very well what may be accom- 
plished in this material. Some of the foundations in 
the water-laden portions of the ground had to be 
constructed inside sheet-pile cofferdams. One of the 
foundations in building No. 1 is shown in Fig. 11. It 
may be here noted that the top edges of the walls are 
provided with steel angle borders to carry chequer 
plate covers. This fixing of protective borders is a 
noteworthy feature in the design of the buildings, as 
the exposed edges of all concrete walls, stairs, loading 
banks, &c., are covered by steel angles or channels, and 
all openings in the breeze concrete partitions dividing 
up the buildings are completely framed in steel. 


Another type of building is shown in Fig. 15. This 


is the combined boiler and engine house, marked on the | 


plan, in Fig. 1, as building No. 5. The main building 
has reinforced concrete floors and frame, brick panel 
walls, and steel roof trusess with the hollow-tile roofing 
adopted for buildings Nos. 1 and 2. The whole struc- 
ture, including the basement floor, is carried on re- 
inforced concrete piles, and is calculated to resist a 
horizontal wind pressure of 40 lb. per square foot of 
elevation. The open shed in the centre of the figure 
covers a siding into which the coal wagons are run. 
The coal is tipped into a trough underneath the rails, 
and is discharged from it by a horizontal conveyor into 





a pit from whence an elevating conveyor lifts it to the | 


floor above the coal bunkers, which have a capacity of | 


500 tons. The trough, pit, and the inclined housing for 
the elevator are all of reinforced concrete. The firing 
floor, which carries the boilers, has hoppered openings for 
the discharge of ashes and clinker, which are conveyed 


to a small bunker between the main building and the | 


coal-unloading shed. The power units consist of coal- 
fired water-tube boilers with mechanical stokers. 

The varied uses made of reinforced concrete construc- 
tion are illustrated by some of the other buildings and 
structures. Thus Building No. 11, near the eastern 
boundary wall, is a transformer house of two storeys, 
its numerous cubicles being all of reinforced concrete. 
The cooling tank, near Building No. 4, which is 79 ft. 
by 45 ft. by 8 ft. deep, is of the same material, as is 
also the water tower conspicuous at the right-hand side 
of Fig. 3. This has a total height of 120 ft., and has a 
cylindrical tank of 44,000 gallons’ capacity, having a 
domed roof. 
suitable rake, and the resulting structure is both stable 
and pleasing. In addition, such work as gasholder 
foundations, pump houses, meter houses, acetylene 


There are four columns inclined at a | 





station, gate-house building, and so forth are constructed | 


in reinforced concrete. 

The total amount of concrete used up to date is 
40,000 cubic yards. Standard cement, for about 90 
per cent. of the work, and rapid hardening cement 
(Tunnelite) for the remainder, was supplied by the 


Tunnel Portland Cement Company, and most of the | 


aggregate was taken from a local sand and gravel pit, 
worked by the general contractors, Messrs. Peter Lind 
and Company. This firm did not, however, it should 
be stated, supply or erect the main structural steelwork. 
This was done by M.M. Les Etablissements Cabirol, 
Belleville, France, and Messrs. Edward Wood and 
Company, Manchester. In conclusion, it may be noted 


that the above description does not purport to deal | 


with the entire works building by building ; it is, on the 
contrary, intended only to give some account of typical 
constructional methods employed in the erection of a 
modern factory. 


Some other buildings now nearing completion but | 


not included in the above total quantities, may 
be briefly commented on. The first of these is the 
office building, No. 10. 
end of Building 1, and is carried on reinforced concrete 
piles. Reinforced concrete has been used for the frame- 
work and floors, but the walls are brick-panelled. The 
building is 200 ft. long by 36 ft. wide, and is of three 


It is situated near the north | 
|The internal columns are spaced 18 ft. 8 in. in one | 
| direction, and 20 ft. 6 in. in the other, the floors being | 
| of reinforced concrete of the flat slab type. 
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adding a fourth storey. The most interesting point in | give excessive deflections, so a modified floor of the 


| its construction is the treatment of the ventilation and | sunk-panel type has been adopted, which, it is believed. 


heating system, which is on the plenum plan. The hot | is quite new to this country. In addition to providing 
air delivery duct and the cold air extract ducts pass | greater stiffness, this construction allows a number of 
through the main beams and are completely hidden | holes to be provided in the floors and permits a more 
by false ceilings. | convenient arrangement of the external columns to 
The second of the buildings referred to above is a | be made. We are indebted to Mr. G. P. Manning, 
warehouse, No. 14. It is situated to the west of|M.Eng.; Assoc.M.Inst.C.E., for the information on 
Building 13, and, like the office building, is constructed | which this article is based. 
of reinforced concrete framework with brick panels, } 
and is carried on reinforced concrete piles. It has | 
seven storeys and a basement with provision for a| MEcHANICALLY-PROPELLED Roap VEHICLES, GREAT 
further two storeys. The measurements in plan | Brirary.—A return has just been issued by the Ministry 
are 150 ft. by 80 ft., plus a covered loading bank 20 ft.| of Transport giving full particulars regarding the 
wide on the west facade. The floors are noteworthy. | ™echanically-propelled road vehicles for which licences 
~~ | were current during the quarter ending September, 1928. 
|The total number of vehicles recorded was 2,052,453, 
is compared with 1.899,650, during the corresponding 
Owing to | period of 1927, Copies of the return may be obtained 
the length of the span and comparatively light super- | (price 6d.) from H.M. Stationery Office, Adastral House, 











storeys with a basement, while there is provision for | load, the ordinary type of flat-slab construction would | Kingsway, London, W.C.2. 
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THE DOCKYARD SCHOOLS AND THE 
SECOND SCHOOL OF NAVAL ARCHI- 
TECTURE. 

By A. W. Jouns, C.B.E., R.C.N.C., M.I.N.A. 
(Continued from page 98.) 


MoszLEy’s third inspection of the Dockyard Schools 
was made in May, 1849, and on June 20 he forwarded 
the names of the eight apprentices he had selected 
for the second entry to the Central Mathematical 
School. These were :—James Bannister and Henry 
J. Lonnen, of Portsmouth, James Elliott and 
John A. Welch, of Devonport, James Pritchard, of 
Pembroke, E. J. Reed, of Sheerness, William Owen, 
of Chatham, and James Crossland, of Deptford 
yard. Owen—who had also been selected the 
previous year—was in the sixth year of his appren- 
ticeship, but the other seven had just completed 
their fourth year. The inspector stated that Ban- 
nister, who had passed the best examination, was 
a millwright apprentice, but if that were considered 
to be an objection to his entry to the school, he 
understood from Fincham, the master shipwright 
at Portsmouth, that Bannister’s indentures could be 
modified to that of a shipwright apprentice. Sir 
Baldwin Walker, the Surveyor of the Navy, decided 
that Bannister was to be admitted to the school, 
and his studies directed with a view to entering the 
engineering department on the completion of the 
course. Moseley also reported that Crossland, of 
Deptford, appeared to be in ill-health, and should 
be examined by the dockyard surgeons, and, if he 
proved unfit, his place taken by E. C. Warren, of 
Portsmouth, the next in order of merit. Crossland 
passed the doctor’s examination, but as Coombe, 
one of the 1848 entry, had died, Warren was selected 
to fill the vacancy. The second entry to the 
Central Mathematical School thus numbered nine, 
and commenced their studies on August 18, 1849. 

Moseley forwarded two reports of his 1849 in- 
spection of the Dockyard schools, one for publica- 
tion and the other for their Lordship’s information 
only. The decision to restrict attendance at school 
to the first four years of apprenticeship had not been 
enforced until after his 1848 inspection, and its effect 
is noticeable in 1849, when the total attendance 
was 664 as compared with 831 in 1848. Instruction 
and discipline had improved at all the schools, but 
especially in the upper division at Portsmouth, 
where Robert Rawson had joined as head master 
in January, 1848. Moseley reported that the 
candidates from Portsmouth for the Central Mathe- 
matical School were considerably in advance of 
those from other Dockyards, and this he attributed 
to Rawson, “a gentleman who with eminent 
mathematical attainments unites all the qualities 
of an efficient teacher. He is of the opinion none 
can be a mathematician unless self-instructed to 
a certain extent, and this governs the education he 
is giving the school. A good deal of time is spent 
in solving problems, and the scholars are accustomed 
to apply under this form all mathematical know- 
ledge they acquire from its first elements. It is 
thus that the mathematical mind is built upon a 
sure basis.” 

Although Moseley was satisfied with Rawson 
and the upper division at Portsmouth, he was not 
so pleased with the other schools. He reported 
improvement generally, but not to the extent he 
had expected. He mentioned some of his previous 
suggestions, and asked the Admiralty to give effect 
to them. Without them, he stated, the schools 
were not being given a fair trial, and Moseley 
regretted this, “‘ as the schools lie at the foundation 
of that admirable system of promotion introduced 
by the present Board of Admiralty, according to 
which every step is to be made by the application of 
an educational test, and according to merit.” 

In the confidential report he stated the schools 
were still unpopular, and this defeated the objects 
for which they were established and was prejudicial 
to the public service. He attributed this un- 
popularity to several causes: To the new system 
of promotion, which was objected to by the work- 
men who prejudiced the minds of the apprentices 
against the schools; to the natural indisposition 
of the apprentices whose whole notion of learning 
was associated with labour and discomfort ; to the 
subjects and methods of instruction which were 
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more suitable for children than for lads of from 
14 to 19; to the insufficiency of masters especially 
at Chatham and Woolwich; to the masters at 
Devonport and Pembroke being deficient in mathe- 
matical knowledge; and to those at Woolwich, 
Sheerness and Portsmouth (second master) being 
lacking in authority and judgment. The school- 
masters referred to were those who had been appoin- 
ted at the opening of the schools, and had been re- 
tained when the position was made permanent and 
independent. Moseley proposed that these masters 
should be replaced by others trained in the teaching 
profession, and that all schoolmasters should, like 
their pupils, be examined annually. He was of 
the opinion that to make the schools more efficient, 
not only should the masters be changed, but they 
should be increased in numbers, thus permitting 
smaller classes; a better selection of subjects for 
instruction decided upon ; an alteration in methods 
adopted; and a more complete equipment of the 
schools provided. The second master at Portsmouth, 
who was so short-sighted he could not. see across 
the room, was given a more suitable post, and the 
others warned to amend their ways. 

Moseley made his fourth inspection in May, 1850, 
but for a reason given later, no appointments were 
made to the Central Mathematical School. The 
inspector reported that the instruction and dis- 
cipline of the schools had markedly improved, but 
he was not yet fully satisfied with the results. He 
stated, however, that “‘even on their present 
defective footing, if continued for a few years longer, 
they will have created a. body of shipwrights dis- 
tinguished from the rest of their class, and from any 
other class of workmen in this country, as educated 
and intelligent men.” 

Moseley’s report was forwarded in September, 
and under date December 19, 1850, an Admiralty 
letter to the Yards outlined further modifications to 
the schools. The efficiency of the schools and the 
diligence of the scholars had shown, the leiter stated, 
that the period of four years’ compulsory school 
attendance was too long. But, further than this, 
some of the apprentices had plainly demonstrated 
their inability to appreciate the advantages to be 
secured from the instruction they received. It had, 
therefore, been decided to reduce the period of com- 
pulsory school attendance from four to three years. 
The best of those finishing the third year would be 
selected by the Admiral Superintendents of the 
Yards, to attend school for another year, but the 
number so privileged was not to exceed one-third 
of those completing their third year. The inspector 
would make his selection for the Central Mathe- 
matical School from the apprentices completing 
their fourth school year. Nine would be chosen 
by the inspector, two each from Devonport and 
Portsmouth, and one each from the other Yards, 
and these would proceed to Portsmouth for a final 
selection. 

The letter further stated that as the opportunities 
for promotion for those who had passed through the 
Central School were likely to be less than had been 
originally anticipated, Their Lordships considered 
it advisable for the welfare of the students and of 
the public service, to reduce the number to be taken 
annually from eight to four, and these would stay 
four years at the Central Mathematical School. The 
total number undergoing higher instruction would 
thus be 16 in place of the 24 originally intended, 
and as, moreover, 16 were already under instruction 
at the school, no entries were proposed for 1850. 
Their Lordships had also decided that at the close 
of the annual examinations of the Dockyard schools 
the Admiral Superintendents of the yards were to 
award prizes to the apprentices in each class who 
had passed the best examination, and whose con- 
duct was otherwise satisfactory. The reason for 
the reduction in the number of those annually 
selected for the Central School is partially explained 
by a new instruction promulgated in 1849, by which 
the number of shipwrights in a gang was increased 
from 15 to 20, thus reducing the number of leading 
men—each in charge of a gang—by one-fourth. 

In a paper read before the Institution of Naval 
Architects in 1863, Scott Russell stated that in 1851 
four of the first entry to the Central Mathematical 
School had completed a three-years’ course, and 
returned to the Dockyards, four others being entered 
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in their places. At this distance of time it is impos- 
sible to ascertain the names of the four who left, 
but they included Smith and Jarvis, both added 
by the Admiralty to Moseley’s first selection. The 
four new students recommended by Moseley to join 
the school were chosen from nine who underwent 
an examination at Portsmouth. Their names were 
John A. B. Harry, of Devonport ; William J. Letty 
and Samuel Willcocks, a sailmaker’s apprentice, of 
Portsmouth; and Henry Morgan, of Sheerness 
Yard. When forwarding their names to the 
Admiralty, Moseley remarked :—“I found their 
attainments, as was to be expected, considerably 
in advance of those of the candidates who were 
first admitted to the Institution. They have par- 
taken of the general progress which the Dockyard 
schools have since that time been making, a pro- 
gress which, if it be not interrupted, cannot, I think, 
fail eventually to place the shipwrights and other 
mechanics in the Dockyards, far in advance of any 
other class of workmen in the kingdom.” 

Moseley’s final inspection was made in 1852, and 
his report is the most interesting of the six he 
forwarded. He refers first to the diminution in 
the numbers attending the schools, and quotes 
these for the years 1848 to 1852, as 831, 664, 575, 
365 and 213. The decreases were partly due to 
the alterations in the period of compulsory attend- 
ance, but in the main to a decrease in the numbers 
of boys entered as apprentices. On this Moseley 
remarks, that all friends of education would regret 
if any exigency of the public service should lead to 
the destruction of the schools, and especially so 
at a time when he was able to report so favourably 
on their progress. The standard of knowledge had 
increased ; many prejudices had died out, and in 
their place a love of learning and a spirit of self- 
instruction amongst the apprentices, hitherto 
unknown, had been created. Of the 213 attending 
the schools at the time of his last inspection, 86 
were voluntary scholars. 

He next refers to the excellent effect of the com- 
petitive examination at entry into the Yards, and 
of the regulations of February, 1847, concerning 
promotion. Some of those first entered (1848) by 
competitive examination were now in the upper 
classes and they were all more advanced than their 
predecessors. But in addition there was a higher 
standard of education outside the Dockyard walls. 
The knowledge that entry to the Yards and pro- 
motion in the future depended to a great extent 
on educational proficiency, had caused parents to 
seek the best schools for their boys, and to support 
the labours of the teachers by their own admonitions 
at home. From the Dockyard workmen an opinion 
favourable to education had spread to their 
neighbours, and a higher standard of education 
and intelligence was noticeable in the Dockyard 
towns. Moseley, who was a school inspector 
for Hampshire, had particularly observed this at 
Portsmouth, and his colleagues confirmed it for 
the other Dockyard towns. The behaviour of the 
apprentices to their fellow workmen and to their 
neighbours in the town had very markedly im- 
proved; saving banks had been established and 
were highly successful; and mechanics’ institutes 
had been built and furnished and were well patro- 
nized. The opening of the Dockyard schools had 
thus an even more beneficent and wide reaching 
effect than the Lords of the Admiralty had 
anticipated, when they sent out their letter of 
November 28, 1842. 

Moseley remarks in this report that little or no 
encouragement to the schools had been received 
from those who had received a training at the 
First School of Naval Architecture, and who now 
occupied the principal positions at the Dockyards. 
He understood they were generally not in favour of 
the dockyard schools, or of the Central Mathemati- 
cal School, but preferred a return to the system 
by which they were entered and educated. Moseley 
considered the main objection to this scheme was 
the entire block in promotion to those in the Dock- 
yards, who in addition to a practical knowledge 
and experience, might possess superior intelligence 
and character, enabling them to occupy the higher 
Dockyard posts with advantage, and for these the 
Central Mathematical School was established. 

He then suggested it would be preferable to 
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make the selection for the course of higher instruc- 
tion at a later stage than at the end of the fourth 
year of apprenticeship, and advanced reasons 
for his preference. The minds of all youths were 
not developed at the same rate, and the moral and 
intellectual qualities which distinguished the man 
were not developed at so early an age ; and the 
practical experience of the lads would be greater 
if the selection were one or two years later. Finally 
he stated that he had selected four apprentices for 
the Central Mathematical School, and these were 
George Macavoy of Woolwich; Joseph Allen 
of Devonport; Thomas Harris of Portsmouth ; 
and Alfred Usher of Sheerness Yard. Macavoy 
was a son of the first schoolmaster at Woolwich 
Yard, and succeeded Robert Rawson as_ school- 
master at Portsmouth in 1875, remaining there 
until pensioned in 1887. 

The four apprentices selected by Moseley, in 1852, 
for the Central Mathematical School, were not, 
however, entered, for, Their Lordships deciding 
that the number of vacancies in the Dockyards 
was insufficient to allow of four a year being sent 
to the School, none would be sent in 1852, and for 
the future only two would be entered annually. 
This decision was conveyed in a letter dated August 
6, 1852, and which proceeded, “as it appears 
from the reports of the principal and also from those 
of the late Master Shipwright of Portsmouth Yard 
(John Fincham) that notwithstanding their general 
attainments in mathematics and mixed science are 
of a highly satisfactory character, some of the 
pupils have been found deficient in practical infoz- 
mation, connected with shipbuilding, essential to 
qualify them for the position of leading men, to 
which Their Lordships intended they should be 
appointed on the completion of their studies, My 
Lords have decided that the pupils who had com- 
pleted their course of studies at the Central School 
shall be distributed over the several yards with 
the rank of supernumerary draughtsmen, in order 
that they may be employed on such duties as 
their officers may consider suitable to render them 
good practical shipwoiebts, so that combining 
the theoretical with the sound practical knowledge 
of their profession, they may ultimately be qualified 
to fill those higher appointments at the dockyards 
for which the instruction they have received at 
the public expense was intended to prepare them.” 
My Lords also decided that “‘ apprentices hereafter 
admitted to the Central Mathematical School 
would only receive their first appointment, and be 
advanced to the higher grades upon giving proof 
of their superiority over other candidates in the 
practical part of their profession.” 

In face of the assurances and promises conveyed 
in two Admiralty letters, the decision of Their Lord- 
ships as expressed in the letter just quoted, not to 
give the students of the school the rank of leading 
man on completing the course was disappointing 
and discouraging to those pupils. That those 
who had proved their ability as practical ship- 
wrights should be penalise! with those who had 
not was unjust, and when .t is remembered that 
at this time the replacement ot wood by iron in the 
construction of ships was revolutionising the whole 
technique of shipbuilding, thus rendering the 
methods of wood construction obsolescent, the 
action of Their Lordships is still more inexplicable. 
The remainder of the pupils who had entered in 
1848 and 1849, left the Central Mathematical School 
in August, 1852, and returned to the yards as 
supernumerary draughtsmen. 

The gradual reduction in the number selected 
annually for entry to the Mathematical School, 
from eight by the letters of 1346 and 1847, to four 
by that of 1850, and to 2 by that of 1852, and the 
suspension of entries in 1850 and 1852 were also 
disappointing to the apprentices attending the 
Dockyard schools. The intention of the Admiralty, 
as expressed in the letter of August 6, 1852, was 
clearly to continue the Central School, but unfor- 
tunately, a change in the political character of the 
Government at the end of 1852, brought with it a 
new Board of Admiralty, and Sir James Graham, 
replaced the Duke of Northumberland as First 
Lord on January 5, 1853. 

In a speech in the House of Commons, on the Navy 
Estimates, on February 18, 1853, when discussing 
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announced that the Special School for the instruction 
of apprentices in Portsmouth Dockyard, “ not 


giving the Surveyor of the Navy mathematical 
suggestions in the construction of ships ; selecting 
masters for the naval service from the Upper 
School at Greenwich ; and supervising the education 
of young gentlemen on H.M. ships. 
assured the House that the reduction of the vote 
for the Scientific Branch would in no way impede 
the progress of education in the Dockyards, or on 
H.M. ships. No member of the House had the 
temerity to protest against the closing of the Central 
Mathematical School, but Mr. Hume, the member 
for Montrose, stated he would never forgive Sir 
James for employing his sacrilegious hand on the 
Naval School of Design—the First School—and 
regretted he had not re-established it. The advan- 
tages of such a school, he added, had been felt 
in France, Spain, and Sweden, and nothing but an 
institution of a similar scientific character would 
enable Great Britain to keep pace with the rest of 
the world. 





(To be continued.) 








THE RECONSTRUCTION OF THE 


now being reconstructed in various parts of the 
country, were preceded by still more ancient struc- 
tures, which formed important links on the original 
trade routes. There are others, however, which, 
without having any long history behind them, 
have, owing to modern developments, developed 
from connections of merely local value into means of 
carrying traffic between adjacent large towns and 
densely populated centres. The Wearmouth bridge 
across the river Wear at Sunderland is an example of 
the latter class of connection. Sunderland, it may 
be recalled, is a very ancient borough, whose begin- 
nings are associated with the township of Monk- 
wearmouth on the north bank of the river. The 
town proper, however, had its origin on the south 
bank, where it was associated with Bishop Wear- 
mouth. Here an extensive harbour and system of 
docks have been developed at various dates since the 
advent of the industrial era, for the handling of coal, 
upon which trade and that of limestone the prosperity 
of the town was originally founded. In more recent 
years, shipbuilding, iron works and other industries 
have been extensively carried on, and the borough 
at the present time comprises one of the most 
important centres of population on the north-east 
coast of England. 

Considering the length of Sunderland’s industrial 
history, it is a little surprising to find that no 
bridge existed across the river before the end of the 
Eighteenth Century. In fact, it was not until 
1796 that a bridge, designed by Rowland Burdon, 
and consisting of six cast-iron arch ribs, 6 ft. 4 in. 
apart, with a clear span of 236 ft. 6 in., was opened 
for traffic. In 1858, this bridge was partially 
reconstructed by Robert Stephenson, the six cast- 
iron ribs being converted into three box girders by 
the addition of wrought-iron plates, while framed 
| wrought-iron spandrel filling was substituted for the 
|cast-iron used in the original structure. The 
geographical position of the bridge in the centre 
of the borough makes it a most important link across 
the river, not only for local traffic, but for vehicles 
proceeding to and from other towns on the north- 
east coast. As might be expected, a rapidly- 
increasing load has been thrown upon it in recent 
years, and reconstruction on modern lines recently 
became a matter of necessity. 

The traffic conditions, to which we have just called 
attention, rendered it desirable that the work should, 
if possible, be carried out without closing the old 
bridge. Careful planning and organisation have 


few hours at night and on Sundays, while the new 
arch ribs were being erected in the manner described 
below, there has been no interference with the 
facilities provided. The work was begun in May, 





enabled this to be done, and, except for periods of a | 
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the vote for Scientific Services, Sir James Graham | 1927, and it is hoped that it will be completed during 


| the coming autumn. 
The new bridge, which also has only a single 


having been found to answer its purpose,” was to be | span, is shown in various stages of reconstruction to 
closed, but the distinguished gentleman at its head | date, on the accompanying Plates and following 
would remain at Portsmouth charged with the | pages. As will be gathered from these drawings, it is 
general supervision of the Dockyard school there ; | of the three-pinned arch type, there being two mild 


steel parabolic-shaped ribs placed 54 ft. 6 in. apart. 
The span of the new structure is 375 ft., or 138 ft. 6 in. 
longer than that of the old, and its rise is 105 ft. 
To permit this increased span to be obtained, the 


Sir James | abutments have had to be set further back from 


the river, as can be seen in Figs. 3and 4, Plate 
XVIII. The portions of the old abutments, to be 
seen projecting in front of the new masonry in the 
views reproduced on Plates XVII and XIX, will 
eventually be removed, and the river faces of the 
new structure will then be carried straight across. 
The new roadway, of which details are given in 
Figs. 15 to 19, page 157, will be 93 ft. 3 in. 
above high water, the clear height for shipping 
being 85 ft. 6 in. The width of the new road- 
way, which, as will be seen from the drawings, 
is designed to accommodate two tramway tracks, 
will be 48 ft., and the new footpaths, of which 
there is one on each side of the bridge, will 
each be 15 ft. 9 in. wide. On the old bridge, the 
width of the roadway and footpaths were 26 ft. 
|and 7 ft. 6 in., respectively, so that it will be 
| possible to deal with a considerable increase in 
traffic without congestion. The new bridge will 








WEARMOUTH BRIDGE, SUNDERLAND. | thus have an overall width of 79 ft. 6 in. between 


A CONSIDERABLE number of the bridges, which are | the parapets, as compared with 41 ft. in the original 


structure. This increase in width, coupled with 
the fact that the centre lines of both bridges are 
coincident, was a determining factor in the method 
of reconstruction adopted, as will be gathered from 
the following description. 

The first step was to construct the new abut- 
ments. The foundations for these were excavatetl 
in the limestone mar! of the steep bluffs on either 
side of the original abutments on both sides of the 
river, and were taken down in open cuts to a 
maximum depth of+3 ft. O.D. on the north bank, 
and+15ft. O.D. on the south bank. The abutments 
themselves, are of concrete, with a facing of Bramley 
Fall stone, as will be seen in Fig. 27, page 159. 
While this work was in progress, a temporary girder 
was erected to span the entire length of the old 
bridge above the existing roadway, as shown in 
Figs. 3 and 4, Plate XVIII, and Fig. 13, Plate XIX. 
This girder, which was a most important factor in 
the erection scheme, consisted of two N trusses, 
spaced apart at 25 ft. centre to centre, with an effec- 
tive depth of 24 ft., the span between the main bear- 
ings being 260 ft. These bearings are supported on 
grillage foundations below road level on the top of 
the old abutments, as shown in Fig. 3, Plate XVIII. 
All the site connections for this temporary girder, 
which is braced laterally between the top booms 
only, were made with turned bolts. To facilitate the 
erection of the new arch ribs, two 15-ton travelling 
cranes, which are visible in Fig. 3, &c., Plate XVIII, 
were carried on the top booms. Fig. 13 alsoshows the 
bridge in this stage of its construction, while Fig. 27 
shows the temporary girders at the beginning of the 
work, 

The erection of the arch ribs, together with their 
wind bracing, was put in hand as soon as the pro- 
gress of the abutment construction permitted. The 
position of the work at this stage is shown in Figs. 5, 
6 and 7 on Plate XVIII, and in Figs. 20, page 158. 
The old bridge being narrower than the space between 
the two new arch ribs it was not necessary to 
interfere with it at this stage in the work, and 
indeed it continued to be used for both pedestrian 
and vehicular traffic for some time after recon- 
struction had begun. To enable it to remain open 
in this way, however, it was necessary to use 
special care in erecting the arch ribs, and the 
following procedure was therefore adopted. 
| Referring to Fig. 3, the steel work from the spring- 
ing to point 30 and other corresponding points was 
supported on timber false-work, which was built up 
from ground level. Erection was then effected by can- 
tilevering to point 28, where support was first afforded 
to the ribs by the temporary girder as shown in Fig. 5. 

Permanent roadway cross girders were next con- 





nected end to end to form girders with an overall] 
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in this way the cross girders of the new roadway 
deck were made in three lengths, of which only 
one outer length was erected at this stage. 
new steel work, thus incorporated in the structure, 
was supported partly by the permanent hangers from 


the arch rib and partly by temporary steel hangers, | 


as shown in Figs. 15,17 and 18. As will be seen 
the latter hangers carried the inner ends of the short 
outer lengths of the roadway cross girders from the 
west bottom boom of the rage agg * girder immedi- 
ately above. As shown in Fig. 22, a temporary 
timber deck 9-ft. wide, with tramway track on it, 














' the stringers, cross-joists and deck plates. 


‘concreting and wood paving of this portion of the 


The | 


roadway, together with the laying of the tramway 
tracks will then be completed as indicated in Fig. 26. | 
At the same time the temporary girders will be 


removed, and the projecting portions of the old 
abutments demolished. The final stage will be the | 


|re-transfer of the traffic from the temporary side 
‘roads to the finished central portion of the new 


| roadway 


and the laying of the final concrete 


| foundation and wood paving, thus completing the 
| roadway from kerb to kerb. 


| 


was laid and covered with an asphalt macadam | 


surface (see Fig. 19), being supported on the 
narrow strip of permanent roadway steel work, the 
construction of which we have just described. 

The foot traffic was now diverted to the new 
west path, and the old east path was demolished, 
as shown in Fig. 23. At the date of writing this 
article, the erection of the new steelwork on the east 


| M.Inst.C.E. 


side was being carried on ia the same way as that | 


outlined above, and a second temporary road was 


being constructed on the other side of the original | 
| price for this interesting piece of work was 230,000/., 


bridge. The appearance of the structure at this 


stage will be clear from Fig. 1, Plate X VII. 


When | 


this work is finished, all vehicular traffic will be | 


diverted to the temporary roads which have been 
laid outside the temporary girders, the north-bound 
traffic being confined to the west side, and the south 
bound to the east of the structure, as in Fig. 24. 


The work that will remain to be done after) 
that stage is completed may be divided into. 


three stages. To begin with, as shown in Fig. 24, 
superstructure will be effected, the temporary | 
girder being used to support the old work during | 
removal. The steelwork of the roadway deck will 
next be completed by inserting the centre portions | 


The bridge is being built for the Corporation of 


Sunderland to the designs of Messrs. Mott, Hay and | 


consulting engineers, of Westminster, 


Anderson, 
C. L. Groves, | 


whose resident engineer is Mr. 


information upon which the article is based, and for 
the loan of the photographs and drawings illustrating 
it. The contractors for the whole of the work are 
Messrs. Sir William Arrol and Company, Limited, 
of Glasgow, their agent being Mr. J. H. Nicholson, 
M. Inst. C. E. It may be mentioned that the contract 


and that the Ministry of Transport are bearing the 
proportion of the cost usual in the circumstances. 








FLow or NATURAL GAS, THROUGH PIPE LINES.—The | 


United States Bureau of Mines is conducting investiga- 
tions relative to the flow characteristics of natural gas 
in pipe lines. The study is being divided into four main 
parts, namely, a compilation of existing data ; an investi- 
gation of the physical properties of natural gases, such 
as compressibility, relative viscosity and chemical 


the demolition of the old cast-iron ribs and their | CO™Position ; the collection of data from as many opera- 


| ting pipe lines as possible ; and basic determinations o 
flow conditions by means of field-laboratory equipment, 
when various factors which influence the flow can be 
controlled. As a result of preliminary tests, an experi- 
| mental pipe line is to be put down in order to obtain data | 
on the total frictional resistance of the pipe with varying | 


of the cross girders, as shown in Fig. 25, and erecting | velocities of the gas. 


The 


We are much indebted to them for the | 


tions. 
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Materialprifung mit Réntgenstrahlen. By Dr. Ricwarp 

GLOcKER. Berlin: Julius Springer. [Price 31°50 
marks. } 


Tus volume on Material Testing by Réntgen Rays 
with special reference to Metallography,is the outcome 
| of lectures which Dr. Glocker, Professor of Réntgen 
| Technics, has been delivering at the Technical 
High School, Stuttgart. Most of the books on 
X-rays are, like the Kristalle und Réntgenstrahlen, 
written by Dr. Glocker’s colleague, Dr. Ewald, 
Professor of Theoretical Physics at the same 
college, of more theoretical nature and intended for 
the student rather than for the man who wants to 
carry out tests, while the medical profession is 
provided with special handbooks for its radiological 
work. Dr. Glocker’s purpose is to inform the 
physical chemist, metallurgist and engineer what 
X-ray bulb and auxiliary apparatus and method 
will be suitable for his tests, how he is to proceed, 
and how to interpret his results. 
An outline of the production and properties of 
X-rays is given in the first two chapters. ‘With 
page 59, out of a total of 377 pages, the author 
passes to testing by the three chief methods which 
make use, respectively, of the absorption of X-rays, 
| of their interference and of spectrum analysis. The 
first method aims at revealing faults and enclosures 
‘in materials by differential absorption ; this macro- 
scopic work is done with the aid of fluorescent 
screens and photographs, and requires highly pene- 
trating rays of high potentials. The X-ray spectrum 
analysis admits of qualitative, and sometimes also of 
quantitative, estimates of the constituent elements 
| of a material, and is based upon the fact that all 
| atoms emit characteristic rays under certain condi- 
The spectrum lines and absorption bands 
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and their edges are determined preferably with the | as the chapter on the absorption method explains 
aid of special X-ray bulbs of moderately high| the suitable contrasts and the suppression of 
potentials with exchangeable anti-cathodes. | secondary radiations. For sharp definition the focal 
The interference method is based upon the diffrac- | | point or focal line should be very small or fine, though 
tion of the rays by the atomic grating in a single | that may involve trouble at high potentials. Screens 
crystal or in crystalline aggregates, solid or pow- | placed on the top of the specimen, built up of 
dered, and gives information about the grouping of | vertical strips, in parallel, radial or spiral arrange- 
the*crystal units in the material and of the atoms in | ment, only allow vertical rays to pass ; the screens 
single crystals. Conclusions may be drawn about | are moved to and fro or are rotated to make their 
the nature of the substance, whether elementary, a | own shadows inconspicuous ; but their own radiation 
solid solution or a compound, and about the thermal |have to be absorbed by ray filters. By similar 
and mechanical treatment the material had under- | means the fogging of the plate by secondary radia- 
gone; homogeneous rays of high current density ‘tions from the walls and floor of the room is sup- 
(20 milliamperes), rather than of high potentials are | | pressed. Suspected hair cracks in bearings may 
required. be brought out by immersing the bearing in mercury. 
The arrangement of the subject matter follows the | In order to avoid over- exposure of a specimen of 
distinction of these methods, and the interference | varying dimensions, the specimen is put in a bath 
or diffraction method is naturally given most | | containing elements of high atomic weight, e.g., 
space. The descriptions of the X-ray “bulbs illus- | barium iodide, or methy] iodide, for the examination 
trated and their connections, devices for their|of iron. The air bubbles in porcelain insulators are 
cooling, the transformers and induction apparatus, | | difficult to distinguish from internal faults ; yet 
condensers and stabilisers for continuous current | 16 insulators are tested at Stuttgart per hour, each 
supply, &c., are necessarily brief. When illustra-| under axial exposure for 15 minutes. 
tions with letter references are reproduced, e.g., a} Similar useful hints are given in the other 
Siegbahn glowing-cathode tube, the letters, how- | sections. The chapter on X-ray spectrum analysis, 
ever, might have been more fully explained. There | contains tables by Dr. Hadding, of Lund, Sweden, 
are copious literature references at the end of the| which give the K lines of the elements. It 
book, conveniently arranged in alphabetical order | explains the quantitative analysis (only under 
for each chapter and section, and the supply sources | exceptional conditions comparable in reliability to 
of apparatus are generally stated ; most of these | chemical analysis) of various materials, if necessary 
are German firms. The second chapter discusses| by the addition of a neighbouring element—for 
the relation between the intensity of the radiations | instance, tantalum to hafnium ores—to accentuate 
and the blackening of the plate, or the intensity of | the contrasts. The chapter on interference methods 
the ionisation produced in the ionisation chamber, | opens with an exposition of the principles of crystallo- 
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graphy in their application to X-ray work, and then 
pone the apparatus for working by the Debye 
method (powder diagrams), the Laue method, the 
| rotating crystal method, and the spectrometer 
lm ethod, by the aid of a Bragg ionisation spectro- 
|meter or the Mark theodolit Réntgen goniometer. 
| Further sections explain the crystal structures of 
|inorganic and organic compounds, of metals and 
alloys, the determination of the size of crystallites, 
| and lastly fibre diagrams and their evaluation in the 
| study of crystal growth, thermal and mechanical 
| deformation, and re-crystallisation, by a great 
variety of examples. 

It is pointed out that an anti-cathode of molyb- 
denum will give more crowded lines than’an anti- 
cathode of copper or iron (metals of lower atomic 
numbers), which are generally preferable for Debye 
work, and that the excitation of the characteristic 
rays of the atoms of the specimen should be avoided. 
There is no objection to classifying cameras with 
| curved cylindrical films generally as Debye appara- 
tus, particularly as Hull’s work is not overlooked. 
But the introduction of a universal X-ray spectro- 
meter, suitable for work by all the methods, 
should duly have been credited to Dr. A. Miiller, 
now of the Davy-Faraday Laboratory, and refer- 
ence should have been made to the work done 
there by Miiller, Shearer, Gibbs, and others under 
Sir William Bragg on the structures of hydrocarbons, 
of quarts, and other compounds. We also miss 
reference to the researches of Gough and others at 
the National Physical Laboratory on strains in 
single crystals and crystalline aggregates of alumi- 
nium iron and other metals. One must bear in 
|mind that the all-important fibre structures which 
| metals and rubber, &c., assume under mechanical 
| stress had been investigated in Berlin and Stuttgart 
}and other places before this line of research was 
|taken up over here, and that practical X-ray re- 
| searches are now conducted in many centres. Apart 
| from some regrettable omissions the volume, which 

is very well illustrated, can warmly be recom- 
mended. 








| Dieselmaschinen, Grundlagen, Bauarien, Probleme. By 
Prof. Dr. Inc. J. Maae, of the University of Graz. 

Berlin: V.D.I. Verlag. G.m.b.H. [Price 26 Marks. ] 
| In the opening chapters of his book, Professor Magg 
| is at some pains to define the Diesel engine as one 
| in which air alone is compressed in the cylinder until 
the resulting temperature is sufficient to ensure 
| with certainty the automatic ignition of the fuel, 
| which is introduced shortly before reaching the 
inner dead point in such a manner as to produce no 
appreciable increase in pressure. If this is the 
case, the term Diesel engine is a misnomer. As is 
well known, the same thing was done by Akroyd 
Stuart two years before the date of Diesel’s first 
patent, but with this difference, that Akroyd Stuart 
adopted airless injection of oil spray into the com- 
pressed air at firing time, whereas Diesel employed air 
of somewhat higher than compression pressure to 
blow in the charge, involving the use of a two- or 
three-stage air compressor with inter-coolers, air 
receivers and other accessories which have always 
been the béte noire of the Diesel system. The term 
** Diesel ” should be restricted to an engine in which 
air is used to force the oil into the cylinder, and the 
cycle described by Professor Magg should be known 
as the “ Akroyd ” cycle. 

Although German literature bearing upon the 
subject is already very extensive, Professor Magg’s 
book will form a welcome addition. It is well 
arranged, the style is lucid without being diffuse, and 
the numerous illustrations which are clearly drawn, 
are well chosen, and represent the latest practice of 
some of the best known firms. By way of contrast, 
examples of an earlier date are included, in which 
the author does not hesitate to point out defects 
and causes of failure. The description of various 
types includes a discussion of the merits of the 
four- and two-stroke cycles, single- and double- 
acting arrangements, slow and high speed running, 
number of cylinders, methods of oil injection, 
scavenging, &c., whilst the more important details 
of construction receive full attention. Although the 
application of the heavy oil engine for marine 
purposes stands out prominently, it is curious to 
find that no allusion is made to the research carried 
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out in recent years by the Institution of Mechanical 
Engineers, and the work of British firms is almost 
entirely overlooked. As regards land engine prac- 
tice, an interesting account is given of what is 
described as the largest Diesel engine in the world, 
which was installed at the Hamburg Electricity 
Works in 1927. The engine has nine cylinders, 
developing 15,000 h.p. on the double-acting two- 





GeaR WHEEL IN PostTion ON Drivina AXLE. 

















stroke cycle, and its total weight is 1,070 tons. 
This engine represents an important advance in 
itself, but does not, of course, approach the size of 
unit now common in central station practice. It 
is pointed out that the experience of German firms 
in the design and construction of Diesel machinery 
for submarines has been turned to account in adapt- 
ing engines of the same type to locomotives, several 





Fre. 18. GEAR WHEEL WITH CovER REMOVED, SHOWING FLOATING FRAME. 


of which are now in use for main line traffic in Russia. 
The engine is of the V-type and has 12 cylinders 
operating on the four-stroke cycle capable of develop- 
ing 1,000 h.p., which is transmitted to the road wheels 
electrically. 

The book abounds with scientific and practical 
information which cannot fail to prove useful to 
engineers engaged in the design and construction of 
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engines of ‘the types indicated, and will form a|to doubt whether multiplex systems and type 
valuable addition to the library of any technical | printing telegraphs are in so stagnant a condition 
institution. | that the chapters on them will not require “ any 
| revision for some time to come.” The whole science 
d ‘ON: Se. | of telegraphy is in a most interesting position at 
ager Macmillan and Company, Limited. [Price | the nae ond wrt not unlikely that ee 

+ om al ld ; | commercial combinations may occasion profoun 
with a purpose can seldom be described | changes on the technical side, in order that different 


as a success and, though insistence on one idea | Bee 
is not so fatal in a text book as in fiction, it | sienna of traffic may be dealt with in the most 





A Text Book of Telegraphy. By A. E. Stone, A.R.C.Se. 








does impose limitations on the production, which 
are not altogether for its good. Mr. Stone’s book 
is a case in point, for in spite of the breadth of its 
title, it is written to enable students to pass certain 
examinations, and its contents are therefore coloured 
by what the papers devised for the harassing of the 
candidates may be expected to contain. 

Another criticism to which the book lays itself 
open is that more than one quarter of the work is 
devoted to such matters as primary and secondary 
cells, resistances, circuit calculations, galvanometers 
and electrical measurements, which though un- 
doubtedly important to telegraphists are not con- 
fined to that branch of the subject. 
examination is also shown by the fact that little 
mention is made of the use of the thermionic valve 
in wire telegraphy, or of the steps that are being 
taken to combine telegraph and telephone working 
on the same lines. The latter subject is in fact 
only thought worthy of five pages. Perhaps the 
author hopes the examiners have not heard of these 
developments. It is strange too that submarine 
telegraphy should be dismissed in a brief chapter 
on the grounds that it can only be adequately dealt 
with in a special manual, especially as it is a 
branch of the subject in which notable advances 
have been made in recent years. We also beg leave 


The inertia of | 


| efficient way. 
| The above. criticisms are based mainly on our 
| objection to the title of the book, which led us to 
| expect information that has been omitted. It is only 
| fair to state that within his limits Mr. Stone deals 
| with his subject clearly and well, and that the book 
|is highly suitable for the purpose for which it is 
intended. Telegraph diagrams tend to be terrifying, 
)and he has therefore adopted the wise course of 
| Simplifying these to a large extent, and has avoided 
| the error of making his illustrations too small. The 
| text is well written and should be of great help 

to the student. 








British STANDARD SPECIFICATIONS FOR ASPHALT 
Roap SuRFAcING.—A series of seven standard specifica- 
| tions, numbered consecutively from 342-1928 to 348— 

1928, and dealing with various asphalt road-surfacing 
| materials, has recently been issued by the British 

Engineering Standards Association. These publications 
have been based upon specifications prepared by the 
Institution of Municipal and County Engineers and the 
County Surveyors’ Society in consultation with the 
Asphalt Roads Association and the Ministry of Trans- 
port. The specifications deal with the thicknesses 
to which the material is to be laid, the gauges of the 
various constituents, the proportions into which they 
are to be mixed, and methods of transport, mixing, and 
laying. Copies of the publications may be obtained from 
|the B.E.8.A. Publications Department, 28, Victoria- 
street, London; 8.W.1, price 2s. 2d. each post free. 





GEAR CASING. 


Fic. 21. 


ELECTRIC PASSENGER LOCOMOTIVE 
FOR THE GREAT INDIAN PENIN- 
SULA RAILWAY. 

| (Concluded from page 102.) 


| Winn regard to the transmission of power from the 
motors to the driving wheels, it may first be pointed 
out that the form of drive adopted, viz., that manufac- 
tured by Messrs. The Swiss Locomotive and Machine 
Works, Winterthur, and known as the Winterthur 
Universal Drive, has the important advantages that 
| the motors are mounted well above the level ee 
be reached in floods, and that it gives a relatively high 
centre of gravity in conjunction with geod longitudinal 
and transverse balance, all of which tend to produce a 
locomotive which will ride easily at high speeds. As 
shown in Fig. 9, on Plate XII, published with our issue 
of January 25, and also in Fig. 15, opposite, the 
two motors driving one pair of wheels are placed 
end to end across the width of the locomotive, and a 
helical pinion on the inner end of each shaft engages 
with a gear wheel made in three parts and carried on 
an intermediate shaft. The shaft and gear-wheel are 
shown in position in Figs. 15 and 16, and are illustrated 
separately in Fig. 19 on this page. The gear consists 
of two outer portions with helical teeth, with which 
the motor pinions engage, and a central portion with 
straight teeth, which engages with a gear wheel sur- 
rounding the axle, as shown in Figs. 17 and 18, and 
coupled to it through a universal floating drive, 
which permits the axle to move in any direction 
relatively to the gear. The whole of the gearing is 
enclosed in a cast-stee) casing, in which the bearings 
for the intermediate shaft are also carried, the casing 
being bolted to the engine frames and serving as a 
cross-stay for them. The gear casing is illustrated in 
| Fig. 21, and is also shown in section in the sectional 
| drawings Figs. 15 and 16. 

| In the trial locomotive the transmission gear for the 
three axles is similar in all respects, except that the 
universal floating drive, in the case of the axle nearest 
the pony axle, is on the Winterthur principle, while 
that for the other two axles is a modified form of the 
Buchli universal gear. Both types were, however, 
supplied by Messrs. The Swiss Locomotive Works, 
although our illustrations relate only to the former, 
which is to be used exclusively in the 21 further 
locomotives just ordered. Referring to Figs. 15, 16 
and 18, it will be seen that the torque from the 
outer toothed ring is transmitted through a set of 
four helical springs to the rim of the gear-wheel centre 
casting, which, in turn, transmits the torque through a 
pair of blocks capable of radial movement with regard 
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to a square floating frame. 


on the ends of the crank arms spherically-seated blocks 
are fitted by bolts passing through clearance holes. 
The axle, with the crank in place, is illustrated 


soon 
This arrangement is | 
well shown in the drawing Fig. 16. A double ball- | 
ended crank is keyed on to the centre of the axle, and | 
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l 
that no new stations are scheduled, and there is | 
no need for any scheme of frequency standard- | 
isation. | 
According to the Supplementary Particulars, the | 
maximum load in the area in 1927-28 was 372,381 kw., 


and it is estimated that it will reach 624,892 kw. at 


separately in Fig. 20, and the two spherically-seated | the end of 1934-35 and 923,000 kw. in 1940-41. During 
blocks can be seen in the foreground. These blocks the same year the electricity sold amounted to 854-78 
fit in recesses formed in the floating frame, in which | million kw.-hours, or 183 kw.-hours per head of 
they can slide radially while transmitting the torque | population. It is estimated that the sales will noneh 
from the floating frame to the axle, and since the | 1,495-87 million kw.-hours in 1934-35 and 2,277 million | 
radial movement permitted is in a direction at right | kw.-hours in 1940-41, these figures representing 321 
angles to that permitted by the blocks connecting | and 488 kw.-hours per head of population respectively, 
the frame to the centre casting, the axle is free to | on the basis of the 1921 census. The figures for growth 





move vertically relatively to the gear wheel at any 
point during a complete revolution. The axle is also | 
free to tilt to the necessary extent, since the ball-ended | 
crank arms can rotate sufficiently in the spherically- 
seated blocks, which can also move laterally in the 
recesses in which they are fitted. This will be clear 
from an inspection of Fig. 15, which also shows the 
flexible leather sleeve connecting the gear-case and the 
axle-box, the sleeve permitting the necessary freedom 
of movement while excluding dust and water. 

The whole of the gearing is lubricated by oil supplied 
from two pumps driven from the ends of the inter- 
mediate shaft by small gears visible in Fig. 19; one 
of the pumps can be seen in Fig. 21. A mechanical 
lubricator, driven from a pin en one of the driving 
wheels, supplies oil to the motor bearings, but oil 
wells are provided to supply these bearings in emer- 
gency. The axle-boxes are fitted with Armstrong 
oilers, and oil is also supplied to them through flexible- 
metallic tubing from force-feed pumps located inside 
the body and accessible from the corridor. Messrs. 
Rendel, Palmer and Tritton were responsible for the 
inspection of the mechanical parts of the locomotive. 


THE MID-EAST ENGLAND 
ELECTRICITY SCHEME. 


In accordance with Section 4 of the Electricity 
(Supply) Act of 1926, the Central Electricity Board, on 
January 19, published a scheme for Mid-East England,* 
which they had received from the Electricity Commis- 
sioners. The area is curiously named, since, as will 
be seen from the accompanying map, it includes the , 
West Riding of Yorkshire. This is the fifth scheme 
that has been published since the formation of the 
Central Electricity Board two years ago, the others 
covering Central Scotland, South-East England, Central 
England and North-West England and North Wales | 
respectively.+ so that a large tract of country between | 
the Tees to the Channel has now been dealt with. Only 
two industrial areas of any importance, those on the 
North-East Coast and in South Wales, still remain to be 
considered as part of the national re-organisation of 
electrical generation and transmission. As usual, the 
scheme was accompanied by a pamphlet of ‘‘ Supple- 
mentary Particulars,” which gives details of the 
financial and technical data upon which the scheme 
itself is based. 

The area covers 7,545 square miles, and its extent 
is shown on the accompanying map, which indicates 
the positions of the “selected”? and ‘“ temporary 
arrangement’ stations, and of the 132,000-volt 
and lower voltage transforming stations, as well as 
the routes of the main and secondary transmission 
lines. The population of the area at the last census 
was 4,666,500, and it embraces densely-populated 
industrial centres dealing with coalmining, iron and 
steel making, textiles and engineering. There are also 
a number of important canal, dock and harbour under- 
takings, and, by way of contrast, wide tracts of agri- 
cultural territory. The latier as yet have no electricity 
supply, and the completion of the Board’s system should 
therefore enable their wants in this respect to be met. 

The scheme itself specifies the stations, which are 
“* selected,” and the main and secondary transmission 
lines, which are to be erected by the Central Electricity 
Board. It imposes on the owners of certain other stations 
the obligation to work in accordance with the Board’s 
instructions as a temporary measure, and provides 
for the construction of additicnal transmission lines 
to facilitate carrying out the work. The scheme is 
accompanied by four appendices. The first of these 
describes the area. The second details the existing 
‘selected ” stations, and the extensions and alterations 
proposed to them between now and 1940-41. The 
third gives the proposed routes of the principal and 
secondary transmission lines, and the fourth a 
list of the owners of stations with whom temporary 
arrangements are to be made. It may be noted 








* Mid East England Electricity Scheme, 1928. [Price 
ls, 6d. net.] Supplementary Particulars. [Price 3s. 6d. net. ] 
London: H.M, Stationery Office. 

} See ENGINEERING, vol. cxxiii, pages 584, 636 (1927) ; 


| do not include any increase that might occur owing to 


railway traction requirements. 

At the present time there are 40 generating stations 
in the area, of which eighteen have been “ selected ” 
as follows :—Barnsley (Barnsley Corporation), Barugh, 
Ferrybridge and Thornhill (Yorkshire Electric Power 





Company), Blackburn Meadows and Neepsend (Sheffield 
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extended by 50,000 kw. in 1938-39, and Kirkstall by 
the same amount in 1939-40. In 1940-41, a 50,000- 
kw. set will be added to Rotherham. The estimated 
cost of these extensions is 1,709,594/. Between now 
and 1940-41, it is proposed to withdraw 207,585 kw. 
of plant, so that the total capacity in the area at the 
end of that period will be 979,000 kw. 

The transmission system which it is contemplated 
to erect, is clearly indicated on the accompanying 
map, and need not be further described, except to say 
that it is proposed that the carrying capacity of each 
line shall not be less than 50,000 kw. at 132,000 volts, 
and that ring mains will be an essential feature. The 
system comprises about 342 circuit miles, and its 
erection will result in the release for revenue earning 
purposes of about 80,000 kw. of plant now kept as 
spare and representing about 1,360,000/. of capital. 
There are to be eleven 132,000-volt transforming 
stations, varying in capacity from 120,000 kv.-a. at 
Ferrybridge, to 10,000 kv.-a. at Lincoln, and con- 
taining in all 590,000 kv.-a. of plant. In addition, 
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Corporation), Chesterfield (Chesterfield Corporation), 
Foss Islands (York Corporation), Halifax (Halifax Cor- | 
poration), Harrogate (Harrogate Corporation), Hudders- | 
field (Huddersfield Corporation), Hull (Hull Corporation) | 
Keighley (Keighley Corporation), Kirkstall (Leeds Cor- | 


there will be 20 lower-voltage transforming stations, 
varying in capacity from 30,000 kv.-a. at York to 300 
kv.-a. at Oakham. 

The cost of the transmission system and sub-stations 
is estimated at 2,907,156. It is further estimated 








vol. exxiv, page 464 (1927) and vol. cxxv, pages 454, 
811 (1928). 


poration), Lincoln (Lincoln Corporation), Prince of | that the full advantages of the scheme can be secured 
Wales (Rotherham Corporation), Valley Road (Bradford | with a saving of about 2,148,834/. on capital expendi- 
Corporation), and Wakefield (Wakefield Corporation).| ture up to 1935-36, as compared with the capital 
Of these the base load stations will be those at Ferry-| expenditure that would be necessary if the present 
bridge, Kirkstall, Thornhill, Blackburn Meadows | system were continued. After that date, the saving on 
and Rotherham, while the scheme also provides for | capital expenditure will be progressively greater under 
the operation of the stations at Doncaster, Grimsby | the scheme as compared with individual development. 
and Whitehall Road (Leeds) under temporary arrange-| The expenses of the Central Electricity Board are 
ments. The non-base load stations will be worked} averaged at 0-04d. per kw.-hour sold, and are to be 
for either one or two shifts, and should be gradually | capitalised until the end of 1934-35. After that, asum of 
reduced in numbers as their plant reaches the end | 255,700/. per annum is set down for capital charges. The 
of its effective life. It may later on be possible expenditure is to be 1,033,810. in 1930-31, 1,215,700/. 
to bring important sources of waste heat into the in 1931-32, and 156,300/. in 1932-33, and is there- 
scheme. | fore spread over a much shorter period than has been 

The plant at present installed in the 21 “ selected’ | usual in former schemes. The total capital expendi- 
and ‘“ temporary-arrangement’”’ stations in the area| ture, including capitalised interest, will be 2,907,156l. 
has a capacity of 804,585 kw., and no extensions are | The estimated expenditure and revenue of the Board 
contemplated to it before 1935-36, when a 25,000-kw. | indicates a progressive reduction in the annual cost of 
set will be installed at Blackburn Meadows (Sheffield) | generation from 0-365d. per kw.-hour in 1931-32, to 
and a 50,000-kw. set at Ferrybridge. A set of the | 0-328d. per kw.-hour in 1935-36, while there is a 
same capacity will be installed in the first of these similar reduction in the charge per kilowatt-hour for 
stations in 1936-37. In 1937-38, a 50,000-kw. set | electricity sold to authorised undertakers from 0-428d. 
will be added to Kirkstall (Leeds), and a 32,000-kw. set | per kw.-hour in 1931-32, to 0-389d. per kw.-hour in 
to Prince of Wales (Rotherham). Ferrybridge will be | 1935-36. 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS: NORTH-WESTERN 
BRANCH. : 


A MEETING of the North-Western Branch of the 
Institution of Mechanical Engineers was held at the 
Engineers’ Club, bert-square, Manchester, on 
Thursday, January 31, when a paper entitled “ Ten- 
dencies in Steam Turbine Development” was read by 
Mr. H. L. Guy. We commenced to reprint this paper 
on page 148 ante, and conclude it on page 183 of the 
present issue. As Mr. Guy is this year chairman of 
the North-Western Branch, the chair on Thursday 
evening was taken by Professor Dempster Smith. 


Steam TURBINE DEVELOPMENT. 


In proposing a vote of thanks to Mr. Guy, Professor 
Smith said it would be conceded that some further 
investigation ought to be made as to the behaviour 
of ferrous metals at high temperatures. The moderate 
increase in temperature from 700 deg. F. to 900 deg. F. 
appeared to produce very different characteristics in 
the material. Mr. Guy had informed them that the 
Department of Scientific and Industrial Research had 
proferred to come forward with 1,500]. per annum to- 
wards the 3,000/. per annum which would be needed to 
carry out such experiments. The matter affected not 
only the manufacturers of high-pressure boilers, turbines 
and auxiliary plant, but also steel makers and users, 
and it was only reasonable that such firms and persons 
should take a hand in financing such research. For 
example, their own Institution might be approached 
on the question of contributing, as many of its members 
were directly interested. Then, some of the outside 
corporations might each contribute 50. or 1001. per 
annum, and in some such manner it did not seem as 
though it should be very difficult to obtain the 3,000/. a 
year required. Co-operation was indicated, the sub- 
ject was of great importance to engineers in general, 
and it was undesirable that information concerning it 
should be the property of any one individual firm. 

Mr. Childs, in opening the discussion, said that Mr. 
Guy’s figures had a special interest to him as he repre- 
sented a company for which Messrs. Metropolitan- 
Vickers were making a large turbine plant using a 
higher degree of superheat than hitherto attempted. 
He had spent some months in the United States last 
year in an endeavour to find out what was being done 
in that country in the matter of high pressures and 
temperatures, for, admitting the existence of creep, 
it was important to ascertain how it was regarded in 
conditions conducing to it such as those which might 
exist in America, where high pressures were more com- 
mon than here. The matter was, however, approached 
somewhat differently in the United States. For one 
thing there was the question of size. Over here 25,000 
kw. was considered a big set and 100,000 kw. a big 
station, but the United States stations were very large, 
and there were places where an output of 2,000,000 kw. 
hours per annum was regarded as small. He had been 
privileged to see a 160,000-kw. set running on a test bed 
with a single shaft, two cylinders, one alternator and 
122 ft. long over the shaft. In the public utility 
services profits were limited to 8 per cent., and if engi- 
neers were desirous of constructing a plant working at, 
say, 1,000 lb. per square inch pressure and 1,000 deg. F. 
superheat, they would be permitted to proceed with the 
design on the basis of equally-divided liability in the 
event of failure. No municipality here approached 
the subject from that standpoint. 

Continuing, Mr. Childs said that the new power 
station employing bleeding, which process would soon 
become as common as superheating, and with very 
high pressures and temperatures, was an exceedingly 
complicated and expensive affair. The station was 
partly a chemical laboratory ; distilled water had to 
be used, and the boiler house had to be in charge of 
the most highly-skilled engineers. The turbine part 
of the plant was relatively simple. He would like to 
say that he had found engineers in the United States 
very willing to exchange information, but while they 
all admitted Mr. Guy’s points, they were in some doubt 
as to what would happen to materials with superheats 
above 750 deg. F. There were signs of a tendency to work 
at 1,200 lb. pressure, and 750 deg. F. superheat. In 
this country we were now venturing, in the plant to 
which he had referred earlier and with which he 
was concerned, to try a superheat of 850 deg. F., 
that is, 100 deg. F. higher than what was used in the 
United States. This was an important step, and he 
submitted that all station engineers, particularly those 
of the companies who were contemplating a big 
private station plant, should give the question of degree 
of superheat, and Mr. Guy’s figures generally, very 
careful attention. 

Mr. C. E. Stromeyer, whilst appreciating the work 
done in preparing the paper, said he would not discuss 
the subject in detail, as the necessity of going so high 
in practice did not appear convincing to him. 

Dr. Telford Petrie said that, as every year saw more 
University graduates engaged in industrial engineering, 





it was possible that a number came within Mr. Guy’s 
orbit; hence the be technical level of his paper, 
which was full of valuable suggestions and important 
statements. The plea in it for the standardisation of 
steam pressures, based upon the insignificant gain 
resulting from small differences, would have the support 
of all manufacturers of power plant. The sizes sug- 
gested were very reasonable, and purchasers should 
encourage some such standards, which enlarged 
experience would render more valuable. It would 
appear that Mr. Guy’s suggestion amounted to the 
acceptance of a standard pressure for a standard size 
unit. But, said Dr. Petrie, there were some points in 
the paper he might criticise. In the earlier part of it, 
the use of re-superheaters was discussed from the point 
of view of taking advantage of the gains in economy 
resulting from the use of high-temperature steam, whilst 
avoiding the necessity of subjecting the turbine to 
steam at excessive temperatures. 

Even granting this, the desirability of using re- 
superheating at all, when other means of regeneration 
existed, was questionable. It would seem that the 
idea of employing such a method as re-superheating 
arose from the study of the well-known Mollier diagram, 
which plotted the total heat in the steam against 
entropy. From the relative slopes of the various 
curves on that diagram, it was evident that the higher 
the chosen initial pressure, the wetter the steam would 
be at exhaust for any given vacuum. It was generally 
agreed that those stages of a turbine which received 
superheated steam were more efficient than those 
which used wet steam. It was difficult then to recon- 
cile the higher overall efficiency predicted from the 
raising of the initial pressure when the wet portion 
reduced efficiency. It would appear, therefore, that 
re-superheating was intended to increase the number of 
turbine stages lying in the superheat region, and so 
save the possible loss of efficiency in the wet region. 

It was significant that Mr. Guy had stated in the 
paper that the arrangement for re-superheating indicated 
by type B (Fig. 3) would only be employed if the boiler 
plant, valves, and pipe lines, could be successfully 
operated at considerably higher steam temperatures than 
those for which steam turbines could be constructed. 
He himself thought this assumption a very necessary one, 
for, whilst turbine builders in this country were ready 
and willing to produce turbines suitable for successful 
operation with steam temperatures round about 
850 deg. F. at the first row of nozzles, the present safe 
maximum steam temperature at which the tubes of 
the superheater could function appeared to be no 
more than 750 deg. F. In the short time in which he 
had been in direct contact with that class of work, he 
had come across seven cases of failure of superheater 
tubes at and above 800 deg. F. He would like to be 
able to feel greater confidence about these matters for, 
although the failure of an odd superheater tube would 
not necessarily, in itself, be a source of serious danger 
or heavy expense, the size of boiler units had now so 
increased that the cost and inconvenience of shutting 
down and renewing the tubes, and then starting up 
again, was becoming a serious problem. 

Much higher pressures had already been reached in 
the chemical industry than were likely to be required 
in steam boilers for power plant, and he thought that 
no serious difficulty need be anticipated in the design 
and construction of very high-pressure boilers for this 
purpose, yet pressure was very closely connected with 
the cost of production, and this aspect of the subject 
opened up a very large question. He was inclined to 
think that high temperatures, where they could be 
obtained, used with moderate pressures, say, not 
greater than 600 lb. per square inch, were more likely 
to prove satisfactory than burdening the whole plant 
on the boiler side of the turbine stop valve with exces- 
sive pressure. There was also the question of the time 
factor in considering pressure and gain in efficiency. 
In those plants which could be run for 24 hours in the 
day, every attempt to attain the least increase in 
efficiency was justified, for this efficiency would be 
operative over a period which would double that for 
an por | daily plant, and quadruple it over that for 
the central station plant. Such continuously-running 
plants were in existence, though comparatively rare, 
and he thought a moderate pressure plant, working at 
the highest temperature that its size and the various 
expedients mentioned in the paper permitted, was 
more likely to represent the condition of affairs in this 
country for some time to come. 

Mr. A. L. Lunn expressed his pleasure in hearing 
that there were companies in England to-day who were 
willing to co-operate with manufacturers in setting up 
plant in connection with experiments with high tempera- 
tures. Municipalities in the past had done a little 
pioneer work, and it was good to see enterprise on the 
part of private companies. The question of corrosion 
at the end of turbines was a common one with users, 
and, whether there was anything to be gained in thermal 
efficiency or not in Mr. Guy’s proposals, engineers would 
be glad to learn of any possibilities which would lessen 
corrosion. As to creep, some of the members had 





experienced that even at very low temperatures of 
superheat, and it was possible to visualise to some ex- 
tent what might happen at 850 deg. F. to 900 deg. F. 

Mr. R. W. Bailey observed that Mr. Guy’s case for 
the increase of pressures and temperatures was suffi- 
ciently appreciated as to cause the Government to 
agree to provide 1,500/. per annum for investigations. 
Engineers would have much to thank Mr. Guy for if 
the remainder of the money could be raised so that the 
investigations could proceed. In the United States 
many difficulties had perhaps been avoided by raising 
steam pressures, but not altering temperatures. When 
temperatures were altered a reduction in the strength 
of the materials occurred, and it was possible that 
temperature had some effect upon the actual structure 
of the metal itself. The data provided in the paper, 
showing how the strength fell off as the temperature 
increased, and how this could be compensated for by 
lowering the pressure, was based upon a fair amount 
of experimental evidence, but there was still very much 
to learn, and it was only co-ordinated research which 
could produce information quickly. He, therefore, 
endorsed the appeal for financial assistance which had 
been made. 

Mr. H. Midgley remarked that the diagrams of re- 
superheating lay-outs shown in the paper were very 
simple, but a different story would be told by the 
actual working drawings of such a scheme. Again, a 
station engineer would not find its operation simple. 
He thought Mr. Guy might have dealt more fully with 
the practical side. There was also another practical 
point in connection with the use of high temperatures. 
These would doubtless involve the employment of 
special steels, and in the case of replace parts this 
might conceivably introduce risks of getting unsuitable 
material. He would like to ask what was the limiting 
temperature with the present types of steel. 

Mr. J. C. Oakden enquired if Mr. Guy could give 
any information on the effect of increased wetness in 
the steam on the life of a turbine. 

Mr. Shakeshaft thought that the use of high tempera- 
tures had been advocated in the paper chiefly to get 
rid of wetness in the exhaust and so eliminate deteriora- 
tion of the turbine blades. There was, however, another 
difficulty, namely, that of blade vibration. It was 
commonly known that there had been a large amount 
of trouble with blade failures arising from vibration, 
these vibrations being super-imposed upon already 
highly-stressed material. As the use of high tempera- 
tures led to a reduction in the allowable stress on 
material it might be asked what was going to happen 
to the blades when these temperatures were used. 

Mr. N. Elce thought that Mr. Guy could very well 
find material for another paper on the development of 
the small turbine which was neglected in nine papers 
out of ten on the turbine. There had been great 
advances in the small industrial turbine during the last 
ten years in many directions, of which one might be 
illustrated by the recently introduced design in which 
the cylinder was cast with the condenser, thus saving 
much space. In this type of turbine, which was 
manufactured in sizes from about 200 kw. to 4,000 kw., 
the cost of foundation work for a machine of the latter 
capacity was only about one-sixth of that of a set of 
corresponding capacity with independent condenser. 

Mr. R. D. B. Lauder said it seemed to him that the 
paper was more concerned with the thermal efficiency of 
a plant, more than of turbines alone. In fact, Mr. Guy 
had only to include the boiler to make the cycle com- 
plete. Some years ago he had to produce a turbine 
which had been required in four months, and it was 
easily done, as they had known what was wanted, but 
the diagrams of feed heaters, superheaters, and evapo- 
rators shown by Mr. Guy made one wonder whether 
in the future the turbine might only be a side-line. 

Mr. Hetherington raised the point of increased 
velocities with increased pressure and temperature, 
with their resulting erosive effect on the material. 

Mr. Eccles thought that Mr. Guy’s assumption that 
if engineers only knew what really went on in materials 
at temperatures of 700 deg. F., they would be able to 
visualise what went on at 900 deg. F., did not meet 
the whole case. There were many different cycles 
now suggested, but in those cases where they had been 
tried the results never seemed to have arrived at the 
stage where they could be collated and compared. 
What was wanted was a definite lead on the question 
of the most efficient cycle. J 

Mr. J. Leigh said that it had already been pointed 
out that the paper did not deal with small turbines, 
and it was within his knowledge that a number of textile 
works, paper mills, and similar places were waiting for 
a small efficient turbine to replace an old-fashioned 
reciprocating engine. He thought there was certainly 
room for a paper on this side of the turbine problem, 
which would prove interesting to those concerned in 
the manufactures he had mentioned. 

Mr. M. Dundas said that, as a station engineer 
he had been struck by the comparatively small gain 
to be got from very high pressures and temperatures 
against which there was greater possibility of failure’ 
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His experience with the moderate pressures of to-day 
led him to believe that the problem of creep would 
prove a very difficult one to solve. Again, if the 
temperature was to be 850 deg. F. at the turbine stop 
valve, what temperature would be got in the super- 
heater? Dr. Petrie had mentioned the fact that with 
very large units it was a difficult and costly matter 
to effect a repair entailing shutting off a boiler. He 
would add that a big boiler took time to cool down. 
With boilers of the capacity now being put down, the 
delay caused by repair involved very serious losses in 
the station output. 

Professor Dempster Smith, in closing the discussion, 
thought that, having regard to its trend, it would give 
satisfaction to the members of the Branch if a recom- 
mendation went forward that Mr. Guy’s paper be 
reproduced in the ‘“ Transactions ” of the Institution. 
On the motion of Mr. Lunn, seconded by Dr. Petrie, 
this resolution was carried unanimously. 

Mr. Guy, in replying to the discussion, said that 
many of the questions put could be answered more 
satisfactorily in about five years, as they raised issues 
which had not been tried out yet. It had been pointed 
out by Mr. Childs that it was much easier to get an 
experimental plant laid down in America than it was 
in this country. He (Mr. Guy) had ventured to suggest 
last summer at the Conference at the Institution of 
Civil Engineers that now that so much power plant 
was controlled by a centralised public authority, it 
would be in the national interest that, of the plant 
laid down, perhaps 80 or 90 per cent. should be on 
well-founded standardised lines, and the remainder 
should be purely experimental. The installation 
which had been mentioned by Mr. Childs had now been 
completed for Messrs. Imperial Chemical Industries, and 
was designed for a pressure of 650 lb. per square inch 
and a temperature of 850 deg. F. He was sure that 
all the members present would wish Mr. Childs and 
his company every success in their pioneer work. 

He wished that Mr. Stromeyer had developed 
his remarks and would like to say that, generally, 
he agreed with Dr. Petrie’s conclusions. It might 
be pointed out that at one of the first meetings of 
the High Temperature Research Committee, a number 
of reports of the operation of superheaters had been 
examined. Failures had been as frequent with 
temperatures of 500 deg. F’. as with those of 700 deg. F. 
In all probability the temperature of the pipe that 
failed was the same at both temperatures of steam, 
because the failure was due in most cases to the faulty 
flow of steam inside it. Mr. Lunn had upheld the work 
of the municipalities, and in this connection it might 
be stated that one of the most prominent peaks on the 
curves of statistics in the paper was that due to the 
Manchester Corporation when it had established the 
fact that it was possible to work successfully at 350 lb. 
pressure and 700 deg. F. temperature. 

The points raised by Mr. Midgley were very pertinent. 
It was quite true that steam re-heaters would be very 
uncomfortable things to accommodate in power stations, 
and moreover the design of a successful steam re-heater 
was a very difficult constructional problem still to be 
solved. This speaker’s question as to the limiting 
temperature with the existing types of steel could not 
be answered in our present state of knowledge. In 
reply to Mr. Oakden, he would say that the question 
of the wetness effect in the exhaust had not reached a 
quantitative stage, they merely knew that where the 
wetness had been increased deterioration had been 
unduly rapid. Mr. Shakeshaft’s point had been 
dealt with in the paper. As temperatures were 
increased, the coefficient of elasticity, with Young’s 
modulus, of steel, decreased with the rise of temperature. 
This had important results ; the elastic deflections of 
structural parts would be about 18 per cent. greater 
at 900 deg. than they would be at normal temperatures, 
and the critical speed of any part was affected by 
that decrease in elasticity. It was customary to design 
turbine shafts so that their critical speed was at least 
25 per cent. above the running speed. If that was 
desired when the temperature was 900 deg. F., the 
critical speed would have to be 36 per cent. above the 
running speed at 60 deg. F. 

As to Mr. Hetherington’s query he would say that 
with high pressures the expansion was divided up 
into an increased number of turbine cylinders so 
that the velocities of the steara had been materially 
reduced. Mr. Elce’s comment as to the indefiniteness 
of results from existing plants and the uncertainty 
attending the choice of a particular steam cycle, 
could be fairly safely answered by saying that the 
gains which it had been predicted would accompany 
increases of temperature had always matured. Gains 
which were expected from increased pressure, on the 
contrary, only sometimes matured. 








Untrep States Iron OrE.—Statistics issued recently 
~4 the United States Bureau of Mines show that 
62,151,000 gross tons of iron ore were mined in that 
1928. Five-sixths of this ore was ex- 
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Tue strike of moulders in the light casting industry, 
which chiefly affected Scotland, has now been settled, 
the ballot taken last week having resulted in favour 
of acceptance of the employers’ amended offer. The 
figures were: For acceptance 989, against 451. The 
employers’ amended offer was a 24 per cent. reduction 
immediately and a further reduction of 2} per cent. on 
April 1. The original proposal was an immediate 
reduction of 5 per cent. 


In a talk to the American Association for Labour 
Legislation, Mr. 8. A. Lewisohn expressed the opinion 
that it was especially the duty of employers to eliminate 
unemployment. From a scientific point of view, he 
said, unemployment was a symptom, but from an 
economic point of view it was a waste, and from a 
social point of view a tragedy. Twenty years ago the 
unemployed were deemed to be unemployable, but they 
had since advanced a long way from that. The responsi- 
bility for dealing with unemployment should be shared, 
he thought, by financiers, heads of businesses, operating 
managers, economists, sales managers, public officials, 
engineers, trade unionists, and social workers. 





A committee appointed by the American Federation 
of Labour to go into the question of a shorter working 
day, reported to the annual convention at New Orleans 
that, as a result of the enormous increase in output 
per worker, there had developed a new type of unem- 
ployment—the permanent displacement of the workers’ 
power, skill and technical knowledge by machinery, 
and the application of chemistry and other sciences. 
The Committee came to the conclusion that the five- 
day week was not only socially and economically 
desirable, but necessary for the maintenance of trade. 





According to the Berlin correspondent of the Times, 
German unemployment insurance returns for the first 
fortnight of January show a further increase of 327,000, 
or 19 per cent. in the number of persons in receipt of 
relief, from 1,702,000 on January 1 to 2,029,000 on 
January 15. The number of persons in receipt of 
extended benefit increased during the same period by 
11,000, or 8-7 per cent., from 127,000 to 138,000. 
Thus the total increase was from 1,829,000 on January 1 
to 2,167,000 on January 15. This exceeds the record 
figure of 2,055,000 in February, 1926, though it must 
be remembered, the correspondent says, that the 
system of calculation has changed somewhat, and 
comparison therefore may not be quite exact. 





The sub-committee of the National Federated 
Electrical Association and the Electrical Trades Union 
announce that a cost of living variation of wages in the 
electrical contracting industry will come into effect 
on the second pay-day of February and operate until 
the first pay-day in June next. Under the new 
variation the hourly rate for Grade A is increased from 
ls. 94d. to 1s. 93d., that for Grade B from 1s. 7}d. to 
ls. 74d. and that for Grade D from 1s. 44d. to 1s. 43d. 
The rate for Grade C remains at ls. 6d. The Grade A 
rate includes a travelling allowance. 





“In accordance with the overwhelming preponder- 
ance of opinion among the Council”—the words 
quoted are in a circular sent out by the Trades Union 
Congress General Council—the annual conference of 
Trades Councils which is to take place in London on 
May 11 is to be a one-day meeting. There was a 
suggestion that the proceedings should be spread over 
two days. Moreover “an overwhelming majority 
of the Councils” have expressed themselves in favour 
of pooling the fares of delegates, and that course is, 
accordingly, to be followed. The pooling system has 
been adopted with the object of equalising, to some 
extent, the expenses of representation, and the Council 
hopes that, as a result the attendance will be a record. 
Councils are reminded that in accordance with a 
decision of the General Council, which was approved 
by Congress at Swansea, persons associated with the 
National Minority Movement are not eligible to attend 
the Conference. 





In the opening of his message to Congress, President 
Coolidge said: ‘‘ No Congress of the United States 
ever assembled, on surveying the State of the Union, 
has met with a more pleasing prospect than that which 
appears at the present time. In the domestic field, 
there is tranquility and contentment, harmonious 
relations between management and wage-earner, 
freedom from industrial strife, and the highest record of 
years of prosperity.” The writer of an editorial 
note in the Machinists’ Monthly Journal, the organ of 
the International Association of Machinists, takes 
strong exception to the President’s statement. ‘“‘ There 
may be,” he says, “ tranquility in the domestic field, 
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but we can assure the President there is anything but 
contentment, especially in the ranks of the great mass 
of citizens who must earn their daily bread by the 
sweat of their brow. Is there contentment in the coal 
industry ? Had President Coolidge listened to the 
testimony given before the Senate Interstate Com- 
merce Committee at hearings held last summer on the 
situation existing in the bituminous coal fields, he 
would perhaps admit he was mistaken about there being 
contentment there. As a matter of fact, the relations 
between the coal miners and the operators are anything 
but harmonious. Does the President honestly believe 
there is tranquility and contentment in the textile 
industry, and that harmonious relations exist between 
the workers and management in the cotton mills of 
New England, the silk mills of Paterson N.J., the full 
fashioned hosiery mills of Kenosha, Wis., or in industry 
as a whole ?” 





‘Ts there contentment,” the writer proceeds, “in 
the ranks of the shopmen on scores of railroads of the 
Unites States ? Is there contentment in the steel mills 
of the country? Is there contentment among the 
farmers? Is there contentment among the tobacco 
workers of the South? Is there contentment in the 
hearts of the great army of unemployed? There is 
not. ... President Coolidge has had a quiet and 
peaceful time during his occupancy of the White House, 
and perhaps, for that reason, he believes everyone else 
has shared the peace and tranquility that it has been 
his good fortune to enjoy. We hope, however, his 
successor with his wealth of experience in industry 
willlook beneath the surface of our apparent prosperity, 
and endeavour to make it real for the millions to whom 
prosperity is now but a myth.” 





On January 28, 1929, the number of unemployed 
persons on the registers of Employment Exchanges in 
Great Britain was 1,394,100. Of these, 1,049,700 were 
wholly unemployed, 268,200 were temporarily stopped, 
and 76,200 were persons normally in casual employ- 
ment; 1,086,800 were men, 43,700 boys, 223,200 
women, and 40,400 girls. Of 1,425,620 on the registers 
on January 21, 1929, 1,058,921 were wholly unem- 
ployed, 291,695 were temporarily stopped, and 
75,004 were persons normally in casual employment ; 
1,110,964 were men, 44,639 boys, 229,277 women and 
40,740 girls. The number of persons on the registers on 
January 30, 1928 was 1,168,941, of whom 926,097 were 
men, 40,265 boys, 164,100 women and 38,479 girls. 





The British National Minority Movement’s adherents 
can hardly be grateful for the outspoken manner in 
which their friends in Russia deal with Communism’s 
aims and objects. Speaking at a recent Congress in 
Moscow of Soviet Trade Unions, Mr. Lozovsky, Presi- 
dent of the Red International ‘Federation of Trade 
Unions, described the tactics of that organisation in the 
bluntest possible terms. In countries where Red 
unions exist, such as France and Czechoslovakia, the 
Red International supports and encourages these 
local organisations, he said, in order to make them 
centres of the Labour Movement and to attract to 
them workers who are unorganised, or who belong to 
unions affiliated to the International Federation of 
Trade Unions. In countries where Red unions do not 
exist, such as Germany, and Great Britain, the task of 
the Red International is, it was declared, to organise 
revolutionary minorities within the reformist trade 
unions. The closest attention is at present being paid, 
according to Mr. Lozovsky, to the question of strikes. 
When a strike breaks out, or threatens to break out, 
the duty of Communists, is, he says, to create indepen- 
dent strike committees, preferably composed of non- 
unionist workers and persons sympathising with the 
Red International. These committees are to act on the 
instructions of the Red International and the local 
Communist parties, and to wrest the conduct of the 
strike from the leaders of the reformist unions. 





In the course of a long declaration of policy, which is 
summarised in a recent issue of the International 
Labour Office’s weekly organ, this Congress of Russian 
Trade Unions endorsed, with emphasis, all the resolu- 
tions adopted by the Fourth Congress of the Red Inter- 
national, especially that relating to the intensification 
of the struggle against the Amsterdam Federation, and 
its decision in favour of the conduct of economic 
struggles without regard for, and against the will of, 
those bureaucratic reformers who combine with bour- 
geois States and employers’ organisations. The result 
of this co-operation between the Amsterdam leaders 
and the administration of bourgeois States is, it was 
alleged, that reformist unions have come to play in 
economic struggles the part of actual strike breakers. 
The revolutionary wing of the trade union movement 
is thus compelled to hold that its first duty is to assume 
the conduct of economic struggles. 
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The Russian Trade Unions further pledged them- 
selves to give active support to the Red International 
and to take immediate steps in any disputes which may 
arise in the international labour movement, by mobilis- 
ing the proletariat of the Soviet Union, so that it may 
give proof of international class solidarity in the event 
of any important economic or political action of the 
working class in capitalist countries. World revolu- 
tionary Trade Unionism, as embodied in the Red 
International, must continue to strive, they further 
declared, for the unification of the trade union move- 
ment on the basis of the principle of class war. 





A recent issue of the American Monthly Labour 
Review contains an interesting article on the subject 
of co-operation between trade unions and employers 
in the United States. In the course of it, the writer 
says that arbitration is less frequently provided for 
in agreements than conciliation. Of 86 unions of 
which enquiry was made, only 23 have agreements 
in some or all of their branches providing for local 
arbitration in case of failure to arrive at any settle- 
ment. All the local agreements of bookbinders, 
brewery and soft-drink workers, bricklayers, cloth 
hat, cap and millinery workers, United Garment 
Workers, plumbers and steam fitters, printing press- 
men, stereotypers and electrotypers, and street-railway 
employees make such provision, as do also 90 per 
cent. of the hod carriers’ agreements, 77 per cent. of 
the local marble and tile setters’ agreements, 70 per 
cent. of the local lathers’ agreements, 52 per cent. 
of those of the paper makers, two-thirds of those 
of the pocket-book makers, about 27 per cent. in the 
case of the printers’ unions, about 11 per cent. in 
that of the coopers’ unions, and about 9 per cent. of 
those of the textile workers. 





In certain cases (e.g., the bricklayers’ union), when 
the agreement is between the union and the employers’ 
association in a particular market, provision is made 
for a joint standing committee composed of equal 
numbers of representatives of the association and 
the union. Certain industries have provided similar 
machinery not only for a single market, but for an 
entire region or for the whole country. One of the 
functions of such a joint committee or board is the 
interpretation of the agreement and the handling of 
new problems arising under it. These boards are 
usually presided over by an impartial chairman 
selected by agreement between the representatives 
of the union and of the employers’ association on the 
board. Such machinery exists, or has existed, in all 
or part of the mining industry, railroads, the shipping 
industry, the electrical construction industry, the 
manufacture of clothing, the laundry, printing, 
coopering, cloth hat, cap, and millinery, and cleaning 
industries, and in certain of the building trades. 
It is reported that even those unions which have 
made the most use of arbitration, resort to it only 
when no other means of reaching a settlement can 
be found, by reason of the expense involved in under- 
taking the arbitration proceedings. 





Japanese workers in factories and mines are 
protected, in case of accident, by the Factory Act 
and the Regulations for the Employment and Relief 
of Miners, respectively. There are, however, no 
protective measures for the workers, estimated to 
number 1,500,000, engaged in transport, construction 
and civil engineering. The Bureau of Social Affairs 
has, therefore, drafted, says Industrial and Labour In- 
formation, a Bill rendering employers liable to pay 
compensation in case of industrial accident to these 
workers. In the event of injury, illness or death 
occurring in the course of employment, the employer 
must pay an indemnity to the worker concerned, 
or to his survivors or dependants in accordance with 
provisions prescribed by Imperial Ordinance. If the 
contractor sub-contracts either the whole work or 
a part of the work, the contractor is responsible for 
all the workers employed by the sub-contractors. 
If, without sufficient reason, an employer fails to 
carry out his obligations or illegally endeavours to 
evade his obligations, he is liable to a penalty not 
exceeding 1,000 yen. This provision does not apply 
in cases in which the worker is employed by the public 
authorities of a prefecture, town or village. 





Objection is being taken to the measure, chiefly 
on the ground that to make main contractors liable 
to pay compensation for accidents occurring to the 
employees of sub-contractors, is unreasonable. A 
leading newspaper, the Osaka Asahi, suggests an 
alternative plan of insurance either under strict 
Government supervision or under the direct control 
of the Government. The Contractors’ Association 
holds the same opinion; it demands a scheme of 
workmen’s compensation on an insurance system, and 
that the premium should be paid jointly by the State, 
the employers, and the workers. 





ENGINEERING. 
LETTERS TO THE EDITOR. 


160,000-KW. STEAM TURBO - GENERA- 
TOR SET FOR HELL GATE. 


To THE Epitror oF ENGINEERING. 


Str,—I have read with great interest your excellent 
article on the 160,000-kw. B.B.C. turbine at Hell Gate 
Power Station (New York), published in your recent 
issues. 

On examining the guarantee figures, which, according 
to page 2 ante (January 2), are based on steam supplied 
to the turbine stop valve at a pressure of 265 lb. per 
square inch (gauge) with a superheat of 200 deg. F. and 
an absolute exhaust pressure of 1 in. Hg., I find that the 
ratio of the turbine efficiency at the coupling given in 
your table differs from those calculated by me, and 
as the discrepancy is large at 130,000 kw. and 160,000 
kw., I should like to bring this to your notice. 

My calculated values, based on B.E.A.M.A. heatdrops 
and 1 kw. hour equal to 3,412 B.Th.U., are given in 
the attached Table I under item (6), and the difference 
between those published in ENGINEERING, and those 
calculated by me are given under item (7). 

On analysing these values more closely one finds that 
the turbine efficiency ratio is smaller by 0-57 per cent. 
at 55,000 kw. and 90,000 kw. by 1-94 per cent. at 
90,000 kw., by 4-12 per cent. at 160,000 kw. 

On page 2 (column 1, eight lines from the bottom) 
an adiabatic heatdrop of 439-5 B.Th.U. per Ib. is 
given. According to the B.E.A.M.A. tables for 
265 lb. per square inch in gauge 200 deg. F. superheat 
and 1 in. Hg. abs., the adiabatic heatdrop is 442-3 
B.Th.U. lb. The corresponding vacuum to give an 
adiabatic heatdrop of 439-5 B.Th.U. per lb. for the 
same initial steam conditions is 28-938 in. Hg. (1-062 in. 
Hg. abs.). 

For nearly two years I have known the steam con- 
sumptions and initial conditions and the vacuum at 
the economical load, but no official statement has 
been made with regard to the vacuum at other loads. 
In the September number (1926) of the Llektri- 
zitdtswirtschaft (page 582), the vacuum at 90,000 kw. 
is given as 96-55 per cent. (28,965 in. Hg. at 30-in. 
Bar.), and in the Elektrotschnische Zeitschrift June 3, 
1927 (page 873), the vacuum. at 90,000 kw. is given as 
96-5 per cent. (28-95 in. at 30-in. Bar.). 


TABLE I. 


Guarantee Figures without Feed Heating for the 160,000-kw. 
Brown Bovert Turbine at Hell Gate. 


(See ENGINEERING, January 4, 1929, page 2.) 


Pressure at Stop Valve 265 Ib. per square inch. g, ,, «: 
Superheat 200 ane 1 ‘ 
Vacuum (30-in. Bar.) 29 in. Hg. 

The efficiency ratio at turbine coupling given in Table I, 
item 5, is calculated from the steam consumption, 
generator efficiency, see items (1) and (3), Table I, pub- 
lished in ENGINEERING, January 4, 1929, page 2. 
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The adiabatic heatdrop given on page 2, column lI, 
corresponds more closely to the latter vacua. 

I worked out another set of values, assuming the 
turbine efficiencies in your table. From the steam 
consumption and generator efficiency I calculated 
the required adiabatic heatdrop (Table II, item 5) 
and the corresponding vacua (Table II, item 6) for 
the specified stop valve conditions. These are given 
below for various loads :— 

55,000 kw., 28-944 in. Hg. 

90,000 kw., 28-944 in. Hg. 

130,000 kw., 28-805 in. Hg. at 30-in. Bar. 

160,000 kw., 28-618 in. Hg. at 30-in. Bar. 

We thus find that the vacuum is the same for 
55,000 kw. and 90,000 kw. as stated in ENGINEERING, 


at 30-in. Bar. 
at 30-in. Bar. 
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January 4, 1929, page 2, lines 32 and 33, but for loads 
above 90,000 kw. the vacua decrease. 

I expect that these vacua correspond with the 
guarantees given by the builders. 


TaBLe II. 


Guarantee Figures without Feed Heating for the 160,000-kw* 
Brown Boveri Turbine at Hell Gate. 

(See ENGINEERING, January 4, 1929, page 2.) 
Pressure at Stop Valve = 265 lb. per square inch g. 
Superheat = 200 deg. F. 

The vacuum given in Table II, item 6, below is cal- 
culated from the steam consumption generator efficiency 
and efficiency ratio at turbine coupling (see items 1, 3 and 4, 
Table II), published in ENaryrerrtne, January 4, 1929, 
page 2. 
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-It is most important when comparing the efficiencies 
of turbines at various loads to know the exact steam 
conditions at the stop valve and at the exhaust end. 
From Table IT we find that at 160,000 kw. the turbine 
efficiency is 77-4 per cent. for an absolute exhaust 
pressure of 1-382 in. Hg. instead of 1 in. Hg. abs. as 
stated. 

T should be glad to hear about the above. 

Yours faithfully, 
J. R. FINNIECOME. 

4, Rye Bank-road, Manchester, January 18, 1929. 

[The above letter was communicated to Messrs. 
Brown, Boveri and Company, Baden, Switzerland, 
the makers of the 160,000-kw. set at Hell Gate, and 
their reply is appended.—Ep. E.] 





To tHe Epitor oF ENGINEERING. 


Sir,—Mr. Finniecome, in his letter to you dated 
the 18th inst., is right in pointing out that the tabulated 
steam consumptions and efficiencies are not those 
for a constant vacuum of 1 in. mercury, but that 
they are those for a vacuum that decreases with the 
increase of load. 

Not being the makers of the condenser, my firm as- 
sumed a natural falling off of vacuum under upper loads 
of from 29 in. to 28-84 in. at 130,000 kw. and to 28-61 in. 
at 160,000 kw., which assumptions tally well with those 
calculated backwards by Mr. Finniecome. The slight 
differences are due to differences in total heat values 
of the various steam tables, the steam table used by 
us being that of Dr. Stodola. 

The text preceding the data in question should 
have read :— 

“They are based on steam supplied to the turbine 
stop valve at a pressure of 265 lb. per square inch 
(gauge), with a superheat of 200 deg. F., and an 
absolute exhaust pressure of 1 in. mercury at the two 
economical loads.” 

I regret that this point was overlooked in the data 
given you. 

Yours faithfully, 
Eric Brown. 

Baden, Switzerland, January 25, 1929. 








FUEL FOR SHIPS. 


Str,—The letter from Mr. W. J. Drummond on the 
above subject in your issue of February 1 draws 
attention to the interest that the Mining Association is 
paying to this question. Perhaps you will allow me 
to supplement Mr. Drummond’s remarks with the 
information that the Mining Association, realising that 
the coal industry has even more to gain than the 
shipping industry from the substitution of pulverised 
coal for oil for raising steam in ships’ boilers at a reduced 
cost, has had this matter in train for some time in 
conjunction with a body of marine engineers. Good 
progress has already been made with a view to giving 
practical demonstrations that a pulverised coal- 
consuming steam engine is actually more economical 
than oil even in the Diesel engine. 

For the moment attention has been concentrated 








166 


principally upon the use of pulverised fuel in ships’ 
boilers, for the reason that the merchant marine offers 
the widest field for a recovery by coal of the markets 
captured by oil fuel. But the point has not been lost 
sight of that there are oil-fired boilers on land as well 
as at sea; and now that they are freed from the dis- 
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tractions that have prevented or retarded the develop- | 
ment and reorganisation of the industry ever since the | 
war, the colliery owners and the Mining Association, 
as representing them, are determined to push forward | 
with research and demonstration of the more efficient | 
use of coal both on sea and land, in order that all those | 
who use steam power may be aware of the latest | 
developments and of the comparative advantages of | 
scientifically prepared coal. 

There are numerous problems that have to be worked | 
out, amongst which I may perhaps mention the follow- | 
ing: the comparative advantages of large and small | 
coal in the most up-to-date steam-raising plants; the | 
question whether it is more economical to fire boilers | 
with pulverised raw coal or to semi-carbonise the | 
coal before pulverisation ; the point at which pulverisa- | 
tion should take place. At present it is apparently | 
necessary, from considerations of safety, to pulverise | 
practically at the furnace mouth; but it is fairly | 
safe to prophesy that, as development proceeds, it | 
will be possible to store and transport the pulverised | 
fuel in safety, and that then we may see fuelling | 
stations erected all over the world, from which ships 
will be able to fill their bunkers with pulverised coal 
through a pipe in much the same way as they now 
take in oil. 





Ren 








Yours faithfully, 
Puiuie GEE, 
(For and on behalf of the Mining 
Association of Great Britain.) 
5, New-court, 
Lincolns Inn, W.C.2. 
February 4, 1929. 





FORECASTING ELECTRICAL 
DEMANDS. 
To THE Eprtror or ENGINEERING. 

Srr,—In your comments under the above title in 
your issue of Jan, 25 on the papers read before the 
Institution of Electrical Engineers, which dealt with 
the anticipation of demand and the economic provision | 
of plant in the electric power and telephone industries, 
1 think that you hardly meted out justice to the 
authors. The object of these communications was to 
ascertain if there were any methods in use in one 
branch, which could be adopted with advantage in 
the other. It appears to me, therefore, that both 
authors were wise in confining themselves to descrip- 
tions of the methods employed in that branch of the 
industry with which they were thoroughly familiar, 
instead of following the course suggested by you of 
giving their views on the methods adopted in the other 
branch. How could that be done unless the methods 
employed were first explained ? 

The papers, as delivered, gave the audience a clear 
idea of the manner in which the problem is being 
attacked by the engineers of each system and enabled . 
it to form its own conclusions. An examination of | the Post Office nor with the power supply industry, but 
his paper will show that at the commencement, Captain | having business relations with both, and I hope that 
Hines set out the points upon which there appeared | this discussion will be followed by papers dealing with 
to be similarity, and then went on to show how the | the economics of plant provision in other branches of 
telephone engineer deals with these points. It is not | engineering, where it is necessary to expend large sums 
correct to state that this matter has been dealt with | of money in providing plant to meet anticipated 
in a previous paper read before the Institution of | demand. 

Electrical Engineers. As a matter of fact, this was the; The prominence that you have given to the matter 
first occasion on which the subject has been considered | shows that the importance of the subject is appreciated, 
in detail. There have, however, been incidental | and the Engineering Press can do much to direct the 
references, and it was these references which whetted attention of engineers to the necessity of studying the 
the appetite for more information. Your comment accounting and economic aspects of plant provision, 
does not bring out the main feature of the discussion, | 80 that they shall be less open to criticism when pre- 
viz., the very intimate connection that should exist | senting schemes for extensions of plant. 

between economic principles and engineering know- I am, yours faithfully, 

ledge. It has often been urged against engineers that E. S. Byna. 
they are so wrapped up in the technicalities of their 
work that they fail to recognise its economic aspects | 
and that, as a result, they do not qualify for the mana- | 


Fie. 1. VALVE IN ERECTING SHOP. 


Aldwych, London, W.C.2. 
January 31, 1929. 








them. These papers, and the telephone paper in| 
particular, showed that the reprcach is being removed.| As will have been gathered from our abstract of the 
In the paper by Captain Hines, attention was drawn | annual report of the Port of London Authority, given 
to the necessity for considering not only the imme- | on page 400, vol. cxxvi of ENGINEERING, the cons- 
diate capital expenditure, but also the present value | truction of the new dry dock at the eastern end of the 
of the annual costs over the whole period for which | Tilbury Main Dock is well advanced. Some account of 
it Is desirable to plan. Moreover, a means of finding | the large reflux and sluice valves which have been made 
the economic planning period was clearly indicated. | for jt may prove of interest, and we illustrate these 
Stress was laid on the importance of making a careful | valves in Figs. 1 to 17 above and on pages 167 and 170. 
investigation so as to ascertain the most economical | The dock is’750 ft. long by 110 ft. wide, with a depth of 
position for a telephone exchange or supply station in | 374 ft. over the sill, and necessarily requires valves of 
the area it is to serve. In the subsequent discussion | considerable size to pass the great quantities of water 
it was made clear that two methods which looked | handled by the pumping plant. There are two sizes 
equally good to the rule-of-thumb engineer might | of valves involved, viz., 54 in. and 72 in. bore. They are 
differ in expenditure by many thousands of pounds. of two types, namely, multiple door reflux valves and 
I am writing as one directly concerned neither with electrically-operated sluice valves, there being two of 


gerial positions which might »therwise be open to | VALVES FOR DOCK PUMPING PLANT. | 
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each pattern, making a total of eight valves altogether. 
They have been manufactured by Messrs. J. Blake- 
borough and Sons, Limited, Woodhouse Works, Brig- 
house, Yorks. 

The 72-in. electrically-operated sluice valve is shown 
in Figs. 1 to9. The body is of cast-iron, and is generally 
14 in. thick. The cross section is elliptical and the 
walls are strengthened by internal reticulated ribs, the 
design being adopted to afford maximum rigidity 
consistent with an easy flow of metal in casting and 
}an even rate of cooling. The apparent abrupt change 
| of section visible in Fig. 1, near the foot of the body 

marks the termination of the guide recess in the wings 
of the valve body. The cover is also of cast iron and 
| continues the full section up to the shoulder which 
| denotes the upper end of the guide recess ; above that, it 
|is shaped to terminate in the circular section of the 
|column that contains the stuffing box. The valve 
| slide is of cast iron with reticulated ribs. It is recessed 
|on both faces to receive the gunmetal liners which 
oppose similar liners on the seating in the valve body. 
| These liners are secured by countersunk bronze screws, 
and their faces are scraped to give a bearing which is 
| drop-tight under the test pressure of 50 lb. per square 
|inech. A projection on each side of the valve is also 
faced with gunmetal and traverses the gunmetal-lined 
| guides in the body casting previously referred to. A 
| detailed section of these several bearing faces is given 
| in Fig. 8. The top of the slide is furnished with a recess 
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72-IN. ELECTRICALLY-OPERATED SLUICE VALVES. 


MESSRS. J. BLAKEBOROUGH AND SONS, LIMITED, BRIGHOUSE. 
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Fig.4. 
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to accommodate the nut which traverses the spindle. 
This nut is of gunmetal, while the spindle is of forged 
bronze. The thread is square and $ in. in pitch. 

The upper end of the spindle is formed with a 
thrust collar, above which is a ball race to take the 
thrust caused by the reaction of the screw and nut when 
closing the valve. The stuffing box and gland are of the 
ordinary type. They are of cast-iron with gunmetal 
bushes. 
is used. Above the thrust collar the spindle is formed 
with a shoulder against which the worm wheel is held 
by a nut. A second ball race, immediately below the 
worm wheel, takes the thrust when the valve is being 
opened. A column, having handholes for access to the 
gland and bolted to the valve cover, carries the gear- 
box direct, and the motor by a bracket, an arrangement 
best seen in Fig. 2. The gear box is completely enclosed 
so that the gear may be run in an oil bath. It is 
surmounted by a dome which houses the indicator 
showing the position of the valve and which also 
carries the limit switches. The relative position of 
these parts is shown in Fig. 4. 


Referring now to the operating mechanism it may be | 
noted that a 10 brake-horse-power motor is provided | 


which will open or close the valve in approximately 
54 minutes. This motor is seen in both Fig. 1 and Fig. 2 
and has a pinion mounted on its shaft, which meshes 
with the spur wheel shown in section in Fig. 9, and 
seen mounted on the worm shaft in Figs.5and7. From 
the sectional view it will be seen that the spur wheel is 


Square lubricated mica frictionless packing | 





Fig. 5. 








not keyed directly to the worm shaft but contains a 
disc friction clutch. This is lined with Ferodo and is 
fitted to transmit sufficient power for effective operation 
of the valve and yet to ensure the slipping of the motor 
should there be any obstruction in the valve or should 
the slide over-run its limits by the failure of the limit 
switches to operate. At the same time should there 
be any interruption of the electric current it is important 
that means for operating the valves by hand should be 
at once available. The spur wheel is, in consequence, 
not attached to the worm shaft at all, but is coupled to 
it at will by a sliding dog clutch. At the other end 
of the shaft is a large chain wheel for hand operation, 
which can be connected to it by a similar dog-clutch. 

The two clutches are operated simultaneously by 
the rack shown in Fig. 5, the clutch coupling up the 
motor being only engaged when that coupling the chain 
wheel is disengaged and vice versa. The rack is 
traversed by a pinion which is rotated by the smaller 
chain wheel seen in Figs. 4 and 6. The pinion also 
meshes with another rack on its under side, the function 
of which is to introduce a bar between the spokes of 
the large chain wheel when the motor clutch is engaged, 
and so prevent the wheel being rotated. A pointer 
on the gear box indicates whether the motor clutch or 
the hand gear clutch is engaged. Fig. 3 shows the 
machined guides for the clutch control gear. The 
worm is of polished steel, forged solid with its shaft, 
and is provided at each end with a thrust bearing. The 
worm wheel on the valve spindle is of cast-iron, with a 
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phosphor-bronze rim. It is keyed to the spindle as 
well as being held in place by the clamping nut 
Careful attention has been given to lubrication. The 
gear box is provided with an Olfix oil-level indicator 
to ensure the correct amount of oil being maintained 
in it. A packed gland below the bottom ball race 
prevents leakage down the valve spindle. 

The limit switches for cutting out the motor at the 
ends of the valve travel are seen in place in Fig. 5. 
They are of the double-pole type. The operating levers 
are of mild steel, and engage with a gunmetal roller 
mounted on the indicator pointer. The pointer is 
traversed by a screwed extension of the valve spindle. 
The indicator plate is of gunmetal, with a polished face, 
and cast divisions having a black background. It is 
graduated to show the relative position of the valve 
slide at any time. The 54-in. electrically-operated 
valve is, in design, identical with the 72-in. one 
described above. Beyond stating then, that the 
operating motor is of 6 brake-horse-power, and that 
the time required to open or close it is approximately 
4 minutes, no further comment seems necessary. 

The 72-in. reflux valve is shown in Figs. 10 to 17. 
It is of the multiple door type, with a removable 
centre diaphragm. The body is of cast-iron, and is, 
as will be seen in Fig. 12, partly conical and partly 
globularin shape. The metal is thickened at the necks 
to avoid a sudden change of section at the flanges, 
which are strongly webbed, as shown in Fig. 10. The 
opening for the withdrawal of the diaphragm is rect- 
angular. The diaphragm is of cast-iron with a circular 
machined face at the back, which beds on to a similar 
face in the valve body to make a watertight joint. 
The two faces are kept together by the action of wedge 
pieces cast on the diaphragm, seen in Fig. 11, which 
engage with the heavy lugs cast on the body shown in 
Figs. 12 and 13. These lugs are carefully hand fitted 
to the diaphragm in order to ensure uniformity of 
pressure on the jointing face. 

The doors are of mild steel, faced with seating 
strips of gunmetal, which bed on gunmetal facings on 
the diaphragm. Both strips and facings are secured 
by countersunk headed bronze screws, and are shown 
in Fig.14. This figure, with Fig. 15, also gives views of 
the hinges, which are of wrought iron with bronze pins. 
The double lugs through which the hinge pin passes 
are an integral part of the gunmetal facings of the 
diaphragm, and are, moreover, provided with renew- 
able bushes. The pin is secured to the hinge by a 
set screw, so that it oscillates with the doors, and a 
maximum length of bearing surface is provided by 
the lugs. The access cover is of cast-iron, heavily 
ribbed on the underside. It is provided at the sides 
with two flanges, which are machined on the inside 
edge to bed on to machined strips on the flange of 
the body, which can be seen in Fig. 10, the pro- 
jections on the cover being shown in Fig. 12. Two 
wrought-iron eyes are provided for lifting purposes on 
both the cover and the diaphragm. The 54-in. reflux 
valves are generally similar in design to the 72-in. 
valves described above, except that the scantlings are 
necessarily lighter, and there are only six doors as 
against the ten doors of the larger valve. 


THE ELECTRIC FITTINGS STATU- 
TORY COMMITTEE. 


To understand the object of the Electric Fittingt 
Statutory Committee, which has just issued its firss 
report, covering the nine months ended March 31, 
1928, it is necessary to recall that, in the early days 
of electricity supply, local authorities had no difficulty 
in obtaining powers to sell fittings, wire premises, 
and do other similar work. In fact, a large number 
of municipal and all privately-owned undertakings 
possessed these powers, and many exercised them. 
Some years ago, however, the Electrical Contractors’ 
Association consistently opposed the grant of these 
facilities to local authorities, and in 1912 a model 
clause was drawn up, under which the sale of electrical 
fittings was made conditional on the work being done 
through a contractor. On the other hand, the Electricity 
(Supply) Act of 1919 empowered undertakings to hire 
(but not to sell) fittings and appliances, while in 1925 
Bills, promoted by the Bath, Barrow and Burnley Cor- 
porations and seeking the right to sell, were after 
careful examination approved by the House of Lords. 
The position at that time was that 75 per cent. of all 
the undertakings possessed selling powers and 25 per 
cent. did not, and it was evident that their absence 
had a profound effect on the amount of electricity 
consumed in the area involved. 

As a result of a conference between the interests 
concerned a clause was therefore inserted in the 
Electricity (Supply) Act of 1926. This permitted all 
electricity undertakings to sell fittings and appliances 
in their own area, subject to certain restrictions as 
regards price, and required the Electricity Commis- 
sioners to appoint a committee, representative of the 








various interests affected, to determine any question, 
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which might be raised as to retail or trade prices. 
Accordingly, on May 31, 1927, the Electricity Com- 
missioners appointed the Electric Fittings Statutory 
Committee, with Mr. D. N. Dunlop as chairman, 
and comprising representatives of the Incorporated 
Municipal Electrical Association, the British Electrical 
and Allied Manufacturers’ Association, the Electric 
Light Fixtures Association, the Electrical Accessories 
Manufacturers’ Association, the Electric Lamp Manu- 
facturers’ Association, the Cable Makers’ Association, 
the Electrical Wholesalers’ Federation, and the Electrical 
Contractors’ Associations of England and Scotland. 

During the nine months covered by the report 
four meetings were held, at which various preliminary 
and formal business was transacted. The manufac- 
turing interests on the committee were invited to 
furnish for record the recognised retail and trade 
prices of all classes of “‘ fittings,” but this was found 
to be impossible since the frequent alterations would 
have made it very onerous to keep them up to date, 
compared with the comparatively easy task of deter- 
mining the prices at the date when any particular 
transaction took place. The idea of keeping a record 
was therefore abandoned. No complaint of under- 
selling was received. A sub-committee was appointed 
to ascertain on what terms agreement could be reached 
between municipal and contracting interests as to 
the price to be charged for installations. This body 
was still deliberating at the date of the report. 





THE LATE MR. ANDREW BROWN. 


Mr. ANDREW Browy, whose death, we regret to have 
to record, took place at his home at East Dene, Lands- 
downe-road, Bromley, Kent, on January 17 last, was 
the founder and sole proprietor of the firm of Messrs. 
Andrew Brown and Company, metal merchants and 
agents, 118, Cannon-street, London, E.C.4. He was 
born on March 14, 1860, and served a pupilage of six 
years, partly under Messrs. Stephens and Sons, Glasgow, 
and partly under Messrs. Cunliffe and Dunlop, Port 
Glasgow. In 1879 he joined the staff of Messrs. Easton 
and Anderson, Erith Iron Works, with whom he 
remained for two years. In 1881 he went to Messrs. 
Rownson, Drew and Company, London, and while with 
them was engaged upon work in connection with the 
design and erection of constructional ironwork for 
hotels and large buildings and for bridges for the Dover 
and Deal Railway. He subsequently carried out 
similar work for Messrs. Tate and Sons, Silvertown, 
London, E., and for Messrs. James Reid and Company, 
Leadenhall-street, London, E.C. In 1888, Mr. Brown 
was appointed engineering manager to Messrs. T. 
Cosser and Company, Karachi, India. His first work 
was in conjunction with the construction of the 
Sukkur drainage and water supply. He subsequently 
designed and supervised the construction of various 
road bridges for the North-west Frontier and of an 
over-bridge for the Karachi Port Trust. He afterward 
carried out extensive operations in connection with the 
water supply and drainage works of Karachi munici- 
pality. In 1898, soon after his return to this country, 
he founded the firm of Messrs. Andrew Brown and 
Company. Subsequently, he became the agent, for 
the London district, of Messrs. Rotherham Forge and 
Rolling Mills Company, Limited, and of Messrs. James 
Carrick and Sons, Limited, Edinburgh, of which last 
firm he was a director. During the last three years he 
had suffered from indifferent health, but he never 
actually retired, and was engaged upon work in connec- 
tion with his business only a few days before his death. 
Mr. Brown became an associate member of the Institu- 
tion of Civil Engineers on May 1, 1894. Elected to 
graduate membership of the Institution of Mechanical 
Engineers in 1886, he was promoted to full membership 
rank in 1889. 


PERSONAL,—Messrs. F. W. Morgan and L. J. Wolf, 
having acquired all interests in the firm of Messrs. Wagner 
Electric Supplies, Limited, 66, Victoria-street, London, 
5.W.1, it has been decided to change the name of the 
company to Messrs. Wolf and Morgan, Limited, the old 
title being no longer descriptive. The address remains 
as before. 


PHYSICAL AND OpticaL Soci:rrmes’ EXHIBITION : 
Errata.—We regret that the reference, appearing on 
page 84 ante, to the exhibit of Messrs. A. Gallenkamp 
and Company, Limited, 17-21 Sun-street, Finsbury- 
square, E.C.2, at the recent exhibition of the Physical 
and Optical Societies, was inaccurate in some respects. 
The furnace referred to as being designed for a maximum 
temperature of 1,350 deg. C. is actually a spirally-cut 
Silit tube, and is heated by the passage of the current 
through this tube. In mentioning the firm’s electrically- 
heated ovens, with thermostatic control, for temperatures 
up to 300 deg. C., the word ‘‘ muffles ” was inadvertently 
used instead of ‘‘ ovens,”’ and the thermostats employed 
with these ovens are not of the toluene-mercury tube 
type as stated. The toluene-mercury thermostat ex- 
hibited was a separate unit, used for the accurate tem- 
perature control of baths for electro-chemical work. 
We greatly regret these errors and have to thank Messrs. 
Gallenkamp for calling our attention to them. 
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TENDERS. 


We have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 

ssions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Ash-handling Plant.—With regard to the ash-handling 
-_ required by the South African Railways and 

arbours Board, mentioned on page 76 ante, the closing 
date has been extended from February 28 to March 14. 
(Ref. No. A. 7456.) 

Diesel Engines.—Quotations for 5 to 100-h.p. Diesel 
and hot-bulb engines, two- and four-cycle type. A firm 
in Ontario, Canada. (Ref. No. A.X. 7454.) 

Tug.—The Tarragona Port Authorities, Spain, are 
likely to be in the market shortly for a tug. (Ref. No. 
A.X. 7457.) 

Garratt Locomotives.—The supply of six Garratt super- 
heater locomotives with spare parts. Siamese State 
Railways, Bangkok; May 14. (Ref. No. A.X. 7465.) 

Fire Engine.—The supply of a motor fire engine. The 
ror. of Mandal, Norway; February 20. (Ref. 
No. A.X. 7478.) 

Parachute Tanks.—The supply of parachute tanks, 
pressed steel and plate tanks and water columns. South 
African Railways and Harbours Board, Johannesburg ; 
March 21. (Ref. No. A.X. 7462.) 

Steel Bridge.—A second call for tenders has been 
issued by the Latvian Railway Administration for a steel 
bridge across the River Daugava at Krustpils; Riga, 
February 27. (Ref. No, A.X. 7461.) 








NOTES FROM THE NORTH. 
Gutascow, Wednesday. 

Scottish Steel Trade.—Conditions in the Scottish steel 
trade have varied little over the week, but there is, 
nevertheless, a fair amount of fresh business being 
booked. The tonnage picked up is often not very heavy 
in itself, but when added to what is already on hand it 
gives the order books quite a moderately good appear- 
ance. The shipping industry is accounting for much the 
larger portion of what is going through just now, and 
with indications that there is every possibility of some 
important contracts being placed on the Clyde in the 
near future, the outlook for the steel trade continues 
quite good. The black-sheet trade is quiet at the moment, 
as this is usually the dull season, but all is being got in 
readiness for the spring demand which cannot now be 
long delayed. There is a fair amount of work on hand at 
present for light and galvanised sorts, but the heavier 
gauges are moving very slowly. Prices all round are 
steady and are as follow :—Boiler plates, 10/. 10s. per ton; 
ship plates, 8/. 7s. 6d. per ton; sections, 7/. 17s. 6d. per 
ton ; sheets, }-in., 87. 15s, per ton; and galvanised corru- 
gated sheets (No. 24 gauge), 137. 12s. 6d. to 131. 15s. per 
ton, all delivered Glasgow stations. 

Malleable-Iron Trade.—There is very little activity in the 
malleable-iron trade of the West of Scotland as pro- 
duction has ceased at the majority of the works. In an 
endeavour to meet the altered conditions of to-day, a 
rearrangement of hours and wages was proposed by the 
masters, but as these did not meet the ideas of the bar- 
iron workers, and no agreement could be arrived at, the 
men ceased work. The stoppage has not done very much 
harm so far, as the current demand is very poor. In the 
re-rolled steel-bar industry a very quiet tone prevails, 
but this branch may reap a little benefit from the trouble 
with the bar-iron workers. Quotations are nominally 
unchanged and are as follow :—‘ Crown,” bars, 101. 5s. 
per ton for home delivery, and 9/. 15s. per ton for export, 
and re-rolled steel bars, 7/. 15s, per ton for home, and from 
7l. 10s. to 71. 15s, per ton for export delivery. 

Scottish Pig-Iron Trade.—In the pig-iron trade of 
Scotland a dull tone is general and makers are not meeting 
with any demand of note. The number of furnaces in 
blast at present is only 21, and the output from these is 
more than equal to the current demand. The matter of 
prices has again been under consideration by producers, 
and just as the minimum selling price of 75s. per ton for 
hematite, delivered at the steel works, was d upon 
some time ago, it has now been arranged to stabilise 
the selling price of foundry and forge qualities. The 
agreed minimum prices are now as follow :—Foundry 
iron, No. 1, 73s. 6d.; No. 3, 71s.; No. 4, 70s. ; and forge 
iron, 70s.—all per ton, free on trucks at makers’ works. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
Saturday last, February 2, amounted to 840 tons. Of that 
total, 768 tons went overseas and 72 tons coastwise. For 
the corresponding week of last year the figures were 451 
tons overseas and 97 tons coastwise, making a total 
shipment of 548 tons. 

Shipbuilding.—The shipbuilding industry in Scotland 
made quite a good start in the month of January, and 
besides launching an average number of vessels during the 
month, there were booked at least 18 contracts of one kind 
and another. The work on hand now should keep many 
of the yards in steady employment for some time to 








come. The tonnage launched during January was as 
follows :— 
Vessels. Tons. 
The Clyde ... oe 6 37,611 
The Forth ... ae 1 5,090 
Total 7 42,701 


The Clyde total for J anuary last year was exceptionally 


large at 12 vessels of 56,008 tons, but the total for the 
past month is a very good January average. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Cleveland pig iron is now 
scarce, the shortage being most marked in the basic 
branch owing to the increasing requirements of the steel- 
workers. Local production of basic iron is being enlarged, 
and meanwhile rather considerable supplies are arriving 
from other iron districts. An extra furnace on foundry 
pig iron may be started shortly. Among recent sales of 
Cleveland pig are small lots for Scotland and for the 
Continent, but little is available for such business, 
producers’ own consuming plant still absorbing the bulk 
of the output. Fixed market rates are unaltered, but an 
upward movement would cause little surprise. No. 1 
grade of iron is 68s. 6d. ; No.3 g.m.b., 66s. ; No. 4 foundry 
65s.; and No. 4 forge, 64s. 6d. 


Hematite.—The steady home and export business 
passing in East Coast hematite iron promptly takes up the 
limited make as it is produced, and business would be ona 
larger scale if more iron was on the market. Nearly all 
transactions are now in parcels manufactured to stipu- 
lated analysis, but values are still based on the quotation 
for ordinary qualities which has advanced by a shilling, 
making the figure 72s. 


Foreign Ore.—Sellers of foreign ore refuse to entertain 
offers at below the equivalent of 22s. 6d., c.i.f. Tees for 
best rubio, and transactions are few and small. More 
extensive use is being made of local ironstone, but 
heavy qualities of foreign ore are needed. 


Blast-Furnace Coke.—Durham blast-furnace coke is 
now selling well. The demand is for export, for use on the 
West Coast, and for local consumption, and customers 
are then to arrange contracts to the end of June. Good 
medium qualities now command 18s., delivered to works 
in this area. 


Manufactured Iron and Steel.—Business in nearly all 
departments of manufactured iron and steel is expanding. 
Caterers for shipbuilding requisites are busy and are 
likely to be busier, and producers of railway material 
confidently look for further substantial buying, while 
sheet manufacturers are not only well sold, but are 
strengthened in their position by the fact that the time is 
fast approaching when spring buying is usually experi- 
enced. Quotations are firm. Common iron bars are 
101. 5s. ; best bars, 101. 15s. ; double best bars, 11. 5s. ; 
treble best bars, 111. 15s. ; iron and steel rivets, 110. 5s. ; 
packing (parallel), 7/7. 10s.; packing (tapered), 101. ; 
steel billets (soft), 67. 10s.: steel billets (medium), 
7l. 58.; steel billets (hard), 71. 15s.; steel ship plates, 
81. 7s. 6d. ; steel angles, 7/. 17s. 6d. ; steel joists, 7/. 17s. 
6d. ; heavy sections of steel rails, 82. 10s.; black sheets 
(No. 24 gauge), 10/.; and galvanised corrugated sheets 
(No. 24 gauge), 137. 15s. 


Imports of Iron and Steel.—The Tees Commission returns 
issued this week give the imports of iron and steel to the 
port of Middlesbrough from Holland, Belgium, France, 
Norway, Sweden, Finland, India, Germany and coastwise 
for the three months ending January 31 last, together 
with those for the same months a year ago, and for the 
corresponding pre-war period of 1913-1914. Inadequate 
supply of home-made pig-iron is emphasised by the fact 
that in the three months recently ended 12,103 tons were 
imported as compared with 3,327 tons a year ago, and 
only 50 tons in the pre-war period. Crude sheet bars, 
billets, blooms and slabs unshipped to the end of last 
month amounted to 25,928 tons, as compared with 
41,928 ton a year ago, and 11,200 tons in the pre-war 
period. Plates, bars, angles, rails, sheets and joists 
unloaded in the past three months were given as 9,043 
tons, as compared with 12,015 tons a year ago, and 5,869 
tons in the pre-war period. 


Shipments of Iron and Steel.—Otticial statistics of 
shipments of iron and steel from the Tees during January 
show that of the 18,851 tons of pig-iron cleared, 10,617 
tons went abroad, and 8,234 tons went coastwise ; 
of the 1,781 tons of manufactured iron dispatched 
1,276 tons went overseas to 505 tons coastwise; and of 
the 60,538 tons of steel loaded 50,475 tons went to foreign 
destinations, and 10,063 tons coastwise. Principle 
receivers of pig-iron were: Scotland, 5,698 tons; Italy, 
2,760 tons; Denmark, 1,934 tons; Wales, 1,350 tons: 
and Germany, 1,195 tons. Chief customers for steel 
were : The Cape, 14,832 tons ; India, 13,614 tons; Australia, 
3,852 tons; Argentina, 3,404 tons; Japan, 3,060 tons ; 
and The Netherlands, 2,917 tons. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Safeguarding Ballot.—In view of the conflicting 
interests involved, the Sheffield Chamber of Commerce 
resolved that a ballot of its members, as to whether they 
were in favour of the extension of the principle of safe- 
guarding to the iron and steel industries, should be of a 
secret character. Of the papers sent out, 62 per cent. 
were returned. Seven of these were spoiled, and of the 
remainder, the percentage of votes in favour was 92. 
Affirmative votes totalled 515, against 46 negative. In 
the iron and steel section, the affirmative total was 208, 
against 15. Among engineering firms, 22 sent an 
affirmative reply, and only one a negative reply. 


Tron and Steel.—As was anticipated, Sheffield manu- 
facturers have recorded a cordial welcome of the Prime 
Minister’s announcement that a complete and impartial 
investigation of the problems associated with the construc- 
tion of the Channel tunnel will be undertaken by Parlia- 
ment. Of considerable importance to local industry is 
the modification, in the Local Government Bill, providing 
for the carrying of fuel for the heavy forging trade at 
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the same special rates that were previously conceded 
respecting coal supplies to steelworks. This modification 
was the result of special representations that were made, 
stressing the injustice of distinguishing between steel- 
works, rolling mills and blast furnaces on the one hand, 
and heavy forges on the other. It is understood that 
steel for forgings will still pay the full commercial freight. 
The advantages of steam accumulator installation as a 
medium toward increased economy are receiving increased 
attention in the heavy engineering trades. The largest 
plant of this type installed in the Sheffield district is at 
the River Don Steelworks of Messrs. Vickers-Armstrongs, 
Limited. As the result, output increases have been 
shown amounting to 22 per cent., and fuel consumption 
has been reduced by between 9 per cent. and 15 per cent. 
The manufacturers have received orders from practically 
all the main British industries. In the heavy steel 
section, while railway purchases are reported still to be 
of a hand-to-mouth character, notable progress is being 
made in the production of high-pressure boilers. These 
are to be supplied for British use under some of the latest 
contracts. Tramway steel figures increasingly in con- 
tracts received from provingjal corporations. Sheffield 
Corporation is to place orders fon tramway rails and 
plate-laying materials. It is expectéd that the bulk of 
this work, will be executed locally. Increased activity 
is reported at works producing engineering tools. Con- 
siderable public interest is being aroused by a further 
display, in the windows of one of Sheffield’s principal 
stores, of representative steel and engineering products. 


South Yorkshire Coal Trade—The coal-marketing 
scheme is meeting with severe criticism from exporters, 
who allege that under the regulation of output, loading 
is being delayed and increased expense incurred at the 
ports, Inland business in industrial fuel is maintained 
at a fair level. Prices tend to harden. Electricity 
undertakings are in the market for smalls. The basis of 
contracts is expected to be at a higher level than last 
time. Coke of all kinds is firm. House coal is an 
improved market. Supplies of better qualities are fairly 
adequate, while there is no difficulty in meeting the 
demand for secondary grades. Quotations: Best hand- 
picked branch, 26s. to 27s. 6d. ; Derbyshire best brights, 
22s. 6d. to 248. ; best house, 20s. 6d. to 21s. 6d. ; screened 
house coal, 17s. to 18s.; screened house nuts, 16s. to 
18s.; Yorkshire hards, 15s. to 16s.; Derbyshire hards, 
15s. to 16s.; rough slacks, 8s. 6d. to 9s. 6d.; nutty 
slacks, 4s. 6d. to 6s. ; smalls, 3s. 6d. to 4s. 








NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 


The Coal Trade.—Strong conditions continue to 
prevail in the Welsh steam-coal trade. Shipments 
have been reduced by delays to shipping caused by 
foggy weather, and also by delays in loading, due to 
the fact that collieries are so heavily committed that 
they have been unable to get sufficient coal to the 
docks, despite increased production, to keep the tips 
at the docks working regularly. Colliery order books 
are, however, full for the next month, and prospective 
buyers find it difficult to stem further cargoes, while 
salesmen adhere strongly to the enhanced prices, which 
are from 9d. to ls. 6d. per ton above the schedule of 
minimum fi s. In isolated cases buyers are able 
to secure parcels a little more readily, but even so, 
prices are maintained, with Monmouthshires strong on 
the basis of 19s. for Black Vein large, for shipment 
at Newport, and 19s, 6d. for loading at Cardiff. This 
is the figure commanded by best Admiralty large, 
while best bunker smalls realise 13s. 9d. to 148., with 
good bunkers from 13s. to 13s. 6d. and inferior smalls 
from 12s, 6d. up. Shipments of coal foreign as cargo 
in the past week totalled 439,110 tons against 415,860 
tons in the corresponding week of last year. Exports 
to France amounted to 109,000 tons, and to Italy to 
62,000 tons, while the Argentine took 45,000 tons and 
Spain 34,000 tons. 


Pits Re-Opening.—In view of the improved demand 
for Welsh coal, and the fact that prices since the 
beginning of the year have advanced from 6d. to ls. 6d. 
per ton, several pits havé been re-opened and work 
commenced in a number of new districts. The output 
of the coalfield has been brought to about 1,000,000 
tons per week, and some 10,000 more men are employed 
than was the case in December. The Deep Navigation 
Colliery of Llewellyn-Nixon’s Company, which had 
been idle for two years owing to trade depression, 
was re-opened to-day, while efforts are being made 
to restart the Nine Mile Point pits of the United National 
Collieries, Limited. An interesting position has 
developed in connection with the Nine Mile Point 
pits. The pits are open to take on some 2,000 men 
but so far only about 50 have responded in view of 
a dispute over the question of terms. The company 
negotiated terms with the Miners’ Industrial Union 
which the Miners’ Federation refuse to recognise, and 
as most of the men in the district are members of the 
Federation, there has been little response to the 
company’s appeal for men. The matter is, however, 
likely to be settled next week, when it will probably 
be discussed at the South Wales Conciliation Board 
on Monday. 


Trimmers and Overtime.—The question of overtime 
working by the coal trimmers and tippers, to finish 
vessels, is still in abeyance. It will be recalled that 
the men rejected the proposals of the employers, but 
subsequently a joint meeting of representatives of 
both sides was held, and the matter has been adjourned 
for a fortnight in order to give the men’s representatives 
an opportunity to consult their national organisations 
on the question. “ 
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NOTICES OF MEETINGS. 


INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 
6 p.m., Storey’s gate, S.W 1. Informal Meeting. ‘‘ The 
Profession of the Mechanical Engineer.” Introduced 
by Mr. L. A. Legros. Yorkshire Branch: Wednesday, 
February 13, 7.30 p.m., Mappin Hall, St. George’s 
Square, Sheffield. Thomas Hawksley Lecture. “ Engi- 
neering Principles in the Machinery of the Stars,’’ by 
Professor A. S. Eddington; and on Thursday, February 
14, 7.30 p.m., Albert Hall, Leeds. London: Friday, 
February 15, 6 p.m., Storey’s-gate, S.W.1. Annual 
General Meeting. ‘“ Refrigeration on Shipboard,” by 
Mr. H. J. Ward. 

INSTITUTION OF ELECTRICAL ENGINEERS — London 
Students’ Section: To-night, 6.15 p.m., Victoria-embank- 
ment, W.C.2. ‘ Electric Welding,” by Mr. H. H. Tay- 
lour. North-Hastern Centre: Monday, February 11, 
7 p.m., Armstrong College, Newcastle-on-Tyne. ‘“‘ The 
Construction of the Grid Transmission System in Great 
Britain,” by Mr. J. Wright and Mr. C. W. Marshall. 
Scottish Centre: Tuesday, February 12, 7.30 p.m., Royal 
Technical Collegé, George-street, Glasgow. ‘‘ Overhead 
Electric Lines,” by Mr. W. B. Woodhouse. m: 
Thursday, February 14, 6 p.m., Victoria-embankment, 
W.C.2. “‘ Voice-Frequency Telegraphs,” by Mr. W. 
Cruickshank. 

Junior InstrtuTION oF ENGINEERS.—To-night, 7.30 
p.m., 39, Victoria-street, S.W.1. Honorary Members’ 
Lecture. ‘‘ Recent Developments in the Art of Oil 
Cracking,”’ by Dr. A. E. Dunstan. Friday, February 15, 
7.30 p.m. ‘* Steam Storage,” by Mr. E. G. Ritchie. 

Socrety oF CHEMIcAL INDUSTRY: CHEMICAL ENGI- 
NEERING GrRovup.—To-night, 8 p.m., Royal Society of 
Arts, John-street, Adelphi, W.C.2. ‘‘ The Réle of Surface 
Energy in Chemical Engineering,” by Professor W. E. 
Gibbs. 

Mrnine InstituTE or ScoTttanp.—Saturday, February 
9, 3 p.m., Mining Laboratories, 79, Grassmarket, Edin- 
burgh. ‘‘Some Impressions of German Mining,’”’ by 
Mr. D. C. Gemmell and Mr. J. Heron. ‘ Tru-lay Wires, 
Ropes and Tru-lock Fittings,’ by Mr. A. T. Adam. 
‘** Pavement Brushing versus Roof Brushing,” by Mr. J. 8S. 
Frame. ‘The Mineralogy of Coal,” by Professor H. 
Briggs. ‘“‘ The Appearance of Coals, &c., in Ultra-Violet 
Rays,” by Professor H. Briggs. ‘‘ The Mining Congress 
in Canada in 1927,” by Mr. J. B. Sneddon. 

InsTITUTE OF TRANSPORT.—Monday, February 11, 
5.30 p.m., Institution of Electrical Engineers, Victoria- 
embankment, W.C.2. ‘* Cross-Channel Traffic Working,” 
by Mr. G. 8, Szlumper. Manchester, Liverpool and Dis- 
trict Section : Friday, February 15, 6.30 p.m., Manchester, 
‘** Inland Water Transport,” by Mr. C. D. Campbell. 

INSTITUTION OF AUTOMOBILE ENGINEERS : Bir 





h. 


i 


Nortu-East Coast INsTITUTION OF ENGINEERS 
AND SHIPBUILDERS.— Middlesbrough Branch: Tuesday, 
February 12, 7,30 p.m., Cleveland Scientific and Technical 
Institution, Corporation-road, Middlesbrough. ‘‘ The 
Manufacture of Steel as Applied to Shipbuilding and 
Engineering,” by Mr. G. B. Butler. Graduate Section : 
Wednesday, February 13, 7.15 p.m., Bolbec Hall, New- 
castle-on-Tyne. ‘Ship Trials and their Analysis,” by 
Mr. F, H. Todd. ' 


* Institution oF HEATING AND VENTILATING ENGI- 
NEERS.—Wednesday, February 13, 2.30 p.m., Holborn 
Restaurant, W.C.2. Annual General Meeting. Presi- 
dential Address, by Mr. J. R. Preston. ‘‘ Water Soften- 
ing by the Base Exchange Process,” by Mr. H. G. 
Cathcart, followed by dinner at 7 p.m. 


NortTHamPTon ENGINEERING COLLEGE ENGINEERING 
Soormty.—Wednesday, February 13, 5.30 p.m., St. John- 
street, E.C.1. “Flying,” by Mr. S. Hansel. 

INsTITUTION OF CiIviL - ENGINEERS. — Wednesday, 


February 13, 6 p.m, Great George-street, S.W.1. In- 
formal Meeting. ‘‘ Merits of Alternative Methods of 


Driving Auxiliaries in./Modern Power-Stations,” by 
Mr. H. P. Gaze. ‘ 
Institute oF FvuEt.—Wednesday, February 13, 


6 p.m., Chemical Society, Burlington House, Piccadilly, 
W.1. ‘Fuel Economy and the Small: Steam User,” 
by Mr. W. F. Goodrich. 


Betrast ASSOCIATION OF ENGINEERS.—Wednesday, 
February 13, 7.30 p.m., Municipal College of Technology, 
Belfast. ‘‘ Hydro-Electric Plant,” by Mr. R. J. Harvey. 


INSTITUTION OF ENGINEERS-IN-CHARGE.—Wednesday, 
February 13, 7.30 p.m., St. Bride Institute, Bride-lane, 
Fleet-street, E.C.4. “‘ Developments of Road Transport 
and Considerations Affecting Mechanical Road Transport 
under Modern Conditions,”’ by Mr. J. B. Osler. 


ELECTROPLATERS’ AND DeposiTors’ TECHNICAL 
Socrety.—Wednesday, February 13, 8.15 p.m., North- 
ampton Polytechnic Institute, St. John-street, Clerken- 
well, E.C.1. ‘The Electrodeposition of Cadmium for 
Rust Prevention,” by Mr. S. Wernick. 


Roya Instrrution.—Thursday, February 14, 5.15 
.m., Albemarle-street,; W.1. ‘‘The Early History of 
-Rays” (Lecture III), by Sir W. Bragg. Friday. 
February 15, 9 p.m., ‘‘ Chemi-Luminescence,” by Dr. 
E. K. Rideal. 


INSTITUTION OF STRUCTURAL ENGINEERS.—Thursday, 
February 14, 6.30 p.m., 10, Upper Belgrave-street, S.W.1. 
“The Problem of the Skyscraper,” by Mr. A. Bossom. 


Optica Socrery.—Thursday, February 14, 7.30 p.m. 
Imperia! College of Stience and Technology, South 
Kensington, S.W.7. ‘An Application of the Inter- 





Centre: Monday, February 11, 7 p.m., Queen’s Hotel, 
Birmingham. “ Coil Ignition,” by Dr. F. W. Lanchester. 

INSTITUTION OF SANITARY ENGINEERS.—Monday, 
February 11, 7.30 p.m., Caxton House, Westminster, 
8.W.1. ‘‘Subaqueous Tunnelling in Compressed Air,” 
by Mr. J. A. Formunt. 

INSTITUTION OF PETROLEUM TECHNOLOGISTS.—Tues- 
day, February 12, 5.30 p.m., Royal Society of Arts, 
John-street, Adelphi, W.C.2. “The Chemical Investi- 
gation of Trinidad Well Waters and its Geological and 
Economical Significance,” by Mr. J. S. Parker and Mr. C. 
A. P. Southwell. 

INSTITUTE OF MARINE ENGINEERS.—Tuesday, February 
12, 6.30 p.m., 85-88, The Minories, Tower-hill, E.1. 
“The Design and Construction of Electric Auxiliaries 
for Marine Service,”’ by Mr. G. J. Scott. 

InstiTuTE oF British FouNDRYMEN: Lancashire 
Branch: Burnley Section: Tuesday, February 12, 
7.15 p.m., Technical College, Burnley. ‘‘ Some Aspects 
of Modern Foundry Practice,”’ by Mr. Griffiths. London 
Branch: Thursday, February 14, 8 p.m. Engineers’ 
Club, Coventry street, W.1. ‘‘ Theory and Practice of 
Gun-Metal Casting,” by Mr. H. C. Dews and Mr. G. C. 
Pierce. Wales and Monmouth Branch : Saturday, February 
16, 6.20 p,m., University College, Newport-road, Cardifi. 
** Properties of Cast Iron,”’ by Mr. F, D. Corbin. 

INSTITUTION OF ENGINEERS AND S#IPBUILDERS IN 
ScoTtLanp.—Tuesday, February 12, 7.30 p.m., 39, Elm- 
bank Crescent, Glasgow. ~The Choice of Propelling 
Machinery,” by Prof. P. A. Hillhouse. ‘‘ The Semi-Fluid 
State in Lubrication,” by Mr. J. E. Southcombe and 
Mr. J. H. Wells. 

Institute or Metats.—North-East Coast Local 
Section: Tuesday, February 12, 7.30 p.m., Armstrong 
College, . Newcastle-on-Tyne. ‘‘ Metallurgy of Engi- 
neering,” by Mr. J. E. Newson. Swansea Local Section : 
Wednesday, February 13, 7 p.m., Thomas’ Cafe, High- 
street, Swansea. ‘“‘ Recent Development in Rolling 
Metal Strip and Sheet,’ by Mr. J. E. Malam. London 
Local Section : Thursday, February 14, 7.30 p.m., Society 
of Motor Manufacturers and Traders, Limited, 83, Pall 
Mall, S.W.1. ‘“‘ Some Present-Day Metallurgical ‘ Tools ’ 
and Methods.’’—‘‘ The X-Ray Spectrometer,” by Dr. 
C. J. Smithels. ‘“‘ Quantitive Spectroscope Analysis,” 
by Mr. S. V. Williams. ‘“‘ High Magnification Micros- 
copy,” by Mr. H. Wrighton. ‘“‘ Dilatometers,” by Mr. 
W. E. Prytherch. ‘“ Preparation of Some Unusual 
Metallographic Specimens,’ by Mr. A. J. Murphy. 
Scottish Local Section : 'Thursday, February 14, 7.30 p.m., 
Institution of Engineers and Shipbuilders in Scotland, 
39, Elmbank-crescent, Glasgow. Joint Meeting with 
the Institution of Engineers and Shipbuilders in Scotland 
and Institute of British Foundrymen. “Alloys: Past, 
Present and Future,” by Dr. W. Rosenhain. 

SHEFFIELD METALLURGICAL ASSOCIATION.—Tuesday, 
February 12, 198, Wcst-street, Sheffield. ‘‘ Metallurgical 
Post-mortem Examinations,’ by Mr. 8. P. Hague. 


ferometer to the Goniometry of Prisms,” by Dr. D. 8S. 
Perfect. Demonstration of Professor Coker’s Photo- 
Elastic Apparatus (1928 Model). 


Royat AERONAUTICAL SocreTy.—Thursday, February 
14, 7.45 p.m., Royal Society of Arts, John-street, W.C.2. 
Joint meeting with the Institution of Automobile Engi- 
neers. ‘“‘ Air-cooled Engines in Service,” by Mr. A. H. R. 
Fedden. 


INSTITUTION OF PROFESSIONAL CriviL SERVANTS.— 
Friday, February 15, 5.30 p.m., Surveyors’ Institution, 
12, Great George-street, S.W.1. Lecture: ‘ Salvaging 
the Fleet at Scapa Flow,” by Mr. G. Atkinson. 








Tue InstrruTe or Metats.—As previously announced 
in ovr columns, the twenty-first annual general meeting 
of the Institute of Metals will be held in the hall of the 
Institution of Mechanical Engineers, Storey’s-gate, Lon- 
don, 8.W.1, on March 13 and 14 next. The papers to be 
read and discussed, on the morning of March 13, are :— 
“‘ Special Properties of Eutectics and Eutectoid Alloys 
in Binary Metallic Systems,” by Professor P. Saldau ; 
“ Work-Softening and a Theory of Intercrystalline 
Cohesion,” by Messrs. F. Hargreaves and R. J. Hills; 
and ‘ Note on the Testing of Electro-deposits on Alu- 
minium,” by Messrs. G. B. Brook, and G. H. Stott. 
Afternoon, March 13:—‘‘The Constitution of the 
Cadmium-Rich Alloys of the System Cadmium-Gold,” 
by Dr. P. J. Durrant; “The Age-Hardening of Some 
Aluminium Alloys,” by Dr. M. L. V. Gayler and Mr. 
G. D. Preston; “ Brittleness in Arsenical Copper—II,” 
by Mr. C. Blazey; “A Note on the Haughton-Hanson 
Thermostat. A Method of Fine Adjustment,” by 
Dr. P. J. Durrant ; and “‘ The System Magnesium-Zinc,” 
by Dr. W. Hume-Rothery and E. Rounsefell. Morning, 
March 14:—‘‘ The Importance of Design and Setting 
of Large Kettles Used for Refining Low Melting Point 
Alloys,” by Mr. H. C. Lancaster; “ An Improved Form 
of Electric Resistance Furnace,” by Dr. W. Rosenhain 
and Mr. W. E. Prytherch ; and ‘‘ Recent Developments 
in Electric Furnaces,” by Mr. D. F. Campbell. After- 
noon, March 14:—‘ Alloys of Zirconium.—II,” by 
Mr. C. Sykes ; ‘“‘ The Resistance of Zinc to Indentation 
(A Preliminary Account),” by Dr. J. N, Friend and 
Mr. W. E. Thorneycroft; ‘‘ The Solution of Plain and 
Amalgamated Zincs in Electric Batteries,” by Dr. J. N. 
Friend; and “The Silver Contents of Specimens of 
Ancient and Medizval Lead,” by Dr. J. N. Friend and 
Mr. W. E. Thorneycroft. The annual dinner of the 
Institute will be held at 6.45 p.m. on March 13 at 
the Trocadero Restaurant, Piccadilly Circus, W.1. To 
celebrate the twenty-first anniversary of the foundation 
of the Institute, a conversazione will be held at the 
Science Museum, South Kensington, in the evening of 
March 14, in connection with which a metallurgical 
exhibition is being arranged. The Institute is paying 
an official visit to the British Industries Fair, Bir- 
mingham, on February 21 next, 
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72-IN. MULTIPLE-DOOR REFLUX VALVES; TILBU 


CONSTRUCTED BY 


(For Description, see Page 166.) 


MESSRS. J. BLAKEBOROUGH AND SONS, LIMITED, ENGINEERS, BRIGHOUSE. 


RY DOCK PUMPING STATION. 
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PLATE XVII. 





RECONSTRUCTION 


MESSRS. MOTT, HAY AND 


OF 


THE WEARMOUTH BRIDGE, SUNDERLAND. 


ANDERSON, M.M.INST.C.E., CONSULTING ENGINEERS, WESTMINSTER. 


(For Description, see Page 156.) 
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New West Footpath ERECTED AND IN USE, DECEMBER 12, 1928. 











(To face page 156.) 





Fic. 2. ArcH Rips CoMPLETED, SEPTEMBER 20, 1928. 
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PLATE XIX. 


RECONSTRUCTION 


HAY AND ANDERSON, M.M.INST.C.E., 


MESSRS. 


MOTT, 


ENGINEERING, Fes. 8, 1929. 





CONSULTING 


(For Description, see Page 156.) 


OF THE WEARMOUTH BRIDGE, 


ENGINEERS, 


WESTMINSTER. 


SUNDERLAND. 
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13. 


View oF OLD BRIDGE, SHOWING TEMPORARY GIRDERS. 
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ArcH Riss in CouRSE OF ERECTION, SEPTEMBER 9, 1928. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London,W.C.2. 


We desire gt — the attention of our {peters to 
the fact that the above is our SOLE ADDRESS, 
and that no poco exists between this 
Journal and any other publications bearing 
somewhat similar tit!es. 


TrLecraPHic ) “ ENGINEERING,” WESTRAND, 
ADDRESS LONDON. 
TELEPHONE NumBers—3663 and 8598 GERRARD. 


- - SUBSCRIPTIONS, HOME AND FOREIGN. 


“ ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- | 
stalls, or it can be supplied by the Publisher, post | 
free, at the following rates, for twelve months, payable 
in advance :— 














For the United Kingdom _ ...:..........05.. £3 5 0 
For Canada— 
Thin paper copies .............c.rs000 £2 18 6 
Thick paper copies ................6 £3.3 0 
For all other places abroad— 
Thin paper copies .................c00 £3 3 0 
Thick paper copies ................2+ £3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 


When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 











The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
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EGYPT AND THE ASSOUAN DAM. 


At the present time the Egyptian Government 
has an ambitious programme on hand involving the 
expenditure on public works of something like 
££26,000,000 in the course of the next five or ten 
years. The plans embrace, certainly, many desirable 
but at the same time non-revenue producing im- 
provements. For instance, 10 millions are allotted 
to the provision of drinking water centres to super- 
sede the unhealthy sources frequently forming the 
only domestic supplies in many towns and villages. 
Another sum of ££1,300,000 is set aside for roads 
and bridges, and ££1,000,000 are allotted ‘to hos- 
pitals. As regards revenue-producing works, the 
sum of no less than ££13,000,000 is set down for 
works connected with irrigation, &c., apart from 
the amount already appropriated for the Nag 
Hamadi barrage, now in course of construction. 
The sum now to be devoted to these works will be 
expended upon the Gebel Aulia dam on the White 
Nile (££3,000,000), drainage works in Upper and 
Lower Egypt (££6,000,000) and the scheme for rais- 
ing the height of the Assouan Dam (££4,000,000). 

It is well known that the general scheme of irri- 
| gation development has been of a progressive nature 
ever since the British regime was inaugurated. 
Lord Cromer’s. foresight was responsible for the 
| devotion of much energy and money to the con- 
| structive policy of developing by degrees the natural 
| resources of the country, so thatit might not only in 
the end become solvent, but: be fairly set on the 
highway to prosperity. The success of the policy 
| is too well known for it to be necessary to detail 
|it.here. It will suffice to.state that a definite stage 
| was suceessfully reached with the completion of the 

Assouan Dam in 1902. It will be recalled that the 
original scheme. was modified in deference to public 
| demand that certain archwological remains should 
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be preserved untouched, but the expansion of the 
population and of the country’s industries made it, 
after the course of a few years, essential to provide 
further storage capacity, and this was effected by 
raising the dam to a height somewhat above that to 
which it was originally intended to build it, this 
heightening being accomplished in 1912. 

It was early realised that even this would not 
satisfy the eventual needs of the country if its 
resources were to be developed to the utmost, and, 
it will be recalled, that as early as 1904, a most 
informative report was put in by Sir William 
Garstin on the possibilities of the Upper Nile 
regions. A further useful work, going into details 
of quantities on information largely unavailable in 
Sir W. Garstin’s time, and: also’ propounding a 
definite programme, was the oft-quoted report of 
Sir Murdoch MacDonald, entitled Nile Control, 
and published in 1920. - This report dealt with the 
possibilities of the White Nile, the Gebel Aulia 
scheme, the Lake Albert proposals, the Blue Nile 
plans (including the scheme since brought into being 
at Sennar),‘and the possible use of Lake’ Tana. 
The Nag Hamadi barrage was also considered. 
The international Commission of 1920, consisting of 
Mr. F. St. J. Gebbie, Mr. H. T. Cory, and Dr. G. C. 
Simpson reviewed these projects, as well as the 
subject of the apportionment of water and of costs, 
as between Egypt and the Soudan. In effect, the 
Commission considered the programme the only 
reasonable one and recommended the various items, 
of which, the Sennar dam has since been brought 
into service, and the Nag Hamadi barrage, already 
referred to, commenced. 

The other item of the programme, which has 
been most to the fore has been the Gebel Aulia 
dam,-while recently the situation has been greatly 
modified by the proposal to raise the height of’ the 
Assouan dam a second time. It is impossible but 
to believe that the sundry and manifold changes 
which have influenced politics in Egypt in recent 
years: must have had effect on the development 
programmes advanced at one time or another. 
This phase of the queetion we do not intend to 
discuss, however, at the present moment, and 
propose to confine our‘ attention to matters of 
more directly engineering moment. 

The Gebel Aulia scheme was first proposed by 
Mr. P. M. Tottenham, in a report dated 1913, as 
a flood relief, when its cost was placed at a very 
small figure. Subsequently the idea was further 
developed from the storage point of view, and the 
estimated cost was increased. It has already been 
recorded in these columns that the dam was at one 
time commenced, but as the estimated cost continued 
to advance, work was afterwards suspended. Since 
the publication of Nile Control in 1920, in which 
the Gebel Aulia scheme was strongly advocated, 
more information has become available about the 
character of the district where this dam is sited. 
The existence of permeable strata of gravel has 
been proved, which would seem to make it most 
improbable that water could be stored effectively. 
The effect of the reservoir level on the slope of the 
water table in the surrounding land, referred to 
observed facts connected with present river levels, 
makes it probable that the percolation losses would 
be enormous, while the great’ amount of water 
absorbed while filling the reservoir of the size 
suggested, and of the evaporation losses from the 
great sheet of water of an average depth of 6 ft. 
only, appear to render the project one of at least 
doubtful value. At the time work was suspended 
the estimates for cost were 6,000,0001., which, with 
other heavy charges in which the Government was 
then involved, was said to have been more than the 
country could spend. It is now, however, proposed 
to continue work on the dam, and as we have noted, 
3,000,0001. is being allotted to the work. 

The proposal to heighten the Assouan dam for 
the second time has also had an interesting history. 
It is thought possible that if the Garstin programme 
as regards Lakes Tsana and Victoria and Albert 
had been carried through any such proposal would 
have been ‘superfluous. The ‘preliminary work 
early inaugurated on the White Nile Sudd region, 
as an anticipation of the Lake Albert scheme, was 





abandoned about 1914, and attention concentrated 
on what were then thought to be schemes of greater 
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immediate promise. In the political complications 
which have followed the war, the argument that 
Egypt should be in a position to regulate sufficient 
supplies for all her requirements, independently of 
the Soudan, has undoubtedly had weight in some 
quarters, while schemes put forward for adding to 
her resources by the development of hydro-electric 
power on a large scale, have also incited interest 
and possibly raised ambitious hopes. 

In the light of recent events, it is interesting to 
note that Sir Murdoch MacDonald devoted a chapter 
in Nile Control, in 1920, to the subject of additional 
storage at Assouan, and argued that any possible 
effect of this would be small compared with the 
possibilities of Lake Albert. His conclusion is: 
“Tt is obvious . . that a heightened Assouan 
dam would rarely be of advantage before the com- 
pletion of the Lake Albert project, and that after 
that time its function would be to allow the reserve 
supply in Lake Albert to be built up more rapidly 
after it had been depleted.” Accepting the infor- 
mation submitted to them that impounding at 
Assouan could not commence till R.L. 88-0 had been 
reached on the falling flood, in order to avoid the 
accumulation of silt, the possibility of raising the 
Assouan dam was not discussed in any way by the 
International Commission of 1920. Even as late 
as 1926 it was stated in the House of Commons 
by Sir Murdoch MacDonald that no great additional 
volume of water could be stored at Assouan. It 
appears, however, that the R.L. 88-0 rule had been 
adopted more as a working hypothesis than the 
conclusion of exact data, and experience at the dam 
goes to show that though in abnormal seasons it has 
been departed from, no silting has manifested itself. 
It is therefore concluded that it would be safe to 
begin impounding at a higher level, without which 
step the storage of extra water would be impossible. 
This fact being accepted, it obviously became attrac- 
tive to the Egyptian Government to take steps to 
store additional water under its own control at 
Assouan, and schemes were submitted with this 
object in view. 

The proposals were placed, in November 1928, 
before a Commission consisting of Mr. W. J. E. 
Binnie (Great Britain), Colonel H. L. Cooper (U.S.A.) 
and Dr. H. E. Gruner (Switzerland), the suggestion 
being to raise the dam from R.L. 113 to R.L. 120. 
We reproduce the report of this Commission in full 
on page 176 of this issue, with the exception that 
certain of the drawings have been omitted. The 
report is a very interesting document and testifies 
in enthusiastic terms to the work and design of 
the original dam and also to the success of the 
additional work finished in 1912, under Sir Murdoch 
MacDonald to the designs of Sir Benjamin Baker. 
We understand that the unanimity on the various 
subjects of reference, as between the Commis- 
sioners, was, for an investigation of this kind, quite 
exceptional, and greatly facilitated the investigation 
and the drawing up of the subsequent report. 
We may at once state that the report considers 
the raising of the dam not only to R.L. 120, but to 
R.L. 122, perfectly feasible, and formulates proposals 
as to how this should be done. The suggestion is 
to build on the downstream face a series of buttresses 
of masonry, independent of, but lying on the old 
masonry as shown in the figures we reproduce. 
As the leading particulars are there given, we 
need not go into them in detail; it will suffice to 
say that the new work will be separated from the 
old by means of non-corrosive metal plates, in turn 
resting upon dressed chases on the old masonry. 
The buttresses would be contin.1ed up the vertical 
face of the downstream side, where, however, they 
would stand clear of the old work. The upper part, 
9 m. high, would be finished downstream with false 
buttresses corresponding with those below, but 
not continuous with them, so that the main mass 
of the new buttresses would be free to expand, 
independently of the main body of the dam. 
Both the sluice sections and solid parts of the 
dam would be treated in this way. Asphalt 
water seals are arranged for between sections 
of the added height, and between it and the existing 
work, 

It may be interesting at this point to recall the 
conditions obtaining when the dam was first raised. 
When originally reduced in height, in deference to 
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public clamour with regard to Philae, &c., Sir 
William Willcocks produced a design which heclaimed 
was capable of being increased in height by the 
mere addition of masonry to the crest. There is, 
we believe, on record an expression of opinion by 
Sir Benjamin Baker to the effect that this would 
have been feasible, but at the time the theories of 
Messrs. Atcherley and Pearson were causing some 
uneasiness in civil engineering circles, and the 
importance of being on the safe side in a matter 
of such moment as the Assouan Dam compelled 
Sir Benjamin Baker to modify his ideas. Although 
the scare arising from the theories referred to was 
allayed subsequently, largely by the work of Messrs. 
Wilson and Gore, Sir Benjamin Baker considered 
that prudence demanded the precaution of adding 
to the resistance offered by the dam, when under- 
taking the suggested raising. His report on the 
subject was submitted at the close of 1906 and 
discussed two possible methods. The first involved 
placing an earthen bank against the down-stream 
face to provide what Sir Benjamin calls “active 
pressure against the outside sloping face of the dam 
to oppose the increased pressure of the water on the 
inner face of the same.” As the dam has sluices 
this clearly would have involved difficulties, and 
the second plan was adopted. This, as is well 
known, consisted in keeping the new work separate 
from the old downstream face until both had 
reached the same temperature, and then grouting 
the two together. This was fully described in our 
columns at the time.* According to the recent 
Commission, this work shows every sign, at the 
end of sixteen years’ service, of having been com- 
pletely successful, but the present suggestion does 
not follow in any sense on the same lines; in fact, 
it departs from it so far as virtually to adopt the 
alternative of “ active pressure,” provided mainly by 
a load and altogether independent of cohesion. The 
means proposed of putting this into practice will be 
gathered from what we have said above, and may 
be studied at greater length in the report. They 
present features of considerable novelty, as will be 
readily gathered. 

The Commission has put forward its own scheme 
as preferable to others submitted, but, as we have 
referred to Sir Benjamin Baker’s original proposals, 
some reference to certain of the alternatives is 
necessary. The report mentions in particular a 
scheme put forward by Sir Murdoch MacDonald, 
while other suggestions of the Egyptian Government 
Department concerned were considered. We under- 
stand that a scheme of thickening the dam again on 
the lines of the 1912 work is ruled out, largely on the 
score of the length of time over which such work 
would have to be spread before grouting could be 
completed. As an alternative, Sir Murdoch pro- 
posed buttresses between the sluices, built against 
but not locked into the old work, though grouted 
up to it subsequently. One of the Government 
proposals put forward was a development by 
Mr. A. B. Buckley, M.Inst.C.E., late Director- 
General of Reservoirs, of the alternative suggested 
by Sir Benjamin Baker, of loading the down- 
stream face with a bank of earth. 

This plan required the construction of piers 
between the sluices, below the dam ; from these, arch- 
ing would be carried over to the downstream face, 
the span between the piers being decked over and a 
retaining wall parapet run along the downstream 
side of the decking. On the top of the decking and 
arching, and behind the parapet, sand filling could 
be banked up, covered by stone pitching. The 
scheme overcame the difficulty of providing for 
sluice ways in Baker’s embankment, and allowed 
of the resultant force being brought to bear on the 
main mass of masonry in a most effective manner. 

In the report in which this proposal was put 
forward at the beginning of 1928, an analysis was 
made of the effect of heightening the present 
structure without increasing the support, the added 
structure being designed with arched recesses on the 
downstream side. This shows that if the height were 
raised to R.L.121, the resultants for all conditions 
would comply perfectly with the “ middle third ” 
rule; the stresses on the upstream side at the 87-5 
level (i.e. the sill of the lowest sluices) would still be 
no more than 7:72 kg. per square centimetre on the 





* See ENGINEERING, vol, xciv, page 833 (1912). 
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downstream side with reservoir full, and 0-81 kg. 
per square centimetre on the upstream side. With 
the reservoir empty the stresses would be 10-03 kg. 
per square centi- metre upstream and 0-76 down- 
stream. These are the extreme stresses found, and 
show the present structure to be capable of stand- 
ing up to the proposed head, if heightened only. 
It will be agreed, however, that additional safeguard 
is advisable in the interests of caution. 

If to take the worst line of analysis and the effect 
of full water pressure in the sluices is included, 
assuming them to be closed at the downstream end 
(which of course is not the case), calculation shows 
that the supported type of dam, proposed by Mr. 
Buckley, empty, would be stressed to the amount of 
13-197 kg. per square centimetre upstream and 
—0-648 downstream, a degree of tension producing 
a state of affairs foreseen by Sir Benjamin Baker and 
dismissed by him as of no serious consequence. It 
has been pointed out elsewhere that since the apron 
work has been finished and has proved to be perma- 
nent and satisfactory in every sense, the conditions 
of the dam are rather different from those originally 
obtaining. The apron work, carried down to solid 
rock and run a long distance downstream, so 
raises the level of the virtual base of the structure 
that, with the new level proposed, the head on the 
upstream side of the dam would be little more than 
that accepted as satisfactory for the original dam 
before the apron work was constructed. 

The Commission was not invited to report on 
hydro-electric proposals, but was asked to express 
its view as to how any such scheme should be 
allowed to affect the dam. The Commission’s views 
will be found in their report; apart from the 
question of passing water through the dam they 
suggest, for some reason not quite clear, that in the 
best interests of the country the level of the pool 
should never be allowed to fall below R.L.100. The 
principal scheme brought forward we believe to be 
one by Signor Pontecorvo, the object being, we 
understand, the production of nitrates, the demand 
for which is shown by the large quantities imported 
into the country at the present time. However, 
attractive any such scheme may be, it is certain 
that it must give way to the requirements of 
irrigation and navigation, and although, with 
the raising, the capacity of the reservoir will be 
doubled, this would not be quite the case were 
the limiting low level to be permanently set 
at R.L.100, while the difficulties of combining 
efficient hydro-electric generation with the variable 
head and tail water levels which would be experi- 
enced under irrigation and flood conditions, would 
we believe prove almost, if not altogether, in- 
superable. 

The present report goes into few details, but 
accepts a three years programme suggested by Sir 
Murdoch MacDonald as suitable for their scheme as 
regards construction. Obviously there are many 
other points to consider. While the Commission 
is of opinion that the sluice openings can stand 
safely velocities 50 per cent. greater than those 
now ruling, they propose no remedy for the pitting 
of the roller paths of the sluice gates, nor do they 
go into details of strengthening the gates them- 
selves, though some work of this kind will un- 
doubtedly be necessary. Further, there is the ques- 
tion of the navigation locks. In the first raising, the 
walls of these locks were raised, an extra lock added, 
and the gates moved down stream. The present 
highest gate, now 78 ft. 9 in. high, if the same process 
is again resorted to, would have to be replaced by 
another about 108 ft. high, the loftiest, we believe, 
of its kind attempted. There are, however, other 
proposals which might meet the requirements of the 
site, though, owing to constructional difficulties, 
none that would give anything that could be called 
a simple solution. 

In conclusion, it may not be out of place to refer 
to the effect of the heightening on the country above 
the dam. At present, at full reservoir, water is 
backed up for a distance of 290 km. up the Nile 
valley, compared with a distance of 225 km. for 
the first scheme. The new scheme would carry the 
water back to Wady Halfa, some 350 km. above the 
dam. Archeologists will probably at once think of 
further damage to historic monuments, but fortu- 





nately little of this is likely to occur, The really 























Fes. 8, 1929.] 
important temples hitherto unaffected, but which 
will now at times stand in water, will be only two 
in number, we believe, one at Dendoor and another 
at El Sabua. The important temple at Abou 
Simbel will still escape, and as this is positively the 
last time that the dam can be raised, without 
flooding Wady Halfa, this famous monument 
may be considered safe for all time. The 
‘cost as regards the unique treasures of Egypt is 
thus very small compared with what has already 
been rightly sacrificed in the present interests of 
its teeming population, all endeavouring to wrest 
a living from the narrow thread of cultivable land 
running between Assouan and the sea. From this 
standpoint, therefore, there can surely be raised 
no objection to the increase of capacity of the great 
work which has already done so much to improve 
the conditions of the country. 








ASTRONOMY AND ENGINEERING. 


THE crowded audience, completely filling the large 
lecture hall at Storey’s-gate, which had the privilege 
of hearing Professor A. 8. Eddington last Friday, 
were entranced by a lecture, fascinating both in 
content and form, and at its conclusion enthusias- 
tically expressed their appreciation. The address, 
which benefited also by the speaker’s charm of 
delivery, was the Thomas Hawksley lecture for the 
year, and the enterprise of the Council of the Insti- 
tution of Mechanical Engineers in establishing a 
new precedent by the appointment of the eminent 
Cambridge astronomer, has been most strikingly 
justified. 7 

The engineer, may very fairly claim no insig- 
nificant share in recent astronomical triumphs. 
Indeed, Henry Rowland, whose diffraction gratings 
have done so much for spectroscopy, started 
his professional life as an engineer, and to-day it is 
the work promoted by Dr. Elihu Thomson in 
the laboratories of the General Electric Company, 
which has made the construction of a 200-in. 
reflector a practical proposition. Thisis to have a 
mirror of fused silica, and we may note with some 
pardonable pride that both Dr. Thomson and 
fused silica had England as their birthplace. The 
existing 100-in. telescope at Mount Wilson weighs 
100 tons, and to make it move with the requisite 
smoothness, accuracy, and ease was no trivial 
engineering feat. In this particular case the diffi- 
culties were reduced by sustaining part of the weight 
by floats dipping into mercury, but the perfection 
to which the engineer has brought the ball bearing 
made it possible to dispense with this device in 
the case of the 72}-in. telescope at Victoria. In 
all these large instruments the adjustments are 
effected electrically, further assistance from the 
engineer being thus required. 

It was pleasing to have Professor Eddington’s 
acknowledgment of the astronomer’s debt to the 
engineer, but the immediately succeeding section of 
his address was less welcome. In this the lecturer 
stated that his own work had been largely concerned 
with that side of physics which is attempting, we 
fear not without success, to des roy the idea that 
the universe, in its physical aspects, is mechanical. 
On the latter view natural phenomena can be repre- 
sented by mechanical models. These are now 
declared (not, be it added, for the first time in 
the History of Physics) to be out of date, with the 
prospect that for the future we shall have to con- 
tent ourselves with calculating effects rather 
than with picturing processes. Whilst, however, 
there is every reason to believe Dame Nature is 
not a mere mechanical Robot, there are, we think, 
also adequate reasons for refusing to believe that 
she is merely “‘ the serene mathematician,” described 
in the lecture. 

In any case, it is both permissible and advisable 
to make what use we can of models, and in his 
recently published volume of Giffard lectures, 
Professor Eddington confesses that in his own case 
the old Adam is still so strong that he can’t help 
picturing an electron as a hard tiny red ball, and 
the proton as a similar grey one. 

Whilst astronomy owes much to the constructive 
abilities of the engineer, Professor Eddington 
pointed out that help had also been received on the 
theoretical side. Sadi Carnot, whose theory domi- 
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nates all physics, was, in fact, an engineer, and 
his Réflexions sur la Puissance motrice du feu et sur 
les machines propres a dévelloper cette Puissance 
originated in a desire to improve steam engines. 
Pulsating stars, as Professor Eddington observed, 
are also heat engines, and have to be discussed in 
the light of Carnot’s concepts. These stars are of ex- 
traordinary interest, since their intrinsic light-giving 
power has been proved to be a definite function 
of their periodicity. Hence, whenever and wherever 
a pulsating star is observed, its distance from us 
can be determined by comparing its luminosity as 
actually observed with the intrinsic value, just as 
the distance of a candle might be determined, in 
theory at least, by noting the time it required to 
impress its image on the plate in a camera. Using 
this method of measuring distances by means of 
pulsating stars, Hubble has estimated that some 
of those observed at Mount Wilson are not less 
than 140,000,000 light years away, and Professor 
Eddington stated that by the same method we have 
learnt that the light by which we see Andromeda 
left her 900,000 light years ago. 

Such discoveries give added force to the Psalmist’s 
rhapsody that ‘The Heavens declare the Glory 
of God,” but there is another side to this matter, 
also discussed in the lecture, which were it possible 
to believe, that nature was summed up in mathe- 
matics, would justify the claim that the futility was 
as pronounced as the glory. Here are all these 
starry marvels, some of which such as Betelgeuse, 
have a diameter of 250 million miles. On them 
no life can exist. Inside of them the central tem- 
perature attains 40 million deg. C., and the whole 
mass is steadily disappearing by the conversion of 
matter into X-rays. These are then softened down 
to light before reaching the surface of the star, and 
this light, which represents mass and energy, is 
dispatched into space. Since entropy always tends 
to a maximum there is no conceivable way in which 
a reconversion of light into matter can be effected. 
The whole universe, therefore, if mathematics and 
physics tell the whole story, is vanishing into 
chaos. If this be all, Macbeth might well regard 
existence as a tale told by an idiot. Maxwell 
showed that it was possible to picture a process in 
which, by the action of mind, the growth of entropy 
could be reversed, and it is at least conceivable that 
this takes place to some infinitesimal extent in every 
living cell. Such cells certainly manage to arrange 
atoms and molecules in positions in which neither 
the stability nor the entropy is an absolute 
maximum. It is conceivable, though hardly prob- 
able, that experiment may definitely prove this, 
but the disproval of such an hypothesis would seem 
to be inherently impossible. 

It is not a little interesting to compare Prof. 
Eddington’s account of the origin of the sun’s heat 
with the scheme described by Lord Kelvin in a 
lecture delivered at the Royal Institution on 
January 21, 1887. In that lecture the sun’s heat 
was ascribed solely to its contraction under the 
mutual gravitation of its parts. On this basis Lord 
Kelvin concluded that it “‘ would be exceedingly 
rash to assume as probable anything more than 
20 million years’ of the sun’s light in the past 
history of the earth, or to reckon on more than 
five or six million years of sunlight to come.” 

In contrast with this, Sir John Jeans has stated 
that the definite evidence provided by the effects 
of radio-active inclusions in the rocks shows that 
some of these must be something like 2,000 million 
years old. So far as the future is concerned, he 
states that “a gloomy view” would accord to 
humanity a possible futurity of 2,000 million years. 
Immensity, is, indeed, the characteristic of both 
space and time, as disclosed by the advance of 
science. 

Another point, that has been established, is that 
solar systems must be extraordinarily rare, and in 
the volume of Giffard lectures to which we have 
already made reference, Prof. Eddington expresses 
the opinion that though a few planets similar to the 
earth may have existed in other systems, yet the 
time scale is so vast that he “‘is inclined to claim 
that at the present time our race is supreme, 
and not one of the profusion of stars in their 
myriad clusters looks down on scenes comparable 
to those which are passing beneath the rays of the 





sun.” It is of interest to recall that the late 
Mr. A. R. Wallace, the compeer of Darwin, main- 
tained this view as to the uniqueness of the world 
fifty years ago. His conclusion was, however, 
based on nothing much stronger than prejudice, 
whereas the above quotation from Prof. Eddington 
is the result of calculations. It is curious to note 
that we have here a recurrence, in some sort, to the 
supremacy assigned to the earth in pre-Copernican 
days. 

Extraordinary as are the dimensions of the stars, 
the information now acquired about their densities is 
equally startling. On the one hand we have 
Betelgeuse, with a density corresponding, Prof. 
Eddington states, to a fairly good vacuum, and 
then at the other extreme we have the dark com- 
panion of Sirius, composed of matter such that a ton 
could be packed into a match-box, the density being 
about 60,000 grammes per cubic centimetre. Since 
this star and Sirius revolve round each other, its 
total mass could be calculated once the orbit had 
been determined. Later on the spectroscope showed 
that the intrinsic brightness of its surface was com- 
parable with that of the sun. At the distance of 
Sirius, the sun would, however, appear much brighter 
than the companion. Calculation then showed that 
a mass comparable with that of the sun was packed 
into a volume comparable with that of Neptune. 
This result “ fairly flabbergasted *’ astronomers, but 
the calculations on being checked over proved 
correct. The solution of the problem, thus pre- 
sented, by this, at the time, incredible conclusion, 
was found by Prof. Eddington, though he modestly 
refrained from mentioning the fact in his lecture. 
As there explained, under the X-ray bombardment 
which atoms experience in the interior of the stars, 
their electrons are torn off, leaving the nuclei 
bare. Almost the whole mass of the atom is packed 
into the nucleus, which in the case of hydrogen 
is very much smaller than the electron, and in other 
cases of a size comparable with the latter. The 
electron has a diameter equal to about x55, 
that of the neutral atom. Hence comes the pos- 
sibility of the close packing disclosed in the com- 
panion of Sirius. One of the difficulties which 
cropped up when this view was confirmed by the 
Einstein shift of the spectral lines was that ap- 
parently a star thus constituted would be unable to 
cool. We understand, however, that this point 
has been cleared up either partially or completely 
by that abandonment of the classical laws of 
mechanics which is apparently in process of being 
enforced on all physicists engaged in the study of 
sub-atomic processes. 








CO-OPERATION IN INDUSTRY. 


In the midst of many depressing circumstances, 
British industry was encouraged at the beginning of 
last year by the initiation of the Mond-Turner 
Conference. This body, as will be remembered, was 
formed to undertake discussions, covering the entire 
field of industrial re-organisation and industrial re- 
lations, and it was hoped to arrive at concrete 
proposals acceptable to both branches of industry, 
and applicable to its various trades in such form 
as each industry might determine. The import- 
ance of such a prospect was, and is, recognised gener- 
ally, and the progress of the discussions, so far 
as they have been described publicly, has been 
followed with much interest. That the proposals 
put forward have not met universal acceptance is, 
however, shown by certain objections which have 
been taken by the Council of the British Engineers’ 
Association. 

In dealing with the matter it will be convenient 
to summarise the history of the Conference, 
and to outline the points now at issue. The 
suggestion of some such step as the Conference 
had come from the President of the Trades 
Union Congress in September, 1927, when he 
pointed out that no means existed for direct dis- 
cussion between representative bodies able to speak 
for industry as a whole and knowing its problems 
at first hand. In his view, such discussions would 
bring both sides face to face with the hard realities 
of the present economic situation, and should show 
how far it was possible to co-operate in an endeavour 
to improve the efficiency of industry and to 
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raise the workers’ standard of life. It appeared, 
however, that there was no single organisation of 
employers by whom such a discussion could be 
initiated, and in its absence, Sir Alfred Mond (now 
Lord Melchett) and a number of other leading 
employers sent the invitation which led to the 
Conference. By the middle of last year, when 
the Conference had been in existence for about 
six months, an interim report of its proceedings was 
issued, in the course of which it was recommended 
that steps should be taken immediately to form a 
National Industries Council. The main functions 
of this body were to be to undertake quarterly 
discussions of the widest questions concerning in- 
dustry and industrial progress, a continuous inves- 
tigation of industrial problems through machinery 
to be established, and the creation of Joint Concilia- 
tion Boards to supplement, but in no way to super- 
sede or interfere with the existing joint machinery 
for preventing disputes. It was to consist of the 
members of the General Council of the Trades 
Union Congress and an equal number of 
nominees of the Federation of British Industries 
and the National Confederation of Employers’ 
Organisations. In spite of the creation of this 
National Industrial Council the present Conference 
was to continue its deliberations until it had ex- 
hausted the discussion of all the items on its agenda. 
Of these, some 36 have already been enumerated, 
several of them, such as unemployment and rational- 
isation, involving many ancillary subjects of 
magnitude. The list ranges over practically all 
aspects of industry, whether internal, external, 
or international, and is stated not to be “ com- 
plete or conclusive.” 

Neither of the two employers’ organisations 
to which it is proposed to leave the nomination 
of the employers’ representatives on the National 
Industrial Council appears as yet to have responded 
to the invitation conveyed in the recommendation 
of the Conference, and the Council of the British 
Engineers’ Association, which is affiliated to the 
Federation of British Industries, has now circulated 
a reasoned statement of what it regards as funda- 
mental objections to the proposed National Indus- 


trial Council. The effect of these may be stated | 


shortly. The General Council of the Trades Union 
Congress, while admittedly expert in labour ques- 
tions, such as wages, hours of work, and conditions 
of working, is not necessarily competent to deal 
critically with the wide range of matters to be 
referred to the National Industrial Council, which 
presumably are co-extensive with those now before 
the Conference, and include the entire complex and 
technical machinery of industry, commerce and 
finance. It is urged, again, that while the employers 
include almost every shade of political opinion and 
their common interests are purely industrial the 
General Council of the Trades Union Congress is, 
in fact, if not in theory, associated closely with the 
political aspirations of the Labour Party, and unless 
it repudiated publicly the Socialist policy and pro- 
gramme of that party, could not be expected to 
exclude the objects of that policy from affecting 
its action in the high industrial function with which 
it is proposed to entrust it. Similar considerations 
would restrict the extent to which employers could 
be expected reasonably to give the National Council 
the intimate details of industries that might be 
necessary to its effective deliberations. The 
General Council represents, moreover, less than 
a third of the 12,000,000 insured persons engaged 
in industry and trade, and neither the trade unions 
unaffiliated with the Trades Union Congress nor 
the non-union workers. Neither does it represent 
in any way the entire body of the managing, 
technical, selling, and other salaried staff, in whom 
is centred industrial functions of the highest im- 
portance, the consideration of which would be 
essentially necessary to the proposed Council’s 
deliberations. 

In themselves the allegations of the British 
Engineers’ Association appear to be beyond question, 
but it is by no means as clear that they conclude 
the matter. It cannot be contended that the 
system which gives a trade union delegate the 
command of a card vote, however large, invests 
him with the ability to understand all the com- 
plexities that enter into an economic situation. A 
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representation, such as the Conference has made, 
on the highly technical subject of the gold reserve 
and its relations with industry, on which even 
experts of the first order are not in agreement, can 
hardly be thought weightier because the General 
Council has concurred in it. This, however, is an 
infirmity not confined to trade union authorities. 
In another connection the British Engineers’ Asso- 
ciation asserts that proprietors, chairmen, and even 
managing directors seldom, if ever, have expert 
knowledge of more than a small fraction of the 
matters to be discussed by the proposed National 
Industrial Council, and, plainly, any body of men 
set to consider so’ wide a collection of subjects 
would require expert assistance on some of them. 
Doubtless, if the employers’ representatives are 
fit for whatever offices they hold in their own 
organisations, there must beamany branches of the 
agenda on which they are themselves expert, and 
their knowledge in regard to their own subjects of 
the difference between expert and lay opinion will 
have taught them to avoid pretending to expert 
knowledge when they do not possess it. No reason 
has been suggested why, similarly, members of the 
General Council should be more prone to pretend to 
be competent in matters in which they are not. 
An essential part of the constitution of the Con- 
ference, and it may well be also of the proposed 
National Industrial Council, is to enable each side 
to get to know the difficulties of the other, and 
to such extent as members of both sides use their 
position on either body for that purpose, their 
individual competence as experts on particular 
subjects is immaterial. 

The other allegations of the British Engineers’ 
Association stand on a different footing. The 
essential difference between politics and industry is 
that the one is free to work in whatever conditions 
it chooses to assume under whatever laws it can 
make, leaving a more or less remote future to 
discover and pay the price of any error, while 
industry has to be carried on under the inexorable 
rule of economic laws, neither made nor modified 
by politicians, which enforce much prompter 
penalties for disobedience. A representative on 
an industrial body has no more right to allow his 
action to be affected by political considerations 
than to commit any other breach of trust, 
and the short point is how far the General 
Council of the Trade Union Congress will recognise 
that the use of their position for the purpose of 
promoting their political opinions would be a 
breach of trust. When this question is considered 
it is impossible to ignore the fact that the bodies 
from whom the General Council is elected are 
composed normally of three classes. By far the 
most numerous class is inarticulate, and the pro- 
ceedings of the union, and ultimately of the Congress 
and its Council, are the resultant of the struggle 
between the other two classes, of which the members 
of one recognise that in the interests of their 
constituents it is necessary for industry to be carried 
on, and that economic laws fix rigid limits to the 
manner in which it can be done with success ; while 
those of the other either are not aware of this 
necessity or prefer for their own political purposes 
to disregard it. Sometimes, and in some districts, 
one party may predominate and sometimes the 
other, and the action of the General Council or 
the Congress, to say nothing of individual lodges, 
has swayed between economic law-observance and 
law-breaking, according to the balance of strength 
|at the time or in the district, or place, concerned. 
| Whether history goes back three years or thirteen, 
| examples will be recalled of the ruinous consequences 
|to the workers, and to the community from the 
| preponderance for the time being of the economic 
anarchists, and no assurance can be given against 
_ history repeating itself in this disastrous way except 
the establishment of a new public feeling on the 
| subject. 

The public spirit, sagacity and experience, of 
|many of the trade union leaders, is beyond ques- 
|tion. It may be doubted, however, whether 
industry in general, or the engineering trades in 
| particular, will accept. their conviction of these 
| qualities in many of the present protagonists as a 
| sufficient warranty that they will be repeated in 
their successors, or hold themselves justified on 





[FEB. 8, 1929. 


the strength of it in setting up a new national 
institution, half the members of which will, be 
elected by the interplay between the conflicting 
classes in the Trades Union Congress. Their 
reluctance will not be lessened when they observe 
how largely the attention of the Conference up till 
now seems to have been devoted to asserting the 
status of the existing trade-union organisation, and 
to claiming for it a position that would not be 
admitted either by non-unionists or by members 
of unions not affiliated to the Trades Union Congress 
or approved by its Council. It is impossible for 
outsiders to judge accurately the considerations 
which have led to what, on the face of it, is a pre- 
cedence of the assumed interests of the trade union 
organisation over those of the industries it is intended 
to serve, but whatever may have been the reasons, 
the fact does not tend to exhibit the economic trade 
unionists, if the expression may be allowed, as even 
at the moment assured of control in their own 
house. While, however, considerations such as 
these may operate to prevent the present accept- 
ance of National Industrial Councils, it will be 
observed that they apply in no way to the existing 
Conference. It may, perhaps, be hoped that the 
good sense of that body may find a way to make its 
agenda somewhat less exhaustive and time-absorbing 
than it appears to be. There appears, however, to be 
little in the criticism of the British Engineers’ Associ- 
ation that applies in principle to the Conference. 
Whether one side or the other is technically repre- 
sentative of industry, it includes a representation on 
such a scale as should be abundantly ample for the 
purpose of an enquiry made in good faith and with 
good will, with a single eye to eliciting the facts 
and securing appropriate action on them. If the 
Conference is carried through to the ends and for 
the purposes expressed by those who initiated it, 
and if effect is given to its economic conclusions so 
far as they concern those that can be most rapidly 
put into practice, both sides will stand before 
industry in a far stronger position to recommend 
permanent institutions. 








TELEPHONE PROGRESS IN THE 
LONDON AREA. 


THE Statement of Telephone Progress in the 
London Area during 1928, which has been prepared 
by the Controller of the London Telephone Service 
and the Superintending Engineer of that District, 
primarily for the Telephone Advisory Committee, 
shows that continued progress is being made. 
Once again we must protest, however, that such a 
report is incomplete, unless something is said about 
finance. But as we learn from a recently issued 
White Paper that the surplus on the telephone 
service for the year ended March 31, 1928, was 
107,3911., and as we are told that in London increased 
revenue has been recorded, we shall probably not be 
wrong in deducing that financially the development 
is as satisfactory as that shown under other headings. 

The statement tells us that during 1928 a notable 
advance was made in the conversion of the exchanges 
within the ten-mile circle from manual to automatic 
working, six more automatic exchanges with a 
capacity of 37,150 lines being opened. It is antici- 
pated that during 1929 fourteen other automatic 
exchanges, with an aggregate capacity of 76,100 
subscribers, will be brought into use. Within the 
next: five years the total of such exchanges in the 
area should be 47. London is now connected 
telephonically with most of the countries in West, 
South, and Central Europe, while the transatlantic 
service has also been made available, via London, to 
the chief cities in those countries. On the other side 
of the Atlantic the service has been extended to all 
parts of Canada and to Mexico. A second radio 
channel has been opened and the hours of service 
have been extended. A new submarine cable to 
France was brought into service during the year 
and additional circuits of high efficiency were opened 
to Paris, thus bringing a large number of towns in 
the South of France within reach of telephone 
subscribers in this country. Facilities to Spain, 
Portugal, North Africa, Austria, and Denmark have 
also been increased. 

At the end of 1928 there were 130 exchanges in the 
; London area, an increase of 12 over the previous 
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year. The number of exchange lines was 355,983; 
and the number of telephones 614,183—increases of 
8-8 per cent. and 8-6 per cent. over the numbers in 
1927. Two private branch exchanges of excep- 
tional size were opened. One has 500 extension 
lines; 129 exchange lines, and 15 operating positions, 
and the extension users can dial indirectly to the 
public system. The other has 50 exchange lines, 
1,000 extension lines, and 15 operating positions. 
The number of call offices in use was 5,512, or 436 
more than in the previous year; 2,850 of these were 
fitted with pre-payment multi-coin boxes. The 
number of kiosks erected was 459, bringing the 
total up to 1,214: In addition to the automatic 
exchanges mentioned above, eleven manual ex- 
changes in congested areas were opened, and this, 
together with the increased development, has 
necessitated the transfer of 13,500 subscribers’ lines 
from one exchange to another, while 37,900 cases of 
removals were dealt with. Fifteen automatic and 
eight manual exchanges are under construction, 
and sites have been secured for fourteen others. 

The number of local calls originated in 1928 was 
592,460,717, an increase of 7 per cent. over the figure 
for the previous year. The average daily number of 
inland trunk calls originating in London was 16,754, 
and the average number of all such calls passing 
daily through the London Trunk Exchange was 
65,729, both figures representing an increase of 
8 per cent. over 1927. The daily traffic on the Toll 
Exchange was 50,008 calls, or 7-7 per cent. in excess 
of the figure for 1927. 

Attention is drawn to the damage caused by the 
fire in the Thames Embankment Subway and by 
the explosion in Holborn. The former resulted in 
the destruction of 200 main trunk and telegraph 
circuits, 3,000 junction circuits and 2,500 sub- 
scribers and local circuits. Upwards of 20 cables 
suffered in the latter. Though both caused a 
considerable interruption, partial working was 
resumed within a few hours and full operation within 
a week. 


GOVERNMENT GRANTS IN AID OF AVIATION. 

It is an unfortunate fact that, in this country, 
aviation has not made the progress demanded 
either by our insular situation or by the develop- 
ments, which have resulted from the energies of our 
political and commercial competitors. This form of 
transport is, in fact, regarded with something akin 
to indifference, people refusing to fly unless facili- 
ties are provided and facilities being lacking because 
few desire to use them. We are, therefore, gra- 
tified to see that an attempt is being made to 
break through this vicious circle, and that there is 
now some assurance that aerodromes, landing 
grounds and pilots will be available in numbers 
adequate to our national needs. This attempt 
takes the form of an agreement between the Air 
Ministry and National Flying Services, Limited, 
the terms of which were published in a White 
Paper [Cmd. 3264], issued by H.M. Stationery 
Office, on Monday. The directorate of the company 
is composed of a number of persons expert in avia- 
tion matters, and its organising head is Lieutenant- 
Colonel I. A. E. Edwards, who, for some years, has 
been chief technical adviser to the Directorate of 
Civil Aviation. This concern has been formed for 
the purposes of establishing civil flying clubs and 
facilities for training and practice in flying, and of 
providing a number of civil aerodromes and landing 
grounds near London and at a number of provincial 
centres. It will receive Government assistance in 
the form of a grant of 10J. per annum for three 
years for each club member, who qualifies for the 
issue or renewal of a pilot’s licence on a club air- 
craft of British make or registration. Present 
service in the Royal Air Force, Air Force Reserve, 
or Auxiliary Air Force, or past service in these forces 
as a pilot (unless such service terminated before 
August 31, 1921), will be a bar to the grant. This 
grant will be subject to a maximum of 15,0001. for 
each year, with a carry-over between the years, if 
necessary. The grant for the next seven years 
after the first three, will be 5/. per pilot, with a 
maximum of 7,500/. per annum without carry-over, 
or, alternatively, such a sum as will bring the 
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certified profits of the company up to 5 per cent. 
of the paid-up capital. No grants will be payable 
after 10 years, and in any event their payment will 
be dependent on the company providing 20 new 
aerodromes and 80 new landing grounds within 
three years. It is stated that the company aims 
at completing this work within two years, and 
hopes to start with 50 instructors and 100 aircraft 
for flying tuition, private hire, and commercial work 
of all kinds. An interesting corollary to this 
scheme is the formation of a Company of Air Pilots 
and Navigators of the British Empire, whose object 
is to enrol all the available piloting experience in 
existence, so as to ensure the safety of British air 
transport and to secure the supremacy of British 
professional air pilots. These two organisations 
will, we hope, lead to the creation of a well-trained 
corps of civil pilots, and should do much to remove 
the obstacles, which at present hamper the proper 
development of an important service. It appears, 
however, that the first scheme is not to go through 
without criticism, and its provisions are to be 
discussed in the House of Commons on the grounds, 
apparently, that it unduly favours one concern. 


FARADAY CENTENARY CELEBRATION IN 193]. 


By invitation of the managers of the Royal 
Institution, a meeting, thoroughly representative 
of the British societies and associations interested 
in pure and applied electric and chemical science, 
was held on Tuesday last at the Institution, under 
the presidency of its Honorary Treasurer, Sir 
Arthur Keith, for the purpose of making preliminary 
arrangements for a Faraday Centenary Celebration 
in 1931. In explaining the project, Sir William 
Bragg, who now occupies the chair as Fullerian 
Professor of Chemistry to the Royal Institution, 
which Faraday had filled from 1833 till his death 
in 1867, remarked that Faraday made his funda- 
mental experiments on electromagnetic induction 
on August 28, 1831. As all the monientous work 
of Faraday was done in the Royal Institution, the 





|many scientific and technical bodies wishing to 
|honour his memory naturally approached the 
Institution with the request to organise the celebra- 
tion, and Sir William Bragg’s proposals found the 
warmest support from Sir Ernest Rutherford, 
President of the Royal Society, from Colonel 
Edgcumbe, President of the Institution of Electrical 
Engineers, from Sir John Snell, representing the 
Electricity Commissioners, the Institution of Civil 
Engineers and the Ministry of Transport, and from 
the Electric Development Association, the British 
Electrical and Allied Manufacturers’ Associations, 
the World Power Conference, the International Elec- 
trochemical Commission, chemical societies, and other 
bodies. Sir W. Bragg mentioned that the centenary 
meeting of the British Association would probably 
also take place in London about the same time, the 
third week in September. Professor J. L. Myres, 
General Secretary of the Association, added, how- 
ever, that this was not yet certain. Sir Ernest Ruther- 
ford pointed out that Cambridge and the Cavendish 
Laboratory would then celebrate the centenary of 
Clerk Maxwell’s birth (November 13, 1831); Mr. 
C.C. Paterson stated that the International Ilumina- 
tion Commission would meet in London in Septem- 
ber, 1931. Two points were emphasised by the 
speakers, namely the opportunity of bringing home 
to the public the importance of Faraday’s work and 
of the achievements of British science; and the 
international character of the intended celebration. 
It was resolved that the Royal Institution should 
nominate a committee to take charge of the scientific 
side of the arrangements, and that the Institution 





of Electrical Engineers should organise the technical 
side. 


THE NEWCOMEN SOCIETY. 


In the history of the water supply of cities there is 
much of interest, and with the present lavish supply 
of water for domestic purposes it is difficult to realise 
the conditions of life in London when it was mainly de- 
pendent on springs and wells. Pumping from the river, 
more for cleansing the streets and for protection 
against fire, than for drinking, came in in the Sixteenth 
Century, the most important installation being the 
pumps built by Peter Morrice in 1582 and worked 
by water wheels in one of the arches of old 








London Bridge. Other pumping plants were erected 
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at various spots between Chelsea and Wapping, and 
one of these was described by Mr. Rhys Jenkin 
in a paper entitled “A Chapter in the History 


‘of the Water Supply of London,” read before 
ithe Newcomen Society on January 23, in which 
‘he gave particulars of the work of Sir Edward Ford. 
‘Born in 1605 and educated at Oxford, Ford became 


a Royalist soldier, defended Chichester and Arundel 


‘Castle, but was imprisoned in the Tower, and for a time 


was an exile in France. He had married a sister of 
Ireton, son-in-law of Cromwell, and, accepting the 
altered conditions, he became reconciled to Cromwell, 
and in 1655 received a patent for pumping machinery. 
This patent is one of about a dozen of its kind granted 
by the Protector, and it is the only one the enrolment 
of which is to be found in the Public Record Office. 
Mr. Jenkin gave extracts from the patent, which 
conferred protection for fourteen years, and owing to 
the observations of an intelligent foreigner, Monsieur 
de Moncouys, who left accounts of his travels, he was 
able to give a sketch of the machine, which was erected 
in a tower on a spot where the Temple Station now 
stands. There were four suction pumps arranged in series 
driven by levers and rods worked by a horizontal cam 
wheel turned by horses.- Old prints of London show 
the tower, which, however, because it annoyed Queen 
Henrietta Maria, was ordered to be taken down by 
Charles II, and Ford’s pumping gear was re-erected 
nearer Charing Cross. Ford later on turned his 
attention to coining farthings. 

This year the Newcomen Society is commemorating 
the 200th anniversary of the death of the great inventor 
Thomas Newcomen, by holding its summer meeting 
in Devonshire conjointly with the annual gathering of 
the Devonshire Association. All too little is known, 
even among engineers, of Newcomen, who was the 
first to make a practical steam engine, and who 
deserved the title of the father of steam power engi- 
neering. Born at Dartmouth in 1663, early in the 
Eighteenth Century, he brought out the atmospheric 
beam engine, a type which was constructed right 
throughout the Century, and the type which lead 
Watt to his great inventions. Newcomen died in 
London, August 5, 1729, and was buried in an unknown 
vault in Bunhill Hill Fields burial ground, and the 
suggestion has been put forward, a suggestion which 
we heartily support, that, in the autumn, engineers 
in London should have an opportunity of paying some 
small act of homage to his memory. 








YEAR BOOKS AND ANNUALS. 


The Mechanical World Year Book, 1929.—The 
changes which have been made in the new edition of 
this very useful reference book are only of a minor 
nature, the most important being the introduction of 
new matter relating to helical springs. No attempt is 
made in this section to treat the subject on a mathe- 
matical basis, but from the formule given, in conjunc- 
tion with a series of tables, no difficulty is likely to be 
encountered in finding the safe load to which any given 
spring should be subjected, or in determining the 
characteristics of the most suitable spring for any 
required purpose. Apart from this addition to the 
contents, new data are given on fly-wheel proportions, 
and some new notes are introduced on compressed 
air. The tables, which have always been one of the 
most useful features of the book, have been extended by 
adding data on mild-steel tubes, crane ropes, and 
valve rod ends. Another new addition is a table 
giving price equivalents per lb., cwt., and ton, and a 
second giving shillings and pence as decimal equivalents 
of 11. The book can be cordially recommended to 
those who are not already familiar with it, as the 
contents, although necessarily condensed, embody an 
enormous amount of useful information, while the 
curves and illustrations are admirably clear. The 
price of the year book is 1s. 6d. net, and it is published 
by Messrs. Emmott and Company, Limited, The 
“Mechanical World’ Office, 65, King-street, Man- 
chester. 





Diary.—We have received a handsome leather-bound 
pocket diary from the Association of Engineering and 
Shipbuilding Draughtsmen, 96, St. George’s-square, 
London, §8.W.1. In addition to the usual postal and 
other miscellaneous information, the book contains over 
80 pages of technical data, tables and formule. 





Almanacs and Calendars.—Daily calendar refills 
have reached us from Messrs. Liverpool Marine 
Appliances, Limited, Cunard Building, Liverpool. 
We have received a wall calendar from Messrs. C. Isler 
and Company, Limited, Artesian Works, Bear-lane, 
Southwark-street, London, S.E.1, and a daily tear-off 
calendar from Messrs. Junkers and Company, Céthener 
Kreisstrasse, Dessau/Anhalt, Germany. A monthly 
tear-off calendar has come to us from Messrs. Grosvenor 
Advertising Company, Limited, 38, Grosvenor-place, 
London, S8.W. 1. 
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THE ASSOUAN DAM. 

WE reproduce below the report of the International 
Technical Commission recently appointed to consider 
the question of raising, for a second time, the height 
of the Assouan Dam. The Commission was composed 
of Mi. W. J. E. Binnie (Great Britain), Colonel Hugh L. 
Cooper (U.S.A.), and Dr. H. E. Gruner (Switzerland). 
The Commission arrived in Egypt and commenced 
their work on November 8, 1928, and their report is 
dated November 30. It was published in Cairo 
when it was approved by the Cabinet on January 31. 
As reproduced herewith we give the report verbatim 
save for certain minor alterations made necessary by 
the fact that we are not able, for want of space, to 
reproduce all the drawings, while in the case of those 
we are giving, the references have been changed from 
“ Drawing No. 1,” &c. (each covering several illus- 
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trations), to direct references to figures in consecutive 
order. 





Report of the Technical Commission appointed to con- 
sider the further heightening of the Assouan Dam so as to 
impound water to R.L.12000. 





To His Excellency The Minister of Public Works. 
EXCELLENCY, 

We have the honour to inform you that in accordance 
with the instructions received from you we arrived at 
Cairo and commenced our investigations on November 8. 
The particular points referred to us for consideration 
were set out in your letter to us dated November 10, 
under four heads of reference which specifically set 
forth the scope of the work we were to nites i 

Reference No. 1.—‘* Whether in view of the past history 
of the dam and its paramount importance to Egypt, it 
is advisable to heighten the existing structure to the 
levels required (i.e., to impound water to R.L.12000).”’ 

Examination of the Existing Structure——We arrived 
at Assouan Dam on Wednesday, November 14, where 
we were taken in charge by Ibrahim Bey Rizk, Acting 
Director-General of Reservoirs, Mr. D. A. F. Watt, the 
Resident Engineer, and our Secretary, Mr. J. D. Atkinson, 
who immediately perfected the ry arrang' 
for the work we had to perform. It has to be stated 
at the beginning that every facility was given to the 
Commission to investigate thoroughly the dam structure. 
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The time which was chosen by the Ministry of Public 
Works to call the Commission to Egypt was the most 
suitable of the year. During the first days of the 
Commission’s visit to Assouan the upstream face of the 
structure was free of water and could be examined 
thoroughly down to the level of R.L.9&.00, afterwards 
one section of the sluices after another was closed and 
the sluice culverts and downstream face were carefully 
examined. At the end of our inspection the water 
level in the pool was at R.L.104, so that the influence of 
the heightened water level on the dam could also be 
seen. The crane was fitted with a solid cradle which 
allowed the whole Commission to examine together 
each point of the dam closely and in detail. 

The upstream face of the dam is faced with horn- 
blende granite or hornblende syenite famous in this part 
of the country. Sir M. Fitzmaurice calls it ‘‘ Squared 
rock-faced granite.”’ All the stones are still in perfect 
condition and it can be stated that except in some 
insignificant places the pointing was all sound and perfect. 
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The downstream face is covered with a grey granite or 
gneiss taken from Shellal, this stone is also in perfect 
condition. The Commission has been very impressed 
by the high quality of workmanship which could be 
observed and the perfect condition in which the stone 
and pointing were seen. Special care was taken to detect 
cracks in the dam. In a piece of masonry of such mag- 
nitude there must be cracks because it works under 
such different stresses and a block of masonry is not an 
elastic but a rigid body. All cracks were examined 
and noted. 

Our first work was to inspect the upstream face of 
the dam above elevation R.L.95.00, accompanied 
by Ibrahim Bey Rizk and Mahmoud Effendi Karara, 
who gave us access to his official records of all cracks 
in the masonry of the dam wherever located. We 
carefully noted the appearance and extent of 36 minor 
vertical cracks in the upstream face of the structure, 
starting from the arch and extending from one to six 
courses above in the pierced, and starting from the 
bottom and extending upward for a maximum of ten 
courses in the solid dam. 

Our second work was to examine and carefully note 
the appearance of approximately 175 small vertical 
cracks in the downstream face of the pierced section of 
the dam, and about 27 vertical cracks in the solid portion 
of the dam. The 175 vertical cracks in the pierced 
section all originate in the crown of the sluiceway arches, 
and extend upwards, more or less vertically for distances 


of about 3 metres, with the exception of those which had | 
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formed at the re-entrant angles of the buttresses, which 
could be traced to R.L.109. Some of these cracks were 
only surface cracks, and others were traceable as far back 
as the joint between the old and new work. These 
cracks were never more than 14 mm. in width at the 
time of our visit, and for the most of their length they 
should be termed hair cracks. 

We were advised by Karara Effendi that the cracks in 
the face of the pierced section have never been water 
or moisture bearing. In the solid section of the dam, the 
cracks have been water bearing in several places, but 
the amount of this discharge has now become impercept- 
ible, even in time of winter temperature. While the 
cracks on the downstream face have been practically 
free from leakage, there are many places on the down- 
stream face of the dam where very small discharges of 
water have occurred at isolated places, showing conclu- 
sively that the existing work is permeable and permits 
the travel of water in voids and invisible cracks in the 
existing masonry. 

























° 
oe 





-° o 
ei we 
Pe Orr ye 






SS 


“ENGINEERING” 


Our third inspection related to the condition of the 180 
sluice culverts. We were particularly concerned about 
erosion on the surfaces of the sluice culverts and the 
condition of their gates, about evidence of leakage into 
the sluice culverts from the pool and particularly careful 
to observe the physical condition of the inclined joint 
between the original dam and the heightened portion. 
As will be noted hereafter in this report, no opinion can 
be expressed as to the feasibility of the second heightening 
proposal until it is definitely determined that the present 
structure is in fact acting as a monolith. Sir Benjamin 
Baker, in his reports and plans relating to the first 
heightening, placed full and proper emphasis on the 
necessity of producing such a union between the original 
and added section as would compel the dam to act as one 
unit instead of two parts. With reference to the erosion 
in the sluice culverts, there is none, except in a few 
isolated points in the floor nearest the corners at the 
bottom of the gates. 

The sluice gates all need repairs, and if the dam is 
heightened, all the sluice gates should be rebuilt, at 
which time improvements in the details should be made 
especially in the direction of a aa them more water 
tight and avoiding the chattering of the roller frames 
which now takes place. The sluice wells should be 
examined in detail and strengthened where necessary 
to withstand the increased water pressure. 

As to leakage through the vertical walls and the roof 
of the sluice culverts from the pool, there is abundant 
evidence that very small amounts of water are finding 
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their way through invisible cracks and unknown scattered 
voids in the masonry, and some of this leakage is showing 
also on the outside facework of the buttresses between 
the sluices. Some of the leakage appeared shortly after 
the water level was raised in the reservoir, showing that 
water can make its way freely through some of the cracks. 

Having in mind the importance of establishing 
definitely whether the first heightening work had made 
an absolute bond with the old work, as planned by Sir 
Benjamin Baker, we had the mortar in the joint between 
the two cut away for about a centimetre of depth and 
for a length of about 40 cm. on the two sides and the 
roof of each sluice culvert. In addition to the above 
three points of observation, we examined this joint 
carefully on the floor of the culverts, thus making four 
points of examination for each sluice. Observations 
of all these four points were made independently by 
each member of the Commission, with the result that 
in not a single instance was there found the slightest 
evidence of movement of the outside or new portion of 
the work independent of the old work, and we reached 
the unanimous conclusion that the plans of Sir Benjamin 
Baker to create an absolute monolithic condition in the 
finished work had been proven successful, after 16 years 
of labour as such monolith, 

Our final work of inspection required a careful examina- 
tion of the aprons below the sluices. Our personal 
examination showed a most excellent condition of the 
surfaces of these aprons, and we are informed by Mr. 
Watt that no repairs have been necessary, since 1916. 
We are of the opinion that the sluice culverts and their 
aprons can safely withstand velocities and volumes 50 per 
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cent. in excess of those occurring in the past. Our 
examination of the aprons included observations for 
determining as far as possible the existence of upward 
pressure from the pool above under the masonry. We 
were particularly careful in our questionings of Sir 
Murdoch MacDonald and Mr. Watt on this point. Their 
testimony to the effect that no upward pressure exists 
under these aprons was confirmed by our observations. 
We examined all the aprons, with the exception of those 
situated below 30 sluices, which would not be inspected 
owing to the presence of silt and water which could not 
be removed without pumping machinery, and only 
at three points could we detect any water making its 
way through the masonry from below. It must be 
remembered, however, that we had not the opportunity of 
examining these aprons when the reservoir was filled 
above R.L.104.00. 

When the masonry of the aprons and the rock is 
cut out for the foundations of the buttresses careful 
examination should be made, with a full reservoir, to 
see whether water is passing under the foundations of 
the existing dam. If this is found to be the case, holes 
should be drilled either at the water face or through the 
floor of the sluice culverts, and Portland cement grout 
should be injected to destroy any uplift pressure. Al- 
though unable to see the actual rock on which the 
foundations rest, the surface of the rock immediately 
adjacent became exposed below the ends of the aprons 
when the discharge was confined to one or other of the 
channels on each side of the river. An examination 
of this rock showed that it was of a character to with- 
stand high compressive stresses. 

Conclusions Based upon Examination.—After an 
exhaustive individual and collective study of our observa- 
tions, we have arrived at the conclusion that it is 
possible to heighten the dam as much as 9 metres with 
entire safety. In arriving at this conclusion we have 
been guided by the following considerations :— 

(1) That the fock on which the structure rests is 

capable of carrying a high compressive stress. 

(2) That the masonry of both the original structure 
and the subsequent addition has been well 
executed. 

(3) That there is no sign of fracture between the 
original dam and the portion subsequently added, 
so that the whole structure acts as a monolith. 

(4) That the cracks are not of a nature to affect the 
stability of the existing structure. 














(5) That the toe of the dam is well protected against 
erosion by the existing aprons. 

Reference No. 2.—‘‘ Whether any of the designs sub- 
mitted are suitable as a means of carrying out the work, 
and, if so, which design they would recommend ?” 
The Commission are requested to suggest any modifica- 
tions to the selected design which, in their opinion, 
would make it more suitable.” The particular designs 
which were placed before us for consideration were 
five in number :— 

The scheme prepared by Sir Murdoch MacDonald and 
Partners. 

The scheme prepared by Professor L. Potterat. 

Three alternative schemes proposed by the Director- 
General of Reservoirs. 

(A) Being a proposal to lend additional support to 
the portion of the existing dam below R.L. 114.00 
by means of a sand backing carried on a system 
of arches to permit of the discharge of water 
from the sluices. 

(B) Being a proposal to add a layer of masonry 
5 metres thick to the downstream battered face of 
the existing structure, raising the vertical portion 
to the required height. 

(C) Being similar, except that the thickness of the 
masonry is 7 metres, and arches are introduced in 
the vertical portion to reduce the weight of masonry 
at the downstream face. 

The information contained in the Reports, which accom- 

anied the schemes referred to above, has been enlarged 
in the course of our investigation by much additional 
matter supplied, at our request, by Ibrahim Bey Rizk, 
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Director-General of Reservoirs, the Resident Engineer 
Mr. Watt, Mr. Sherlock and others. 

We also had the opportunity of questioning Sir 
Murdoch MacDonald, who visited the reservoir on 
November 18, in order to give us the benefit of his 
knowledge with regard to all the works hitherto carried 
out, and to discuss the scheme he had placed before Your 
Excellency. 

Conditions which must be Fulfilled.—We have come to 
the conclusion that whatever scheme is adopted to 
heighten the existing structure, it should fulfil the 
following conditions :— 

(a) That it should be of such design that all the stresses 

are determinable. 

(6) That the design should be such that no tempera- 
ture stress would be transferred from the new 
to the old masonry. 

(c) That the added part should, as far as possible, 
relieve the existing structure of stresses brought 
about by changes of temperature at the down- 
stream face of the dam. 

(dq) That all stresses in the dam after heightening 
shall be well below the requirements of conserva- 
tive modern practice. 

(e) That expansion joints should be provided to pre- 
vent the formation of cracks being brought about 
by changes of temperature. 

(f) That the old masonry should remain in place and 
be disturbed as little as possible. 

(g) That the design should not detract from the 
architectural beauty of the present strcture, but 
should, if possible, improve it. 

After a careful study of the five designs placed before 
us, we have decided that none of them complied with these 
conditions, although that prepared by Sir Murdoch 
MacDonald approximates most nearly to their fulfilment. 

Reference No. 3.—“‘ In the event of none of the designs 
being acceptable, the Commission are requested to 
formulate their own proposals for the heightening.”’ 
Having arrived at the conclusion that none of the 
designs submitted to us were suitable, it remains for 
us to formulate our own proposals, which are illustrated 
in Figs. 1 to 9 eppended. to this report. Your Excel- 
lency will understand that in the limited time at our 
disposal it has not been possible to prepare elaborate 
drawings and extended opinions about the same. We 
understand that only thoroughly considered general 
plans and advice is expected from us, and that we are 


not required to enter the field of criticism of plans that 
do not have our approval. Accordingly, we submit the 
following general description of our proposed method 
for heightening the Assouan Dam. 

The design is, briefly, to raise the vertical portion of 
the existing dam to the required height, retaining the 
existing width of the roadway, and to construct buttresses 
varying in width between each sluice, the buttresses 
projecting from the existing structure for a distance of 
6 metres at alevel of R.L. 87-50, diminishing to 1 metre at 
the level of the existing roadway. The heightened portion 
of the dam would be slightly battered on the down- 
stream face and provided with false buttress projections, 
so as to have the appearance of a continuation of the 
buttress below, a space being left between the two to 
allow of the expansion of the latter in a vertical direction. 
The existing buttresses would be strengthened by the 
addition of a new buttress of the same width, conforming 
in all other particulars to those between the sluices. 
An asphalt key is provided in order to prevent leakage 
of water at the plane of junction between the old and 
the new work. 

The heightened portion would be divided into blocks, 
usually 7 metres in length, by means of transverse joints 
provided with vertical keys to prevent leakage, these 
joints being placed midway between the sluices in the 
pierced dam. By means of this articulation, allowance 
is made for expansion and contraction of the units of 
masonry without the formation of temperature cracks. 

Referring to Fig. 1, you will observe a typical cross- 
section above elevation 87 -50 for the pierced section of the 
dam, (a similar section for the solid dam is not repro- 
duced.—Eb. E.). Both of the above cross-sections are 
shownin plan and elevation. It will be observed that the 
cross-section shows in dotted lines the heightening method 
up to a roadway level of R.L. 123-50, or for an operating 
pool level of R.L. 122-00. A study of Fig. 3 will show 
that we propose a horizontal joint between the main 
buttress and the false buttress of the heightened portion, 
which joint will always be open at least 2 cm. at times 
of maximum ambient temperatures. You will also 
notice that the proposed new buttresses have no fixed 
contact with the existing masonry. You will observe 
that the new buttresses are to rest on wrought-iron non- 
corrosive bearing plates 7 mm. thick (see Figs. 6 to 9.) 
The design of buttress recommended requires the dress- 
ing down of the quarry faces of the existing masonry 
in the immediate path of the buttresses for a width of 
2 cm. on a side greater than the buttress width. The 
above plan provides for the free movement of the 
buttresses in all directions during and after construction, 
without the possible development of destructive internal 
stresses in excess of the elastic limits of the material in 
use. You will notice that the design we submit requires 
almost no disturbance of existing masonry, except the 
lifting of the roadway copings to thé now adopted eleva- 
tion, and that the downstream face of the existing 
structure will be protected from the direct rays of the 
sun. We advise the adoption of the three years’ seasonal 
construction of the work, as proposed by Sir Murdoch 
MacDonald. 

Our Reasons for Favouring the Submitted Design.— 
Before stating our reasons for favouring the adopted 
design, we wish to make the following declarations :— 

(a) It is our opinion that the existing Assouan Dam 
represents engineering of a high order and of monu- 
mental character. We are forced to wonder 
whether the designers and builders of this great 
dam were not inspired to special effort by the 
fact that the dam is built in a land famous the 
world over for great and enduring monuments. 
We are not only deeply impressed with all the 
engineering conceptions that produced the Assouan 
Dam, but we are especially impressed with the 
super excellence of workmanship in executing 
those plans. 

(6) We have a very keen appreciation of the fact that 
the security, health and happiness of more people 
now depend almost entirely on the safety of the 
Assouan Dam than ever before in its history. 

(c) We are conscious of the grave responsibility assumed 
by any engineer or by any Government of Egypt 
when they undertake to increase the load on the 
existing dam where the existing masonry has 
worked so well for many years. 

(d) We are of the opinion that no plan for heightening 
the existing dam should be undertaken that does 
not first take into most careful consideration 
paragraphs (a) (b) and (c) of this section. Simi- 
larly, we are of the opinion that no plan for height- 
ening the existing dam should be adopted unless 
its good influence on the existing work can be 
demonstrated beyond the shadow of a doubt. 
Finally, no plan should be adopted that cannot be 
analysed as to its effect on the existing masonry 
and as to its certain behaviour under any and all 
future conditions. In other words, the adopted 
plan must be one whose physical effect on the 
existing monolith and whose labour as new work 
can be accurately foretold. 

We are of the opinion that the plans and specifications 
shown in Figs. | to 9, fulfil all the conditions set out 
in the foregoing, as well as the requirements of (a), (6), 
(c) and (d) of this section, and we wish Your Excellency 
to know that our decision as herein recorded was not 
preceded by any arguments for the conversion of any 
member of the Commission from views contrary to those 
expressed herein. 

eference No. 4.—‘‘The Minister of Public Works 
has also received proposals for various hydro-electric 
schemes to utilise the power which will be available at 
Assouan. These schemes usually involve certain alterations 





to the dam structure by piercing the solid portion of the 
dam and by modifying the existing culverts, and the 
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Commission, in recommending a design for heightening, | 
are requested to advise :—(4) To what extent proposals 
on the above lines are compatible with the safety of the | 
raised structure.” 

In answering the above question, we advise you that 
the most successful practical development of hydro- 
electric power from the Assouan Dam does not require any | 
piercing of the solid portion of the dam or any alteration | 
of the dam structure. We are of the opinion that, | 
throughout the year, you will eventually find it in the best | 
interest of your ple never to lower the pool behind | 
the Assouan Dam below R.L.100.00, and that you will never | 
at any time permit the operation of a hydro-electric plant | 


at Assouan Dam to interfere with the quantity of water | 
which must be allowed to pass down the river for irriga- | 
tion and navigation purposes. 

We are therefore opposed to the adoption of any plans 
for a hydro-electric plant at Assouan that pierces the solid 
portion of the dam, or that modifies any existing sluice | 
beyond the requirements incident to connecting steel 
penstocks to existing sluices, whose sill level is at | 
R.L.87-50, and beyond the hewing out of the necessary | 
masonry and rock in the apron sections for the installa- | 
tion of delivery draught tubes to the western channel | 
below the dam. In this connection, we might say that | 
whereas we have the utmost confidence in the masonry 
and foundations in the Assouan Dam, we think all the 
future work in and around the dam should be accom- 
plished without the use of explosives of any kind what- 
soever. | 

Workmanship.—In carrying out the construction, the 
greatest care must be exercised to ensure good workman- 
ship throughout. Your Excellency fully realises that the | 
best designs fail of their purpose if due care is not taken | 
to entrust their execution to engineers and contractors 
of the highest standing. 

Extent of Heightening.—In Figs. 1 and 2, the dam is 
shown in full lines corresponding to a top water level of 
R.L. 120-00, as indicated by our terms of reference, 
continued by dotted lines if the water level were raised 
to R.L. 122-00. The stresses to which the structure 
would be subjected, even if the T.W.L. were raised to 
R.L, 122-00, are so moderate, in view of conservative 
modern practice, that we invite your Excellency’s 
consideration of the advisability of adopting a T.W.L. of 
R.L.122-00, instead of R.L.120-00. 

The cost of the extra heightening should not exceed 
£E300,000 for engineering works, and the amount of 
water which can be stored would be increased from 
4,585 to 5,380 million cub. m., with Halfa gauge 2-25 
metres, i.e., it would only cost ££380 per million cubic 
metres, as compared with £E3,469 for the first reservoir, 
including the aprons, and £E2,430 for the existing reservoir. 

We have seen the contour map, and it would appear 
that the compensation which would have to be paid for 
the extra land which would be flooded would not be of 
importance. It is understood that in years of low flood, 
it would not be possible to fill a reservoir of so large a 
capacity, but that the years when it could not be filled 
would be very infrequent. The dam can be raised a 
second time, and we are satisfied that this raising can be 
done without endangering the structure in any way, 
but at the same time we would like to state that a third 
raising of the dam is impracticable, and it would therefore 
be better to make the second heightening such that 
the quantity of water impounded would assure the 
maximum possible supply to the river. 

In concluding this report, we have to express our 
thanks to Your Excellency for the directions you have 
issued, whereby all arrangements which would facilitate 
our investigation were promptly carried out. We also 
wish to express our thanks to Ibrahim Bey Rizk, Acting 
Director General of Reservoirs, who accompanied us 
during our visit to Assouan, and rendered every assistance 
in his power, to Mr. Watt, the Resident Engineer, to 
Mr. Lelyavski, who worked out numerous calculations 
and stress diagrams which we required, and finally to 
Mr, Atkinson, to whom we feel specially indebted for 
the excellent arrangements which he made for our 
comfort and his invaluable services as our secretary. 











SEWAGE DisposaL PLANT IN ONTARIO.—It is reported 
by His Majesty’s Trade Commissioner’s Office at Toronto 
that a survey of the sewage disposal system at North 
Bay, Ontario, the population of which is now about 
17,000, is recommended by the local medical officer of 
health, with a view to the installation of a permanent | 
system with a central disposal plant. | 





Contrracts,—The Central Electricity Board has placed | 
with Messrs. The Steam-Line Filter Company, Limited, 
45, Horseferry-road, London, S.W.1, the contract, 
for filter plant to deal with the transformer and switch 
oils at each of 13 stations included in the Central Scottish 
Grid scheme. This is probably the largest single order 
yet placed for oil-filtering equipment.—Messrs. Standard 
Telephones and Cables, Limited, Columbia House, Ald- 
wych, London, W.C.2, have secured from the British 
Post Office an order for equipment in connection witb 
the installation of an automatic telephone exchange at 
Newcastle. The scheme comprises one main and eleven 
sub-exchanges providing, in all, nearly 20,000 lines with 
an ultimate capacity of 42,000.—Messrs. The ‘* De Maas ” 
Shipbuilding Company, Slikkerveer, Holland, have 
received an order for two passenger and cargo steamers 
of 1,175 tons deadweight carrying capacity, from the 
Royal Packet Company of Amsterdam.—Messrs. Thomas 
Smith and Sons (Rodley), Limited, Rodley, Leeds, have 
received an order from Messrs. The Stancliffe Estates, 
Limited, Matlock, for the supply of two large derrick 
cranes, each capable of lifting 25 tons at a radius of 65 ft., 
and of working from the top of a quarry 150 ft. deep. 
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TEST RESULTS ON THE 50,000-KW. | and other methods of printing. The order of printing 
PARSONS TURBO-ALTERNATOR AT | ¥28 the same as in taking ses egg ag red, blue 
e screens were 


CHICAGO. 


A Futty illustrated description of the mechanical 
details of the 50,000-kw. Parsons turbo-alternator at 
Crawford Avenue, Chicago, was published in ENGINE- 
ERING vol. cxxi, page 283, March 5, 1926. The contract 
was signed on April 10, 1923, and it will be recalled that 


the basis of the design of the machine was described | 


at the First World Power Conference at Wembley in 
1924. The plant was completed at Heaton Works in 
July, 1924, was despatched from the Tyne on August 29, 
1924, and was completely erected and officially put into 
commission on May 25, 1925. 

The steam conditions in the Crawford Avenue Power 
Station are as follows :— 

“a lb. per square inch gauge at the turbine stop 
valve. 

750 deg. F. initial temperature at the turbine stop 
valve. 

700 deg. F. temperature of reheated steam. 

The cooling water temperature falls in winter to 
35 deg. F., and this plant was, therefore, designed for the 
unusually high vacuum of 29-25 in. (barometer 30 in.), 
the turbine being provided with sufficient exhaust area 
to enable the expansion to be carried efficiently down to 
this pressure. A very liberal condenser surface was 
provided to enable a good vacuum to be maintained 
during the hotter periods of the year. The feed water is 
raised from 65 deg. F. to 315 deg. F. (at full load) by 
steam extraction from the turbines. 

There was no rigid guarantee of heat consumption 
given, but the makers undertook to supply the most 
efficient plant which they could design, and put forward 
an estimated heat consumption figure of 10,265 B.Th.U. 
per kilowatt-hour at full load (50,000 kw.). This 
represents a thermal efficiency from steam to electricity 
of 33-2 per cent., a remarkable figure for a steam plant. 
The plant has been on load almost continuously since its 
installation, but for about 12 months it was operated 
without intermediate re-heating of the steam between 
the high-pressure and intermediate-pressure turbines. 
The re-heater installation was put into commission in 
July, 1926, and shortly afterwards, in November, 1926, 
steam consumption tests were carried out by the 
Commonwealth Edison Company in conjunction with 
the consulting engineers, Messrs. Sargent and Lundy of 
Chicago. These tests showed that the heat consump- 
tion of the plant, when corrected to designed conditions, 
was 10,038 B.Th.U. per kw.-hour or over 2 per cent. 
better than the figure given by the makers in the 
original estimate, and equivalent to a thermal efficiency 
of a little over 34 per cent. Messrs. C. A. Parsons and 
Company have quite recently received information 
from the consulting engineers in Chicago, that the plant 
still continues to operate satisfactorily. 





SOME COLOUR PROBLEMS IN 
PHOTO-ENGRAVING. 


In connection with the recent Physical and Optical 
Societies’ Exhibition, a lecture entitled ‘‘ Some Colour 
Problems in Photo-Engraving ’’ was delivered by Mr. 
A. J. Bull, M.Se., Principal of the London County 
Council School of Photo-Engraving. It dealt with some 
of the difficulties of three-colour work. The lecturer 
said the colour-filters of the photographs differed widely 
in the efficiency with which they transmitted light. 
While the red filter transmitted over 90 per cent. of red 
light, the green filter allowed only about 60 per cent. | 
of its light to pass, and the blue filter was still less 
efficient. In order to imitate white by an admixture 
of these three colours, very unequal areas of uniformly- 
illuminated filters had therefore to be used. In spite 
of that difficulty, the additive method of three-colour 
photography gave fairly reasonable renderings of 
colour, because the colours used for reproduction con- 
formed closely to theoretical requirements. 

The printing inks for this work presented, however, 
very different problems, which were still solved only 
in a very imperfect way. There should be double- 
coloured inks, each reflecting two-thirds of the consti- 
tuents of white light. These colours were shown on 
the screen by mixing red and green light to imitate 
the ink that should be used in printing from the blue 
negative ; green and blue light gave the ink colour for 
use with the red negative, and a mixture of red and blue 
was required for the green negative. The available 
inks were all defective ; the blue ink reflected blue and 
green light insufficiently, and the red ink was deficient 
in its reflection of blue light. These defects appeared 
to be a consequence of the general properties of colours 
produced by selective absorption, which only exhibited 
abrupt absorption on the side of the bands facing 
towards shorter wave-lengths. The defects impaired 
the accuracy of reproduction, particularly of green, 
blues, violets and pinks, the warm colours being as a 
rule well rendered. The specimens exhibited showed 


| being last, as most transparent. 
| rotated during the process to suppress the plaid effect. 


One of the accessory difficulties was that the etching in 
the acid baths undercut the edges of the dots, and this 
effect was more troublesome with dots far apart than 
with closely-spaced dots. 


ENGINEERING TRAINING AND 
EDUCATION. 


Institution of Electrical Engineers.—The next exami- 
nation in connection with the associate membership 
of the Institution of Electrical Engineers will be held 
from May 29 to 31 next. Candidates must be either 
students or graduates of the Institution, or have lodged 
with the secretary a duly completed form ‘“ E” for 
election as Associate Member, and have been informed 
that they must pass the examination as a condition 
of election. Entry forms for the examination, 
which must be completed and returned by April 1. 
Further particulars may be obtained from the 
secretary of the Institution, Savoy-place, Victoria 
Embankment, London, W.C.2. 

Faraday and Maxwell Scholarships.—We are advised 
by the Registrar, Faraday House Electrical Engineer- 
ing College, 62-70, Southampton-row, London, W.C.1, 
that the annual examinations for a Faraday scholarship, 
valued at fifty guineas per annum and tenable for two 
years in college and one year in manufacturing works, 
and for a Maxwell scholarship, valued at fifty guineas 
per annum and tenable for one year in college and one 
year in works, will be held at Faraday House on April 9, 
10 and 11, next. Exhibitions may also be awarded 
to candidates who acquit themselves creditably. 
Further particulars may be obtained from the Registrar 
at the above address. 

Lectures on High-Voltage Cables—A course of 
five lectures on “‘ High-Voltage Cables ” will be given 
at the Institution of Electrical Engineers, Victoria 
Embankment, W.C.2, by Mr. L. Emanueli, of Milan, 
chief electrical engineer of the Pirelli Cable Manufac- 
turing Organisation, at 5.30 p.m. on February 20, 
22 and 26, and March 1 and 5. The lectures are 
addressed to students of the University of London 
and others interested in the subject, admission being 
free and without ticket. 


LAUNCHES AND TRIAL TRIPS. 

“HiagHtanp Hoprr.’—Fourth of five twin-screw 
passenger and refrigerated cargo motorships ; Harland- 

. and W. 8-cylinder, double-acting, four-cycle Diesel 
engines. Launch, January 24. Main dimensions, 520 ft. 
by 69 ft., by 35 ft. 9 in.; gross tonnage 14,150. Built 
by Messrs. Harland and Wolff, Limited, Govan, Glasgow, 
for Messrs. H. and W. Nelson, Limited, London. 


«¢ BRIDGEWATER.”’—Sloop ; twin-screw turbines. Trial 
trips, February 1, 4and 5. The overall length is about 
266 ft., and the approximate displacement 1,150 tons. 
Built by Messrs. R. and W. Hawthorn, Leslie and 
Company, Limited, to the order of the British Admiralty. 


« Hopemount.’’—Oil-tank motorship ; single-screw 
Wallsend-Sulzer Diesel Engine. Trial trip, recently. 
Main dimensions 465 ft. by 61 ft. by 32 ft. 3 in.; the 
deadweight carrying capacity being 11,000 tons. Built 
by Messrs. Swan, Hunter and Wigham Richardson, 
Limited, Wallsend-on-Tyne. 








Tue INCORPORATED SWANSEA ExcHANGE.—The forty- 
first annual report of the Incorporated Swansea Ex- 
change, Royal Metal Exchange, Swansea, has just 
reached us. The book contains, as usual, lists of the 
members of the Exchange, of Welsh tin-plate works 
and of their brands, and a classified-trades section. The 
balance-sheet, articles of association, and a report of 
the annual general meeting of the members, held on 
December 4 last, are also included. The book may be 
obtained, price 3s. 6d. net, from the secretary of the 
Exchange at the address given above. 


British STANDARD SPECIFICATION FOR LOCOMOTIVE 
anp Rotime-Stock Tyres.—A revised edition of 
Part 2 of report No. 24, which deals with standard 
specifications for railway rolling-stock material has 
just been issued by the British Engineering Standards 
Association. The present revision, which supersedes 
the previous edition published in 1921, refers to loco- 
motive, coach, and wagon tyres, and has been under- 
taken to bring the specification into line with modern 
requirements. The principal alterations which have 
been made include the imiting of the sulphur and 
phosphorus content for locomotive and for various classes 
of coach and wagon tyres to 0:04 per-cent. The clause 
which refers to the number of tyres to be tested, has 
been redrafted to render it more explicit. Clause 8, 
which deals with additional tests before rejection, has 
been amplified to allow heat treatment or re-heat treat- 
ment of the tyres to be carried out in the case of failure 
under the falling-weight test. Copies of the new publi- 
cation may be obtained from the B.E.S.A, Publications 
Department, 28, Victoria-street, London, S.W.1, price 








how the defects were corrected in half-tone printing 


2s, 2d. post free. 




















FEB. 8, 1929. } 


THE TRANSFER OF HEAT IN RECIP- 
ROCATING ENGINES.—II. 
By Professor Dr.-Ine. A. NAGEL. 
(Continued from page 60.) 

Continutne the historical summary which formed 
the subject of the first lecture: M. J. Nadal, of the 
French Corps des Mines, published in the Annales 
des Mines, 1897 and 1898, an investigation entitled 
“Théorie Mathématique de la Machine & Vapeur. 
Action des Parois.” In his speculations, which were 
essentially mathematical in character, he imagined a 
cylinder perfectly insulated externally against heat 
loss. He, among others, considered the difference of 
opinion, then existing between Zeuner and Hirn, as 
to whether or not the water film on the inside of the 
cylinder wall caused the temperature difference between 
wall and steam. From his calculations, Nadal deduced 
the following two principles: Firstly, the mean tem- 
perature of the wall surfaces surrounding the steam 
can only equal the mean temperature of the steam 
when the coefficient of heat transfer is constant 
during the whole process—that is during the heating 
of the wall by the steam, and, during the heating 
of the steam by the wall. Secondly, as the tests 
of Donkin, Callendar and Nicholson proved, the mean 
temperature of the wall is substantially higher than 
the mean temperature of the steam. Thus the co- 
efficient of heat transmission for the period in which 
the wall is heated by the steam, that is, during con- 
densation, must be larger than that for the period 
in which the steam is heated by the wall, when the 
water film is being evaporated. These conclusions 
follow from the results of simple mathematical com- 
putations, which need not be repeated here. Nadal 
applied his theory to the test data of Hirn and Donkin 
and found the following values for the coefficient of 
heat transmission : during condensation, 48,600 k.-cal./ 
sq. m./deg. C:/hr.; during evaporation, 3,600 k.-cal./ 
sq. m./deg. C./hr. From the great difference between 
these two values, Nadal explained the action of the 
steam jacket. He held that the advantage of jacket- 
ing consists in raising the mean wall temperature, so 
diminishing the loss by condensation on the inside 
of the walls. On the other hand, the low value of the 
heat transmission during the evaporation period pro- 
hibits an increase in the loss of jacket-steam heat, 
which would be expected during exhaust ; an increase 
which would otherwise nullify the advantage of jacket- 
ing during the admission period. 

On account of this conclusion, Nadal’s paper is of 
particular interest and value. At the same time, it 
must be doubted whether the difference between the 
two values of the coefficient of heat transmission is so 
great as Nadal computed. The same misgivings will 
also be felt in regard to the results of an experimental 
research made by Armand Duchesne, of the University 
of Liége, on a steam engine. He published his resu!ts 
under the title, ‘‘ Les Phénoménes Thermiques dans 
les Machines & Vapeur” in the Revue de Mécanique, 
vol. ii, 1906. 

Duchesne employed two thermo-couples of different 
design for measuring the instantaneous temperature 
of the steam and the wall. The thermo-couple for 
the steam consisted of a network of platinum and 
silver wires of 0-028 mm. diameter, the ends of 
which were connected to two thicker wires of the 
same metal. Following a suggestion of Professor W. 
Spring, the wires were welded together at the inter- 
sections of the network, by leaving the network for a 
sufficiently long time subjected to a high temperature. 
Duchesne found eight days, at a temperature of 300 
deg. C., sufficient for complete welding, without in- 
creasing the diameter of the wires where they were 
welded. 

The thermo-couple used for measuring the wall 
temperature consisted of platinum and silver strips, 
0-002 mm. in thickness, soldered together, and com- 
pletely insulated from the wall by mica, except at 
the soldered joint, which lay flat on the cylinder cover. 
The instantaneous measurement of the electromotive 
force was made by a ballistic galvanometer inserted, 
for each measurement, into the circuit. This was done, 
by means of a falling weight contact apparatus, at equal 
intervals of 0-2 sec. In spite of these elaborate 
arrangements for the measurement of the wall tem- 
peratures, the joint of the platinum and silver strips 
did not make a good contact with the cylinder cover, 
and, therefore, did not actually measure its exact 
temperature. This accounts for the fact that Duchesne 
was able to establish a substantially greater tempera- 
ture fluctuation at the inner surface of the cylinder 
than Callendar and Nicolson had obtained in corres- 
ponding tests. On the other hand, however, the 
measurement of the steam temperature was reliable, 
since there was good agreement with the corres- 
ponding values obtained from the indicator diagram 
during expansion. The steam temperature reached 
at the end of compression deserves particular mention, 
amounting, as it did, to 275 deg. C. with saturated 
steam at a pressure of 81-5 lb. per square inch. This 
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temperature observation will be referred to in the next 
lecture, when discussing our more recent tests at 
Dresden. 

From the dubious wall temperature and the corre- 
spondingly doubtful temperature difference between 
steam and wall, Duchesne computed a value for the 
coefficient of heat transfer, the heat quantity trans- 
ferred being obtained by analysing an indicator card. 
In this way, he found the coefficient of heat trans- 
mission to be 70,600 k.-cal./sq. m./deg. C./hr. for the 
admission period; and this value decreased, due to 
a reversed heat flow immediately after cut off, to the 
very low figure of 1,800 k.-cal./sq. m./deg.C./hr. 
account of this, the steam would only deliver heat to 
the wall during admission, whilst it would receive heat 


from the wall immediately after the beginning of | 


expansion. The chief drawback of this investigation, 
in addition to the inaccuracy of the readings of the 
thermo-couple used on the cylinder wall, lay in 
measuring the wall temperature at only one point. 
Duchesne supposed the temperature measured at this 
point to exist throughout the total exposed surface 
of the cylinder wall, and playing its part in the exchange 
of heat. This uniformity of temperature range on 
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the total surface, as Callendar and Nicolson had already 
shown, does not actually exist. For these reasons the 
numerical results of Duchesne in connection with the 
coefficient of heat transmission cannot be regarded as 
trustworthy. 

Later tests were undertaken by E. Heinrich in the 
Engineering Laboratories of the Technische Hoch- 
schule at Stuttgart. He published the description 
of his tests and the results in the V.D.J. Zeitschrift in 
1912 and 1914, and also in V.D.I. Forschungshefts 
Nos. 146 and 183. Holes were drilled in the cylinder of 
a steam engine, to within 4 mm. of the inner wall, 
so that the mean temperatures could be measured 
either by means of a mercury thermometer or a thermo- 
couple. The engine, which was fitted with double- 
seated valves, was supplied, for these tests, with 
saturated steam at a pressure of 117 Ib. per square inch. 


Henrich’s method of determining the coefficient of heat , 


transmission followed from an earlier investigation, 
made in connection with the flow of the steam into 
the cylinder. He used a particular method of reasoning 
to determine the increase of the steam quantity, 
which, at any point of the admission period, had 
entered the cylinder. This rate of flow of the steam is 
shown in Fig. 4, above, by the middle curve, actual 
rate of flow g k, being plotted on the period of admission 
as base. The lower curve, representing indicated 
rate of flow of the steam, g i, was determined from the 
indicator card. Where these two curves intersect, the 


indicated rate of the flow of steam begins or finishes, | 


respectively, its deviation from the actual rate of 
flow of the steam, brought about, according to Hein- 


On| 
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rich’s assumption, by its transferring heat to the wall. 
The two points of intersection are identical, therefore, 
with the points of reversal of the heat flow from steam 
to wall and vice versa. 

Heinrich neglected the phase difference between the 

| temperature variations of the steam and the wall, 
}and accepted, following Callendar and Nicolson, 
the assumption that the wall temperature vibrates 
sinusoidally about its mean value. The highest and 
| lowest wall temperatures correspond, therefore, with 
| the steam temperature at the beginning and end of 
| the periods of heat interchange, and must be identical 
with them. With the temperature difference range 
between steam and wall known, if these are plotted, 
as shown in Fig. 5, for the same test as in the previous 
figure, a great similarity with the figures of Callendar 
and Nicolson is apparent. Heinrich computed, from 
| the indicator diagram and the steam consumption, 
the dryness fraction of the steam in the cylinder at the 
end of admission, and from the total steam quantity, 
| that is, cylinder feed plus cushion steam, he was able 
to compute the quantity which, during admission, is 
condensed on the wall. This heat of condensation 
suggested to Heinrich a second way in which to obtain 
the heat-interchange equation. This he did by taking 
into account the temperature difference between 
steam and wall, and the surface area at any time 
and for different admission periods. Finally, with the 
help of a heat investigation of an indicator diagram, 
he determined the amount of heat given by the steam 
to the wall during admission. From these calculations, 
he found that there was good agreement between the 
results when the coefficient of heat transfer was taker 
asa = 49,000 k.-cal./sq. m./deg. C./hr.. a result which 
naturally held good only for the admission period and 
with saturated steam. 

Professor W. Nusselt, of Munich, who was formerly 
at Dresden, proposed, while at the latter place, a theory 
for the heat transfer between steam and wall. This 
will be found in the V.D.J. Zeitschrift in 1916. He 
supposed that a film of moisture is formed on the wall, 
through the thickness of which the temperature drop 
from steam temperature to wall temperature takes 
place. Thus the transmission of heat from steam to 
wall will occur in the following manner: due to the 
influence of the heat quantity conducted from the 
steam through the film of moisture and delivered to 
the wall, steam will condense on the outer surface of 
the film. This is, of course, necessary in order to keep 
the outer temperature of the film constantly equal to 
that of the steam. The condensate built up in this 
way runs off under the action of gravity, and leaves 
behind a film of a thickness, constant at any point, 
depending on the viscosity of the water, the form and 
inclination of the surface, and so forth. In the applica- 
tion of Nusselt’s theory to the condensation taking 
place during the admission period of an actual steam 
engine, it is possible to neglect the flowing of a part of 
the film under the action of gravity, since there is so 
little time available that this effect could not be 
measurable. Nusselt’s original formula, with this 
modification, gives a very simple expression for the 


coefficient of heat transmission, namely, a = — ,where 


2 is the coefficient of thermal conductivity of the 
water and y the momentary thickness of the film of 
moisture. Assuming that at the beginning of admis- 
sion the wall is dry, i.c., that y = 0, and that the film 
of moisture at the end of admission has a thickness 


yi, then the mean film thickness ym, = oh : In 


the tests of Heinrich, referred to above, we find 
y, = 00284 mm. If the value \ = 0-705 k.-cal. 
through a thickness of 1 m./sq. m./deg. C./hour be 
taken, as determined by Professor M. Jakob, of Berlin, 
for water at a temperature of 160 deg. C., the mean 
coefficient of heat transfer between steam and wall is 


Aw - 0-705 
Yym- 10-80-0142. 10-3 
which corresponds closely with the value found by 
other methods. In the preceding expression A is a 
constant, while y increases from 0 to y; ; and therefore 
it follows that the coefficient of heat transfer is decreas- 
ing during admission, and that the above is a mean 
value holding for the entire admission period. Nusselt 
derived another formula from this speculation. This 
relates to the dryness fraction of the steam at the end 
of the admission period. He obtained an expression 
in which the dryness fraction at the point in question 
depends upon the speed and upon the point of cut off. 

Although consistent values of the coefficient of heat 
transfer from steam to wall can be obtained by various 
methods with saturated steam, an explanation is still 
| lacking of the process during the re-evaporation of the 
‘film of moisture formed. Further, the necessary 

knowledge concerning the cooling of superheated steam 
| in contact with the cylinder wall is still to be obtained. 
| In these fields, the various basic speculations are at 


= 50,000 k.-cal. /sq.m. /deg.C. /hr., 


| variance, and further experimental data are desir- 
‘able. The next lecture will serve to emphasise the 
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extraordinary difficulties met with in connection with 
these problems. Table I shows the values of the co- 
efficient of heat transfer between saturated steam and 
wall, as determined by different investigators. It 
cannot be said that there is any clear and simple rule to 
guide the growth of knowledge in this field. 
will now pass on to the question of heat transfer 
in internal-combustion engines. Such engines were 
subjected to extensive tests at a relatively much earlier 
stage of their development than the steam engine. 
Only a few years after the invention of the four-stroke 
cycle, extensive researches were published concerning 
the interchange of heat between the hot gases and the 
walls surrounding them. The first paper on the 
subject: ‘Essai sur l’Effet Thermique des Parois 
d’une Enceinte sur les Gaz qu’elle renferme,” was 
published in the Annales de Chimie et de Physique, 
1878, by Professor Dr. M. Aimé Witz, of Lille. In a 
second publication, ‘“‘ Etudes sur les Moteurs & Gaz 
Tournant,”’ which appeared in the same review in 1883, 
Witz stressed the important part played by the inter- 
change of heat between gas and wall, which explained 
various observed facts and test results, the indicator 
diagram, and so forth. The technical organs of this 
period serve to indicate the serious differences of 
opinion then existing. With regard to the coefficient 
of heat transmission, Witz, in his numerous tests, had 
already pointed out that it became greater with an 
increased temperature difference, and so depended on 
the density of the gas—a greater density, under the 
same other conditions, resulting in a larger value of 
the coefficient of heat transmission. The idea of the 
connection between the coefficient of heat transmission 
and the density was later overlooked, only the depend- 
ance on the temperature difference being investigated 
and accepted as the dominant factor. 
Professor Dr. Eugen Meyer, now of Berlin, while at 
Gottingen, made, in 1899, very extensive tests on a 
Deutz four-stroke engine, the-results of which were 
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TABLE I.—Values of the Coefficient of Heat Transfer 
between Steam and Wall. 





Investigator. a K cal/sq. m./deg. C./ 
| hour. 

| 

| 





Grashof, 1884; Kirsech, 1886 .. -.| (3) 
Fliegner, 1897 ; saturated steam. . 414,000 
superheated steam oink 41 
Callendar and Nicolson, 1898... os 10,700 
Nadal, 1897-98 ; during condensation . .| 48,600 
during evaporation 3,600 
Duchesne, 1906; during condensation 70,600 
during evaporation .. 1,800 
Heinrich, 1914; during condensation .. 49,000 


Nusselt, 1916; during condensation 50,000 


dQ = 


c.F.(T — Tw) ™.dz ) 
c(T — Tw) m-1 ¢ B. Meyer, 1899. 
0,148 (T — Tw) 09 J 


published in V.D.J. Forschungshefts Nos. 3 and 8. 
In calculating the observed heat quantities passing to 
the wall during the different potions of the working 
cycle, as determined by the analysis of an indicator 
_ diagram, Meyer used the relationship : 
dQ=c.F.(T —T,y)™ .dz, where— 

Q signifies the heat quantity, c is a constant, F is 
the surface of the cylinder wall transferring the heat, 
T is the temperature of the gas, T,, is the temperature 
of the wall, m is a constant exponent, and z the time 
interval. 

The coefficient of heat transmission, a, is then given 
by the expression a = c.(T — T,,)™—1, showing that 
it only depends on the temperature difference. The 
problem was therefore to determine: the values of c 
and m from the test results. Meyer tested the 








engine from light to full load. With the conditions 


constant value of “a,” the resulting heat quantity 
transferred to the walls was too small. With m = 2 
the values obtained were too large. He proved the 
exponent to be m = 1-9, but retained the value m = 2, 
so as to make allowances for the heat losses. The 
formula for the coefficient of heat transmission then 
became a = 0°148 (T — Ty). 

In 1902, Arnold Langen, of the Deutz Company, 
carried out his explosion tests at Dresden with a view 
to obtaining the specific heats of water vapour and 
carbon dioxide at high temperatures. These tests are 
described in V.D.I. Forschungsheft, No. 8. Dr. Wach, 
of Hanover, made use of Langen’s results for deter- 
mining the heat transfer between the hot gases and the 
cold wall in closed vessel experiments. For the 
coefficient of heat transmission he found the relation 


1+ {0-001 (T — Tw) -— 13 - 10 a = 0-0878 (t— Tw), 


in which a still larger increase of the coefficient of heat 
transmission due to the temperature difference is 
expressed. 

The variation of the coefficient of heat transfer was 
also shown in the tests of Sir Dugald Clerk, which were 
as simple as they were ingenious and successful. They 
were published in the Proceedings of the Royal Society, 











otherwise constant, and assuming m = 1, involving a 


























~ 


i 





a, ‘ 
= 1G» a yy, K 
WN) 
1 SMA, YM, 
mai Ny 
a: 


temperatures are highest. The curves a and a! were 
made with the cooling water at a temperature of 
13 deg. C., the curves 6 and 6! with the cooling water 
at 80 deg. C. In comparing the values of the heat 
transmission obtained at the lower and higher tempera- 
tures of the cooling water, Professor Nusselt observed 
that the tests of Clerk prove, in addition to the main 
dependence of the heat transmission on the tempera- 
ture, also a dependence on the density. This is so, 
since all values of the heat transmission, other con- 
ditions being the same, decrease when the temperature 
of the cooling water is raised, and the mean density 
of the gas, referred to the same temperature difference, 
is thereby lowered. It is therefore clear that the 
coefficient of heat transfer of hot gases bounded by a 
wall of metal increases substantially with the tem- 
perature difference, and in a less degree with the 
density. 

With regard to the heat transmission in the internal- 
combustion engine, it has long been suspected that the 
radiation of the hot exploded products takes an 
essential part in the heat transmission. Langen, in 
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TasLe II.—Comparison of Computed and Measured 
Coefficients of Heat Transfer. 


Time 


TABLE III.—Heat Transfer through the Surface of the 
Cooled Piston of a Sulzer Dizsel Engine. 





| a K cal/sq. m./deg. C./hour. 




















Gas Gas 
Pressure. Tempera- | 
> > r ‘ — 
= ture. According| According to Nusselt. 
(abs.) | deg. abs. | veumann. | 
| a.. ap: a. 
—— ——$————— 7 l 
33-8 si3, | 531 | ta er 519 
33-6 905 | 455 | 555 5 560 
35-0 1,223 500 «| «= «596 10 606 
26-7 1,595 | 662 | 544 19 563 
14-5 | 1,457 | 553 | 3651 15 366 
9:95 | 1,352 | 262 | 266 14 | 280 
6-80 | 1,222 100 =| 200 10 210 
6-15 | 1136 | — | 162 ; § | 170 
4-30 1,087 — | ie 7 | 148 
3-80 voeo | — | 129 | 7 | 181 





1906. It may be taken for granted that these tests, 
with which the Institution of Civil Engineers was 
closely associated, are well known. Only the indicator 
card, Fig. 6, above, need be referred to, since it may 
well be termed classical. From this card, Clerk con- 
cluded that the variation of the specific heat of gases, 
at constant volume, is dependent upon the tempera- 
ture. From the diminished pressure of the exploded 
gases in the working cylinder, caused by the action of 
the cooled walls, Clerk showed graphically the heat 
quantities which are delivered from the hot gases to the 
wall at different levels of temperature. Thereby Clerk 
constructed four curves, a, a}, 6 and 6', which are shown 
in Fig. 7, above. In the curves a and 8, the heat 
transmission for one double stroke of the piston are 
shown as ordinates on a base of piston stroke, and the 
curves a! and 6! show the heat transmitted only for 
three-tenths of the piston stroke at inner dead centre— 
that is, that part of the piston travel where the wall 





Piston heat, K cal/hour. 








Revolutions Indicated 
per — ee Determined 
: i Calculated. | from tests by 
Nigel. 
92-7 | 2,488 248,000 | 244,000 
85-6 | 1,995 | 190,000 =| — 203,000 
77-4 | 1,548 171,000 | 157,000 
67°6 1,080 136,900 | 120,000 
54-6 | 626 | 89,200 | 88,000 
43-2 366 49,000 | 37,600 
99-9 2,295 223,000 | 225,000 
85-7 1,139 139,000 | 142,000 
54-0 1,249 158,000 | 174,000 





discussing his explosion tests, had already referred to 
this fact. We owe to W. T. David the first systematic 
tests dealing with gas radiation in connection with the 
conditions existing in the internal-combustion engine. 
The results of his tests, made in the Engineering 
Laboratory at Cambridge upon the suggestion of 
Professor Hopkinson, were published in the Philo- 
sophical Transactions of the Royal Society of London 
in 1912. David concludes that the gas radiation 
increases as the fourth power of the absolute tempera- 
tures, and, in addition, his observations show an increase 
with the density. With regard to the power of absorp- 
tion of the exploded gases, David pointed out a decrease 
in the coefficient of absorption under an increasing 
temperature, and also a decrease due to the density. 
The problem of the radiation of the gases was 
examined in a new direction in tests conducted by 
Professor Nusselt at Dresden. His results were 
published in the V.D.I. Zeitschrift, 1914 and 1923, 
and also in V.D.I. Forschungsheft No. 264. Nusselt 
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intended to investigate the radiation of the hot gas 
change which filled the cylinder of an internal- 
combustion engine after the explosion. To separate 
the heat delivered by radiation, he made experimental 
use of the fact that the heat delivered by conduction 
is proportional to the surface of the bounding vessel—- 
that is, to the square of its linear dimension—whilst 
the heat delivered by radiation would be proportiona] 
to the quantity of the gas charge—that is, under the 
same conditions of temperature and pressure, to the 
cube of the linear dimension of the vessel. Nusselt 
therefore carried out similar tests with spherical 
vessels of different size, but geometrically similar, and 
hoped in his calculations, on account of this funda- 
mental relation, to separate analytically the influence 
of conduction from that of radiation. These spherical 
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vessels, of cast steel, having diameters of 200 mm., 
400 mm. and 600 mm., repectively, were installed 
at Dresden, and are now being used for research 
work on fuel ignition. 

The middle size of vessel was to act as a check. 
A further variation was obtained by gilding and then 
polishing the interior surface in one series, and by 
blackening over the gilding in the second series. 
Fig. 8, on page 180, show the construction of the 


from the beginning of cooling is also important. The 
smaller this interval, the larger the coefficient of heat 
transmission. This influence of the time interval is 
caused by the fact that the sudden contact of the 
hot gas charge with the cold wall modifies the tem- 
perature gradient of the gas charge from outside towards 
the inside, as a result of the heat delivered to the wall. 
This influence is further increased by the fact that 
the heat conduction in the interior of the gas charge 
only, after a certain interval, produces a new tem- 
perature range, which then remains of its original 
character. After this interval, the coefficient of heat 
transmission is no longer dependent on the time. 
Fig. 10 shows the range of the values of the coefficient 
of heat transfer for four tests under similar conditions 








vessels, to the walls of which a corrugated membrane was 
attached for indicating the pressure optically. A film | 
rolled around a drum served for the optical record | 
in all cases. The time measurement was obtained | 
by a ray of light interrupted one hundred times a | 
second by means of a tuning fork. Fig. 9, on the| 
same page, shows an explosion diagram with the time | 
marks. | 

The calculation of the first test series led to | 
unexpected results, which resulted in a modification | 
in later tests from the original plan. In the case of | 
the gilded inner wall, the energy of radiation is | 
reflected, for the most part, until it is absorbed by | 
the gas charge. The test results, when the gas charge | 
was permitted to cool within the gilded wall, must | 
depend almost exclusively, therefore, on the heat | 
conduction. Contrary to expectations, a surprisingly | 
large decrease of the coefficient of heat transmission | 
resulted at the beginning of the cooling—that is, | 
immediately after the highest combustion temperature 
was reached. Nusselt, in investigations to clear up 
this phenomenon, made the discovery that the cooling 
of a hot gas charge enclosed in a cold metallic bomb 
first takes place in accordance with a law in which, 
in addition to the instantaneous gas temperature, 
gas composition and gas density, the time interval 





| perature, and the other only on the time. The second 


| of 
| subtracted 


of gas composition and gas density, but for different 
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explosion temperatures and, therefore, for different 
cooling processes, to be dependent on the absoluté 
temperature. The highest temperatures at which 
cooling began were 2,114, 2,413, 2,7 96 and 3,141 deg. C 
absolute. Below 1,800 deg. C. abs: all four curves 
coincided, showing the law of heat transmission to be 
dependent on the temperature under the same conditions 
for density. 

Nusselt, therefore, assumed the coefficient of heat 
transfer to consist of two parts—one, under constant 
conditions of density, depending only on the tem- 


part Nusselt called the “‘ time factor.” Unfortunately, 
the irregular range of the cooling immediately after 
the highest temperature is obtained makes it difficult 
to calculate definitely this factor. Nusselt set 
out, in the following formula, the values of the coefficient 
of heat transfer for gas radiation derived from the 
fundamental law of radiation : 


0-362 { ( ts y —- re 


ie 100 poy 
) (2-20) eg.C. /hr. 


~~ > l 1 
( te? 

in which T is the absolute gas temperature, Ty is 
the absolute wall temperature, A, is the absorptive 
capacity of the gas, and A, the absorptive capacity 
of the wall of the vessel. 
He calculated, for his closed vessel, this coefficient 

heat transfer by radiation from the gas, 








the result from the observed total 


coefficient of heat transfer, and took the remainder 
as the coefficient of heat transfer by conduction, ag. 
He deduced thus the equation : 


@e = 0-0178 — T. y# k.-cal./sq.m. /deg. C. /hr. 
when is the density of the gases. This can now be 
eliminated from the gas equation giving 


ae = 0-99 45 /P?.T k.-cal. /sq.m. /deg.C./hr. 


when P is expressed in metric atmospheres (1 metric 
atm. = 14-2 lb. per square inch). This equation 
holds good for the cooling of any gas quantity con- 
tained in a vessel of constant volume. For the practical 
application of this formula to the internal combustion 
engine, Nusselt derived an additional coefficient to 
take account of the changing volume of the gases 
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consequent upon the movement of the piston. This is 
dependent on the mean piston velocity w. He obtained 
from other tests an important proof of this relationship, 
and expressed the coefficient of heat transfer, in the 
internal combustion engine, by the equation : 


ae = 0-99 3/P2T (1 + 0-24. w) k.-cal. /sq.m./deg.C./hr. 


Nusselt checked the reliability of this formula by prac- 
tical results. In 1920, Professor Dr. Kurt Neumann of 
Hannover, made accurate tests upon a M.A.N.-Diesel 
engine of 50 brake horse-power, at the Heat Engines 
Laboratory at Dresden, and his results were published 
in V.D.1. Forschungsheft, No. 245. Nusselt used the 
values which Neumann determined from the heat 
analysis of the Diesel cycle, to calculate the coefficient 
of heat transfer and arranged these results with those 
obtained from his formula in parallel columns, as 
shown in Table II. The satisfactory agreument of the 
experimental and calculated values may be noticed. 
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| 

At the same time attention may be drawn to the small | 

fraction of the heat transferred by radiation, in the | 

last column but one, in comparison with the total | 
values in the last column. 

Nusselt’s formula conforms, without consideration of | 
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. ° | 
the time factor, as we have seen, to practical observa- | 


tions in tests of internal combustion engines. This led | 


him to assume that the influence of the time factor, which | 
was considerable in the closed vessel experiments, was 

in great part overshadowed, in the actual cylinder 

of an engine, by the turbulence set up by the movement | 
of the piston, and by the original flow of the gases. | 
This is taken into consideration in the velocity coeffi- | 
cient (1 + 0°24-w). In order to check the correctness 
of the velocity coefficient, and, above all, to prove that 
the coefficient of heat transfer increases in linear 
relationship with the increasing mean piston velocity, 
Nusselt applied some results, of my own, from tests at 
various speeds on a large four-cylinder two-stroke 
Diesel engine, built by Sulzer Brothers at Ludwigshafen, 
to the formula. Nusselt computed, from bis formula, 
the heat quantity lost to the cooled piston surface, 
and compared them with the values obtained from my 
test results. Table III shows the results for the heat 
transfer through the surface of the cooled piston. 


Only brief mention need be made of a recent attempt | 


to explain, and to express mathematically, the heat 
transfer in the internal combustion engine from con- 
siderations of thermodynamics. Dr. K. 8. Herzfeld, of 
Munich, adopted the ‘“ Boundary-layer” theory of 
Professors Prandtl and von Karman, until then only 
applied to continuous flow, to the turbulent flow during 
the expansion period of a piston engine, and inte- 
grated the group of equations obtained in this way. 
Dr. A. Herzfeld, his brother, applied these results 
to internal combustion engines. The whole deduc- 


tion was published by Springer of Berlin, under the | 


title: Der Warmeiibergang und die Thermodynamische- 
Berechnung der Leistung bei Verbrennungskraft- 
maschinen, insbesondere bei Kraftfahrzeugmotoren. In 
the speaker’s opinion, the way in which Herzfeld treats 


the problem of heat transmission is so hazardous, and, | 


in addition, the fact that it is not free from contradic- 
tions within itself, renders it inadvisable 
this theory as complete and based on actual practical 
experience. 

In concluding this lecture, mention may be made of 


some other investigations which have been carried out | 


on heat transmission in combustion engines. The 
mean temperatures at different points of the cylinder 
wall of a double-acting, two-stroke Diesel engine, in 
the shops of the M.A.N. at Augsburg, were found to 
depend on the mean effective pressure. Fig. 11 on page 
I8!, shows the longitudinal section of the cylinder 
with marks giving the measuring points for the wall 
temperatures. These points are designated by the 
numbers 1 to 4, and, in addition, by the suffixes a, 
when lying in thé water-cooled outer surface of the 
cylinder wall. “Fig. 12 shows that the curves of the 
mean temperatures depend on the mean effective 
pressure. 
the range of the exhaust temperature above and below 
the piston, respectively. The highest wall temperature 
was measured at the inside of the cover, position 1, 
as 265 deg. C. at normal load. The temperature at 
the inside of the ribs of the exhaust ports, for all loads, 
was under 100 deg. C., which is very low. It may be 
mentioned that the M.A.N. Company now employ 
uncooled ribs for the exhaust ports. Fig. 13 shows the 
quantity of heat, transmitted hourly, on a base of 
mean effective pressure, obtained from the measurement 
of the quantities of cooling water, together with the 


corresponding increase of temperature of the more | 
important surfaces through which heat is transmitted. | 
The curves verify the beliey that a large part of all | 
the heat, delivered to the cooling water, is due to the | 
cooling of the piston, which is represented by the upper | 


line. 

The same values are, in Fig. 14, given also on a basis 
of the mean effective pressure, but reduced to 1 brake 
horse-power per hour. The portion of the heat trans- 
ferred to the cooling water via the piston, under a mean 
effective pressure ranging from 21 to 72 lb. per square 
inch, is from 350 to 190 k-cal./b.h.p. per hr. The total 
heat delivered to the cooling water is from 960 to 600 
k-cal./b.b.p. perhr. overthesame range of load. From this 


it may be stated that about one-third of the total heat | 


delivered to the cooling water is transmitted through 
the piston. This will be clear from Fig. 15. The relation- 
ship existing between the total heat delivered to the 
cooling water, and the heat quantities delivered to 
it by the different parts of the engine, should be 
noticed. The horizontal lines show, by the distances 


between them, the proportional heat quantities de- | 


livered to the cooling water by the parts specified. 


I shall refer in conclusion, to some tests which I made | 


recently on an opposed-piston Diesel engine at the 
works of the Junkers Company at Dessau. The cylinder 


diameter was 160 mm., the stroke of the upper piston 
240 mm., and that of the lower piston 320 mm. 


When 


to consider | 


The two upper curves a, and a, represent 
1 2 | 
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running at normal speed, 160 r.p.m., the engine deve- 
loped 60 brake horse-power with a mean effective 
pressure of 90 lb. per square inch. The cylinder liner 
was fitted with a number of thermocouples, 64 in all, 
| placed along the liner and also around it. Half of the 
|measuring points were arranged at a distance of 
3-2 mm. from the inside of the liner and the other 
| half at a distance of 15 mm. The object of the tests 
| was to determine the heat transmission of the different 
| zones of the cylinder liner. Fig. 16 shows the tempera- 
'ture range drawn as a three-dimensional figure, with 
| the longitudinal section of the liner wall as a ground 
| plane. It should be pointed out that the upper end 
| of the liner appears in the lower left-hand corner of the 
| figure, and the lower end in the upper right-hand corner. 
|The inlet ports and exhaust ports are shaded. The 
| part where the combustion takes place, that is, between 
|the inner dead centres of the two pistons, is also 
indicated. The temperature range shown in the 
combustion zone reaches a level of nearly 200 deg. C. 


(To be continued.) 








ASSOCIATION TECHNIQUE MARITIME ET AEFRONAUTIQUE. 
—tThis Association has recently issued its thirty-second 
volume of proceedings, containing the papers read and 
the discussion held thereon at the meeting which it held 
last June in Paris. The papers deal with the following 
points: Ship stabilisation by the main engines; the 
theory of ship stabilisation, with particular reference to 
anti-rolling tanks ; a twin gyroscopic stabiliser for ships ; 
the action of the propeller stream; deterioration of 
hardened brasses and condenser tubes; the inter-relation 
of speed, engine and propeller; experiments on steam 
pipe expansion fatigue; on a new method for aligning 
shafts ; propeller action in the dive of aeroplanes ; new 
air maps; thermal efficiency and losses by radiation in 
explosion engines; model experiments for seaplanes ; 
internal-combustion turbine, its design and use for 
aeroplanes; measuring the efficiency of submarine 
| engines ; on long-distance towing; tank tests on 
tunnel-screw ships; shipbuilding organisation; theo- 
| retical study of the glass parabolic mirror; oil tankers ; 
|the length of the capital ship; radiation and con- 
vection in boiler design; experiments on the strength 
of steam tubes. The volume, which is issued in the well- 
| known form, can be obtained at the offices of the 
| Association, 7, Rue de Madrid, Paris, at the price of 
| 125 francs, or post free 137-60 francs. 


PORTABLE UNIVERSAL ELECTRIC 
TOOL. 


Untiz recently, the various tools manufactured by 
Messrs. F. Gilman (B.S.T.), Limited, of 221, High- 
street, Smethwick, Staffordshire, have each been 
designed for one specific purpose, a practice which, in 
general, undoubtedly leads to the most efficient results. 
It has the disadvantage, however, that in works where 
a large variety of operations are undertaken, a some- 
what elaborate range of tools must be stocked, and in 
the case of small works, all practical requirements may 
be fulfilled by a single tool of the universal type. To 
meet such a demand, Messrs. Gilman have now deve- 
loped the tool shown in Figs. 1 to 6, annexed. The 
tool head, which may be adapted to carry scaling tools, 
drills, grinding wheels, and so on, is electrically driven, 
|as practically all modern works are now equipped with 
electric power, while the use of pneumatic tools often 
involves the installation of a relatively costly and in- 
efficient air line. The drive from the motor is by 
| flexible shafting, of the type previously used for the 
|Skatoskalo tools manufactured by this firm, many 
|of which have been already described in our columns. 
| The motor, which develops $ brake horse-power, is 
|of the totally-enclosed type. It can be supplied for 
|any voltage up to 550 on either direct or alternating 
| current, designs being available in the latter case for 
| single, two, or three phase installations. The direct- 
| current motors are compound-wound, and can be sup- 





| plied to run at either 2,800 or 4,500 revolutions per 
minute, according to the nature of the work for which 
| they are required. The starter switches are also totally 
|enclosed, so that the whole tool is dust and weather 
| proof, and can be operated either indoors or out of 
| doors. The motor is fitted in an aluminum frame with 
|a flat base forming a stand, as shown in Fig. l. 
The frame is also provided with a handle, by which it 
can be conveniently carried about, or slung in any 
convenient position. The starter is normally mounted 
on the motor, but can be supplied as a separate unit 
with a length of connecting cable, for use in cases where 
|the motor is slung in an awkward position. 
The method of attaching the flexible drive to the 
motor armature is similar to that employed on all 
Skatoskalo tools. A metal adaptor fitted to the shaft 
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TENDENCIES IN STEAM TURBINE 
DEVELOPMENT.* 
By H. L. Guy. 
(Concluded from page 153.) 
TuHE preceding discussion on the effect of elevated 
temperatures on the physical properties of materials, 
arose out of the conclusions that the most direct way 


of simplifying reheater systems is to eliminate their 
| necessity, by raising the initial steam temperature. 


| Let us now consider what thermal advantages would 


| result from the use of higher temperatures. We have 
‘already seen that the direct use of high temperature 


| steam on a simple condensing turbine plant is slightly 
| more efficient than if the steam temperature is lowered 


| by passing through a steam re-superheater before 
The thermal gains 


| on the steam turbine itself per 100 deg. F. increase in 


| 
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| on ball bearings. This spindle is in the form of a hollow 
cylinder with trunnions, and one end of the cylinder is 
| formed so that a steel ball, which is free to move in the 
| cylinder, can project slightly beyond the end while being 
prevented from coming out. The other end of the 
| cylinder is plugged, as shown in Figs. 3and 4. When the 
| cylinder rotates, the ball is held at the outer extremity of 
| its path by centrifugal force, and the distance that it is 
| allowed to project beyond the cylinder end is such that, 
‘although it clears the casing, it makes contact with 
| the end of a plunger bearing on the chipping chisel. The 
| result of rotation of the cylinder is, therefore, to give 
a series of rapid blows to the plunger, imparting an 
action to the chisel similar to that of a pneumatic 
|chipping hammer. The plunger is carried in a sleeve 
| which terminates at the inner end in a guide piston 
| provided with a series of oil grooves, as shown in Fig. 4. 
| The sleeve body is threaded for part of its length, and 
a stop for the plunger, passing through a slot in the 
sleeve, is gripped between two nuts. There is a light 
| spring between the face of one of these nuts and the 
| inner end of the protecting cowl. This spring normally 
holds the end of the sleeve in contact with the main 
| casing, and this locates the inner position of the 
| plunger, as the latter is provided with a shoulder bearing 
against the stop. The plunger can, however, be 
| adjusted with regard to the ball by altering the position 
| of the stop. In normal operation, the plunger is held 
up against the stop by the contact between the chisel 
|edge and the work, and the movement is confined to 
‘the plunger and tool. If, however, the chisel is lifted 
off the work, the plunger will be driven against the 
stop, and the blow is then cushioned by the spring. 
The parts of this devise are shown in Fig. 2. 
Drilling heads can be fitted with either bevel or 
worm-reduction gearing, the former being employed 
for drilling holes up to about 4 in. in diameter in mild 
|steel. A head fitted with worm-reduction gear is 
| shown in section in Figs. 5 and 6; such heads are suit- 
| able for drilling holes up to 3-in. in diameter by hand 
|in mild steel. It will be seen that the breast plate is 
provided with a screw adjustment, in order that a 
| drilling pillar may be employed where its use is practic- 
screws on to a threaded boss on the motor casing, and | able. It will be noticed from the drawings that ball 
serves to hold the end of the flexible outer covering, | bearings are fitted on the worm spindle and a ball 
so that the driving shaft is maintained in a true central | thrust race on both this spindle and the wheel shaft. 
position. The shaft itself is attached to the armature | The latter is recessed to take standard Morse taper 
spindle by a threaded sleeve. The drive terminates drills. Drilling heads are available with reductions of 
at the tool end in a head on which a handle is formed. | 10, 74 or 5 to 1. 
re driving spindle in this head runs on ball bearings. | 
variety of tools can be attached to the head, of Tan Temes co Bev sete 
be ge = illustrate a boiler- sealing chipper in Figs. 2| Council of the Institution of Naval Architects has 
o 4, and a drilling attachment in Figs. 1, 5 and 6. Other | awarded a number of premiums for the year 1928. 
tools which may be fitted are emery wheels and polish- | These will be presented on March 20 next, on the first 
ing heads of various types, and the firm’s well-known | day of the annual general meetings, which, as already 
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are plotted in curve A, Fig. 6. 


|of the auxiliaries. 


total temperature, between 700 deg. and 900 deg. F., 

If one stage feed 
| heating is added and the effect of condenser and boiler 
| house auxiliaries is taken into account the relation 
| of oe increase to thermal gain is given by 
curve Curve C gives the gains per 100 deg. F., 

for a cuake fitted with four stage feed heating, but 


| without auxiliaries, while curve D includes the effect 


The relatively small difference 
between this group of curves—about 10 per cent. 
between extremes—enables Fig. 6 to be used with 
accuracy for other combinations of feed heaters and 
auxiliaries. 

In the case for the system employing four feed 
heaters and including auxiliaries, it should be noted 
that within the range of pressures from 200 to 1,000 
lb. per square inch gauge, the thermal efficiency of a 
complete plant is increased at the approximate rate 
of 4 per cent. per 100 deg. F. increase in total tempera- 
ture. Within the pressure range 1,000 to 1,500 Ib. 
per square inch gauge, the thermal gain is approxi- 
mately 4-5 per cent. per 100 deg. F. The temperature 
increases which give definite increases in thermal 
efficiency in 3 per cent. steps are tabulated in Table V. 
As the series of initial pressures and the steps in 
thermal gain are the same as in Table I, it is of interest 
to compare the changes in either pressure or tem- 
perature which give the same increase in thermal 
efficiency. Thus, for example, with an initial pressure 
of 350 lb. per square inch, an increase of 408 lb. per 
square inch to a total pressure of 758 lb. per square inch 
gives the same thermal gain as would be obtained if 
the pressure were kept constant at 350 lb. per square 
inch, and the total temperature raised by 158 deg. F. 
Comparison of Tables I and IV also reveals the 
following interesting characteristics of pressure and 
temperature increases. If the total temperature is 
kept constant the changes in pressure necessary 
to secure a given gain in efficiency increase very 
rapidly, both with the initial pressure and with the 
magnitude of the gain in efficiency considered. On 
the other hand, the increase in temperature necessary 
to secure a given gain in efficiency is sensibly constant 
at all initial steam pressures whether the step in effi- 
ciency be 3 per cent. or 4 per cent. In contrast with 
increases in initial pressure, the thermal advantage 
of increased temperature does not sensibly depend 
upon the size of the prime mover. A further distinction 
arises from the fact that a much smaller proportion 
of the complete boiler and turbine plant is affected 
by raising the temperature, than by raising the pres- 
sure. Apart from the effect of increased steam tem- 
perature, on the physical characteristics of materials, 
the chemical action must be considered. 

In recent years, constructors have begun to think 
of the strength of materials in terms of temperature 
and time. A further consideration has now been 
introduced, necessitating the conception of strengths 
of materials in terms of temperature, time and the 
corrosive or other chemical action of the media, with 
which it is in contact. Thus, for instance, we know that 
the fatigue resistance of materials is very greatly 
reduced if they are subjected to corrosive conditions 
while being loaded. While a certain amount of 
research work in these matters has already been done 
and much more initiated, from its very nature it is 
costly in apparatus and even more so in time. The 
information already available is meagre and the 
phenomenon involved obscure. It is satisfactory to 
know that a comprehensive plan of research is under 
consideration and that providing the necessary financial 
support is obtained from those most immediately 
concerned, a Government grant can be secured and 
the work will be pursued energetically under con- 
ditions most likely to prove productive. 





rotary scaling heads for surface scaling, rust removal, | 
and similar operations. 

The chipping head illustrated in Figs. 2 to 4 is of 
ingenious design, and can, of course, be applied to a 
variety of purposes other than boiler scaling. As will 

seen in Fig. 4, the drive from the flexible shaft is 
transmitted by bevel gearing to a cross spindle carried 


stated in our columns, are to be held at the Royal 
Society of Arts, John-street, London, W.C.2. The first 
premium has been awarded to Lieut.-Colonel V. C. 
Richmond, O.B.E., for his paper, ‘‘Some Modern 
Developments in Rigid Airship Construction,” and a joint : 
premium to Messrs. E. L. Champness and F. McAlister * Paper read on January 31, 1929, at a meeting at 
for their paper, “‘ Further N otes on the Relative Strength | Manchester of the North-Western Branch of the Institu- 
of Fine and Full Cargo Vessels.” tion of Mechanical Engineers. 


Increasing the initial temperature has one other 
important bearing on design. The coefficient of elas- 
ticity of steel at 900 deg. F. is only about 85 per cent. 














184 


ENGINEERING. 


[FEB. 8, 1929. 








of its value at 60 deg. F. and 95 per cent. of its value | steam pressure will not be less than 300 lb. per square 


at 700 deg. F. The deflection of any part of a steel | 

structure is therefore 15 per cent. greater at 900 deg. F. | 

than at 600 deg. F. and 5 per cent. greater than at | 

700 deg. F. For the same reason the critical speed of 

any steel part at 900 deg. F. is about 92 per cent. of 

its value at 60 deg. F.and 97 per cent. of its value at | 

700 deg. F. If, therefore, a shaft, for example, is to 

have its critical speed 25 per cent. above the running 

speed, and its mean temperature is 900 deg. F. then 
the critical speed at 60 deg. F. must be 36 per cent. 
above the running speed. | 

Regenerative feed heating—or bleeder heating— 
has become firmly established, the world generally 
having decided to follow the lead initiated in this 
country. Two tendencies are observable. In this 
country, temperatures leaving the feed heaters are 
generally being raised, with the necessary result that 
the number of stages of feed heating is increasing. This 

TaBLE V.—JIncrease in Total Temperature for 3 Per Cent. 

Steps in Thermal Efficiency. 

Basis.—700 deg. F. total temperature. 29-in. vacuum, 
4-stage feedheating including boiler and condenser | 
auxiliaries. Capacity not less than :— 

4,000 kw. M.C.R. at 1,500 r.p.m. 





2,000 “s ” 8,000 ,, 
1,000 *» ’ 6,000 ,, 
Increase in thermal effi- 3 6 9 12 


ciency :— per cent.| per cent.| per cent.| per cent. 








Initial pressure. Increase in temperature deg. F. 
200 Ib. per sq. in. G. .. 77 151 227 302 
250 ae m e 77 155 232 309 
350 a - oe 79 158 237 
500 ” ” oe 79 159 
750 7 ~ 8 77 

1,400 ” ” ee 65 
Reduction in coal con- 2-92 5-66 8-26 10-71 
sumption :— .. ..| per cent.) per cent.| per cent.| per cent. 

















TasiLe VI.—Correction for Variation in Feed Heating 














Temperature, 
is . Degrees Temperature, 
— Rise per 1 oer anes. Diffe 
Feed Heaters increase in Steam en 
P Consumption. 
Deg. F. Deg. F. Deg. 
0 to 50 50 |; > 20. 

50 to 100 30 > 10 = 20 +2. 
100 to 150 20 > 56=10-2. 
150 to 200 15 >25= 5 4+2. 
200 to 250 12-5 

| 











TaBLe VII.—Joules Equivalent and Mean Heat Value of 
a Kilowatt Hour. 
Heat value of a kilowatt hour ): 





Thermal efficiency = ( 











inch for the largest plant. Air ejector heaters are 
invariably placed in the feed heating circuit, but are 
additional to the provision just discussed. 

The problem of the best disposal of feed heater drains 
has not yet found a standard solution. Briefly, there 
are three main types of treatment. 

The Cascade System, (see A, Fig. 7).—The drains may 
be led to the steam space of the next lower heater, the 
lowest being drained to the con- . 
denser. The hot drain water, on Fig. 6. 
arrival at the lower temperature 
heater, is cooled by a certain pro- 
portion of steam flashing off, this 
steam making some contribution to 
the temperature rise in that feed 
heater. 56 

The Separate Drain Pump System, 
(see B, Fig. 7).—The drain from 
each feed heater may be taken to 
a separate pump and discharged 
into the main feed line at a point 
immediately after the heater. In 
order to visualise the duty of these 
drain pumps, consider the case of 
a four-stage feed heater system, 
supplying a boiler operating at 
375 lb. per square inch. The two 
final drain pumps must take about 
5 per cent. of the total feed water 3:8 
in practically a boiling condition on $e 
the suction side and pump it against 
heads of about 950 ft. and 1,770 ft., 3:4 
respectively. Such conditions are 
not conducive to high pump effici- 


5-4 
5-2 
5-0 
48 


Efficiency perl00°F. 


4-2 
40 


Per Cent Increase in 


Ther: 


(161.6.) 
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through tubular water coolers, through which the 
feed from the next lower heater is passed. Unfortu- 
nately, the transmission of heat from water to water 
through tube surface is relatively inefficient because 
the necessary characteristics of the design involve a 
comparatively low-water velocity on one side, with an 
extremely low one on the other. Further, the coolers 
are subjected to the same water pressures on the feed 
side, and demand practically the same costly construc- 


INCREASE IN THERMAL EFFICIENCY WITH 


STEAM TEMPERATURE. 


Based on:- Comparison of 700°F. to 29" Vac. & 900°F. to 29" Vac. 
with 4 Stage FH. to point of Max. gain.Result 
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as per Cent of Thermal 
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FIG. VIIL—FEED-HEATER DRAIN ARRANGEMENTS. 


Effect on heat consumption allowing for power to feed pump, extraction pump and drain pumps. Result 
is expressed as percentage decrease in heat soarenees compared with Scheme A. Calculations are made 


for 4-stage feed heating to 350 deg. with 10 deg. 


temperature and saturation temperature of tapped steam. 


difference in feed heaters between feed-water outlet 
Pumps assumed motor driven, with feed-pump 


efficiency, 70 per cent., extraction-pump efficiency 40 per cent., drain-pump efficiency 25 per cent., 
efficiency of each motor 90 per cent. 














































Ergs. per mean Mean 
. eae ata | Calorie. From} B.Th.U. 
Experimenter. Date. 0 deg. C. to 100] per kilo- 
| deg. C. watt hour. 
| 
Joule a os --| 1843 4-173 x 107 3423-3 
Rowland .. ae --| 1880 4-186 x 107 3412-7 
Reynolds and Morby_...|_ 1897 4-180 x 107 3417-6 
Griffiths .. os --| 1894 4°194 x 107 3406-2 
Schuster and Gannon ...|_ 1896 4-194 x 107 3406-2 
Callendar and Barnes’ ..| 1909 4-184 x 107 3414-4 
Bousfields - can aene 4-181 x 107 3416-8 
Jaeger and Steinwehr ../ 1921 4-186 x f07 3412-7 
Laby’s weighted mean ..}| — 4-186 x 107 3412-7 
| 








is resulting in the addition of some air preheating | 
coupled with retention of the economiser, even if in an | 
abbreviated form. In some other countries which | 
adopted feed heating at a later date and practised | 
elaborations never entertained here, the tendency is | 
towards simplification. In such cases, the number of 
feed heaters is tending to become fewer. Oil coolers 
and air coolers are being taken out of the feed heating 
circuit. Feed-heating temperatures, in general, tend 
to decrease slightly, and economisers are showing signs 
of being reintroduced in conjunction with air pre- 
heaters, where formerly the later device had developed 
to the entire exclusion of the former. Thus, from both 
extremes development is tending towards a moderately 
complicated system of multi-stage feed heating with | 
both air preheaters and economisers. | 

The degree of complication in any respect desirable, 
depends on the magnitude of the plant. For this 
reason, the number of feed heaters may be expected to 
vary with the capacity of the plant. Thus, for example, 
good practice might limit the number of feed heaters 
to one for sets up to 6,000 kw. M.C.R. rating. For 
ratings up to 12,500 kw. M.C.R., two feed heaters 
might be used; three or four stages may be desirable 
for 25,000 kw., while four or five stages may be proper 
to the largest plant. It is, however, assumed that the 


























Percentage D crease in Heat Consumption 
Compared with Scheme A. 
600 Lb. per Sq. In. g., | 350 Ib. per Sq. In. g., 
SCHEME. 700° F. to 29 In. Vac. | 700° F. to 29 In. Vac. REMARES. 
Excludin: | Including | Excluding | Including 
Power to | Power to | Power to | Power to 
Pumps. Pumps. Pumps. Pumps. 
B.FP.-Botler Feed Pump. . 
C.E.P- Condenser Extraction Pump. 
Fig7. 
<= 0 (basis) | 0 (basis) | 0 (basis) | 0 (basis) 
af. 
{ 
BFP. 
1-08 0:87 1-06 0-97 
10 deg. F. min. 
0°87 0-88 0°89 0-89 temp. diff. in 
drain coolers. 
20 de:. F. min. 
0-69 0-70 0°72 9-72 temp. diff. in 
drain coolers. 
a | 
| 0-69 | 0-70 0-69 0-69 
| | 
(U6LA) LowLitPump C.E.P | 
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ency, and such pumps are usually remarkable for low 
efficiency. While the thermal efficiency of this system 
is approximately 0-9 per cent. higher than if drains 
are cascaded, it involves three serious objections :— 

(1) A number of relatively small multi-stage pumps 
are added to the system, the duty of which is difficult and 
imposes an inherently low efficiency of performance. 

(2) The verification of guarantees based on this 
system becomes a difficult matter, as will be discussed 
later. 

(3) The reliability of the plant as a whole depends on 
a number of relatively tiny pumps and their driving 
mechanism. 

The Drain Cooler System, (see C, Fig. 7).—The sensible 
heat in the drain may be partially recovered by passing 





tion as the feed heaters they serve. Thus, if the rate 
of heat transmission is 100 B.Th.U. per square foot per 
1 deg. F., and the final temperature difference of the 
incoming drain water and outgoing feed is to be 10 
deg. F., the necessary surface and size of the cooler will 
be 1-38 times that of the feed heater it serves. Yet 
the heat transmitted in the drain coolers is only 17 per 
cent. of that of the feed heaters. If the rate of heat 
transmission can be raised as high as 200 B.Th.U. per 
square foot per 1 deg. F. per hour, the drain cooler will 
still require 69 per cent. of the feed heater surface. 

By resorting to a less ambitious scheme of heat 
recovery, in which the terminal temperature difference 
is increased from 10 deg. F. to 20 deg. F., the size of 
the drain cooler, with a heat transmission of 100, will 
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still be 87 per cent. of that of the feed heater, and 
44 per cent. with 200 B.Th.U. per square foot per 
1 deg. F. per hour. In this case, the heat transmitted 
in the drain coolers is only 13-6 per cent. of that in the 
feed heaters. With drain coolers based on a 10-deg. F. 
termina] temperature difference, the thermal advantage 
is 0-89 per cent. higher than the cascade system, the 
drain coolers representing practically the same cost as 
the feed heaters themselves. With a 20-deg. F. terminal 
temperature difference, the thermal advantage is re- 
duced to 0-7 per cent. 

“jThe relative thermal advantages of these systems are 
illustrated in Fig. 7. Probably the most desirable 
treatment is the combination of the cascade and low lift 
drain pump system, illustrated in D, which combines 
most of the operating advantages of the cascade system 
and eliminates most of the difficulties of drain pumps 
in operation and testing, together with eliminating all 
the disadvantages of small multi-stage very high-lift 
extraction pumps. Further, the thermal advantage of 
this system is practically the same as the limit value 
for drain coolers, and is only about 0-25 per cent. less 
than the ideal. Whatever system of drain pumps is 


adopted, it is always desirable to_have the necessary 


Fig.8. 
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arrangements to enable the drains to be cascaded back 
to the condenser at will. 

For some time past, chemical water treatment plant 
has tended to give way to evaporating plant. When 
first introduced, multi-effect evaporators, using boiler 
steam in the first stage, were commonly used. Now-a- 
days, the tendency appears to be towards the use of a 
single-stage evaporator, the heating steam for which is 
taken from the turbine and the vapour from which is 
returned, either to the condenser or back to the turbine 
to perform further work. In the general case, it is 
desirable either to insert a feed heater between the 
evaporator and the turbine, or to exhaust the evapora- 
tor to the condenser, so as in the one case to reduce, or 
in the other eliminate, the risk of a priming evaporator 
discharging solid water into an operating turbine. In 
either case, the evaporators should be arranged to work 
with a small temperature difference across it, usually not 
exceeding 60 deg. F., so that the evaporator is coupled 
in parallel with a feed heater, or replaces a feed heater. 

There is freedom of choice in the particular tempera- 
ture step which is used in the total range from the 
stop valve temperature of, say, 700 deg. F. to the 
condenser temperature of perhaps 80 deg. F. The 
main considerations which should determine the 


section of the temperature at which steam is taken | 


are briefly as follows :— 

(1) The character of the deposition of the scale- 
orming matter is, with certain waters, affected by the 
temperature at which evaporation takes place. These 
may vary from one desirable form in which the deposit 
on the tubes is easily cracked off, to deposition in the 
form of sandy powdery deposits which precipitate to 
the bottom of the evaporator body. Examination of 
the water or previous experience may in such cases 
guide the selection of temperature. 
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(2) As the temperature is decreased, the volume 

of the steam increases and consequently the bulk and 
cost of the evaporator itself. 

(3) Apart from considerations (1) and (2) placing the 
evaporator between the lowest feed heater tapping 
and the condenser has the advantage that the turbine 
is completely protected from any consequence of the 
evaporator priming badly. Further, the turbine 
exhaust is relieved of a certain amount of steam, with 
consequent improvement in its efficiency. 

The addition of feed heaters, ejectors and evaporators 
to the turbine heat cycle, at first created some pre- 
dicament in determining the conditions under which the 
performance of the turbine should be guaranteed and 
tested. In the author’s opinion, giving due considera- 
tion to the exigency of station operation even during 
contract tests, and to the dictates of internal turbine 
design, it is desirable for both the guarantees and tests 
to be limited to the conditions holding when the turbine 
feed heaters and ejectors are in operation. The 
evaporator should be shut down or by-passed for the 
period of the test. Testing under such conditions has, 
in fact, proved a much more simple matter than was 
formerly supposed possible. If the final feed tempera- 
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ture is below 195 deg. F. at sea level, the condensate 
can be satisfactorily weighed and measured in open 
tanks, after the last feed heater. The only precaution 
necessary is that the roof height, if any, above the tanks 
should be large. Loss due to evaporation in the tanks 
is a small fraction of a per cent. and can easily be 
measured within sufficiently close limits, by observing 
the loss of weight from the surface for the same time 
interval as one tank takes to fill during the test. 

With feed temperature above 200 deg. F., it has been 
commonly supposed that accurate tests cannot be 
carried out. This is not the case; at least three satis- 
factory methods, relying on direct measurement are, 
at our disposal. The method available depends to some 
extent on the way in which feed heater drains are dealt 
with in the plant to be tested. For such feed tempera- 
tures, the condensate is preferably weighed or measured 
at some intermediate point between the condenser and 
the outlet from the last feed heater. If a point at a 
desirable temperature is selected between consecutive 
feed heaters, the water must be returned to the feed 
heater system after being measured. The disadvantage 
of this sytem lies in the fact that any leakage in the 
feed heaters above the point of measurement returns 
to the condenser and is erroneously measured as 
increased steam consumption. Where it is certain that 
the feed heaters are not leaking it is probably desirable 
to measure the condensate before entering any of the 
feed heaters. The prevailing tendency to adopt duplicate 
extraction pumps facilitates these test arrangements. 

In the first method illustrated in Fig. 8, the feed 
leaving the last heater passes through a cooler where its 
temperature is reduced below 195 d2g. F. before passing 
to the measuring tanks. The outstanding advantage of 
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this system is that any internal leakage from the water 
to the steam side of the feed heater is in a closed circuit 
and does not introduce any error into the measurements. 

The disadvantages are :— 

(a) A second boiler pump is required to return the 
water to the boilers. 

(5) The temporary water cooler is of considerable 
size and must be supplied with considerable quantities 
of cooling water. The cost and inconvenience of 
installing such temporary cooler and piping might 
represent a considerable charge. 

(c) During the test the feed will be supplied to the 
boilers at a temperature much below the normal. This 
disadvantage cin be discounted by using the water 
cooler as a feed heater on the counter-current principle, 
but such a course greatly aggravates disadvantage (5). 

The second method, illustrated in Fig. 9, is applicable 
to the case where there are no drain pumps on the 
high-pressure heaters. The feed can be intercepted 
between the low-pressure heaters where its temperature 
is manageable, or even before the first heater. 

The water from the low-pressure drain pump can be 
cooled by mixing with the main feed before discharge to 
the measuring tanks. A minimum of temporary gear 
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is required with this method and a convenient tempera- 
ture can always be chosen. The disadvantage is, that 
any leakage in the feed heaters beyond the point of 
water measurement, is returned to the measuring 
tanks, via the heater drain. A source of error in test 
may be introduced thereby, since this leakage will be 
erroneously measured as adding to the steam consump- 
tion. Separate static pressure tests in the feed heaters 
will not necessarily reveal such leakage, because water 
leaks may be opened up by the deflections resulting, 
in normal operation, from temperature differences, which 
may be closed when the heater is at sensibly one 
temperature. The position is, therefore, precisely 
analogous to that arising from the possibility of con- 
denser leakage when the circulating water is free from 
easily detected salts. A simple expedient eliminates 
this difficulty. Chemical matter can be added to the 
water in the measuring tanks detectable at extreme 
dilutions, but which is innocuous to the materials of the 
plant itself. The drain from each heater is separately 
sampled and tested. It is usually sufficient to detect 
the presence of leakage qualitatively, thus immediately 
demonstrating the presence of an error in the test and 
its source. The same method provides the means of 
quantitative assessment if desired, either by electric 
conductivity measurements or by chemical analysis. 

The third method consists in cascading all drains 
straight back to the condenser, the condensate being 
measured in tanks placed immediately after the 
extraction pump in the way customary for plants with- 
out feed heaters. The feed from the test tank after 
measurement must be fed back to the system. Feed 
heater leakage can be detected as in the second method 





of testing. This last method is equally applicable to 
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systems where normally drain pumps are operated.| p14 q@paMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 


The necessary adjustment, if guarantees have been 

based on the operation of drain pumps is a simple | 
matter of calculation. As its importance in heat | 
consumption is of the order of 0-75 per cent., extreme | 
refinement in estimates is quite unnecessary. Owing | 
to the simplicity in testing which results, a great deal | 
can be advanced for the adoption of cascading drains | 
as a basis of all guarantees, even where drain pumps are | 
employed in normal operation. 

In tests of the kind outlined in this section, small | 
correctives are necessary to the turbine performance | 
for the following variations in feed temperatures from | 
the contract conditions :— 

(a) If the condensate supplied to the first heater is | 
at a lower temperature than that on which guarantees 
are based. This may arise from variation in vacuum 
or from the fact that at a given vacuum the condensate 
is cooler or hotter than was expected. 

(b) The feed may be cooled in passing to, from, and | 
through the measuring tanks. 

(c) The final feed temperature may be different from 
that guaranteed. 

The limits of temperature variation which may 
arise in this way should be small, and corrections can | 
be arrived at with sufficient accuracy by making use | 
of the relations given in Table VI. The last column | 
has been added to indicate the very simple rule which | 
assists in memorising this series of corrections. If | 
the temperature of the condensate leaving the con-| 7 
denser is depressed, the first feed heater is called upon 
to supply additional heat at a cost in steam consump- 
tion of 1 per cent. per 50 deg. F. defect in initial tem-| 74 
perature. While the corrections given in Table VI can| 4, 
be used with confidence for the relatively small variations 
in feed temperatures likely to occur in tests, they are 
derived from the assumption that the feed heating sys-| 68 
tem is provided with a separate feed heater for each | 66 
50 deg. F. step in temperature rise. If the feed! 
heater steps are 100 deg. F., the appropriate | 
correction will be that in the Table which corre-| 62 
sponds to final temperatures of 100 deg. F. and 200 deg. 
F.andsoon. Thus the first 100 deg. F. will be obtained | 
with a steam consumption increased at the rate of 
1 per cent. per 30 deg. F., or a total of 3-33 per cent. 

Suppose the feed water is taken to the measur- | 
ing tanks after its temperature has been raised | 
in preceding feed heaters by 100 deg. F. Then the | 
effect of any temperature drop in returning the water | 
to the feed system calling for additional heating in | 
the next heater is assessed at 1 per cent. in steam | 
consumption per 20 deg. F. drop in temperature. The | 
correction for any defect in temperature from the last | 
feed heater will be obvious. 

With feed-heating systems the performance of the | 
turbine may be uniquely defined either by (a) a steam | 
consumption, (6) a heat consumption, or (c) a thermal | 
efficiency, providing the initial pressure and tempera- | 
ture of the steam, the vacuum at the turbine exhaust | 
flange, the condensate and the final feed water tem- | 
perature are stated. Of the three possible systems, | 
perhaps (a), the steam consumption, is the simplest, | 
since it is concerned with the first quantity arrived | 
at in the test itself, and has long usage to commend 
it. It is, of course, just as “ scientific’ as either of 
the other alternatives. 

The heat consumption (6) and the thermal effici- 
ency necessitate contractural reference to the steam | 
tables, which shall be used in calculating them | 


from the steam consumption measured during the - "2 
test, because for the same actual turbine perform- Ce ee ee ee ee 


ance the figure of merit deduced for (b) or (c) will vary | (1181) NOVEMBER. 1928. DECEMBER. (928. JANUARY. 1929. *NoINEERING” 


with the steam tables chosen. On the other hand, the Norr.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations, of 
heat consumption has a special significance, on account | the London Metal Exchange for “ fine foreign ’’ and “ standard”’ metal, respectively. The prices shown for 
of the ease with which it can be converted into coal | lead are for English metal, whilst those for spelter are for virgin metal. Middlesbrough prices are plotted 
consumption and station performance. This system | for steel plates and rails, and also for hematite and Cleveland pig-iron. The prices given in the case of steel 
is coming into increasing use. | plates are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. The pig-iron 
A thermal efficiency basis for guarantees has neither | prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price of quicksilver is per 
of the advantages which can be advanced for the two | bottle, the contents of which vary from 70 lb. to 80 lb. The price of tin-plates is per standard box, but in 
former methods. In addition to requiring contract- | other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 
ural reference to the steam tables on which it is to | lines represent IJ. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each. 
be based, its use requires also that the value of | : oe 
Joule’s equivalent to be adopted shall also be stated. | en _ 
This P orapes<y Meonergy Pe sa it is the variable' (q) The correction for initial steam temperature, {of heat consumption per kilowatt-hour. Further, in 
a har Lilow negud ge erences ogg asa value vacuum and final feed temperature is much| feed-heating installations, performances should be 
; ; f hi por mag Ts nf VIL e figures thd smaller if performance is expressed as heat| required only with the feed heaters in operation, 
pp i she par of thie , based. on Kaye consumption than as steam consumption, an| and preferably with the drains cascaded to the con- 
ponte AP tag seen ne ey pando advantage in favour of the former system. denser. The extraction steam, if any, should be 
determinations of Joule’s equivalent. Caloulations | (6) The correction for initial pressure and tempera- ee ee “ge ras coger pe —— 
of this kind would be facilitated if : ture with the feed heaters working, is sensibly be excluded. Contractural reference to performance 
x common agreement th ath, the teed heats rage with the feed heaters by-passed should, in the best 

could be arrived at to adopt a value of 3412 as the sihinictames ian 7 paar P interest of the purchasers, never be required or 


(Specially Compiled from Official Reports of London Metal Markets.) 


NOVEMBER. 1928. DECEMBER. 1928. JANUARY. 1929. 
26 §SRHHUNAGEBH4FEHWLRMABMOUNABBISZSTINGTNNB TY HEL 


= 





BERBERS & 


g e588 RB 


RSFSIR PAS BS LSE SRE RREERERE 


8 


RPRFSSSRVSB 


Mw AHR & 






wy 





SRS ane SRERFSRRREK BSE EK ED 














British thermal units corresponding to one kilowatt-| The convenience of all concerned in handling steam | stated. 


hour. 

In order to illustrate the effect these systems of 
stating performance have on the variation in turbine 
performance with steam conditions, test corrections 
have been plotted in Fig. 10, for a representative case. 
The following points should be noticed :— 


| plant would be served, and a great deal of unnecessary 
|confusion avoided, if agreement could be reached 
on the exclusive use of one of the two former systems 
of stating guarantees and plant performances. 
The balance of advantage appears to lie in selecting 
the second method of stating performance in terms 











Tue Farapay Mepau.—The Council of the Institu- 
tion of Electrical Engineers has made the eighth award 
of the Faraday Medal to Mr. Guido Semenza, of Milan, 
who, for many years, has taken a leading part in the 
development of the applications of electricity. 
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IMPACT ON RAILWAY BRIDGES.* 
(Continucd from page 146.) 


In the case of floor members and of all spans 
under 30 ft. the Committee’s experiments show that 
the dynamic increase of deflection is just that which 
would be produced by a static load equal to the 
hammer blow. With longer spans, however, the 
effect may be augmented by resonance. Fortunately, 
the damping factor due to the imperfect elasticity 
of the road, bed and to dissipation of vibratory 
energy at the piers and in the locomotive springs, 
is very large. In none of the experiments therefore 
did the dynamic deflection build up to a dangerous 
limit. The worst case was recorded in the tests of 


SPAN N° 
Fig. 6. * 


ENGINEERING. 

natural frequency of the girder, which would then 
only respond at a slower engine speed. It will be 
seen from the succeeding diagrams, that on increasing 
the speed, the dynamic effects diminished and had 
almost vanished in the case of the last diagram, 
which was taken when the engine speed was nearly 
60 miles per hour. For purposes of comparison the 
dynamic deflection was compared not with that due 
to the engine at rest on the bridge, but with what 
was recorded at a “ crawl speed” of 8 miles per hour. 
In the diagrams it is the extreme values which 
have been plotted and not the averages observed. 

These diagrams illustrate a very important point, 
viz., that the natural frequency of long bridges is 





low. and since the intensity of the hammer blow 


Fig.7. 


NEWARK DYKE BRIDGE. 
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Unloaded Frequency of Bridge 286pps. 


Spar 262: 6" --- 





“ENGINEERING” 








T wT r 








; T T T T T 
a _ ~~ Sea_ Engine Frequency 3-Tipps. 
hii = 


DIAGRAM 7 





eo 


1 RAEI 











(70.m) 


the Newark Dyke bridge, a single-track structure of 
262 ft. 6 in. span. Particulars and typical records 
relating to this bridge are reproduced in Figs. 6, 7 
and 8 above. These were obtained with engine K 
(Figs. 4 and 5, page 145, ante), running at speeds 
ranging from 2-14 revolutions per second up to 
6-20 revolutions per second (59-5 miles per hour). 
The latter figure is probably more than double 
the maximum service speed of the engine. It 
will be seen that in most cases the vibrations 
build up to a maximum and then diminish. This is 
due to the fact that as the engine moves over the 
bridge the periodicity of the latter is altered by the 
increase of load so that synchronism is not in general 
sustained. As it chanced, however, when diagram 3 
was taken the speed of the engine was increasing. 
Hence, after it passed mid-span the natural 
frequency of the girder rose, due to the chang- 
ing load. The two frequencies, therefore, chanced 
to keep in step, with the result shown. Even 
in this case the total dynamic increment of the 
maximum deflection (taken as one-half the amplitude 
of an oscillation) was only some 5 per cent. or 6 per 
cent. of the total safe deflection, and would have 
been less had the engine been followed by a train. 
The weight of this would have diminished the 





* By inadvertence, the date of Sir Benjamin Baker’s 
address to Section G of the British Association, referred 
to on page 143, ante, was given a3 1883 instead of 1885. 
It was reprinted on pages 289 and 313 of ENGINEERING, 
vol. x}. Both this and two previous papers by Mr. Baker, 
as: he then was, will well repay close study. In the 
1885 address, Mr. Baker noted ve | examples of 
bridge failures due to fatigue, of which he had personal 
knowledge. _ Sir Benjamin belonged, in fact, to the 
formative, we might almost say ‘“ informative,” period 
of metal. bridge building, in which mistakes were made 
and faulty constructions adopted, so that failures were 
far comruoner than in the succeeding years. 
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increases as the square of the engine speed, the 
forces tending to vibrate long bridges are relatively 
small, whilst the damping factor is high, so that 
the dynamic effect is never large. Very short 
spans, on the other hand, have so high a natural 
frequency, that synchronism never occurs, and as 
already noted the dynamic deflection is, therefore, 
due solely to the individual hammer blow, which 
is not augmented by resonance. Hence, the worst 
conditions are met with on spans of moderate dimen- 
sions. This is clearly shown in Fig. 18, page 189, 
which we reproduce from the report. In this dia- 
gram k represents for different spans, the ratio of the 
actual dynamic deflection to that due to a static 
load equal to the hammer blow. Owing to resonance 
this increases rapidly with increase of span, being 
unity for all the spans up to 30 ft. and attaining a 
value of over 17 in the case of the longest spans. 
Since, however, the large spans have a low natural 
frequency, the intensity of the hammer blows with 
which they are in synchronism falls off very rapidly, 
so that the true relative dynamic effect is represented 
by the curve F, which attains a maximum for spans 
of the order of 100 ft. Strictly speaking, the value 
of F is not independent of the character of the 
structure. The range of frequencies met with 
during the research is shown in Fig. 22, page 190. 
As was to be anticipated, short spans vary propor- 
tionately more in their natural periodicities than do 
the longer ones. 

The highest observed value of k was 18. This was 
recorded in tests of the Queen Alexandra Bridge over 
the Wear at Sunderland, which was the longest span 
experimented with. Particulars and records for this 
are given in Fig. 9, 10 and 11, page 188. Thisis a two- 
track double-deck structure of 345 ft. span and, as 
the diagrams show, even with two engines in tandem 
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and as nearly as practicable in step, the dynamic 


deflection as represented by the half amplitude of 
vibration was, at a very conservative estimate, 
hardly 4 per cent. of the total safe deflection. This 
would, of course, have been less had the bridge 
been fully loaded and its natural periodicity thereby 
diminished. 

This natural frequency can be calculated with 
little difficulty by exactly the same methods as 
are used in computing the critical speed of a turbine 
rotor.. The latter operation is usually effected by 
a method which, in essentials, originated with the 
late Lord Rayleigh, but the girder problem is in 
most cases much simpler as the moment of inertia 
is very much more uniform. The general equa- 
tion to the vibration of a girder traversed by a 
moving load is readily formed by equating the 
rate of change of momentum at any point to the 
elastic reaction there. This leads to the equation 
O an, ay _. — if Ps Y where I denotes the 
ot Gt Ge d x2 
moment of inertia at any point and y the deflection 
there. 

In the general case neither m nor I are constants. 
Damping can be taken into account by adding a 
term — C oe to the right-hand side of the above 
expression. This equation gives the free frequency 
of the structure. The effect of the hammer blow 
can be calculated by adding a term which must 
be periodic both in time and space. In this 
case, however, one of these two variables can be 
eliminated, since the travel of the load at constant 
speed is directly proportional to the time. 

As the result of a careful comparison of calculation 
with experiment, involving necessarily an immense 
amount of tedious and tiresome arithmetic, Professor 
Inglis has found that excellent agreement between 
calculation and observation can be obtained on 
the assumption that I is constant, and that the 
deflection takes the form of a simple sine curve, 
and by suitably choosing the damping coefficient C. 
In actual tests the frequency of the unloaded bridge 
was obtained by noting the periodicity of the 
residual oscillations remaining after the load had 
passed off the structure, whilst the loaded frequency 
was ascertained either from small oscillations shown 
in the “ crawl records,” or by the use of a “ bridge 
oscillator,” a drawing of wnich is reproduced in 
Fig. 21, page 189. As there indicated, this consists of 
two wheels geared together and driven by a variable 
speed electric motor as shown. Balance weights 
are attached to the wheels, and since the weight on 
the one wheel has, at each instant, a horizontal com- 
ponent velocity exactly equal and opposite to that 
of its fellow, the motion of the system is perfectly 
balanced so far as horizontal accelerations are 
concerned. The vertical component velocities of 
the weights are, however, always in the same direc- 
tion, and thus large vertical oscillating forces are 
produced. By locating this machine in the middle 
of the loaded bridge, where it was chocked up on 
timbers, so as to render the supporting springs 
inoperative, it was easy to determine the speed of 
rotation corresponding to a maximum of vibration. 
This machine was capable of generating a hammer 
blow of 54 tons. 

In the course of the experiments it was found that 
in many cases the bridge had apparently two 
critical frequencies. This was ultimately traced 
to the high friction of certain locomotive springs. 
These would not respond to small forces, and the full 
weight of the locomotive was thus added to the mass 
of the bridge. At higher speeds and consequently 
more powerful hammer blows, the springs became 
active, so that the weight of the engine was spring 
borne, and a second state of synchronism could 
then be established. 

As already noted, the experiments of the com- 
mittee brought out very conclusively the fact 
that the dynamic augment is mainly due to loco- 
motives with unbalanced revolving weights. This 
is very clearly established by Figs. 16 and 17, page 
189, which show diagrams taken respectively with 
ill- and well-balanced locomotives. It is even more 
conclusively demonstrated by Fig. 15, on the same 
page, which has been plotted from results obtained 
with the bridge oscillator. It will be noted that 
the dynamic deflection is exactly proportional to 
the intensity of the hammer blow. 
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Another interesting case and set of curves is given | made was that their silicic would otherwise | the tension ities was 0-57 tons per square inch, the 


in Figs. 12, 13 and 14, annexed. These show that | 
at high speeds the two girders were not vibrating 
in unison, but got out of phase with each other, so 


| 


be upset. Certainly, at times, the way of the 


| computer is past all understanding ! 


It is, of course, quite conceivable that in some 


that the bridge was subjected to torsional oscilla- | cases the effect of the floor might increase the 


tions. 
good example of this is provided by the short single | 
track bridge at Ainderby (see Figs. 19 and 20, 
page 189). Here each rail was located exactly 
over a girder, and it will be seen that the weight 
was not uniformly shared. The lurch was in this 
instance exceptionally heavy, and in their recom- 
mendations the Committee assume a more moderate 
figure, and consider that five-eighths of the weight 
of the engine and tender may be taken by one 
rail regardless of length of span. No provision for 
lurching is required, they say, in the case of cross 
girders. 

Dynamic effects may also arise from rail joints, 
but in many cases, particularly when the ballast 
was continued over the bridge, no hammer blow due 
to this cause could be detected. Itis stated, indeed, 
on page 125 of the report, that the phenomenon was 
observed in one or two instances only. The 
worst case found was a 22-ft. trough girder span 
neat Ripon. This was of very light construction, 
somewhat inadequately braced. It is noted that 
where this cause is operative, the effect may be 
augmented by resonance, even in the case of the 
short bridges, since at high train speeds the period- 
icity of successive blows may be high. 

At Ripon the effect was much more marked with 
a well balanced three-cylinder engine than with a 
two-cylinder locomotive having a heavier hammer 
blow but better sprung. The maximum effect was 
equivalent to a static load of 7 tons. This, however, 
is considered an abnormal result, due possibly 
to resonance. The Committee recommend that 
rail joints should not be located on structures of 
less than 60 ft. span, and that where this is im- 
practicable the joints should be near the abutments. 
They propose that the allowance made for this, 
and to cover at the same time effects due to rough 
track or defective wheels, should be taken as equi- 


valent to a uniformly distributed load of ae tons 
per foot run, where » denotes the number of revolu- 
tions per second made by the locomotive drivers. 
The dynamic augments shown by the stress 
recorders and the deflectometers agreed closely 


in the case of long bridges, but as already men- | 


tioned on page 144 ante, jerks were in certain cases, 
shown by the former, which did not appear in the 
deflectometer records, and were ultimately proved 
to be spurious. Owing to the effect of the floor, 
there was no close agreement between the observed 
stresses and the values calculated in the ordinary 
way. Some typical figures are as follows :-— 


TABLE I.—Observed and Calculated Stresses. 














Mean Stress in Mean Stress in 
Top Flange, Bottom Flange 
; Tons per sq. in. Tons. per sq. in. 
bridge. Span. 
Calcu- Meas- Caleu- Meas- 
lated ured. lated. ured. 
ft. in. 
Monkwear- 
mouth 311 8 1.29 1.24 1.42 0.80 
Rugby 168 8 1.05 0.75 1.18 0.55 
Hilgay 156 0 0.88 0.86 0.91 0.60 
Maunly 146 8 2.06 1.92 2.11 0.90 
Broxbourne 136 0 2.38 2.03 1.99 1.09 
Rockey 126 0 0.94 0.75 0.78 0.57 
Longport 112 0 1.45 1.42 1.06 0.95 
Sella field 72 8 1.59 1.76 1.63 1,42 
Ulleskelf 63 6 3.08 2.88 2.95 2.18 
Dee ping 63 3 2.79 2.26 2.80 1.47 
Petersfield 37 53] 1.42 1.25 1.42 0.76 

















It was, we believe, that eminent French engineer, 
the late M. Rabut who first drew attention to 
the fact that the floor of a bridge might make 
a very substantial contribution to the practical 
strength of the structure. His attention was 
drawn to the high importance of this factor, 
by the experiments he made some 40 years ago on 
the bridges of the Western of France Railway. 


It is curious to note that, when their attention was 
drawn to this matter, certain American engineers 
deliberately dividéd up the floors, of certain long- 
span bridges, into independent sections so as to 
eliminate this strengthening factor. 





The excuse | 


In some cases lurchings were recorded. A| stress in the upper chord just as the addition of 


calculated value being 1-79 tons. Corresponding 
figures for a jack-arch floor at Didsbury were 0-6 
and 2-04 tons respectively. 

It would, no doubt, be a mistake to attribute the 
discrepancies noted wholly to the floor; part must 
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a deep thin fin to asolid rectangular beam may lead 
to an increase in the calculated stresses under a 
stated loading. This is due to the fact that. the 
addition of such a thin fin alters but little the position 
of the centre of gravity of the section, whilst 
the calculated stress at any point is proportional 
to its distance from the neutral axis. Possibly some- 
thing of this kind occurred at Sellafield. At Monk- 
wearmouth again the calculated and observed 
stresses on the upper chord agreed closely. These 
cases, were, however, exceptional, and in general the 
marked relief of stress in the lower chord was asso- 
ciated with some reduction of the upper chord 
stresses. Solid floors of concrete or brick jack- 
arches are especially effective. Thus at Winsford, 
where the floor of a 30 ft. 8 in. span consisted of 
beams bedded in concrete, the observed stress in 
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be due to the rigidity of the joints. heiiitaai: to 
the report, the observed stresses averaged about 
75 per cent. of the theoretical in the case of. the 
tension members, the corresponding figure for the 
other flange being 89 per cent. The Committee da 
not think that allowance should be made for the 
floor reinforcement in estimating stresses. 

The report notes similar discrepancies between 
calculation and observation in girder bridges of 
short span, in which the rail iscarried on a longi- 
tudinal timber laid in a trough girder. ‘The Com- 
mittee suggest that the discrepancies are due in part 
to the rigidity of the rails and timbers, and in part 
to overestimates of the effective span, which, for pur- 
poses: of calculation, was taken as the. distanee 
between centres of bearings. Examples are givén 
in Table II, on the next page. 
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Certain of the bridges tested had trough floors, | in all but the shortest spans, hammer blow deflections 


and in calculating impact stresses it was necessary to 
determine the distribution of the load over adjacent 
floor members. The solution of this problem was 
given in ENGINEERING in 1893 (vol. lvi, page 319). 


| 
| 
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may be augmented by resonance. The values chosen 
are represented by the central curve in Fig. 22, 


page 190, whilst the two outer curves envelope all 


the frequencies observed. On this basis, equivalent 


The dynamic stresses in the web members required | uniformly distributed loads were calculated, addi- 









































TABLE II.—Calculated and Observed Stresses in 
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-separate treatment, as it was found that in these 
the impact effect was nil at mid-span and the 
abutments, and a maximum at the quarter 
points. ‘ 

Having decided to base their recommendations for 
the future design of railway bridges on the principle 
that almost all possible impact effects may coincide 
‘at, their worst, it became necessary to fix some value 
fer the natural periodicities to be expected, since 





tional allowances being made for impacts due to 
track imperfections and the like. 

For the static stresses, the Committee decided to 
adopt the type of loading recommended by the British 
Engineering Standards Association, which is repre- 
sented in Fig. 23, page 190. Here it will be seen, 
the load on the locomotive wheels is taken as unity. 
The tender wheels are rated at 0-75, whilst the load 
behind the tender is taken as one-tenth unit per foot 








|Load A : 20 


| 


| 
| 
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i hauled is 2 tons per foot run. 


run. The latter arrangement is not very logical, 
since heavy engines are used to draw longer trains 
rather than heavier loads per lineal foot. 

The Ministry of Transport recommended in their 
draft proposals that the factor by which the above 
figures should be multiplied should be 20, so that 
each engine wheel carries 20 tons and the load 
So far, a higher 
factor than 18 has not been used by our railways. 
In future work the Committee propose three typical 
loadings, as follows :— 


units with 5-tons hammer blow at 
5 revolutions per second ; 


» B: 16 units with 12-5 tons hammer blow at 
5 revolutions per second ; 
C: 15 units with 15-tons; hammer blow at 


” 


5 revolutions per second. 
The speeds to be provided for in unrestricted 
express traffic correspond to nearly 6 revolutions 
per second, or about 90 miles per hour with 7-ft. 


| drivers. 


} 
| 
| 
| 
} 
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TasLe IIl.—Tabulated Total Loads for Bending 
Moments (Including Rail-joints Effects but not Includ- 
ing Lurching). Single Track Bridges. 














Equivalent Uniformly Distributed Load, per Track 
(tons). 
Speed not Exceeding | Speed not Exceeding 
Span Speed | 4-5 Revolutions per; 6 Revolutions per 
(ft.) not Ex- Second. Second. 
ceeding 
3 Revolu- 
tions per! 4 and B| A, Band| A and B| A, Band 
Second. | Loadings Cc Loadings Cc 
only. Loadings.| only. Loadings. 
5 55 61 61 72 72 
10 55 61 61 73 72 
15 69 79 79 88 88 
20 89 96 96 106 106 
30 118 132 132 148 148 
40 145 163 164 184 187 
50 171 171 197 211 222 
60 197 217 228 237 253 
70 223 241 256 263 275 
80 249 263 282 286 295 
90 277 285 304 309 323 
100 810 310 323 336 372 
110 345 345 345 365 444 
120 375 375 375 399 506 
130 401 401 401 443 560 
140 426 426 426 483 607 
150 451 451 451 511 643 
160 476 476 476 518 657 
170 499 499 499 519 643 
180 520 520 520 528 612 
190 541 541 541 541 586 
200 562 562 562 562 574 
210 583 583 583 583 583 
220 604 604 604 604 604 
230 625 625 625 625 625 
240 646 646 646 646 646 
250 668 668 668 668 668 
260 689 689 689 689 689 
270 710 710 710 710 710 
280 730 730 730 730 730 
290 749 749 749 749 749 
300 768 768 768 768 768 




















Loading A was chosen to cover the effects of 
existing three and four-cylinder locomotives and to 
provide for future developments. 

Loading B is intended to provide for two-cylinder 
engines, Sir Henry Fowler having informed the 
committee that in the future the axle hammer blow 
at 5 revolutions per second will not exceed 5 tons 
as a maximum with a total of 12} tons for the 
engine. Existing engines with a heavier hammer- 
blow are comparatively light, and to meet the 
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problem presented by these, loading C has been 

proposed. With these three loadings as basis, 

Tables III to VII of uniformly distributed loads 

applicable to all bridges have been prepared. 

Taste IV.—Tabulated Total Loads for Bending 
Moments (including Rail-joint Effects but not includ- 
ing lurching). Double Track Bridges. 
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Equivalent Uniformly Distributed Load per Track | 
(tons) 
Speed not Exceeding| Speed not Exceeding | 
Span 4-5 Revolutions per | 6 Revolutions per 
(ft.). Speed not Second. Second. 
Exceeding 
3 Revolu- 
tions per} 4 and B| A, Band| A and B| A, B, and | 
Second. | Loadings Cc Loadings Cc 
only. Loadings.| only. |Loadings. 
5 55 61 61 72 72 
10 55 61 61 72 72 
15 69 79 79 88 88 
20 89 96 96 106 106 
30 118 133 133 147 147 
40 145 167 167 185 190 
50 170 199 199 220 228 
60 195 229 229 250 259 
70 220 253 256 273 276 
80 245 274 282 295 296 
90 274 300 306 318 318 
100 311 328 330 340 340 
110 348 355 355 363 363 
120 376 379 379 387 387 
130 401 403 403 410 410 
140 426 427 427 432 432 
150 450 450 450 453 453 
160 474 474 474 475 475 
170 497 497 497 497 497 
180 §21 521 p21 521 521 
190 545 545 545 545 545 
200 569 569 569 569 569 
210 590 590 590 590 590 
220 610 610 610 610 610 
230 631 631 631 631 631 
240 651 651 651 651 651 
250 672 672 672 672 672 
260 692 692 692 692 692 
270 712 712 712 712 712 
280 731 731 731 731 731 
290 750 750 750 750 750 
300 769 769 769 769 769 
i 28. 
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| of stress. 


| very valuable and precise observations, but it is 
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of wrought-iron, not steel) under the train loads of 
1885 amounted to over 6 tons per square inch, 
but, in view of the relatively low range of stress 
in them, he considered them safe. The Committee, 
however, claim that the bridge designer need not 
concern himself with fatigue, which would imply 
that the permissible stress is independent of the 
| frequency of the loading. They would, we conclude, 
condemn the practice which has frequently been 
|adopted, of allowing higher unit stresses in the 
{case of wind loads and temperature strains. No 
figure is suggested in the report as to the safe limit 


The report represents a very large amount of 
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interest had the Committee added data as to 
actual weights behind the engine drawbar. Accord- 
ing to a paper read before the Institution of 
Mechanical Engineers in 1900 by Mr. J. D. Twin- 
berrow, a coal train of 10-ton wagons, totalling 1,000 
tons gross, would be 1,178 ft. long. With 17-ton 
wagons he stated that the length could be reduced to 
840 ft. The former figure would be equivalent to 
0-85 tons per foot run, and the latter to 1-19 tons 
per foot run. A train of 40-ton steel bogie wagons 
was ordered by the North Eastern Railway in 1902. 
These wagons had a tare weight of 16 tons 3 cwt., and 
were 39 ft. long over buffers. The load per foot 
run was therefore 1-45 tons. Our loading gauge, 
it must be remembered, restricts the width “of 
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TasLe V.—Tabulated Total Loads for Shear (Including | Taste V1I.—T'abulated Total Loads for Shear gee J 


Rail-joint Effects but not Including Lurching). Single | 


Track Bridges (A, B and C Loadings). 




















Shear at Shear at Shear at 
Span (Feet). End. 2 Point. Centre. 

6 36 18 

8 42 18 
10 46 18 
12 49 18 
15 52 20 
20 61 23 
30 75 26 
40 89 30 
50 103 36 
60 117 39 
70 131 42 
80 14 45 
90 159 48 
100 173 51 
110 186 55 
120 199 58 
130 212 61 
140 224 65 
150 236 69 
160 248 72 
170 260 76 
180 272 80 
190 284 83 
200 295 86 
210 306 90 
220 317 93 
230 327 96 
240 336 99 
250 344 102 
260 352 105 
270 361 108 
280 371 lll 
290 382 114 
300 393 117 





The Committee propose not only that these tables 
should be used in proportioning existing bridges, 
but also, if we understand them correctly, as a 
standard for condemning existing structures. 

It would be of interest to see in what light the 
Britannia tubular bridge and the Saltash bridge 
would then appear. According to Sir Benjamin 
Baker, the stresses on these structures (which are 


Rail-joint Effects but not Including Lurching). Double 
Track Bridges (A, B and C Loadings). 
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Taste VII.—Zabulated Total Concentrated Loads on 
Cross Girders (Including Rail-joint Effects).* AU 
Loadings. 








| Shear at Shear at Shear at 
| apn rory. | End. } Point. Centre. 
| | 
i 
6 | 36 27 18 
8 41 27 18 
10 | 46 30 18 
12 | 49 33 18 
15 | 52 36 20 
20 | 61 39 28 
30 75 50 26 
40 89 58 30 
| 50 103 67 35 
| 60 116 75 39 
70 130 83 42 
80 144 90 45 
90 157 07 48 
| 100 170 103 51 
| 110 183 110 54 
120 195 118 57 
| 130 207 125 60 
140 219 132 63 
| 150 231 139 66 
| 160 243 146 70 
| 170 255 153 73 
| 189 266 160 76 
| 190 278 166 80 
| 200 290 172 83 
| 210 301 178 86 
j 220 312 185 89 
| 230 323 192 92 
| 240 333 198 95 
| 250 341 204 98 
i 260 349 211 101 
| 270 357 217 104 
| 280 366 223 107 
| 290 375 229 110 
300 384 235 113 














probable that, regarded from the strictly technical 
standpoint, its interest exceeds its intrinsic im- 
portance. The latter may, however, well be great 
in the legal aspect, owing to the large powers vested 
in the Ministry of Transport. Speeds were deter- 
mined electrically, and ingenious methods were 
devised for accurately locating the precise position 
of the hammer blows. It would have been of 











Concentrated Loads (Tons per Track). 
Spacing 
(Feet). 1 
3 Revolutions |4*5 Revolutions|6 Revolutions 
per Second. per Second. per Second. 

3 28 31 36 
4 28 31 36 
5 28 31 36 
6 29 33 37 
rf 34 38 42 
8 38 41 46 
9 41 At 49 
10 43 47 52 
11 47 50 55 
12 50 54 59 
13 52 56 61 
14 54 58 64 
15 57 61 67 
16 60 64 69 
17 62 66 71 
18 64 68 73 
19 66 70 75 
20 68 72 77 
21 70 74 79 
22 72 76 81 
23 74 78 83 
24 75 79 85 
25 77 81 86 
26 78 82 88 
27 81 84 90 
28 83 87 92 
29 86 89 
30 88 92 97 

















* No allowance has been made for lurching on cross-girders, 
as stated on page 188. 


wagons to 8 ft. In 1912 the heaviest passenger 
stock in use appears to have been certain sleeping 
cars on the Midland Railways. These weighed 40 
tons and were 65 ft. long. 

In an appendix to the report, Professor W. E. 
Dalby, F.R.S., gives a useful summary of the theory 
of balancing, on which he is a recognised authority. 
We have already referred to the very heavy task 
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Fie. 1. 


TasLe VIII.—Tabulated Total Loads for Bending 
Moments on Railbearers (including Allowances for 
Rail-joint Effects and Lurching). 











Equivalent Uniformly Distributed Load 
per Rail (tons). 
Span 
(ft.) Speed not Speed not Speed not 
Exceeding Exceeding Exceeding 
3 Revolutions |4°5 Revolutions} 6 Revolutions 
per Second. | per Second. per Second. 
| 
0-10 31 | 36 45 
11 33 | 38 46 
12 35 | 41 48 
13 37 43 50 
14 39 46 54 
15 41 | 48 56 
16 43 | 50 59 
17 45 | 62 61 
18 46 | 53 63 
19 48 | 56 65 
20 50 | 58 68 
21 52 60 7 
25 54 | 62 72 
23 56 | 64 74 
24 58 } 66 76 
25 59 | 68 78 
26 61 | 69 80 
$7 62 70 81 
28 63 | 72 83 
29 64 | 73 84 
30 65 | 74 85 














Note.—The allowance for ‘lurching’ has been calculated in 
the following manner :— 

At 6 r.p.s., add 25 per cent. of static live load. 

At 4°5 r.p.s., add 18} per cent. of static live load. 

At 3 r.p.s., add 12} per cent. of static live load. 


Example. 
Tons 

per Rail. 

Span 10 ft., speed not exceeding 3 r.p.s. static 
live load (20 units) .. as ee << Le 
Hammer-blow (loading “‘A’’) .. 2°16 
2 = 
Rail-joint effect 75 tons. 0°75 
Lurching 12} per cent. of 25 tons 3°12 
Total 31°03 


undertaken by Professor C. E. Inglis, who also 
contributes an appendix, dealing in this case with 








| 
| 
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| 





110-H.P. Four-CyLinpEer Arruxss-INJECTION ENGINE; Messrs. CRossLEY Bros., LiMiTED. 


a “vector method for computing deflections and 
stresses in a bridge subjected to vertical alternating 
forces.” 


THE BRITISH INDUSTRIES FAIR AT 
BIRMINGHAM. 

Tuoucu a pleasant, it has become almost a 
monotonous duty to record an annual increase in 
the size of the buildings required to house the 
exhibits at the British Industries Fair at Bir- 
mingham, due in no small measure to the additional 
demand for space on the part of firms engaged in 
the engineering industry. It would not be un- 
natural to assume from this that this industry, 
in particular, was rapidly recovering from the 
deplorable conditions ruling a few years ago. A 
study of our yearly reviews of the engineering trades, 
however, shows that the improvement is nothing 
like so great as this criterion would indicate, and 
it is necessary to seek some other explanation for 
the phenomenal growth of the buildings at Castle 
Bromwich. We believe that this will be found in 
an increasing realisation of the fact that the Fair 
has special features which differentiate it from other 
exhibitions held throughout the country, and that 
comparison with such great Continental fairs as 
that held annually at Leipzig is more than a mere 
idle compliment to the promoters. The Fair is in a 
category by itself among British exhibitions in 
virtue of the Government support with which it 
is favoured, and also because the exhibits are not 
confined to any one branch of industry. It attracts 
a considerable body of foreign visitors, and this 
fact alone renders any apology unnecessary for 
again drawing attention to the unworthy buildings 
in which it is housed, and the inconvenience resulting 
from its being divided into two widely separated 
sections. We are fully aware of the difficulties 
associated with the erection of a new building of 
sufficient size to accommodate both sections of the 
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Fair, and with at least some claim to architectural 
dignity, but these difficulties should not be allowed 
to stultify an issue of national importance. There 
can be little doubt that the most suitable site for a 
new building would be in the neighbourhood: of 
London. Not the least of the difficulties, to which 
we have referred, is that a transfer of the venue from 
Castle Bromwich to such a centre would deprive the 
Birmingham Chamber of Commerce of the fruits of 
the unremitting spade work, which alone has brought 
the Fair to its present importance. The present 
area under one roof at Castle Bromwich is some 
11 acres, not very appreciably less than that 
of the Palace of Engineering at the Wembley 
Exhibition, and it may well be wondered whether 
it is yet too late to rescue the latter building 
from oblivion, and utilise it as the national 
exhibition building required. 

The heavy section of the Fair will be opened at 
Castle Bromwich on Monday next, and so far as 
we have been able to gather from advance particu- 
lars of the exhibits, development during the past 
year, in the majority of the engineering exhibits, 
will be found to have been in detail only. It 
would appear, however, that marked departures 
from standard practice will be found in the 
heavy-oil engine group, but before referring to 
the new developments, it may be mentioned that 
the Fair offers what is practically a unique opportu- 
nity for studying the design of this type of engine. 
Although not particularly a Birmingham industry, 
practically all the leading makers of heavy-oil 
engines have made a practice of exhibiting their 
engines at the Fair for several years past, the 
explanation probably being that there is no special 
exhibition held in any part of the country devoted 
to this most important British product. In passing, 
it may be remarked that it appears somewhat sur- 
prising that such an exhibition has never been 
inaugurated, as the industry is comparable in 
importance with those of foundry appliances, 
commercial vehicles, or machine tools, all of which - 
have their specific exhibitions. For purposes of 
discussing tendencies in heavy-oil engine develop- 
ment, it will be convenient to group these engines 
as of high, medium, and low power. In the first 
and last groups, British manufacturers are in any- 
thing but a satisfactory position as compared with 
their foreign competitors, but in medium-powered 
engines, the reverse may be said to be the case. 
Both in the high-powered Diesel, such as is em- 
ployed for marine purposes, and in the small airless- 
injection engine for tractor or road-vehicle use, 
there appears to be a strong tendency to work 
under licence from foreign firms, but British designers 
have taken a leading part in the development of the 
medium-powered engine, with a very satisfactory 
reflex in our export trade. British designs in this 
particular class may be said to hold the premier 
position, and that every endeavour will be made to 
retain this advantage is shown by the introduction 
this year of a large number of new models. The 
general tendency appears to be to increase the 
number of cylinders for a given power, with a 
corresponding increase in speed. As a result, the 
new engines are generally much lighter than their 
predecessors, and, of course, have a more uniform 
torque characteristic. The majority of the new 
engines will be of the airless-injection type, and we 
may commence our detailed description of the 
exhibits by referring to one of these shown on 
the stand of Messrs. Crossley Bros., Limited, 
Openshaw, Manchester. The engine is a four- 
cylinder vertical model developing 110 brake 
horse-power, and will be shown at the Fair direct 
coupled to a Crompton-Parkinson 72-kw., 440-volt, 
direct-current dynamo. The engine, which is shown 
in Fig. 1, above, is totally enclosed, with all the 
moving parts protected and lubricated by oil 
under pressure. The design is remarkable for the 
clean lines attained, and on this account has a 
superficial resemblance to a modern car engine. 
The fuel-oil pumps are grouped together in one 
unit at one end of the engine as shown in the 
figure. The valve gear is of the overhead type, 
totally enclosed, the inlet and exhaust valves being 
operated from an overhead camshaft through the 
usual rocker arms. The camshaft is driven by 
means of a silent roller chain. Chain adjustment 
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is provided, and this does not in any way disturb 
the valve timing. . Starting up is effected by means 
of compressed air, which is applied to all four) 
cylinders, thus giving rapid acceleration, the makers | 
stating that the engine can be started up from | 
dead cold and be operating at full speed within a| 
few seconds. We presume that this procedure is | 
hardly recommended as normal practice. The! 
engine exhibited is typical of a range of Crossley | 
vertical engines now being offered of various power | 
ratings, and having from two to six cylinders, | 
suitable for driving alternating-current or direct- 
current generators, or for other purposes where a | 
steady turning moment is desired. 

Another new engine which will be exhibited by | 
Messrs. Crossley Bros., is illustrated in Fig. 3, on | 
Plate XX. As will be seen, this engine has hori- | 
zontal cylinders, and as it is designed to run on | 
heavy oil, it is of a type in which the manufacturers 
have specialised for a number of years. Earlier | 
Crossley horizontal engines have, however, usually | 
been of the open type developing large powers per | 
cylinder. Such engines are undoubtedly entirely | 
satisfactory for many purposes, but as we have | 
stated elsewhere, there is an increasing demand for 
enclosed engines of quite moderate power with two or 
more cylinders. The engine shown has been intro- | 
duced to meet this demand, the normal working load | 
being 44 brake horse-power. There are a number of | 
new features incorporated in the design, and it | 
is interesting to compare them with the more con- | 
ventional heavy-oil engines of the horizontal | 
type previously manufactured by the firm. | 
The usual sideshaft transmitting the drive from | 
the crankshaft to the valve gear has _been| 
eliminated. Instead of this the camshaft, which | 
is arranged across the top of the cylinders, | 
is driven by an enclosed silent roller chain | 
working in an oil bath. As in the vertical | 
engine already described, chain adjustment gear is 
provided which does not in any way interfere with 
the valve timing. The camshaft and cams revolve 
-in an oil bath. The push rods for operating both 
valves make direct connection between the cams 
and the valve levers, the valves being situated 
in the cylinder heads. Both the inlet and exhaust 
valve has its own cage, readily removable for grind- 
ing-in the valves when desired. Incidentally, this 
arrangement affords good access to the inside of 
cylinder and piston head for inspection purposes. 





Starting up is effected by compressed air stored | ig employed. The bed plate is cast in one piece, | of the lowest grades. 
figure, it is of the horizontal, single-cylinder type, 
| with an open crankcase, and with the valve gear 
| driven in the conventional manner by a side shaft 
| driven by gearing from the crankshaft. The engine 


in a suitable receiver, which is re-charged when | 
required from the engine cylinders. 

Messrs. The National Gas Engine Company, Ltd., 
are showing a 60 brake horse-power horizontal single 
cylinder heavy-oil engine, and smaller engines of both 
the horizontal and vertical types either as separate 
units, or coupled to dynamos or pumps. We illus- 
trate one of the pumping sets in Fig. 2, above, the 
engine in this case being of the type described on 
page 72 of vol. exxvi, of EnarneERING. As will 
be clear from the figure, the engine and pump are 
mounted on a common bed plate. The engine 
runs at 800 to 1,000 r.p.m. and is connected to the 
pump through gearing. The output is 1,000 gallons 
per hour against a maximum head of 150 ft. The | 
pump is of simple and sturdy construction, and 
can be supplied to pump either water or oil. The 
pump body and ram are of cast iron. When 
required for pumping water, the valves are of rubber | 
with a light brass guard, seat and spindle, while | 
for oil the valves are of brass throughout. The | 
crankshaft is of steel and the connecting rod of 





gun metal. The rod has adjustable brasses at 
the crank end. 

A comparatively few years ago, gas engines of small 
or medium power were extensively employed in| 
small works for driving machine tools or other plant, | 
but their place has now been taken to a large extent | 
by heavy-oil engines where an electric drive is not | 
available. The use of gas engines is, however, still | 
justifiable in some circumstances, and the National | 
Company, in addition to the exhibits mentioned, will | 
show the 75 brake horse-power engine illustrated in | 
Fig. 4, on Plate XX. As will be seen, this engine is of | 
the three-cylinder vertical type. It runs at 450r.p.m., | 
and the tendency to which we have already referred | 
of employing a number of small cylinders in con- | 


| 


junction with a relatively high-speed, thus applies | 
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CouPLED TO Ram Pump; Messrs. NATIONAL 


Gas EnGInE Company, LIMITED. 


equally to gas as to oil engines. These engines 
are suitable for running on town or producer gas, 
and are made in models having from one to six 
cylinders, the latter engine developing 162 brake 
horse-power on town gas, and 150 brake horse-power 
on producer gas. The powers quoted are at normal 


temperature and pressure for the gas and the engines 
are capable of taking an overload of 60 per cent. for 
half an hour. The engines operate on the four- 
stroke cycle, and as will be clear from the figure, are 
totally enclosed. A force-feed lubrication system 


machined both on the top and the bottom. The 
crankshaft bearings are provided with steps bedded 
in the bed plate and secured with caps. The 
crankcase is also a one-piece casting, large inspection 
doors being provided on both sides for easy access 
to the running parts. The crankshaft is machined 
from a solid forging of Siemens-Martin steel, or 
other steel of equal quality. The cylinders are 
separate castings with a loose liner, which is held 
at the top by the cylinder covers, and is free to 
expand at the bottom. The cylinder covers are 
of deep section, and serve to house the exhaust and 
inlet valves, which are in cages, and are mounted 
directly over the pistons. The exhaust valve cages 
are water cooled. The pistons are of cast iron, 
and the connecting rods are made from Siemens- 
Martin steel forgings. Ignition is obtained by 
duplicate magnetos driven from the camshaft, 
there being two independent sparking plugs in 
each cylinder. The governor is of the centrifugal 
type, and is mounted on the crankshaft. It 
operates by regulating the governor valves, which 
control the gas and air supply to the cylinders, 
the two supplies being kept separate until they 
actually enter the inlet valve. All running bearings 
are supplied with oil at a pressure of 5 to 15 Ib. 
per square inch, the pump being of the gear type, 
driven from the crankshaft. Starting is effected 
by means of compressed air. 

Messrs. Marshall, Sons and Company, Limited, 
Britannia Iron Works, Gainsborough, will be 
showing examples of their well-known hot-bulb 
and cold-starting two-stroke engines, together 
with a new cold-starting four-stroke engine. The 
hot-bulb engine exhibited will be of the horizontal 
type, suitable for working on oil fuel of about 
0-86 specific gravity, and having a calorific value 
of 19,000 B.Th.U. per pound. The cold-starting 


two-stroke engine will be of the vertical type, of 
60 brake horse-power. This engine is suitable for 
running on the cheapest oils, being of the airless- 
injection type with an electrically-heated ignition 
plug. A description of the engine will be found 
on page 204 of vol. cxxv of ENGINEERING. Two 
examples of the new model operating on the four- 
stroke cycle will be shown, of 25 and 30 brake 
horse-power respectively. This engine, which ‘is 
illustrated in Fig. 5, on Plate XX, is also of the 





airless-injection type, and will run on fuel oils 
As will be seen from the 


bed and cylinder form a single casting, giving 
support to the cylinder throughout its length. 
The cylinder is fitted with a separate liner, which 
is free to expand, and is easily renewable. The 
head is of simple construction, designed with a view 
|to preventing distortion under heat stresses. 
| Provision is made for cleaning out the water spaces. 
The inlet valve is mounted in a separate: cage, 
which on removal permits both this valve and the 
exhaust valve to be readily inspected. The fuel 
pump is driven from the same shaft, and provision 
is made for heating the oil from the exhaust before 
it enters the pump. The pump casing is mounted 
below the governor at the side of the cylinder. 
and both the pump and governor gear run in an 
oil bath. The crankshaft bearings are ring-oiled 
and the engine has forced lubrication to the 
cylinder and other bearings, a mechanical lubricator 
of the usual sight-feed type being fitted. The 
engine is started by compressed air and will operate 
successfully on any of the usual crude, residual or 
refined oils. The consumption of fuel varies 
between 0:48 Ib. to 0°42 lb. per B.H.P. hour on 
full load, with fuel having a calorific value of 
approximately 19,000 B.Th.U. per lb. The exact 
consumption depends upon the size of the 
engine, the larger models being naturally the 
more economical. Messrs. Marshall will be 
showing their latest model of concrete mixer 
in addition to the engines referred to. This mixer 
is driven by a Lister vertical four-stroke engine, 
and was described on page 73 of vol. exxiv of 
ENGINEERING. 

The engine illustrated in Fig. 6,on Plate XX,’ will 
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be shown by Messrs. L. Gardner and Sons, Limited, 
Barton Hall Engine Works, Patricroft. It is 
representative of a new range of engines recently 
introduced by this firm for marine propulsion and 
ship auxiliaries. The particular model shown, 
however, has been adopted for stationary work by 
eliminating the reversing mechanism and bilge 
pump, and by mounting the engine on a special 
base which also serves to carry the pedestals 
supporting an extension of the crankshaft, on which 
a pulley for a rope drive is mounted. The engine 
resembles the makers’ earlier engines in general 
design and arrangement, and as these engines are 
exceedingly well known, we may confine ourselves 
to the leading features of the new model. It 
operates on the two-stroke cycle, and is of the 
airless-injection type, the compression pressure 
being 400 lb. per square inch, which is sufficiently 
high to ensure satisfactory ignition of the fuel even 
when starting up, or under light load. Each cylinder 
is served by a separate fuel pump with the usual 
governor control, and the atomiser is of simple 
construction, consisting essentially of a spring- 
loaded valve through which the fuel passes on its 
way to the sprayer nozzle. Each sprayer is fitted 
with a strainer, which is supplementary to the main 
strainer in the fuel-distribution circuit. The 
running parts of the engine do not call for particular 
comment, as they are generally similar to those 
of the earlier engines, but it may be mentioned that 
the small-end bearings are of the Kromhout type, 
in which a pure rolling action is attained. The 
engine is started up on compressed air, and the 
fuel consumption on full load, for an engine rated 
at’ 50 brake horse-power per cylinder, is 0-405 Ib. 
per B.H1.P.-hour. 


The engine which will be shown by Messrs. Peter 
Brotherhood, Limited, of Peterborough, will certainly 
be examined with great interest, since it has been 
designed and developed by Messrs. Ricardo and 
Company, whose work in connection with petrol 
engines has done so much to place the British auto- 
mobile industry on its present sound footing. We 
understand that the new engine bas been thoroughly 
tested at the Shoreham works, and this fact, in con- 
junction with the excellent workmanship associated 
with Messrs. Brotherhood’s name, should ensure 
that it will be entirely satisfactory. An additional 
point of interest is that this engine is, we believe, 
the first sleeve-valve heavy-oil engine to be placed 
on the market. The engine is of the high-speed 
type, as the normal running speed is over 900 r.p.m. 
Views of the three- and six-cylinder models are given 
in Figs. 7 to 13 above, and on Plates X XI and XXII. 
As will be seen from Fig. 10, the engine is of conven- 
tional appearance, with the exception that there is 
an entirely independent fuel pump for each cylinder. 
It is made as a 2, 3, 4 or 6 cylinder model, the bore 
and stroke being 7} in. and 12 in. in all cases, and 
the power developed being 50 brake horse-power per 
cylinder. It will be sufficient to give dimensions of 
the six-cylinder engine. This is 9 ft. 6 in. long, 
4 ft. 5 in. wide, and 5 ft. 10 in. high. The approxi- 
mate net weight of the engine, complete with fly- 
wheel, is 105 cwt. 

The cylinders are cast separately, and are annealed 
prior to the final machining operations, with a view 
to avoiding distortion. The valve ports are milled 
out, and the cylinder bores finished by grinding. 
The water jacket spaces are of ample capacity, as 
shown in Figs. 7 to 9, and particular attention 
has been paid to the cooling of the exhaust ports. 





Each cylinder is provided with two large openings 
to give access to the jacket spaces for cleaning, the 
openings being normally covered by plates, 4s shown 
in Fig. 7. The cylinder heads are steel forgings, 
machined all over, and with the combustion space 
completely surrounded by water, as shown in Fig: 9. 
Junk-rings are provided to ensure a tight joint 
between the head and sleeve, as shown in the same 
figure. The combustion space is symmetrical and 
entirely free from pockets, but a high degree of 
turbulence is ensured by making it of smaller 
diameter than the cylinder and reducing the clear- 
ance space between the piston and the underside of 
the head to a minimum. The crankcase and bed- 
plate, of which the construction will be gathered 
from Figs. 7, 8, and 10, are of cast-iron, internal 
cross ribbing being extensively employed to give 
adequate rigidity. A large inspection door is pro- 
vided on each side of the crank-case opposite to each 
crank throw. The bed plate is water-cooled by 
jackets on each side of the crankpits. The main 
bearings are carried by double walls forming box 
section girders bridging the bedplate. The bearing 
caps are steel stampings. 

The pistons, shown in section in Figs. 7 to 9 
are of aluminium alloy, and are provided with 
two scraper rings in addition to the usual gas rings. 
The connecting rods are alloy-steel stampings, of cir- 
cular section, and are machined all over. The small- 
end bearings are bronze-bushed, a case-hardened 
steel pin being employed. The crankshaft is of 
the built-up type, permitting both journals and 
crank-pins to be case-hardened, and, of course, 
allowing any part to be renewed without difficulty. 
The big ends are fitted with a loose bronze bearing, 
free to rotate on the crank-pin, and also in a case- 
hardened bush secured in the eye of the connecting 
rod, with a view to reducing the rubbing velocity. 
The main bearings are of the white-metalled bronze- 
shell type. As will be clear from Figs. 7 and 8, 
a single sleeve is employed, operated from the 
lay-shaft by a beam. The sleeves are of steel, case 
hardened and ground to a fine finish. The valve 
ports are milled out on semi-automatic machines 
to ensure accuracy in the form and position of the 
port. The layshaft operating the sleeve is driven 
from the crankshaft by hardened steel helical 
gearing, the wheels being machined from forgings 
and ground on all bearing surfaces. The beams 
through which the motion is transmitted, one of 
which can be seen in Fig. 8, are steel stampings. 
The sleeve-operating ball, which is mounted at the 
inner end of the beam, is made from ball-bearing 
steel, hardened and ground truly spherical. It is 
mounted in a white-metal lined bronze cage, which 
is free to slide in a case-hardened steel bush secured 
to the beam. The latter is split, the two halves 
being bolted together over a crank-throw on the 
lay-shaft. The outer end of the beam is pivoted 
at the base of a steel casting, which in effect forms 
a bell-crank lever of which the horizontal arm is 
coupled by a link to the fuel-pump crosshead. It 
will be clear that, as the layshaft rotates, the beam 
will oscillate in a vertical plane about the outer 
pivot bearing, thus imparting a vertical motion to 
the sleeve. At the same time, a second oscillation 
in the horizontal plane will be imparted to the beam 
as a whole, resulting in a semi-rotary motion of the 
sleeve, which serves to distribute the lubricant on 
its surface. The valve gear is thus of the Burt 
and M’Collum type, with a novel method of sleeve 
operation. 

As already mentioned, a separate fuel pump is 
provided for each cylinder, one of the complete units 
being shown in Fig. 13 on Plate XXII. The plunger, 
which can be seen in Fig. 9, is driven from the sleeve- 
operating beam in the manner already explained. 
The plunger is of case-hardened steel and works in 
a renewable cast-iron liner. The suction valve is 
mechanically operated, and the supply of oil to 
the cylinders is regulated on the usual by-pass 
principle, a tapered finger, of which the position is 
controlled by the governor, being interposed between 
the foot of the spill valve and its tappet. The 
arrangement can be seen in Fig. 9 and it will be 
observed that the valve is operated by a small 
eccentric. The latter is mounted on a second lay- 
shaft, driven by the gear train from the crankshaft. 





The fuel valves are extremely simple, as they have 
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no working parts other than a spring-loaded steel 
ball. They are provided with a flushing valve so that 
all air can be dispelled before starting. It is only 
necessary to open this valve and to lift the suction 
valve to perform this operation. The sprayers consist 
of a cap of hardened steel with a single hole of 
relatively large size, turbulence being mainly 
relied upon to atomise the charge. As will be seen 
from Fig. 9, the spray is projected to one side of 
the combustion chamber. 

Two lubricating-oil pumps are provided, one on 
each side of the crankshaft, and driven from the 
latter by skew gearing, One of these pumps is 
shown to the right in Fig. 7. The first pump draws 
its supply from the reservoir in the bedplate, and 
supplies it to the main bearings, big ends, lay-shaft 
bearings, and sleeve-operating gear, under pressure. 
The pump is surrounded by a filter, and the oil is 
passed through a second filter, of the Autoclean 
type, before reaching the main supply pipe. Oil 
draining back from the crankpits to the sump is 
picked up by the second pump, passed through cool- 
ing pipes in the bedplate water jacket, and returned 
to the supply reservoir. The pipes in the jacket 
are shown in section in Fig 8. A hand pump is 
provided by which all the bearings may be primed 
before starting up. 

Starting is effected by means of a compressed- 
air motor driving the flvwheel through a Bendix 
starter. The motor, which is of the four-cylinder 
single-acting type fitted with cam-operated poppet 
valves, can be seen in Fig. 10 on the side of the bed- 
plate. A lever is provided for moving the pinion 
into engagement with the teeth on the flywheel 
before starting, the throw-out being of course 
automatic. The compressor for charging up the 
air receiver can be seen to the left in Fig. 7. It is 
driven from the lay shaft by helical gearing, and is 
provided with a clutch for throwing it in or out 
of engagement. The head of the compressor is 
water-cooled, while the barrel is air-cooled. The 
receiver pressure is 250 lb. per square inch. A 
plunger pump, driven by the intermediate timing 
wheel at approximately one-third engine speed, is 
provided for circulating the cooling water. The 
pump draws the water from the bed-plate jacket, 
past the oil cooler, and delivers it through the com- 
pressor head to the cylinder jackets, and from 
thence by external pipes to the cylinder heads. 

The maximum fuel consumption of the larger 
engines is 0-38 1b. per brake horse-power hour, and 
of the smaller, 0-40 lb. per brake horse-power hour, 
on full load. The consumption of lubricating oil 
is guaranteed not to exceed 1 pint per hour per 
150 brake horse-power. Engines of the single 
sleeve-valve type, operating on the same principle, 
have proved exceedingly satisfactory in automobile 
practice, and their advantages are too well-known 
to require detailed comment. There appears to be 
no reason why these advantages should not be 
equally realised in the engine described, and there 
is no doubt that its performance in actual use will 
be watched with great interest. 

The petrol-driven truck introduced some three 
years ago by Messrs. R. A. Lister and Company, 
Limited, Dursley, has proved very successful, 
and examples are now to be seen in use in many 
British works. Originally it was manufactured 
purely as a factory truck, but later a model with 
an elevating platform was introduced, and two 
further extensions of the principle will be shown at 
the Fair in the form of a mechanical sweeper and 
sprinkler, and a rail truck. The latter, which is 


illustrated in Fig. 14, on Plate XXIII, has a tractive | 


effort on the level of 23 tons at 2} m.p.h., and 
11 tons at 5 m.p.h. The power unit is a 600 c.c. 
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as shown, fitted with heavy type self-aligning ball 
bearings. Provision is made to render the axle 
boxes oil tight and dust proof. The gear box has 
provision for two speeds in either direction, giving 
forward and reverse speeds of 24 and 5 m.p.h. All 
gears are machine cut, and are hardened and run in 
oil; the shafts are of large diameter and are 
supported on ball bearings. A multiple-plate disc 
clutch is mounted on the gear box primary shaft, 
the discs being made of compressed moulded fabric. 
The ball change-speed lever and the clutch pedal 
are conveniently placed for operation from the 
driver’s seat. The final drive to the four wheels is 
by roller chain, from a double sprocket on the gear 
box secondary shaft, to chain wheels bolted between 
flanges on the axles. The chains are lubricated from 
the engine oil supply tank. Cast-iron brake blocks 
act on the four wheels simultaneously, and are 
operated by a hand wheel mounted on a pillar in 
front of driver’s seat. There are sanding pipes to 
all wheels, operated by two hand levers placed at 
the side of the driver’s seat, one lever operating 
the sanding gear to each pair of wheels. The truck 
can be supplied for either 18 in. or 24 in. gauge. 
In addition to the auto-trucks, Messrs. Lister will 
be exhibiting examples of their well-known engines, 
|either as separate units, or in combination with 
|dynamos and pumps. These exhibits have already 
| been described from time to time in our columns. 

It is now fully recognised that for such work as 
the painting of factory buildings, bridges, and other 





advantage of the spraying method is the increased 


considerable importance is that places difficult 
to reach with a brush are easily reached with the 
spray, and the latter is also capable of penetrating 
to some extent into small openings which are liable 
to form rust centres. Spraying also offers marked 
advantages in other classes of work, as it ensures 
an even coating, and may be employed in the case of 
materials, such as cellulose enamels, which are very 
difficult to apply with a brush. 

We have described diff2rent types of spraying 
plant from time to time in our columns, but have 
not previously dealt with that manufactured by 
Messrs. The Midland Fan Company, Limited, 212, 
Aston-road, Birmingham. This firm will be showing 
a very complete range of apparatus forthe application 
of different kinds of paint and enamel, of which 
the portable unit, shown in Fig. 15, on Plate XXIII 
is perhaps of most interest. As will be seen, this 
consists of an air compressor, receiving tank, paint 
container, and an electric motor for the compressor 
drive, mounted on a four-wheeled truck. The plant 
can be supplied with a petrol engine in place of the 
motor, for use in situations where an electric supply 
is not available. The air receiver is fitted with a 
safety valve, pressure gauge and drain tap, and the 
paint container with a reducing valve, pressure 
gauge and blow-off cock. The sprayer supplied is 
arranged to give either a flat or cone-shape spray. 
The flat spray can be produced either vertically or 
horizontally by a movement of the spreader, an 
intermediate position of the latter giving the cone- 
shaped spray. It is therefore unnecessary to change 
the nozzle to obtain the different actions. <A 
trigger is provided on the pistol to enable the opera- 
tor to control the thickness of the coating of material. 

The early types of motor lawn mower gave a 
considerable amount of trouble, but that the diffi- 
culties associated with the design of such appliances 
| have now been overcome is sufficiently shown by 
| the fact that they are now invariably employed 
|where their use is an economic proposition. As 
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on the four-stroke cycle. In many cases standard 
motor-cycle engines are fitted in motor mowers, 
but such a practice is not altogether satisfactory, 
as a fan is not an altogether efficient substitute 
for the cooling obtained when the engine is fitted 
in a motor-cycle, and, in addition, the engine 
on a motor mower is often called upon to run at 
full load for long periods. The engine fitted to the 
Dennis mower is specially designed for the work, 
and is of heavier construction than is customary 
for motor-cycle units. The main rollers of the 
machine are in three sections, made from semi- 
steel, the roller shaft being mounted on ball bearings. 
A differential gear is fitted which gives a drive on 
all three rollers, with freedom to swing the machine 
in either direction without effort. The power is 
transmitted to the roller and cutting cylinder by a 
chain drive engaged by fabric-faced cone clutches. 
Should it be required to use the machine as a roller 
only, the drive to the cutting cylinder may be 
disengaged, while that to the rollers is left in. The 
cutting cylinder can readily be detached for sharpen- 
ing, and a new blade can also be fitted without 
difficulty. The adjustment for the shear blade is 
made by means of swivel bolts, passing through a 
bracket with a lock nut on each side. The grass 
box is pivoted to the machine frame in such a way 





| for the engine. 
structural ironwork, spraying offers an economical | PT oof grease lubricators to all the bearings, the engine 
alternative to brush painting. The most important | being mechanically lubricated. 


that its weight is taken on the link gear when 
| tipping, while when the machine is not in use the 
box can be swung over to form a protecting cover 
The machine is provided with dust- 


| A large range of compressors will be shown by 


speed of application of the paint, but a point of | Messrs. Lacy-Hulbert and Company, Limited, 


Boreas Works, Beddington, both as portable and 
fixed units, and suitable for either electric motor 
or oil-engine drive. The firm will also be showing 
vacuum pumps, rotary blowers, rotary pumps and 
a variety of pneumatic fittings. We described an 
electrically-driven portable air compressor made by 
this firm on page 309 of our last volume, and in Figs. 
17 and 18, on Plate XXIII and page 195, we illus- 
trate two other small compressors which will be on 
exhibition at the Fair. The type shown in Fig. 17, 
is driven by a Lister petrol engine. The compressor 
is direct coupled to the engine, and is of the hopper- 
cooled type, with aluminium piston and ball-bearing 
crankshaft. The frame on which the engine and 
compressor are mounted is welded up from steel 
sections, and carries two steel bottles, which serve 
as oil separators and air receivers. The engine is 
cooled by passing the water through a radiator 
fitted with a fan driven off the main shaft, and an 
auxiliary radiator is also fitted for assisting the hop- 
per cooling of the compressor. The unitis mounted 
on two pneumatic-tyred cycle wheels, as shown, 
and is compact, light, and easily handled. It is 
claimed to be quiet in action, and is principally 
intended for operating spray pistols for painting. 
The second set, shown in Fig. 18, is a stationary 
model designed for electric drive, and is suitable 
for inflating large pneumatic tyres, operating 
oil fountains or paint sprays, and similar purposes 
in large garages. As will be clear from the figure, 
the compressor is directly coupled to the motor, 
both being mounted on a common bed plate above 
the receiving cylinder. The motor is of 2 h.p., 
and can be supplied for either alternating or direct 
current at various voltages. The compressor is 
water-cooled, and is fitted with an aluminium 
piston. The crankshaft is mounted on ball bearings, 
and all parts are automatically lubricated. The 
air receiver is fitted with riveted dished ends, and 
is tested at a pressure of 300 lb. per square inch, 





the normal working pressure being 200 lb. per square 


air-cooled engine manufactured by Messrs. J. A. | would be anticipated, some of the most satisfactory |inch. It is fitted with check and safety valves, 
Prestwich and Company, Ltd., with an R.A.C.| machines are produced by manufacturers such as | pressure gauge, drain cock and inspection door, 
rating of 4}-h.p. The side frames and buffer beams | Messrs. Dennis Bros., Limited, of Guildford, who | C in a t 
of the truck are of heavy rolied-steel channel,| have had a wide experience of petrol-driven | requirements of the boiler insurance companies. 
appliances of other types. The 24-in. and 30-in.,; The motor is started up and shut down by an 


strongly cleated and gussetted. The gear box and 
engine are carried on cross-members, and other 
vertical and transverse angles carry the cast-iron 
adhesion weights, and also form rail guards. The 
axle-box guides, which are mounted on the frame 
side members, are of cast steel. Centre buffers and 
couplings are fitted as standard at a height of 
13} in. above rail level. The wheels are of cast 


steel, and the axles are carried in outside axle boxes, 





all components being in accordance with .'the 


models manufactured by this firm are well known, | automatic switch, operated by the air pressure. 
but as they are hardly large enough to deal with | 
exceptionally large grass areas, such as may be|be shown by Messrs. Trewhella Brothers. Pro- 
found in public parks and so on, Messrs. Dennis Bros. | prietary Limited, Island-road, Handsworth. We 
have introduced a new 36-in. machine, which will be | understand that in actual trials two men using this 
shown at the Fair for the first time. This machine, | tool have been found to exert a deadweight pull 
which is illustrated in Fig. 16, on Plate XXIII, | of 13} tons, which is amply sufficient to uproot 


A very useful tool for uprooting trees will 


is fitted with a 4}-h.p. air-cooled engine operating! large growing trees without any previous digging 
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or cutting, the roots being simply pulled out of 
the ground. It will be obvious that the tool could 
be usefully employed in other operations when more 
elaborate tackle is not available. The tool is 
illustrated in Fig. 19 on this page, from whichit will be 
seen that the frame is a single piece. It is actually 
a steel forging, in which is mounted a cast-steel 
drum provided with rope grooves. The large 
rachet wheel shown in the figure is attached to this 
drum, the combined unit running free on the spindle, 
which is also free in the frame. One end of the 
spindle is squared, and pinned to it is an arm, on 
which a pawl, engaging with the wheel teeth, is 
mounted. A rapid single-acting motion is obtained 
by fitting the operating lever over the square on 
the main spindle, the drum being pulled round in 
these circumstances by the pawl engaging with one 
of the teeth on the rachet wheel. This motion is 
used to take the slack out of the rope. For the 
slow motion, the operating lever is fitted over a 
second square on the end of a shaft mounted in the 
bracket. This shaft is connected to the pawl, and, 
when given a to-and-fro motion, causes the latter to 
advance the rachet wheel one or more teeth, after- 
wards drawing back and falling into the nearest 
gap. Aninternal pawl, visible in the figure, engages 
with projections inside the wheel rim. As this pawl 
is mounted on the main frame, it prevents the wheel 
from running back after it has been advanced by the 
outer rachet. A reverse motion is provided to 
enable the load to be lowered off safely, and the 
pawls release themselves when the load is eased off, 
enabling the rope to be pulled off the drum freely. 
A brake plate is arranged to press lightly on the 
tips of the teeth, at the underside of the wheel, 
as shown in the illustration, and this serves 
the double purpose of preventing earth from enter- 
ing the teeth, and of providing sufficient friction 


to prevent the drum and wheel from spinning in the | 


event of the rope being pulled off or tangled. The 
operating lever is 5 ft. long, and the usual method of 
working, when tree grubbing, is to anchor the winch 
to one tree by means of a steel rope, and to fasten 
the rope wound round the drum over the tree to 
be pulled. 

As in former years, the Fair will afford a good 
opportunity for examining not only all varieties of 
press work, on which many important firms are 


SMALL ELECTRICALLY-DRIVEN AIR-COoMPRESSOR UNIT; 


CoMPANY, LIMITED. 


machines on which the work is carried out. The 
majority of the machines which will be shown this 
year have already been described in our columns, 
but a new high-speed notching press is to be shown 
by Messrs. Taylor and Challen, Limited, Derwent 
Works, Birmingham. This machine, which is 
illustrated in Fig. 20, page 202, is capable of cut- 
ting from 400 to 620 notches per minute, a high 
degree of accuracy in spacing being maintained at 
the same time. The machine is of exceptionally 
rigid construction, with a view to the avoidance 
of vibrations at high speeds. The saddle is car- 
ried in vee guides, and its position is adjustable, 
by means of a screw and hand-wheel mechanism, to 
suit various diameters ofarmaturestampings. Alock 
is provided on the saddle to secure it in position 
when finally set up. A fine screw adjustment is also 
provided for the height of the pallets which carry 
the plates to be notched. This permits various 
heights of dies to be used, and gives an adjustment 
|to compensate for grinding down the dies when 
| wear has taken place. The spacing of the notches is 
obtained by a friction feed, operating in conjunction 
with accurately machined dividing rings. The recip- 
rocating motion required for operating the dividing 
spindle is obtained by a crank disc at the left-hand 
end of the main shaft. The disc is connected by a bell- 
crank lever and an adjustable universal link to a point 
on the friction band arm; the arrangement will be 





to the dividing ring and spindle by the gear described, 
and, on the return motion, a spring-controlled stop, 
operating against the dividing ring tooth, accu- 
rately locates the position of notching. The dividing 
spindle, with the pallet and plate to be notched, is 
thus continuously under friction control. A light 





by belt, the firm’s patent key clutch being fitted. 
A quick-acting brake is provided, which is auto- 
matically released when notching takes place. 
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clear from the figure. A slight excess rotation is given | 
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pressings, and a description of a somewhat smaller 
press of the same type will be found on page 220 
of vol. cxxv of ENGINEERING. The leading feature 
of these presses is the employment of a friction 
drive for operating the spindle, and this feature 
is retained in the press which is illustrated in 
Fig. 21, page 202. This machine is designed for 
a pressure of 25 tons, and, as will be seen, is of 
the open type. As shown in the illustration, it is 
fitted with fast and loose pulleys for a belt drive, 
but it can also be supplied with an electric motor, 
from which the drive is taken by a roller chain 
to the top shaft carrying the vertical friction discs. 
The press need not be described in detail, as it is 
generally similar to the larger machine already 
referred to. It is suitable for a large variety of 
purposes, including riveting and stamping, and 
for the production of light brass pressings. In 
addition to the exhibits mentioned. Messrs. Hands 
will be showing examples of guillotine shearing 
machines, which are made in various sizes to shear 
plates from 24 in. to 72 in. wide. 

In our description of the exhibits at the Fair 
held in 1927, we dealt with a hydraulic press with 
steam-heated platens, and also a hydraulic starter 
for propellers, exhibited by Messrs. Hollings and 
Guest, Limited, Thimble-Mill lane, Birmingham. 
These products will again be shown this year, 
together with hydraulic pumps and accumulators, 
and a special press for the manufacture of safety 
glass. The latter exhibit is illustrated in Fig. 22, 
page 202. It is of the four-column type, with a 
rising table, the bottom. platen being mounted on 
rollers, and arranged to run in and out of the 
press on rails, thus providing for the convenient 
handling of the sheets of glass. The top platen 


flanged pulley is provided for driving the machine | is steam-heated, the ports being arranged in such 


a way as to ensure the continuous circulation of 
the steam. The correct pressure which the press 
should be capable of exerting, and the most suitable 


Sight-feed lubricators are fitted, a flexible connec- | working temperature, have been ascertained by 
| 


| tion being carried to the main connecting-rod head. | careful experiment. 


A number of presses of various types will be 


| 


Single presses are generally 
most conveniently operated by a separate hand 


| shown by Messrs. John Hands and Sons, Limited;| pump, which forms a self-contained unit mounted 


| Cardigan Works, Belmont Row, Birmingham. 
|The most important of these will be a power 
percussion screw press, .capable of exerting a 
pressure of 220 tons. This class of machine is 





| 


on the base of the press, as shown in the illustration, 
but, in the case of a battery of presses, it may be 
found more convenient to utilise a low-pressure 
supply for raising the ram, the final high pressure 


engaged in the Birmingham district, but also the! largely used for the production of hot brass die| necessary for completing the work being applied 
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by the hand pump. We understand that a large 
number of these presses have been put into use 
with very satisfactory results, the demand for 
safety glass having grown very rapidly in the 
last year or two. 

Messrs. Winget, Limited, Grosvenor Gardens, 
Westminster, S.W.1, will be exhibiting concrete 
mixers of the type described on page 475 of vol. 
exxv of ENGINEERING, together with a number of 
concrete-block making machines, stone crushers and 
brick breakers. We illustrate one of the latter, 
which will be shown for the first time at the Fair, 
in Fig. 23, page 202. This machine is made in three 
sizes, having mouths of 8 in. by 5 in., 10 in. by 
6 in., and 12 in. by 6 in., the smallest machine 
being shown in the illustration. The body is a semi- 
steel casting, in one piece, and, as will be clear from 
the figure, is heavily ribbed to withstand the 
stresses to which it is subjected. The jaws are of 
manganese steel, and both are reversible. The 
swinging jaw is provided with an anti-friction 
metal bearing, which can be effectively lubricated. 
The side cheeks are also of semi-steel, and are 
provided with a locking device to prevent any 
movement of the fixed jaw when the machine is in 
action. The shaft bearings are provided with loose 
caps, as shown in the figure, and are lined with white 
metal. Two heavy flywheels are fitted, the balance 
weights and driving pulley being cast in one piece 
with the wheel. Only one of the wheels is provided 
with a pulley, but this can be mounted on either side, 
as desired. The toggle is of cast iron, of sufficient 
strength to stand the maximum crushing stress under 
normal conditions, but designed to fracture if foreign 
material is introduced between the jaws. The 
toggle block is tapered to suit the back wedge, 
which is easily adjusted when the crusher is running, 
but can be securely locked in position. In another 
type of crusher which will be shown by Messrs. 
Winget, the body is built up from steel plating, with 
a view to rendering the machine easy to transport. 
A guard is also supplied, which prevents any stones 
from entering between the flywheels, bearings or 
side plates, and also keeps the bearings free from 
dust. 

(To be continued.) 








THE ELECTRICAL HEATING AND 
VENTILATION OF MESSRS. BOURNE 
AND HOLLINGSWORTH’S PREMISES* 

By A. H. Barker, M.Inst.C.E. 

A RECENTLY completed system of electrical heating 
and ventilation was designed by the author for the 
new premises of Messrs. Bourne and Hollingsworth, in 
Oxford-street. The building is of about 2 million 
cub. ft. contents, and it is believed to be one of the 
largest heated and ventilated solely by electrical power ; 
it is the only one known to the author that is entirely 
controlled by electrical means from one central control- 
chamber. 

Electrical power, though apparently a very expensive 
method of heating, was adopted solely from economical 
considerations, primarily to avoid dirt and dust, with 
the consequent depreciation of goods in the shops ; 
to save space, which is very expensive ; to avoid the 
nuisance of the delivery of fuel and the removal of 
ashes ; and to avoid the heat, dust, fumes, and smoke 
arising from the operation of an ordinary boiler-house. 
On account of the danger, apparatus burning a large 
quantity of gas could not be installed in the building 
itself ; the volume of gas required would be about 20,000 
cub. ft. per hour. The objection to its use on the roof 
was that all the air for ventilation had to be drawn 
from that region and would have been contaminated 
by products of combustion. 

The object of the design was to heat the densely- 
populated portions of the building uniformly in winter, 
to cool them in summer, to contiol the temperature 
in all parts of the building, but only during the times 
when the building is occupied, to remove completely 
all odours, to supply the building, as far as possible, 
with dust-free air, and to provide continuous refrigera- 
tion for various purposes. The apparatus requires no 
attention during week-ends, when the premises are 
entirely unoccupied. 

The variability in the occupation in the different 
departments causes a wide variation in the local 
requirements, as regards both heating and ventilation. 
As heating power is very expensive, it must be con- 
trolled accurately at all times to suit local requirements. 
Ventilation is obtained by a modified plenum system, 





* Abstract of a Paper to be read before the Institution 
of Civil Engineers, on Tuesday, February 19, 1929. 





supplying large and easily controlled quantities of air 
conditioned to suit the requirements, which had to be 
determined with considerable accuracy. The system 
installed has a very small time-lag and permits of 
rapid alterations in temperature. The cold stores have 
to be maintained at a uniform low temperature day 
and night, winter and summer, and at times when no 
attendant is on the premises. This condition could 
only be fulfilled by automatically and thermostatically 
controlled machinery under special conditions. 

The London Building Regulations render necessary 
the use of a multiplicity of fans, because really large 
fans could not be accommodated. The eight separate 
sets of ventilating equipment each consist of air- 
washer, electrical heater, fans, pumps, motors, and 
dampers, all electrically controlled, alternatively, either 
from the central control-chamber or locally. The fans, 
each supplying 30,000 cub. ft. of air per minute, are of 
the cased, belt-driven, multi-vane type, on ball bearings, 
and are arranged in two series, half in the basement and 
half in the roof. All the air for both series is drawn 
from the extreme top of the building, and all the washers 
are supplied from two large concrete tanks on the roof, 
the water in which can be cooled by refrigeration. 

The eight 360-kw. electrical heaters are arranged in 
six banks, all balanced on the three-phase supply and 
capable of being switched on in six balanced stages of 
60 kw. each. The electrical supply is 400 volts, three- 
phase, 5C periods. Eight large vertical supply-ducts 
reach from the roof to the basement. Two of the ducts 
are connected to one fan in the roof and one in the 
basement, the arrangement being such that any roof 
or any basement fan can supply air to all the floors 
on emergency. The outlets into the building are in 
the form of large sub-ceilings with outlet-gratings at 
their periphery. Arrangements were made for the 
re-circulation of interior air on any one floor, so as to 
avoid unnecessary dissipation of heat through an excess 
of ventilating air. The kitchens, lavatories, and the 
like are dealt with by separate auxiliary ventilating 
schemes, entirely independent of the main scheme, 
and arranged to avoid the possibility of a counterflow 
of vitiated air into the main building. 

Refrigeration is used for cooling the air in the building, 
and also for refrigerating certain special departments. 
No working machinery or pipes involving the use of 
ammonia or carbon dioxide could be located in the 
business parts of the building, on account of the pos- 
sibility of leakage. These are all arranged on the roof, 
the principal compressors being driven by two 60-h.p. 
motors. The compressed ammonia is re-evaporated in 
coils, either for cooling the washing-water in the main 
tanks or in a large brine-store on the roof. For use 
during the week-ends, when the premises are entirely 
unoccupied, this brine-store is previously cooled, 
and the brine is automatically circulated, by centrifugal 
pumps with thermostatic control, to the cold chambers 
as required. The system of refrigeration in the fur- 
store consists of electrically-driven fans under thermo- 
static control, circulating the air of the chamber over 
brine-cooled coils supplied from the roof brine-store 
by electrically-driven centrifugal pumps, also under 
thermostatic control, there being two completely 
independent sets of fans and pumps working in parallel 
on the same flues and pipes, but operated from separate 
and independent electrical circuits. 

The methods of control are necessarily elaborate. 
This control is necessary on account of the great expense 
of the power, the variation in demand, and the danger 
of damage which might ensue from the misuse or de- 
rangement of the plant. The variability of the demand, 
unless carefully met, would lead to waste of power. For 
this reason, the entire apparatus is controlled by hand- 
operated electrical devices, either from local switches or 
by a system of relay circuits from the control-room, 
which is equipped with the means for determining 
the actual conditions existing in every part of the 
building simultaneously. Provision is made for elec- 
trical distant thermometers for determining the tem- 
perature at 100 different points of the building. Fifty 
are installed, any four of which can be recorded 
simultaneously. 

Each of the thirty-two dampers controlling the flow 
of air in the eight main flues is under separate electrical 
control from the control-room, and also locally. Each 
one can be adjusted by a controlled motor to any of 
six positions, from ‘fully closed” to “fully open,” 
by stages of 5,000 cub. ft. per minute each. 

The provision of safety gear for the heaters is impor- 
tant, because a heater would be burnt out if the main 
fan were stopped with the heater left in circuit. As 
some of the fan-chambers are hundreds of yards away 
from the control-room, very reliable and entirely 
automatic safety devices are provided. The heaters 
are electrically interlocked with the motor driving 
the fan, in such a way that the heaters cannot be 
switched on until the motor is running. As all the 
heaters can normally be switched on from the control- 
room, it is arranged that, in the event of a temporary 
stoppage of the fan-motor, or the operation of any of 
the safety mechanisms and the consequent cutting 


out of the heaters, it is not possible for an attendant, 
in ignorance of the local circumstances, to switch on 
the power from the control-room. 

Thermostats are arranged in each heater, so that, if 
the temperature in the heater rises 5 deg. F. above the 
maximum for which the thermostat is set, one section 
of the heater is cut out. One cut-out is arranged in 
series with the next, which causes the next section of 
the heater to be also cut out a few seconds later, and 
this again cuts out a third section. If the temperature 
still continues to rise in the heater to 5 deg. above the 
temperature for which the first thermostat is set, the 
second thermostat comes into operation in exactly 
the same way and cuts out the other three sections. It 
is thus provided that a large load cannot by any means, 
either by hand or by thermostatic control, be suddenly 
switched on to or off the heaters, and each of the stages 
is suitably subdivided between the three phases 
of the supply, so that only a balanced load can be 
gradually switched on to or off the mains. 








YEAR BOOKS AND ANNUALS. 


The Mechanical World Electrical Pocket Book:.— 
The twenty-second annual issue of the Mechanical 
World Electrical Pocket Book, which is published 
by Messrs. Emmott and Company, Limited, 65, King- 
street, Manchester, at the price of 1s. 6d. net, strikes out 
a new line for this class of work by providing sections 
dealing with electric winches, electric driving in steel 
works, and turbo-alternators. In all cases, however, 
the matter is too restricted to be of any great use, and 
it would have been better, under the first two headings, 
to deal mainly with the various possible systems of 
drive rather than to have given so many data relating 
to power consumption in tabular form. Conciseness is, 
indeed, the key note of the pocket book, and this being 
so, it is surprising to find space devoted to arc lamps of 
obsolete patterns. More attention, too, might have 
been paid to the selections of the illustrations. Some 
of those selected could well have been spared, while 
there are some notable omissions. There is little 
reference to current literature or text books, and rather 
too much to certain firms. 





Clubs, 1929.—The 37th annual edition of Clubs 
has just reached us. The book contains information 
regarding 3,950 clubs, social, political, professional, 
and recreative, situated in London, the Provinces, the 
British Empire, and all parts of the world frequented 
by the British. In all cases, the full postal address 
of the club is given, together with the date of establish- 
ment, the number of members on the roll, the entrance 
fee and subscription, the name of the secretary, and, in 
one brief sentence, the aims and objects of the club. 
The book is edited by Mr. E. C. Austen-Leigh, and is 
published by Messrs. Spottiswoode, Ballantyne and 
Company, Limited, New-street square, London, E.C.4. 
The price is 7s. 6d., or 7s. 10d., post free. 





Electrical Trades Directory and Handbook.—The 1929 
edition of the Electrical Trades Directory and Hand! ook, 
which is commonly known as the “* Blue Book,”’ has just 
been received from the publishers, Messrs. Ernest Benn, 
Limited, Bouverie House, Fleet-street, London, E.C.4. 
While the whole book has been revised and brought up 
to date, a new feature is a complete list of electrical 
contractors in England and Scotland, those firms who 
are enrolled on the National Register of Contractors 
or who are members of the Electrical Contractors’ 
Association of Scotland being distinctively marked. 
The complete volume seems thinner than usual, but 
that is, we understand, due to the employment of a 
different kind of paper, the number of pages being 
actually more than last year’s figure. The legal section 
has been brought up to date and good summaries, with 
maps, of the various schemes that have been prepared 
by the Electricity Commissioners and adopted by the 
Central Electricity Board are given. The various 
regulations by which the electricity supply industry is 
circumscribed are also summarised. The price of the 
book, which is a useful compendium of electrical 
information, is 25s. net. 








BALE Farr.—The thirteenth annual Swiss Industries 
Fair will be held at Bale from April 13 to April 23 next. 
The exhibits will cover every phase of Swiss national 
crafts and industries. 





THE ReconsrructeD M.S. ‘“ Locumonar.’’—The 
salvage and reconstruction of the motorship Lochmonar 
was fully described on page 26 ante. It will be remem- 
bered that the vessel ran ashore in the Mersey, and was 
so badly damaged that it was nece to remove about 
150 ft. of the fore-end of the vessel. The ship was sub- 
sequently towed to Belfast where a new bow was fitted 
in dry-dock at the works of Messrs. Harland and Wolff, 
Limited, and the opportunity was taken to fit exhaust 
turbo-blowers on the Buchi system, provided by Messrs. 
Brown Boveri and Company, of Baden, Switzerland. 
The official trial trip was carried out successfully on Feb- 





ruary 7 last, the engines running smoothly throughout. 
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LABOUR NOTES. 


Tue National Confederation of Employers’ Organisa- 
tions and the Federation of British Industries have 
sent the following communication to the General 
Council of the Trades Union Congress :—‘‘ The 
National Confederation of Employers’ Organisations 
and the Federation of British Industries would welcome 
an opportunity of a conference with the General 
Council at which they could examine the question of 
the Confederation and your General Council, and of the 
Federation and your General Council, within the limits 
of their respective representative capacities and powers, 
usefully consulting together upon matters of common 
interest to British industry. At this conference, they 
could explain the difficulties which stand in the way of 
consultation with your General Council through a 
National Industrial Council as proposed in the ‘ Mel- 
chett-Turner ’ report of July 4, last. The Confederation 
and the Federation are, as you know, distinct and 
separate bodies, the Confederation dealing with Labour 
questions and the Federation with economic and com- 
mercial questions, and as the result of the most careful 
consideration of the interim report, each organisation 
within its own province has reached the conclusion 
that it cannot accept the report. Throughout the con- 
sideration of the whole matter, however, the Con- 
federation and the Federation have been conscious of 
the importance of doing everything in their power to 
further the promotion of industrial peace in British 
industry and the cordial invitation extended to your 
General Council to meet representatives of the Con- 
federation and of the Federation is made in the hope 
that the discussions will be such as to help forward a 
better mutual understanding in industry generally. 
The Confederation and the Federation, therefore, 
hope that your Council will see its way to accept this 
invitation, and suggest that a joint meeting of the three 
bodies should be arranged for some mutually con- 
venient date.” 





The General Council of the Trades Union Congress 
have appointed an Advisory Committee to consider 
the report, which has been prepared by the Inter- 
national Labour Office, in connection with the dis- 
cussion on “Forced Labour,” due to take place at 
the I.L.O. Conference, which is to open at Geneva on 
May 30. It is hoped that it may be possible eventually 
to agree upon a draft convention, the object of which 
will be to limit and regulate the use of forced and 
compulsory labour. In the course of some comments 
on this subject, Industrial News, a weekly organ of 
the Trades Union Congress General Council, says: 
‘ Forced labour—which is sometimes virtually slavery 
in thin disguise—is a problem of urgent importance to 
the workers in British Colonies and Dominions, while 
it has an indirect, but little less detrimental, effect on 
the wage standards of workers throughout the world. 
It is hoped that the I.L.O. report will clear up a situa- 
tion which, owing to the difficulty in many instances 
of obtaining evidence, has, hitherto, been only imper- 
fectly appreciated by many member States.” 





Trade Union Documents is the title of an interest- 
ing volume whose contents have been compiled and 
edited by Mr. W. Milne-Bailey, Secretary of the 
Trades Union Congress Research and Economic Depart- 
ment. In a review of it, Mr. Herbert Tracey says 
that “an outstanding impression derived from a 
reading” of the historical survey and notes and a 
study of the documents themselves, is that ‘‘ Trade 
Union organisation and policy are not static, but are 
constantly developing in a definite direction.” ‘“‘ Trade 
Unionism is,” Mr. Tracey declares, ‘“‘ a dynamic force. 
Tt has already done much more than the majority of 
the workers realise to modify the form and change 
the spirit of capitalist industry.” 





In a leading article, the Railway Review, the organ 
of the National Union of Railwaymen, says that the 
Irish Railways Wages Board, in its recent finding on 
the wages question, “ points out that reductions, if 
any, which they could impose would not materially 
benefit the companies.” ‘‘ In other words,” the writer 
states, “there is no margin which could be touched, 
and so the conclusion is confirmed that the absolute 
limit has been reached.” Proceeding, he quotes a 
further statement by the Board to the effect that any 
reductions “would further divorce the efforts of 
employees in concentrating on improved working and 
popularising railway transport with the public.” 
“In that,” he says, “‘ there is much to notice, and we 
commend it to those who do not look at the conse- 
quences of depressing conditions of service in some form 
or another. It is essential in all industry that staffs 
should be encouraged to concentrate on the particular 
work in which they are engaged. The application of 
those methods of force which we have known in the 
past.is no longer of any avail, and we are sceptical 
whether they ever were useful. To-day men look to be 
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treated more as human beings, and their interest in 
the work upon which they are engaged may vary in 
relation to such treatment. So it is with men when 
they find their conditions of employment repeatedly 
being attacked. Can anyone conceive that with a 
state of mind which is brought about by a knowledge 
that employers are determined, if possible, to worsen 
conditions, men are likely to give of their best ? Is it 
possible that in the struggle which is taking place in 
regard to road versus rail—the problem being as keen in 
Ireland as Great Britain—men will feel encouraged to 
popularise railway transport when the prospect of 
reductions is ever facing them? The Irish Railway 
Wages Board has done well to call attention to this 
phase of the matter by their finding.” 





The application of the Irish Companies, to which all 
were parties, except the Belfast and County Down 
Railway, was for a 10 per cent. reduction in the wages 
of all staff in the conciliation grades, including drivers, 
firemen and cleaners, and a 5 per cent. reduction in the 
wages of stationmasters and goods agents, male and 
female clerks (including those employed in the Irish 
Railway Clearing House), and supervisors whose rates 
of pay are fixed by agreement. In both cases, it was 
proposed, the reductions should be made in two 
instalments—the first immediately following the 
decision of the Board, and the second three months 
thereafter. In view of a previous decision of the Board, 
which covered a period of twelve months, the claim, as 
it effected locomotive men, was not pressed. The 
finding of the Wages Board was that of a majority. 





At the recent congress in Moscow of Soviet Trade 
Unions, Mr. Dogadov, secretary of the General Council, 
stated that the financial position was on the whole 
satisfactory. Generally speaking, the expenditure of 
the unions was covered by their receipts. The funds 
of the Soviet Federation of Trade Unions amounted in 
all to 57,000,000 roubles, of which 8,000,000 roubles 
were allotted to the General Council, 4,000,000 to 
local federations, and the remainder (45,000,000) to 
the various occupational unions. The receipts of the 
General Council amounted to 2-2 million roubles. 
Thirty-three per cent. of these receipts were absorbed 
by administrative expenses ; 14 per cent. by payments 
to the Red International Federation of Trade Unions 
as membership subscriptions, to the Society of Friends 
of the Soviet Union, and to propaganda; and 36 per 
cent. by grants to various trade union organisations 
showing a deficit. The General Council had estab- 
lished, out of surplus receipts, a special fund of 6,000,000 
roubles for the support of strikers in other countries. 





The percentage of expenditure devoted to the imme- 
diate needs of the unions (benefits, education, physical 
culture, &c.) showed, Mr. Dogadov said, wide differ- 
ences. The Agricultural Workers’ Union devoted only 
5 per cent. of its expenditure to this purpose, while the 
corresponding figure for the Employees’ Union was 
36 per cent., and for the unions of metal workers, 
miners, railwaymen and textile workers from 50 per 
cent. to 55 per cent. Mr. Dogadov remarked that 
there was nothing to be proud of in that. The advice 
given by the previous Congress that administrative 
expenses should be reduced by 15 per cent. had not 
been followed. If some unions had succeeded in 
reducing the cost of their organisations, others, on the 
contrary, showed an increase in such expenses. The 
greatest firmness and perseverance would be required 
to achieve a genuine reduction in the cost of the 
administration of trade unions. 


A resolution passed by the Congress declared that 
cases of embezzlement were still numerous, and urged 
more frequent and more thorough auditing of trade 
union accounts, and that there should be no hesitation 
in bringing the guilty parties to justice. Further, in 
view of the fact that the tribunals up till the present 
had shown too little energy in the combat against 
frauds, the Congress instructed the General Council 
to approach the Government, in order that more 
rigorous measures should be taken against any person 
guilty of misuse of the public funds. 








According to the weekly official organ of the Inter- 
national Labour Office, the French Prime Minister 
recently informed M. Vassiviére, the principal pro- 
moter of what is known in France as “the English 
working day,” that his plan for the introduction of 
this system, subject to the Eight Hours Act, was about 
to be submitted to the Economic Council for study. In 
what is known as “the English working day,” the 
usual interval for the midday meal is completely 
abolished or reduced to a suspension of work for a 
quarter of an hour to allow of a light lunch. The 
result is that work begins later and finishes earlier, 
and that the working of the undertakings is not inter- 
rupted. In a monograph on this reform, M. Vassi- 
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viére explains the advantages which in his view would 
follow from the English working day for employers, 
wage earners, and the general economic system, and 
replies to the medical, social, and economic objections 
brought against it. L’effort économique et commercial 
points out that the English working day would mean 
for the wage earners a considerable saving of time 
through the abolition of the practice of leaving and 
returning at midday, and a saving of money arising 
out of the abolition of one meal and the reduction in 
the cost of transport. The employer would benefit 
by the following advantages : Economy in lighting and 
heating, disappearance of the loss of time and efficiency 
caused by the closing and reopening of the undertaking 
at midday, uninterrupted and therefore better work, 
and speedier departure of mails. 


An inquiry into the hours worked in seven groups 
of industries has been carried out by the German 
General Confederation of Trade Unions. The industries 
were building, printing, chemical manufacture, wood- 
working, metal, shoemaking, and textile, and the 
results of the investigations have been summarised 
and forwarded to the International Labour Office. It 
is shown that 26-6 per cent. of the workers covered 
were working more than 48 hours weekly (42-7 per cent. 
in October 1927, and 54-7 per cent. in May, 1924) ; 
23-2 per cent. were working between 48 and 54 hours 
a week, and only 3-2 per cent. more than 54 hours 
(6-2 per cent. in October, 1927). Only 0-2 per cent. 
were working more than 60 hours. Finally, 62-1 per 
cent., excluding workers on short time, were working 
48 hours a week or less (55-6 per cent. in October, 1927), 
and 6-5 per cent. were working less than 48 hours (6 per 
cent. in October, 1927). 

On February 4, 1929, the number of unemployed 
persons on the registers of Employment Exchanges in 
Great Britain was 1,369,500. Of these, 1,038,500 
were wholly unemployed, 253,100 were temporarily 
stopped, and 77,900 were persons normally in casual 
employment; 1,067,300 were men, 42,800 boys, 
219,400 women, and 40,000 girls. Of 1,394,078 on 
the registers on January 28, 1929, 1,049,725 were wholly 
unemployed, 268,201 were temporarily stopped, and 
76,152 were persons normally in casual employment ; 
1,086,763 were men, 43,697 boys, 223,151 women, and 
40,467 girls. The number of unemployed persons on 
February 6, 1928, was 1,162,153, of whom 921,060 
were men, 39,026 boys, 164,364 women, and 37,703 
girls. ee 

In the opinion of the Industrial Court, the claim of 
the machinists employed in the Royal Dockyards 
for an increase in their basic rate to 48s. per week, 
plus war bonus, has not been established. The present 
basic rate of the men is 44s. per week. The trade unions 
concerned argued that they were operating the same 
kind of machines as fully qualified mechanics, and 
that their work was equal to that done by mechanics. 
The Admiralty, opposing the claim, contended that 
the range of work of the machinists was more restricted 
than that of the mechanics, who were expected to do 
any work of which their machines were capable. 





The Industrial Court has also issued its award on 
the claim of the Metropolitan Railway that the wages 
paid to the staff employed in the electrical generating 
station and sub-stations, and on high-tension cables 
should be reduced by 23 per cent. per week. On behalf 
of the railway company, it was pointed out that over 
625,000 employees of the four railway groups had 
had the same wage cut, including the electrical power 
staff, numbering about 1,000 ; and that on the Metro- 
politan Railway 4,000 of the staff had come under 
the reduction. The Electrical.Trades Union and the 
National Union of Railwaymen argued that the Metro- 
politan Railway could not be regarded as a trunk 
railway and was more analogous to the London Electric 
Railways, where no reduction had been put into opera- 
tion. The Court, in its award, emphasised the fact 
that all other sections of the Metropolitan Railway were 
subject to the deduction. 





At aconference in London last week with represen- 
tatives of the Amalgamated Society of Wood Workers, 
the Shipbuilding Employers Federation intimated that, 
after consulting their local associations, they adhered to 
their decision not to include the shipyard joiners in the 
3s. per week bonus advance recently conceded to plain 
time workers. The shipyard joiners, it was pointed out, 
were already in receipt of such a bonus and their 
exclusion from the latest advance merely placed all 
time workers on the same level, so far as bonus was 
concerned. The effect of the decision is to leave 
both parties free to take whatever further action they 
deem fit. The Executive Council of the men’s society 
have the authority of a ballot vote to press the claim, 
but up till the time of going to press no information was 
available as to whether they intended to exercise it. 
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THE VOORWINDE SELF-TRIMMING 
GRAB. 


One of the drawbacks to the type of grab bucket 
frequently employed for unloading bulk cargoes of 
ore, coal, sulphates, &c., is that a considerable amount 
of trimming is necessary, and another is that the grab is 
not always filled to its full capacity, especially when 
handling heavy materials and also when the depth 
of material remaining in the hold has become small. 
In the case of the Voorwinde grab, illustrated on this 
and on the opposite pages, these drawbacks have been 
avoided by constructing the grab in such a manner 
that the jaws open very widely and, in closing, scrape 
up material over a large area. This not only clears 
the hold more effectively, but also ensures a full load 
for the grab at each lift. It is claimed that one of these 
grabs lifts from 40 to 50 per cent. more material in a 
given time than a grab of the ordinary type having 
the same cubic capacity. Other points in favour of 
the Voorwinde grab are that it is of light weight and 
has few moving parts, all of which are enclosed within 
the jaws and are protected, so that wear is slight. 

Figs. 1, 2 and 3, on this page show the grab in 
the partly-open, closed, and fully-opened positions, 
respectively, and its design and construction are illus- 
trated by the drawings reproduced in Figs. 4 to 15, on 
page 199. From these illustrations it will be seen that 
the two jaws A and B, Figs. 4 and 5, are constructed of 
steel plates and angles, forged-steel lugs C being riveted 
on at the top to form a hinge in conjunction with a 
square shaft D. In this shaft, four bushes, Ey, Ey, Es 
and Ey, shown in Figs. 6 and 12, are fitted, the bushes 
being made of phosphor-bronze or steel and serving as 
guides for the two combined closing and hoisting ropes 
and the two combined suspension and opening ropes. 
The ends of the shaft are recessed to take the hinge 
pins G, which are held in place by fitted through bolts 
H, as shown in Fig. 6. Two sheaves F, shown in Fig. 6, 
and to a larger scale in Fig. 7, are mounted on brackets 
with their grooves in line with the the outer bushes 
through which the combined closing and hoisting ropes 
pass, and these ropes are taken over the sheaves F on 
opposite sides of the grab, round one of the sheaves J 
across to another similar sheave J and up again to the 
pins K, Fig. 6, to which their ends are secured. The 
two combined suspension and opening ropes pass 
through the central bushes Ey. and Eg, round sheaves 
P mounted ina movable balance block, their ends 
being attached to pins R, one 0° which is shown at the 
top of the grab in Fig. 4, while both are shown in detail 
in Fig. 12. The arrangement of the ropes is, however, 
most clearly shown in Fig. 15, in which one of the 
combined suspension and opening ropes is represented 
by a heavy dotted line, and one of the combined closing 
and hoisting ropes by a heavy chain-dotted line. 

The movable block, which can be seen between the 
jaws in Fig. 1, is shown in position in Fig. 5, while details 
of its construction are given in Figs. 10 and 11. In 


the centre of this block is a shaft O, shown in detail in 
Fig. 9, and from the ends of this shaft forged-steel links 
M are connected to pins L carried in the upper part of 
each half of the grab, as shown in Figs. 4 and 6; details 
of the links M are givenin Figs. 13and 14. The shaft O, 
it may be mentioned, is fitted into square holes cut 
in the three plates of which the movable block is formed, 
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and, when in position, is electrically welded in place, 
so as to prevent it from moving and to strengthen the 
whole block. The central plate of the movable block, 
lettered Q in Figs. 10 and 11, is extended upwards 
above the other two, so that, when the grab is fully 
open, it may act as a stop and prevent further opening 
by coming into contact with the lower surface of the 
shaft D; this position is indicated by chain-dotted 
lines in Fig. 4. All the sheaves used in the construction 
of the grab are of cast steel, and all the bearings are 
provided with phosphor-bronze bushes and forced 
lubrication. The cutting edges are of high-tensile 
steel, their design depending upon the particular 
service for which the grab is required; Fig. 8 shows 
the method of attaching them to the mild-steel plating 
by means of countersunk rivets. 

For operating the grab, a crane of the two-drum 
type is necessary, one drum being used for the two 
combined closing and hoisting ropes and the other for 
the two combined suspension and opening ropes. With 
the arrangement of the two pairs of ropes described 
above, it will be clear that, if the grab is suspended in 
the closed position and the combined closing and 
hoisting ropes are slacked off, the whole of the load 
will be transferred to the combined suspension and 
opening ropes acting through the movable balance 
block, which will remain practically stationary. The 
grab, however, will descend relatively to the block and 
the effect of the links connecting the block to the grab 
will be to force the jaws of the grab apart. The amount 
of opening permitted is, of course, dependent upon the 
extent to which the combined closing and hoisting 
ropes are slacked, but cannot in any case exceed the 
maximum permitted by the central plate of the movable 
block coming into contact with the hinge shaft at the 
top of the grab. 

In the fully-open position, as shown in Fig. 3, and 
| by the chain-dotted lines in Fig. 4, the grab is lowered 
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gently on to the material to be lifted, there being no 
necessity to lower it rapidly for the purpose of obtaining 
sufficient penetration. The jaws are then closed by 
first hauling up the combined closing and hoisting ropes, 
the grab being thereby filled to its full capacity, after 
which the grab and its load are raised by hauling up 
the two pairs of ropes together. It is, of course, 
possible to raise or lower the grab with the jaws closed 
or open to any required extent by suitable manipulation 
of the hoisting drums on the crane. 

The grab illustrated is designed for handling iron ore 
of which materia] its lifting capacity is about 7,500 kg. 
(7°38 tons). Its volumetric capacity is 1-9 cub. metres 
(23 cub. yds.) and its weight about 3,500 kg. (3-45 
tons). It was constructed by Messrs. Lith and 
Madern’s Machinefabriek, of Rotterdam, and the 
proprietors of the patents are Messrs. F. W. Uitten- 
—_ and P. de Beer, Kortenaerstraat, 214, Rotter- 

am. 








SPEED TRIALS OF UNITED STATES SEAPLANE CARRIERS. 
—TIn a test run conducted in November last, the United 
States seaplane carrier Lexington developed a speed of 
34°82 knots. It was announced recently that the Sara- 
toga, a sister ship of the Lexington had exceeded this 
record by achieving a speed of 34-99 knots, equivalent to 
40-5 miles per hour. 


160,000-Kw. STEAM TURBO-GENERATOR SET FOR HELL 
GaTE: Erratum.—Mr. J. R. Finniecome points out 
that in the tables accompanying his-letter, published on 
page 165, ante, on the large Brown, -Boveri set recently 
installed at Hell Gate, the figures corresponding with 
item No. 2 are not correctly given. In Table I the figure 
given for this item should in each case be multiplied by 
10, the totals being 550,000, 882;000, &c. In Table II, 
while the corresponding figures are given correctly for 
the 55,000 and 90,000 kw. outputs, for the remaining 
two the figures given should each be multiplied by 10. 
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THE VOORWINDE SELF-TRIMMING GRAB. 
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THE TRADE OF PARA, BRAZIL, IN 1927. 


AccorDING to information furnished by His Majesty’s 
Consul at Para, it appears that the depression which 
began to settle over the trade of that region in the 
early months of 1926, largely as a result of the relapse 
in the price of rubber and the low quotations obtained 
for the record nut harvest of that year, persisted 
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until the close of 1927 and still shows little sign of 
improvement. The value of imports in the second half 
of 1925 was nearly double that for the first six months 
of the year, while the value of exports over the same 
period increased by 25 per cent. only. During 1926, 
imports remained steady at approximately double that 
for the first half of 1925, whereas the value of exports 
decreased throughout the year, showing a decline of 
about 30 per cent. for the second half of 1926, as com- 
pared with that for the same period of 1925. 

Owing to the development of plantations elsewhere, 
the erstwhile predominance of Para in the rubber in- 
dustry has suffered considerably. As a result of which the 
“Casa Aviadora,” or middleman between the workers 
in the interior and the wholesale importers and ex- 
porters, has ceased to exist, and the lack of his support 
through good and bad times has led to the abandon- 
ment of many producing areas, which has been accen- 
tuated by the rise of manufacturing industries behind 
the protection of a high tariff wall. The net weight of 
rubber and caucho exported from Para, Mandos and 
Iquitos during the year ended December 31, 1927, 
amounted to 28,255 tons, as compared with 24,688 tons 
for the year 1926 ; the difference, however, was largely 
due to the lack of water in the upper tributaries of the 
Amazon. The price of Para fine rubber in January, 
1926, was about 7,200 reis per kilo. By January, 
1927, this had fallen to 4,200 reis per kilo, and, after 
a slight improvement in May and November, reached 
4,000 reis per kilo on December 31, 1927, and finally 
fell as low as 3,300 reis on February 29, 1928, in 
company with the collapse which occurred in world 
market prices. Exports of timber showed an increase 
in 1927 of 330 per cent. over 1926, which is accounted 
for almost entirely by an increase of over 50,000 tons 
shipped to Spain. 

Imports from foreign countries entering the Port 
of Paré, during the year 1927, declined by 13 per 
cent. in gross weight and by 20 per cent. in cur- 
rency value, as compared with the previous year, 
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the principal reasons for the decline being the over- 
trading which took place in 1925 and 1926, and in 
the fall in the exchange value of the milreis. On the 
basis of the gross weight of merchandise imported, 
Great Britain headed the list during 1927 with over 
37,000 tons, followed by the United States with about 
31,000 tons, and Germany with nearly 8,000 tons. 
These figures were very different from those of 1926, 
when, owing to the coal stoppage, Great Britain only 
shipped 19,000 tons as compared with 60,000 tons of 
goods from America. In the majority of cases, it 
is the higher price of British goods which creates 
favourable markets for articles from other countries, 
but, in addition to which, according to the report, 
there are numerous possible trade openings left quite 
untouched by British manufacturers, while others are 
exploited only in a very half-hearted manner. 








Lirt ror WESTMINSTER CATHEDRAL.—Messrs. Marryat 
and Scott, Limited, 57, Hatton Garden, London, E.C.1, 
have received an order from the Westminster Cathedral 
Authorities for the installation of a lift from the ground 
floor to the upper platform of the tower, a height of 
185 ft. The lift will accommodate ten passengers at a 
time, and will obviate the necessity of climbing over 
three hundred steps. 


New Wuarr at Port Prrit.—Considerable recon- 
structional work has been carried out recently at Port 
Pirie, Australia, where some 30,000/. has been spent 
on the rebuilding of the Federal Wharf. The old struc- 
ture was in two parts, having a bend in the middle. This 
has now been eliminated, and the new wharf has a 
straight frontage of 640 ft., the depth alongside being 
24 ft. at low water, which is the greatest depth in the 
harbour and will allow vessels to’ load without lying 
on the bottom of the river. Other important works 
include the widening of the swinging basin, which is just 
opposite the new wharf. to give a clear swinging space of 
660 ft. with a depth of 20 ft. at low-water ; and the dredg- 
ing of the harbour opposite the Barrier Wharf, where a 
projecting point hindered navigation. 





WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date of 
each tender is stated below. Details may be obtained 


on application to the Department at the above address, | 


the reference number given being quoted in each case. 


Azle Boxes and Tyres.—Supply of tyres for broad- 
gauge wagons and steel axle-boxes for freight cars. 
The Supply Service Department, Railway Administration, 
Kovno, Lithuania ; February 28 (Ref. No. A.X. 7509.) 

Tramway Materials.—It is reported from Leghorn, 
Italy, that a concession has been awarded to a concern 
in Pisa for the construction and working of an electric 
tram line. (Ref. No. A.X. 7481.) 

Four-Wheeled Trolleys.—The supply of 420 four- 
wheeled trolleys for conveying cases of fruit. The 
South African Railways and Harbours Board, Johannes- 
burg, March 21. (Ref. No. A.X. 7477.) 

Bogie Fruit Wagons.—The supply of 20 2-ft. gauge 
bogie fruit wagons. The South Afri an Railways and 
Harbours Board, Johannesburg; March 21. (Ref. 
No. A.X. 7513.) 

Motor Spare Parts.—The supply of traction-motor 
spare parts. The Town Couucil of Johannesburg ; 
February 23. (Ref. No. B.X. 5009.) 

Motor-Cycles and Sidecars.—The supply of motor- 
cycles for solo use and with sidecar chassis. The 
Postmaster-General’s Department, Melbourne ; March 5 
(Ref. No, A.X. 7498.) 

Railway Weighbridge.—The supply of a 50-ton capacity 
railway-type weighbridge. The India Store Department, 
Delhi; March 5. (Ref. No. A.X. 7492.) 


Water-Tube Boiler.—The supply of one water-tube 
boiler, complete with superheater, economiser, and/or 
air preheater, overhead coal hopper or pulverised-fuel 
firing system, and steam and feed piping. Municipality 
of the City of Port Elizabeth, South Africa ; March 28. 
(Ref. No. A.X. 7515.) 

Pulverised-Fuel Plant.—A possible opening for manu- 
facturers of pulverised-fuel plant in Italy is reported. 
(Ref. No. A.X. 7501.) 

Water Tank.—The supply and erection of a reinforced- 
eoncrete water tank on a reinforced-concrete tower, 
or, alternatively, a steel tank on a steel framework 
tower, with necessary piping and fittings, as well as an 
electric water-level indicator. Egyptian Ministry of the 
Interior; March 2. (Ref. No. A.X. 7517.) 

Hydraulic Valves.—The supply of two Johnson-type 
hydraulic discharge valves. Public Worl ; Department, 
New South Wales ; March 25. (Ref. No. A.X. 7525.) 

Marine Diesel Engine.—A Montreal firm desires tele- 
graphic quotations for a 750-800 h.p.marine Diesel engine, 
auxiliary pump, compressor, generator sets, &c. (Ref. 
No, A.X. 7528.) 








LAUNCHES AND TRIAL TRIPS. 


“*Ratpx Giicurist.’’—Third of a series of single-screw, 
single-deck Canadian lakes and canals cargo steamers ; 
triple-expansion engine. Launch, February 9. Main 
dimensions, 253 ft. by 43 ft. 4 in., by 20 ft. ; deadweight 
carrying capacity, 2,585 tons. Built by Messrs. Swan, 
Hunter, and Wigham Richardson, Limited, Wallsend- 
on-Tyne, to the order of Mr. J. J. Boland, Junr., and 
Captain R. Scott Misener, Canada. 


“* Asni.’’—Single-screw cargo steamer; triple-expan- 
sion engine. Launch, February 1]. Main dimensions, 
340 ft. length, by 43 ft. beam; deadweight carrying 
capacity, 3,000 tons on a draught of 21 ft. Built by 
Messrs. Swan, Hunter, and Wigham Richardson, Limi- 
ted, Newcastle-on-Tyne, to the order of the Compagnie 
de Navigation Paquet, Marseilles. 

“* Nicoya.”’—Single-screw passenger and fruit-carrying 
steamer; triple-expansion engine. Launch, February 
12. Main dimensions, 400 ft. by 51 ft., by 33 ft.; gross 
tonnage, 5,300. Built to the order of Messrs. Elders and 
Fyffes, Limited, by Messrs. Alexander Stephen and Sons 
Limited, Linthouse, Glasgow. 


“ WARDEN.”’—Twin-screw steamer; triple-expansion 
engines. Launch, February 12. Main dimensions, 172 ft. 
6 in., by 31 ft. 6in., by 15 ft. 6in. Built for the Corpora- 
tion of Trinity House, London, by Messrs. Sir W. G. 
Armstrong, Whitworth and Company, Limited, Willing- 
ton Quay-on-Tyne. 

““LARWOOD ” AND “ PERIHELION.”—Steel screw line- 
fishing vessels. Launch, February 12. Main dimensions, 
140 ft. by 24 ft. by 14 ft. Built b»: Messrs. Cochrane and 
Sons, Limited, Ouse Shipbuilding Yard, Selby, for Grimsby 
owners. 





British STANDARD SPECIFICATION FOR RUBBER TRANS- 
MISSION BELTING.—The British Engineering Standards 
Association have just issued a specification for friction 
suriace rubber transmission belting, designated No. 351- 
1929 The specification has been prepared by a repre- 
sentative committee of manufacturers and users, and has 
the unanimous approval of the India Rubber Manufac- 
turers’ Association. The object of the committee was to 
provide for a good quality power-transmission belt for 
general engineering purposes, requirements 


and 
specified include tests for tensile strength, elongation, 
adhesion of the plies, and strength of the seam strip. 
— of the new publication may be obtained from the 
B.E.S.A. Publication Department, 28, Victoria-street, 
London, 8.W.1, price 2s. 2d., post free. 
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| BOOKS RECEIVED. 


Department of Scientific and Industrial Research. Memoirs 
| of the Geological Survey. England. Wells and Springs 
| of Sussex. By F. H. Epmunps. London: His 
| Majesty’s Stationery Office. [Price 5s. net.] 
| United States Bureau of Standards, Handbook No. 4. 

Discussion of the National Electrical Safety Code: 
Washington: Government Printing Office. [Price 
1 dollar.) 

Field and Colliery Surveying. By T. A. O’DoNAHUE and 
T. G. Bocxtne. New and revised edition. London: 
Macmillan and Company, Limited. [Price 10s. 6d. 


net. } 

Die Kunst der Openplatten dargestellt an der Sammlung des 
Vereines deutscher Lisenhiittenleute in Dusseldorf. 
By Dr. ALBRECHT KIPPENBERGER, Diisseldorf : 
Verlag Stahleisen m.b.H. 

Department of Overseas Trade. C cial, Ee J 
and Financial Conditions in the Argentine Republic, 
October, 1928. Report. By H. O. CHatkiey. London: 
His Majesty’s Stationery Office. [Price 3s. net. ] 

Statistical Mechanics. The Theory of the Properties 
of Matter in Equilibrium. By R. H. Fowiter. Cam- 
bridge: University Press. [Price 35s. net. ]} 

Astronomy for Surveyors. By M. K. RicE-Oxtrey and 
W. V. SHEARER. London: Methuen and Company, 
Limited. [Price 8s. 6d. net.] 

Construction of Alignment Charis. By GEorcE W. SwETT 
New York: John Wiley and Sons. Incorporated 
London: Chapman and Hall, Limited [Price 10s. 





net. } 

Managerial Profit Sharing By C. CanpBy BALPERSTON, 
New York: John Wiley and Sons. Incorporated. 
London: Chapman and Hall. Limited. [Price 
12s. 6d. net. 1] 

The Principles of Underdrainage. By REGINALD Dav'r, 
London: Chapman and Hall, Limited. [Price 158. 
net 7 

Pitman’s Dictionary of Industrial Administration. A 
Comprehensive Encyclopedia of the Organisation, 
Administration, and Management of Modern Industry. 
Vols. I and II, Edited by John Lee. London: Sir 
Isaac Pitman and Sons, Limited. [Price 63s. net, two 


vols. ] 
Underground Cable Systems. By G. W. Srussrnes. 
London: Chapman and Hall Limited. [Price 15s. 


net. ] 

Omnibus Lighting and Starting. By J. W. Houcuton. 
London: The Fanfare Press. 

Department of Overseas Trade. Report on the Trade and 
Commerce of East Africa, September, 1928. By C. 
Kemr. London: His Majesty’s Stationery Office. 
[Price 2s. net.] 

Department of Scientific and Industrial Research. Report 
of the Bridge Stress Committee. London: His Majesty’s 
Stationery Office. [Price 18s. net.] 

Department of Scientific and Industrial Research. Report 
for the Year 1927-28. London: His Majesty’s Sta- 
tionery Office. [Price 4s. net.] 

Forschungsarbeiten auf dem Gebiete des Ingenieurwesens. 
No. 313. Zugfestigkett und Harte bei Metallen. By 
Dr.-Ine. Orro Scnwarz. Berlin: V. D. I. Verlag 
G.m.b.H. [Price 6 marks. ] 

The Incorporated Swansea Exchange. Forty-First Annual 
Report, 1927-28. Swansea: Offices of the Exchange. 
[Price 3s. 6d.] 

Department of Overseas Trade. Commercial Conditions 
in the Philippine Islands, from 1925 to June, 1928. 
Report. By Tuomas Harrineton. London: His 
Majesty’s Stationery Office. [Price ls. net.] 

Annual Report of the Director, United States Coast and 
Geodetic Survey, to the Secretary of Commerce for the 
Fiscal Year ended June 30, 1928. Washington: 
Government Printing Office. [Price 75 cents.] 

London County Council. Administrative County of Lon- 
don. Places of Public Entertainment. Regulations and 
Rules with regard to Structural Requirements, and 
Requirements as to Lighting, Heating, Electrical, Venti- 
lating and Mechanical Installations. London: P. 8S. 
King and Son, Limited. [Price 6d. net.] 

Annual Report of the Director of the Bureau of Mines to 
the Secretary of Commerce for the Fiscal Year ended 
June 30, 1928. Washington: Government Printing 
Office. [Price 10 cents.] 








Tue INSTITUTION OF MECHANICAL ENGINEERS ; NORTH 
WESTERN BrancH: Erratum.—In connection with 
the-remarks of Mr. W. H. Child, made in the discussion 
on Mr. H. L. Guy’s paper on “Tendencies in Steam- 
Turbine Development,’’ reported on page 163 ante, Mr. 
Child informs us that he did not give the length over the 
shaft of the 160,000-kw. set to which he referred, but 
spoke of the length of the slots of the forged-steel rotor 
shaft. These slots, he said, were 22 ft. long. 





THe New Brimspown STATION OF THE NORTH 
METROPOLITAN ELECTRIC PowER ComPpANy.—On page 820 
of our last volume we stated, in referring to the arrange- 
ment of the turbo-generators at the above power station, 
that passage-ways of expanded metal were provided 
round the sets, We have since been informed that the 
material used for these gangways and for the flooring 
near the sets was actually that known as Estler-Irving 
open-steel flooring, supplied by Messrs. Estler Brothers, 
Limited, South Molton-road, Victoria Docks, London, 
E.16. This flooring is composed of alternate straight 
and curved strips of steel, placed on edge and riveted 
together at intervals. Among many other advantages, 
it is claimed that the flooring thus produced is light and 
strong, gives a non-slipping surface, interferes to the 
minimum extent with lighting and ventilation, and does 
not collect dust and dirt, 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—After having been 
stationary for eleven months, fixed prices for Cleveland 
pig iron have been advanced a shilling per ton, and 
customers are readily paying the figures asked for 
the small quantities available for disposal in the open 
market. All qualities are scarce. Stocks are at a very 
low ebb and producers continue to absorb the bulk of 
the make at their own foundries and steelworks. Most 
of the sales are to home firms, but small parcels have 
been disposed of to consumers in Scotland and on the 
Continent. Enlargement of demand is expected, and 
hope is entertained that conditions will justify the 
re kindling of more idle blast-furnaces in the near future 
Messrs. Bolekow, Vaughan and Company are transferring 
a furnace from the production of basic iron to the 
manufacture of foundry pig. No. 1 Cleveland is now 
69s. 6d.; No. 3 g.m.b., 678.; No. 4 foundry, 66s. : 
and No. 4 forge, 65s. 6d. 


Hematite.—Output of East Coast hematite is promptly 
taken up as it is produced. Stocks no longer exist, 
and steady moderate home and Continental demand 
is not fully satisfied by the limited make. Manu- 
facturers have no arrangements for fixing prices, but 
rates vary little, individual negotiations resulting in 
sales on the basis of at least 72s. for ordinary qualities. 
Rather higher terms are stated to have been realised. 


Foreign Ore.—Foreign ore is slow of sale, but merchants 
are taking a very firm stand, and they confidently 
look for an early rise in quotations. Market rates are at 
the equivalent of fully 22s. 6d., c.i.f. Tees, for best 
rubio. 


Blast-Furnace Coke-——Durham blast-furnace coke 
prices are inclined to stiffen further. Local consumers 
are coming forward and are desirous to enter into 
contracts for delivery well ahead. Good average 
kinds command 18s. delivered here. 


Manufactured Iron and Steel.—Sales of manufactured 
iron and steel are improving, and values all round are 
very strong, but the only quotable alteration is a 
5s. rise in iron rivets. Among the principal market 
rates are: Common iron bars, 101. 5s., best bars, 
107. 15s.; double best bars, 11/. 5s.; treble best bars, 
1ll. 15s. ; iron rivets, 112. 10s.; packing (parallel), 81. ; 
packing (tapered), 10/.; steel billets (soft), 62. 10s. ; 
steel billets (medium), 7/. 5s ; steel billets (hard), 
7l. 158.; steel rivets, 11/1. 5s.; steel ship plates, 
8l. 7s. 6d.; steel angles, 7/. 17s. 6d.; steel joists, 
7l. 17s. 6d.; heavy sections of steel rails, 8/. 10s. ; 
black sheets (No. 24 gauge), 10/.; and galvanised 
corrugated sheets (No. 24 gauge), 137. 15s. 





NOTES FROM THE SOUTH-WEST. 


CarpiFrFr, Wednesday. 


The Coal T'rade.—Business in the Welsh coal trade has 
been brought almost to a standstill as the result of 
Monday’s snowstorm and subsequent frost. Since mid- 
day on Monday, comparatively little coal has been shipped 
at the docks owing to the freezing up of many of the 
appliances, while work at the collieries has also been 
limited owing to a considerable number of the men finding 
it impossible to reach the pits. At the same time, the 
return of empty wagons to the pits has been impeded 
by the difficulty of transport and the holding up of 
loaded trucks at the docks. With the collieries booked 
up with orders and outputs seriously curtailed, salesmen 
are not desirous of adding to their commitments in view of 
the fact that, when progress towards normality is possible, 
there will be an accumulation of arrears to clear up. At 
the same time, pressure has developed for supplies inland, 
and the export demand has also improved on account of 
the freezing of the Rhine, and the impossibility of getting 
German coal to the Dutch port by the canal for shipment. 
In the circumstances, prices for all classes of coal are 
firmly upheld, and many ships are waiting for cargoes 
while others are waiting for loading berths. Best 
Admiralty large rules from 19s, 6d. to 19s, 9d., and 
Monmouthshires from 18s. 6d. to 19s., with smalls from 
12s. 6d. to 14s., according to quality. Owing to the 
freezing up of the washeries, sized coals have become 
exceedingly scarce with prices more or less nominal. 
Shipments of coal and coke at the South Wales docks 
last week amounted to 579,738 tons, which was 23,000 
tons more than in the preceding week and 127,000 tons 
greater than in the corresponding period of last year. 
This week’s clearances will, however, be considerably 
less on account of the snowstorm. 


Improved Trade Conditions.—The improvement which 
has developed in trade conditions this year is ap- 
parent from the returns of the Great Western Railway 
Company, showing the seaborne traffic of their Cardiff, 
Penarth, Barry, Newport, Swansea and Port Talbot 
docks in the four weeks ended January 20. These returns 
show that imports and exports at all the ports amounted 
to 2,563,983 tons, which was 198,000 tons more than was 
Cealt with in the corresponding period of last year. 
Exports were raised by 157,000 tons to 2,163,316 tons, 
cont shipments advancing by 128,000 tons to 1,914,737 
tons. ports were also increased by 41,000 tons to 
400,687 tons, arrivals of oil improving from 61,130 tons 
to 121,328 tons. The seaborne traffic of Cardiff amounted 
to 698,936 tons, Newport 401,293 tons, Swansea 563,611 
tons, Barry 579,707 tons, Port Talbot 142,879 tons, and 





Penarth 177,557 tons. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Tron and Steel.—There are fairly widespread indications 
of an effort to place iron and steel prices on a more 
remunerative basis. Though in some sections an 
improvement is shown in the demand, the gross call for 
basic materials does not appear to warrant any serious 
disturbance of market conditions. While there is a 
better inquiry for various classes of basic steel, this is to 
some extent offset by the sustained decline in the call 
for acid steel. Furnace masters are endeavouring to 
secure advanced prices for their current output of 
foundry iron, and there are signs of an upward movement 
in forge iron, though neither foundries nor forges are 
working at anything like full capacity. Current quota- 
tions are as follow: Siemens acid billets, 87. 15s. to 9/. 
per ton; hard basic-steel billets, 7/. 5s. to 81. 15s.; soft 
basic steel billets, 67. 15s. ; Derbyshire foundry pig iron, 
61s. 6d. to 62s. ; Derbyshire forge iron, 59s. ; Lincolnshire 
foundry, 62s. ; Lincolnshire basic, 61s. ; crown iron bars, 
i0/. 10s. ; iron hoops, 121. to 127. 10s. ; steel hoops, 91. 5s, 
to 10/.; soft wire rods, 7/. 15s. The progressive revival 
recorded in the 1ron and steel industry in Lincolnshire is 
likely to find expansion in the early re-opening of plant 
that has stood idle for a considerable period. Apart from 
the armament section, the maintenance of which is 
causing grave anxiety to the big engineering firms, the 
weakest demand is upon plants producing railway and 
colliery steel. In the former connection some success 
has attended efforts to attract more export business, 
but home purchases continue on a very restricted basis, 
and a considerable area of plant is working under un- 
satisfactory conditions. Regarded in the bulk, ship- 
building work is meagre, though prospects are stated to 
be somewhat brighter. The liveliest demands are from 
chemical, electrical and automobile engineers, who are 
taking large supplies, not only of constructional steel, 
machinery parts, and fittings, but of costly high-grade 
steel embodying the latest improvements in rust- and 
heat-resisting materials. Movement in the tool trades is 
still uncertain. Here and there individual works are 
operating at full capacity, there being a lively call for 
shovels, picks, and forks for road-making, quarrying and 
related purposes, and an improved demand for certain 
kinds of engineers’ tools. On the other hand, keenness of 
competition in small tool manufacture places much of the 
work in hand on a barely remunerative basis. 


South Yorkshire Coal Trade.—Though exporters are 
still reported to be labouring under a shortage of supplies, 
the position has been somewhat relieved by extended 
production. The foreign demand for hards and nuts is 
opening out. A welcome feature is the circulation of an 
increased number of forward inquiries, despite the firmer 
state of values. Inland needs are being steadily met. 
Altogether the colliery position is much stronger. Elec- 
tricity works are inquiring for smalls. Business in gas 
coal is being done at enhanced rates. Furnace and 
foundry coke are moderately active. The house coal 
demand fluctuates from week to week, but from the 
producer’s standpoint the position is strengthened by the 
absorption of the surplus of secondary grades by steam 
coal distributors. uotations :—Best branch, hand- 
picked, 26s. to 27s. 6d. ; Derbyshire best bright house, 
22s. 6d. to 248.; best house coal, 20s. 6d. to 21s. 6d. ; 
screened house coal, 17s. to 18s. ; screened house nuts, 
16s. to 18s.; Yorkshire hards, 15s. to 16s.; Derbyshire 
hards, 15s. to 16s.; rough slacks, 8s. 6d. to 9s. 6d. ; 
nutty slacks, 4s. 6d. to 6s.; smalls, 3s. 6d. to 4s. 








Contracts.—Messrs. the General Electric Company, 
Limited, have closed a contract with the Department 
of Posts and Telegraphs, Irish Free State, for the supply 
of Osram lamps.—A third large contract has been received 
by Messrs. John Thompson Water-Tube Boilers, Limited, 
Imperial House, Kingsway, London, W.C.2, from the 
State Electricity Commission of Victoria, Melbourne, for 
boiler-house equipment for the Yallourn power station. 
The order comprises eight boilers, each having an overload 
evaporative capacity of 85,000 Ib. per hour and a working 
pressure of 275 Ib. per square inch, complete with super- 
heaters to give a final temperature of 700 deg. F., air 
preheaters, forced and induced-draught fans, steel 
casings, firebrick linings, and pipework. 





PreRsonat.—Mr. E. T. Elbourne, M.B.E., has removed 
from 8, Great St. Helens, London, E.C.3, to new offices 
at Equitable House, 47/51, King William-street, London, 
E.C.4.—Messrs. Ceretti and Tanfani, S.A., Milan (Bovisa). 
Italy, in order to facilitate business in this country, have 
formed an English company under the style of Ceretti 
and Tanfani Company, Limited, with registered offices 
at 53, Victoria-street, Westminster, S.W.1, and have 
appointed Messrs. John Cawley and Company, of the 
above address, as their sole selling agents and managers 
for Great Britain.—Messrs. Stothert and Pitt, Limited, 
Bath, inform us that they have now appointed Messrs. 
G. H. Draper and Company, St. Jude’s Chambers, 28a, 
Smallbrook-street Birmingham, as their Midland agents 
for their mixer department, which specialises in concrete 
mixers and road-making and quarry plant.—Mr. T. S. 
Riley has been appointed London representative of 
Messrs. James ie Limited, 252, Main-street, 
Bridgeton, Glasgow. The London office is at 16, Union- 
court, Old Broad-street, E.C.2.—Mr. Geo. H. Coppin has 
removed from Southampton-row to 151, High Holborn, 
London, W.C.1.—Messrs. Veritys Limited, London and 
Birmingham, have taken additional premises at 7, New 
Station-street, Leeds, while still retaining No. 11, New 
Station-street. Additional premises have also been 
taken in Manchester and Newcast]e. 





NOTICES OF MEETINGS. 


INSTITUTION OF PROFESSIONAL CIVIL SERVANTS.— 
To-night, 5.30 p.m., Surveyors’ Institution, 12, Great 
George-street, S.W.1. “‘ Salvaging the Fleet at Scapa 
Flow,” by Mr. G. Atkinson. 

INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 
6 p.m., Storey’s Gate, S.W.1. Annual General Meeting. 
** Refrigeration on Shipboard,’ by Mr. H. J. Ward. 
Graduates’ Section: Monday, February 18, 6.30 p.m., 
‘“* Railway Brakes,” by Mr. G. Bird. Midland Branch : 
Thursday, February 21, 6.30 p.m., Queen’s Hotel, Bir- 
mingham. Address by Mr. W. B. Challen, Chairman. 
London: Friday, February 22, 7 p.m., Storey’s Gate, 
S.W.1. Informal Meeting. ‘Electrical Precipitation.” 
Introduced by Mr. G. Baker. North-Western Branch : 
Friday, February 22, 7.15 p.m., Engineers’ Club, Man- 
chester. Joint Meeting with Manchester Association of 
Engineers. ‘‘ Welding Processes,” by Capt. D. Richardson, 

Junior INSTITUTION OF ENGINEERS.—To-night, 7.30 
p-m., 39, Victoria-street, S.W.1. ‘“‘ Steam Storage,” 
by Mr. E. G. Ritchie. Friday, February 22, 7.30 p.m., 
‘The Application of the Heavy-Oil Engine to Yachts 
and Small Craft,” by Mr. J. Calderwood. 

Royat Instrrution.—To-night, 9 p.m., Albemarle- 
street, W.1. ‘‘ Chemi-Luminescence,” by Dr. E. K, 
Rideal. Thursday, February 21, 5.15 p.m. ‘ Physics 
in Relation to Oil Finding ”’ (Lecture 1), by Professor 
A. O. Rankine. 

INSTITUTION OF MuNICIPAL AND CouNTY ENGINEERS: 
—Yorkshire District : Saturday, February 16, 2.15 p.m., 
County Hall, Beverley. ‘‘ Notes Relating to Road 
Works in the East Riding County Area,” by Mr. J. W. 
Chapman. 

NortH oF Eneianp Institute oF MINING AND 
MECHANICAL ENGINEERS.—Saturday, February 16, 
2.30 p.m., Neville Hall, Newcastle-on-Tyne. Asso- 
ciates and Students’ Section Meeting. ‘‘ The Lubrica- 
tion of Colliery Coal Tubs,” by Mr. L. H. Forster. 

INSTITUTE OF British FouNDRYMEN.—Wales and 
Monmouth Branch : Saturday, February 16, 6.30 p.m., 
University College, Newport-road, Cardiff, ‘‘ Properties 
of Cast Iron,” by Mr. F. D. Corbin. Lancashire Branch, 
Junior Section: Saturday, February 16, 7 p.m., College 
of Technology, Sackville-street, Manchester. “ The 
Story of Iron Throughout the Ages,’”’ by Mr. E. Garside. 

INSTITUTION OF ELECTRICAL ENGINEERS.—Monday, 
February 18, 7 p.m., Victoria Embankment, W.C.2. 
Informal Meeting. Discussion on ‘‘ Modern High Power 
Rectifiers—their Development and Use,” by Mr. R. L. 
Morrison. Mersey and North Wales (Liverpool) Centre : 
Monday, February 18, 7 p.m., The University. Liverpool. 
Faraday Lecture. ‘‘ How Electricity Does Things,” by 
Mr. L. B. Atkinson. North-Western Centre: Tuesday, 
February 19, 7 p.m., Engineers’ Club, Manchester. 
** Voice-Frequency Telegraphs,”’ by Mr. W. Cruickshank. 
London Students’ Section : Friday, February 22, 6.15 p.m., 
Victoria Embankment, W.C.2. Joint Meeting, Student 
Sections, Institution of Civil Engineers and Institution of 
Mechanical Engineers. ‘‘Standardisation,”’ by Mr. W. Ford, 

INSTITUTION OF AUTOMOBILE ENGINEERS.—Glasgow 
Centre : Monday, February 18, 7.30 p.m., Royal Techni- 
cal College, Glasgow, ‘Some Investigations into the 
Performance of Tubular Radiators for Motor Vehicles,” 
by Mr. H. K. Thomas. 

BRADFORD ENGINEERING Socrety.—Monday, Feb- 
ruary 18, 7.30 p.m. Technical College, Great Horton- 
road, Bradford. ‘‘ Remarks on Some Mechanical Variable- 
Speed Gears,’”’ by Mr. N. Lindsay. 

Royat Socrety or Arts.—Monday, February 18, 
8 p.m., John-street, Adelphi, W.C.2. Shaw Lecture, 
“Thirty Years’ Experience of Industrial Maladies ” 
(Lecture I), by Sir T. M. Legge. Wednesday, February 20, 
8 p.m., ‘‘The History of the Development of Fast 
Dyeing and Dyes,” by Mr. J. Morton. 

INSTITUTE OF TRANSPORT.—Tuesday, February 19, 
5.45 p.m. Institution of Electrical Engineers, Victoria 
Embankment, W.C.2. Graduates and Students’ Lecture, 
“The Administration of Transport Undertakings— 
Organisation,” by Mr. F. Pick. Birmingham and District 
Section: Tuesday, February 19, 6 p.m., Queen’s Hall, 
Birmingham. ‘The Sphere of the Railless Trolley 
Vehicle System,” by Mr. A. A. Jackson. 

InstITUTION oF CiviL ENGINEERS.—Tuesday, February 
19, 6 p.m., Great George-street, S.W.1 ‘“‘ The Electrical 
Heating and Ventilation of Bourne and Hollingworth’s 
Premises, Oxford Street,’’ by Mr. A. H. Barker. Man- 
chester and District Association : Wednesday, February 20, 
6.45 7. Manchester Literary and Philosophical Society, 
36, George-street, Manchester. ‘“‘The Design and Con- 
struction of Earthwork Dams,” by Mr. C. W. N. Me- 
Gowan. Birmingham and District Association : Thursday, 
February 21, 6 p.m., Chamber of Commerce, New-street, 
Birmingham. ‘ Deep Well Boring for Water Supply,” 
by Mr. N. B. Bennett. 

ILLUMINATING ENGINEERING SocteTy.—Tuesday, Feb 
ruary 19, 6.45 p.m., Home Office Industrial Museum 
Horseferry-road, 1. Discussion on “ Various 
Problems in Illuminating Engineering.”’ 

INSTITUTE OF MeEtats—Birmingham Local Section : | 
Tuesday, February 19, 7 p.m., Engineers’ Club, Waterloo- 
street, Birmingham. Joint Meeting with the Birmingham 
Metallurgical Society and the Staffordshire Iron and 
Steel Institute. ‘‘ Fuel,’ by Mr. E. C. Evans. 

SHEFFIELD METALLURGICAL ASSOCIATION.— Ys 
February 19, 7.30 p.m., 198, West-street, Sheffield. “‘ The 
Fundamental Principles of Cutting,” by Mr. J. F. Kayser. 

Royvat METEOROLOGICAL SocreTy.—Wednesday, Feb’ 
truary 20, 5 p.m., 49, Cromwell-road, South Kensington’ 

8.W.7. ‘‘The Baker Automatic Release for Dropping 








the Meteorograph from a Registering Balloon at a Pre- 
determined Height,” by Mr. L. H. G. Des'es. “Some 
Aspects of Surfaces of Discontinuity,” by Mr. C. K. M. 
Douglas. ‘‘The Rate of Ascent of Pilot Balloons at 
Melbourne,” by Dr. E. Kidson and Mr. H. M. Treloar. 

Nortu-East Coast INstrrution oF ENGINEERS AND 
SHIPBUILDERS.—Graduate Section : Wednesday, February 
20, 7.15 p.m., Bolbec Hall, Newcastle-on-Tyne. “‘ Some 
Unusual Aspects of Combustion in Engines and Boilers,” 
by Mr. W. G. Thompson. Friday, February 22, 6 p.m., 
Mining Institute, Newcastle-on-Tyne. Ordinary Meeting 
“The Relation Between the Properties of Engineering 
Materials and Their Ultimate Structures,” by Dr. G. W. 
Todd. 

INSTITUTION OF ENGINEERING INSPECTION.—Friday, 
February 22, 5 p.m., Royal Society of Arts, John-street, 
Adelphi, W.C.2. “Specification Notes and Good 
Practice Relating to Concrete and Reinforced Concrete 
Work,”’ by Mr. A. S. Grunspan. 

InsTITUTION OF LocomoTIVE ENGINEERS.—North- 
Eastern Centre: Friday, February 22, 7 p.m., Hotel 
Metropole, Leeds. ‘‘ Reduction of Weight in Rolling 
Stock,” by Mr. G. H. Taylor. 

Hutt Association oF ENGINEERS.—Saturday, Feb- 
ruary 23, 7.15 p.m., Technical College, Park-street, Hull. 
‘** Marine Refrigeration,” by Mr. K. G. Tidd. 


NOTES FROM THE NORTH. 


Gtascow, Wednesday. 

Scottish Steel Trade.—Fairly active conditions prevail at 
present in the heavy steel works in Scotland, although 
one or two of them could deal with more specifica- 
tions. The business on hand, however, amounts to quite 
a respectable tonnage and fresh orders still come for- 
ward. In quantity, these are unfortunately not as large 
as producers would like, but everything is very acceptable 
in these times. The shipbuilding industry is still the 
main source from which the demand is coming, but the 
general inquiry also shows signs of improving. In the 
black-sheet trade there is again a fair amount of business 
going through, and order books are quite satisfactory at 
the moment. The increase in the price of some of the 
necessary raw material is not tending to help things, as 
makers are finding it difficult to obtain any advance in 
prices. The following are the current market prices :— 
Boiler plates, 10/. 10s. per ton; ship plates, 8/. 7s. 6d. 
per ton; sections, 7/. 17s. 6d. per ton; sheets, §-in., 
81. 15s. per ton ; and galvanised corrugated sheets (No. 24 
gauge), 13/. 12s. 6d. to 13/1. 15s. per ton, all delivered 
Glasgow stations. 

Malleable Iron Trade.—No change has taken place in 
the dispute in the malleable iron trade in Scotland, and 
a number of the works are still idle. Those establish- 
ments still working have lately booked some extra orders, 
but despite the present trouble there is an ample sufficiency 
of material to meet the current limited demand. In 
the re-rolled steel bar departments quietness is general at 
the moment. Current quotations are as_ follow :— 
“Crown ” bars, 10/. 5s. per ton for home delivery, and 
91. 15s. per ton for export; re-rolled steel bars, 7/. 15s. 
per ton for home delivery, and 7/. 10s. to 71. 15s. per ton 
for export. 

Scottish Pig-Iron Trade.—Conditions in the Scottish 
pig-iron trade are very quiet, and the demand is of small 








dimensions. Furnaces at present in blast still number 
21, and the output seems quite ample for the current 
requirements. Prices are firm as follow :—Hematite, 


75s. per ton, delivered at the steel works ; foundry iron, 
No. 1, 73s. 6d. per ton; and No. 3, 71s. per ton, both on 
trucks at makers’ works. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
Saturday last, February 9, amounted to 468 tons. Of 
this total, 395 tons went overseas and 73 tons coastwise. 
For the corresponding week of last year the figures were 
1,010 tons overseas and 172 tons coastwise, making a total 
shipment of 1,182 tons. 








CoMPETITION FOR PETROL-FILLING Station Sign.— 
The Royal Institute of British Architects is organising a 
competition for the design of a national sign that will 
denote petrol-filling stations and garages. A sum of 
100/. has been provided for the purpose of prizes. Full 
particulars regarding the competition may be obtained 
from the secretary of the Institute, 9, Conduit-street, 
Hanover-square, London, W.1. 





Great WesTERN Ports.—The 1929 edition of Great 
Western Ports, produced and published by Mr. H. N. 
Appleby by arrangement with the Great Western Railway 
Company, has just come to us. It contains maps, plans 
and detailed information regarding Cardiff, Swansea, 
Newport, Barry, Port Talbot, Penarth, and other South 
Wales ports; and Plymouth, Weymouth, and other 
harbours in various parts of the country. The railway 
company has, during 1928, continued its policy of 
extending and improving the facilities at the docks and 
ports under its control. At Swansea Docks a new 
two-storey general-cargo transit shed, 352 ft. long and 
75 ft. wide, with two new berths, has been completed 
on the Mole at the east end of the King’s Dock. At 
Cardiff Docks three new 3-ton hydraulic cranes have 
been provided at the Roath Dock for dealing with all 
Classes of general cargo. The programme for the adapta- 
tion and reconstruction of hoists for use in connection 
with the 20-ton coal wagons has been further advanced 
and there are now 50 hoists capable of dealing with 
20-ton wagons at the South Wales ports. The handbook is 
well printed and contains numerous plates ; it is obtain- 
able from the Chief Dock Manager’s Office, Great Westen- 
Railway, Cardiff, 
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Fig. 20. Hicu-Speep Notcnine Press: Messrs. TAYLOR AND CHALLEN, Fia. 21. Prrcusston Screw Press; Messrs. JoHN HANDS 
LIMITED. AND Sons, LIMITeEp. 



































Fig. 22. Press ror MaNnuracturRE oF Sarety Guass; Messrs. HoLLines Fie. 23.. Brick-BREAKING MACHINE; Messrs, WINGET, 
AND Guest, LIMITED. LIMITED. 
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RICARDO SLEEVE-VALVE HEAVY-OIL ENGINE AT THE BRITISH 
INDUSTRIES FAIR, BIRMINGHAM. 


CONSTRUCTED BY MESSRS. PETER BROTHERHOOD, LIMITED, ENGINEERS, PETERBOROUGH, 
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Fig. 11. Piston AND CoNNECTING Rop. 


























Fig. 12. SLEEVE VALVE. Fic. 13. Furi Pome Unit. 
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- ‘THE MODERN STEAM TURBINE. 


THE progress made since the war in the design 
and construction of steam turbines has been extra- 
ordinary. Outputs have risen to 206,000 kw., 
which is the rated capacity of the machine now 
under construction for the power station at Ham- 
mond, Indiana, of the State Line Company. 
Efficiencies, both thermo-dynamic and thermal, 
have simultaneously been materially improved, 
and some firms are now prepared to guarantee an 
efficiency ratio at the turbine coupling of over 
84 per cent. In pre-war days, anything over 
| 70 per cent. was considered highly satisfactory, 
}even on this side of the Atlantic. To appreciate 
| fully the magnitude of the step made, it must be 
| remembered that the curve of efficiency plotted 
| against the ratio of blade speed to steam speed is 
| Very flat in the neighbourhood of the optimum 
| Value, and thus once the figure of 70 per cent. is 
|reached, further improvement becomes relatively 
icostly. It is, in fact, the success with which 
'designers have managed to raise rotative speeds 
'which has made present figures commercially 





| practicable. 
In a paper read as recently as 1920, Mr. J. P. 
Johnson, of the Westinghouse Manufacturing 


Company, gave a curve of limiting capacities of 
| steam turbines, which indicated that at a speed of 
3,000 r.p.m., the limit of economical output for a 
double-flow turbine was 10,000 kw., and the 
limiting speed for a 160,000-kw. machine, shown 
on the same diagram, as about 750 r.p.m. To-day, 
a 3,000-r.p.m. machine, rated at 36,000 kw., is 
under construction, and the L.P. section of the 
160,000-kw. Hell Gate turbine. runs at 1,200 r.p.m. 
Probably, however, in both cases the vacuum at 
full load is less than the 29 in. assumed by Mr. 
Johnson. But in any case his limits have been 
largely exceeded. The growth in the output of 








machines designed to run at 3,000 r.p.m. is also 
strikingly shown by one of the curves given in the 
paper, read last month, at Manchester, by Mr. H. L. 
Guy, which will be found on page 150 ante. A 
contributing cause to the improvement in efficiency 
ratios has been the general increase of total tem- 


. peratures, but this factor has been largely offset by 


the simultaneous rise in pressures. 

Thermal efficiencies have improved more than 
efficiency ratios. This has been due, in the main, both 
to the rise in pressures and temperatures, and to the 
introduction of progressive feed heating. In both 
cases, the movement was initiated here, but since 
then, America has taken the lead in the movement 
towards higher pressure, whilst Continental engineers 
have gone further than we have in the definite 
adoption of high total temperature. At the 
Langenbrugge station, the designed total tempera- 
ture is 400 deg. C. (752 deg. F.), and on one occasion, 
at any rate, a figure of 450 deg. C. (842 deg. F.) was 
reached though not with intention. It was accord- 
ingly considered advisable to open up the turbine 
after this ordeal, and no signs of injury were then 
discernable. Of course, this incident affords no 
proof that this higher temperature could have been 
maintained indefinitely, but the Metropolitan- 
Vickers Company, with characteristic enterprise, 
are about to supply the Imperial Chemical Com- 
pany with a plant to be operated with steam at a 
pressure of 650 Ib. per square inch, and at a tempera- 
ture of 850 deg. F. The latter figure is not very far 
below that corresponding to visibility, a dull red, 
according to Daniell, being just perceptible at 
979 deg. F. We have very little knowledge as to 
the behaviour of materials under these conditions. 
Indeed, instances have been reported of mild steel 
bolts becoming embrittled at much lower tempera- 
tures, but there may, perhaps, have been special 
reasons for this in the history of the material. We 
note, however, that American engineers are, for 
the present, disinclined to exceed temperatures of 
750 deg. F. 

Mr. Guy’s paper affords ample evidence that the 
practicability of these high temperatures has been 
very carefully studied by his firm. Amongst other 
points requiring attention is the reduction in the 
elastic modulus of the metal, which may, he points 
out, make it necessary to increase the margin now 
maintained between the critical speed of the turbine 
shaft and the designed speed of rotation. The 
main difficulty, however, arises in connection with 
creep, since it has been very definitely demon- 
strated that an ordinary tensile test may afford a 
very inadequate idea of the actual strength of 
materials at high temperatures. Certain alloy 
steels, indeed, are claimed to be free from the defect, 
and it may be that resort must be had to these if 
temperatures of 900 deg. F., such as Mr. Guy 
suggested as possible, are to become common. In 
the meantime, however, Mr. R. W. Bailey has 
suggested that liability to creep may not necessarily 
preclude the use of material at high temperatures. 
Mr. Bailey holds, indeed, that creep is a normal 
property of ordinary steel, taking place at all 
temperatures, but at a rate which diminishes expo- 
nentially as the temperature falls. It is suggested, 
accordingly, that all that is necessary is to adopt 
proportions such that the total distortion by creep 
never becomes excessive during the working life of 
the plant. On this basis, Mr. Guy suggested that 
it will be as safe to work at 900 deg. with a pressure 
of 400 lb. per square inch, as it is to work with a 
pressure of 800 Ib. at 700 deg. F., and he notes that 
the former combination will have the higher thermal 
efficiency. 

Mr. Bailey’s proposal is as ingenious as it is bold, 
but for our part, we are inclined to think that the 
weight of evidence is rather against the hypothesis 
that, like the poor, creep is ever with us. Some 
support for Mr. Bailey’s view might perhaps be 
derived from a paper read last May before the 
Institute of Physics, by Sir F. Dyson, the Astronomer 
Royal. From this paper it appears that the Short 
astronomical clock has been brought to such 
perfection that a steady secular lengthening of the 
pendulum rod has been definitely demonstrated. 
The losing rate of the clock is increasing each 
successive month by 0-011 second per day, which 
implies that the pendulum lengthens by one micron 
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in 110 days. Apparently, however, the material 
used for the rod is of the Invar type, and these 
alloys are known to be subject to secular changes 
even when not under stress. Different varieties 
show the fault in different degrees, and it is 
claimed that by the addition of chromium the rate 
of change has been reduced to one-tenth of what it 
was in some of the older makes, but apparently 
the creep has not been reduced to zero. There is, 
so far as we are aware, no evidence that ordinary 
steels at ordinary temperatures are similarly 
afflicted, and in fact it seems difficult to reconcile 
with the hypothesis of a universality of creep 
some of the experiments made in Lord Kelvin’s 
laboratory many decades ago. It was then found 
that a steel wire which broke forthwith when loaded 
with a weight of 45} lb., could be “trained” to 
carry 49} lb. by loading it for a few days with 
a weight of 43 lb.; and, in fact, during further 
experiments the tensile strength was thus raised 
to 57} lb. It is difficult to see how this could be 
done if creep occurred at all temperatures. Again, 
the Laurentian mountains are considered, we 
understand, to be something like 1,000 million 
years old. If creep were a general phenomenon 
occurring at all temperatures, it would seem that 
they must Jong since have sunk into the earth. 

It seems to us much more probable that at all 
temperatures short of fusion that there is a definite 
limit to creep. Discontinuous phenomena are 
becoming more and more widely recognised, and 
indeed many apparent continuities are really the 
statistical result of innumerable discontinuities, so 
that there is no a priori reason for assuming that 
the relation between temperature and creep can be 
expressed by a continuous function. 

Whatever may be the truth of this matter, 
there can at least be no room for difference of 
opinion as to the need for the further investigation 
of the properties of materials at high temperatures. 
Possibly some useful information might be obtained 
by collating the experience of furnace builders 
and users, but much more definite data are required. 
This has been recognised by the Department for 
Industrial and Scientific Research, who have 
offered to contribute 1,500/. per annum towards 
an experimental inquiry into these matters, pro- 
vided that an equal amount is contributed by the 
industries concerned. 

In his paper, Mr. Guy called attention to the fact 
that both the rise in pressures and that increase in 
efficiencies have combined to augment the wetness 
of the stream in the L.P. section of a turbine. From 
the curves given in his paper, it appears that with 
steam supplied at 600 lb. per square inch and at a 
temperature of 700 deg. F., the wetness of the steam 
‘as discharged into a vacuum of 29 in. of mercury 
will be 16 per cent. if the efficiency ratio is 83 per 
cent. In the past, the wetness at exhaust has 
commonly lain between 7 and 10 per cent. The 
enhanced wetness lowers the efficiency, and, to 
avoid this, inter-stage reheating has, in some cases 
been adopted. In general, however, the plant 
required is bulky and expensive. On this head, 
the plan of reheating by hot steam instead of 
furnace gases has advantages, but were steam a gas 
instead of a vapour, this proceeding would obviously 
be the reverse of economical, since the transfer 
of heat from the high to the low-pressure steam, 
implies an increase of entropy and a consequent 
loss of available heat. In the actual case, however, 
Mr. Guy states that there may be a net gain due to 
the reduction of the wetness correction. This 
example illustrates once again the fact that Carnot’s 
demonstration, that the efficiency of a reversible 
engine is independent of the working agent, must 
not be extended to actual engines, which are never 
reversible, and in which therefore the special pro- 
perties of the working agent may materially affect 
the thermodynamic efficiency. 

A plausible plan for reducing the loss due to 
wetness is to drain off the water as formed, stage 
by stage. In the past, however, this expedient 


has not resulted in any perceptible gain, but it 
is conceivable that it may prove more effective 
when the proportion of water is greater. It may 
be noted, however, that the superheat correc- 
tions for the Ljungstrém turbine are said to be 
sensibly the same as for the ordinary axial-flow 
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| type, although in the Ljungstrém machine the whole 
‘of the water condensed passes directly through 


the blades, whilst in an axial flow machine most of 
it finds its way through the clearances. The data 
available for forming an opinion are, however, far 
from sufficient to justify dogmatism in this matter. 
The success of stage by stage drainage will turn 
very largely on the question as to whether the bulk 
of the water remains in the form of the extremely 
fine mist in which it originally condenses or whether 
it coalesces into large drops. Some of it un- 
doubtedly does so, but these drops, in the case of 
an axial flow machine, will be flung into the 
clearances, whilst the very fine mist, consisting of 
particles about jss550-in. in diameter would act 
almost as a heavy gas mixed with a lighter one. 
Cases have been recorded in which the erosion due 
to the water in suspension has been confined to a 
single stage, and that not the one in which either 
the moisture or the speed was the highest. This 
is intelligible if the wetness loss is mainly due to 
supersaturation, and if the turbine in question ran 
continuously on a nearly uniform load. Otherwise 
it seems difficult to account for. 

Only those who have engaged in similar work 
will be able to appreciate the immense amount 
of tiresome and tedious arithmetic, which has 
been condensed into the curves and tables accom- 
panying Mr. Guy’s paper. This, moreover, is not 
the first occasion on which engineers have been 
indebted to Mr. Guy for summing up, in this 
compact and readily-intelligible form, the results of 
many months of labour. 








THE POWERS OF JOINT ELECTRICITY 
AUTHORITIES. 

Our legislative methods not infrequently give 
rise to some curious situations. This statement 
may be illustrated by recounting a series of occur- 
rences which, directly or indirectly, were eventually 
the cause of a recent action in the Chancery Division. 
It will be recalled that the idea of the Electricity 
(Supply) Act of 1919 was that, while the distribu- 
tion of electrical energy should remain in the hands 
of the then existing undertakers, its generation 
should be the duty of ad hoc bodies, known as 
Joint Electricity Authorities, of which there was to 
be one in each of 15 districts into which the country 
was provisionally divided. For reasons which 
need not here be stressed, this idea was never a 
success. In fact, only three such Authorities have 
been established, of which but one bears much 
resemblance to the model our legislators had in view. 
Whether the passing of years would have brought 
about any improvement in the situation is now a 
matter of academic interest only, since the creation 
of the Central Electricity Board by the Act of 1926 
effectually short-circuited the Joint Electricity 
Authority scheme except, we fear, that a certain 
inductance was thereby added to the circuit. 
Nevertheless, the West Midlands Authority has 
acquired certain stations, and, after some trouble, 
the London and Home Counties Authority has 
obtained powers to erect a large power-house at 
Chiswick, and has had the purchase rights over 
privately owned undertakings in the County of 
London handed over to it by the London County 
Council. On the other hand, the second of these 
Authorities is more representative of municipal 
than private interests, the latter having successfully 
obtained a certain degree of autonomy under the 
London Electricity Acts of 1925. One result of this 
limitation of these activities has been that the 
London and Home Counties Authority has been 
seeking further outlets for their energies and 
recently prepared a Bill for submission to Parliament 
seeking powers to acquire undertakings, to extend 
the district and for certain other purposes, the 
object being to co-ordinate distribution over large 
areas—an aim which, in passing it may be said, 
is not altogether unworthy of praise. The principal 
effect of this measure would have been to transfer 
to the Authority the purchase rights of certain local 
authorities outside the County of London over the 
privately owned electricity undertakings in their 
area, and this again cannot be said to be other than 
desirable. 





The point, however, arose whether the Authority 
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had powers to promote such a Bill, and a motion 
was therefore made by the Attorney-General, at 
the relation of the Richmond (Surrey) Electric Light 
and Power Company, the County of London Electric 
Supply Company, the Chiswick Electric Supply 
Corporation, and the Hendon Electric Supply 
Company, for ay injunction to restrain the London 
and Home Counties Joint Electricity Authority 
from incurring the expenses of promotion and from 
employing its servants in the preparation of such a 
measure until authorised by Parliament to do so. 
Briefly, the plaintiffs’ case was that the Authority's 
powers were limited by the scheme constituting it. 
The defendants’ contention, on the other hand, was 
that there was no limitation of expenditure in the 
scheme and that the Authority had both expressed 
and implied powers to vary the latter. 

In giving judgment, Mr. Justice Astbury said 
that the Joint Authority had, for the purposes of 
the scheme constituting it, powers to promote or 
oppose Bills in Parliament, but the purchase powers 
of local authorities had not been transferred to it 
under that scheme. He came to the conclusion, 
therefore, that it had no powers to employ its funds 
for the promotion of the Bill in question, as each 
clause of that Bill seemed to him to be outside the 
purposes of the scheme. He therefore made an 
order in the terms of the notice of motion. 

At first sight it may seem that quite a worthy 
object has been defeated by reactionary elements, 
but further consideration will show that this is not 
the case. By the special Acts mentioned above the 
date of purchase of the undertakings in the County 
of London has been postponed to 1971 and the 
corresponding date for the few undertakings outside 
that county are generally very remote. Unless, 
then, the Authority can purchase by agreement, 
a course which would probably be very expensive, 
nothing can actually be done for over forty years. 
On the technical side there is much to be said 
for co-ordinating distribution, but a great deal can 
probably be done towards this end by agreement. 
Meanwhile the Joint Authority must be wondering 
what it’s next duty is. 








THE ENGINEERING OUTLOOK. 
IV.—Tue Motor Inpustry. 


OFFIcIAL employment figures for the motor 
vehicle industry do not distinguish between the 
private car and commercial vehicle branches. In 
Table I, on page 205, therefore, a general summary of 
employment statistics is given, covering the groups 
of industries centred round the internal-combustion 
engine. 

As previously explained, the Ministry of Labour 
figures in respect of 1928 require consideration 
from the point of view that they leave out of 
account all persons over 65 years previously 
insured, and therefore are not strictly comparable 
with previous years. It is to be deduced from 
Ministry of Labour statistics that if the 1928 
figures were compiled on a basis comparable with 
previous years there would be an increase in the 
number of insured of about 2,000. Thus, with 
the greater number unemployable it is permissible 
to argue that the Ministry of Labour figures 
confirm the sample figures in showing a decline 
in employment throughout the past year in this 
group of industries. In any case there has been 
no increase which, with the exception of the 
disastrous year 1926, has been the rule since the 
war. The fortunes of the various branches of 
the industry contributing to this general set-back, 
however, differ widely and are reviewed separately 
in the following sections. 

Private Cars.—The revised figures of private car 
production published by the Society of Motor 
Manufacturers and Traders in their annual review 
up to and including 1927, and a provisional figure 
for 1928, are given in the following table :— 


Output of Cars. 


1923 ... 66,396 1926 138,600 
1924 ..» 105,468 1927 166,120 
1925 .-» 121,000 1928 164,445 


Last year the prospect for 1928 was described 
as “disastrous competition for a very moderately 
expanding market.” ‘Actually, so far from any 





further expansion, a decline has to be recorded 
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for the first time in the history of the industry 
Instead of the 


except during the war period. 
expansion expected in the home market, demand 
has remained stationary while exports have showed 
a marked decline. 

The new classification of ‘‘ Chassis constructed 
solely for commercial use’ and ‘‘ Chassis, Other,” 
in our official statistics of overseas trade as from 
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is over. Its exciting cause was a widespread 
drought, though it had its basis in unsound credit 
conditions and an uneconomic level of production 
costs made possible for the time being by a high 
tariff barrier. Attempts are being made to grapple 
with these evils, and if successful this may in 
the next few years restore in great measure the 





former prosperity. For 1929, however, it would 











TABLE I.-—NuMBERS OF WORKPEOPLE EMPLOYED. 
Motors, Cycles, and Aircraft.* 
Number 
Date. Employed in Index 1913 
Seven Districts. = 100. Number Number | Number Index 1923 
} | Insured. Unemployed. | Employed. = 100. 
| | 
| | 
1913 = i 19,001 | 100-0 | _ | — | _ —_— 
1918 ..| 89,686 208-9 _- — _ —- 
1920 -.| 48,202 | 227-4 — = = = 
1923— | | | | 
1st half-year .. as 27,812 146-4 IV ; | : | isa Gs - 
ond . ae] 31453 | 165-5 J 191,830 16,108 175,722 100-0 
1924— 
1st half-year .. 24,765 | 130-3 "bh . denee | = | ¥ 
ond : 28°471 | 149-8 } 203,340 16,145 187,195 106-5 
1925— | | 
1st half-year .. 34,328 | 180-6 kis | aca F 
ond : 33°915 178-5 } 214,840 14,100 200,740 114-3 
1926— | 
1st half-year .. 34,582 182-0 ie ‘ aa P 
2nd Ss ; 32.111 169-0 lJ 224,040 21,609 202,431 | 115-6 
27— | | 
1st half-year .. 35,758 188-1 Pei ae ‘ | 014 5° nee 
2nd is 35,537 187-2 J 232,860 18,339 | 214,531 122-5 
1928— . 
1st half-year .. 34,378 181-0 IL. 924 gs 96 x | 919 B1f 91. 
atid : 32°900t 173-2t | y 234,830f | 22,015 | 212,815¢ 121-1 
| | | 

















* Figures only relate to the month of July in each year. 


TABLE ILI.-—U.K. Exports of Motor Cars and Chassis. 











t Estimated on Incomplete Returns. ¢ Ages 16-64. 


TABLE III.—U.K. Net Imports of Private Cars. 



































| 
Year. Complete Cars. Chassis. | Total. Year. Complete Cars. Chassis. Total. 
Soar Sw ee | | i | a, | i ee 
1923 .. 3,259 1,600 | 4,859 1923 .. on 16,617 6,318 22,935 
1924 .. 10,961 | 2,000 | 12,961 1924 .. ‘ 13,707 6,210 19,917 
1925 .. 17,772 | 6,000 24,372 1925 .. 33,067 7,800 40,867 
1926 .. os 14,865 12,000 26,865 1926 .. 12,075 5,225 17,300 
1927 .. A 16,139 13,364 29,503 1927 .. 18,194 6,792 | 24,986 
1928 .. 18,306 | 8,000 26,306 1928 .. 14,135 10,104 | 24,239 
TABLE IV.— INTERNATIONAL Exports OF PRIVATE CARS. 
Exports from— | 1923. | 1924. 1925. | 1926. | 1927. 1928. 
} | ' | mo ee aE 
| 
United States .. ie 127,035 151,180 252,288 | 238,181 278,472 378,960 
Canada .. rf a 51,481 43,882 58,005 53,628 39,900 | 55,740 
United Kingdom | 4,859 12,961 | 24,372 | 26,865 29,503 | 26,306 
France .. xe 28,604 43,863 56,689 | 54,675 46,910 37,812 
Italy a ate | 11,243 16,661 25,561 | 30,091 | 27,112 | 24,543 | 
Other countries 15,381 14,081 | 16,091 18,957 | 15,400 | 14,000 | 
Total ne Py: | 244,603 282,628 433,006 | 422,697 | 437,297 | 537,361 
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TaBLe V.—U.K. Exports of Commercial Vehicles and Taste VI.—U.K. Net Imports of Commercial 
Chassis. Vehicles. 

eee | a 
reve Complete : ' Complete ae ‘ 
Year. | v ehtel oy Chassis. | Total. Year. Vehicle. | Chassis. | Total. 

re l l 
1923. 977 423 | — 1,400 1923 .. 771 6,319 7,090 
1924 . | 1,730 905 2,635 1924 .. 1,319 6,213 7,532 
1925 . | 1,544 3,105 | 4,649 1925 .. 655 7,817 8,472 
1926 1,148 5,224 | 6,372 1926 .. 700 5,211 5,911 
1927 1,734 4,455 6,189 1927 .. 93 6,272 6,365 
1928 1,437 5,104 6,541 1928 .. 42 7,872 7,914 
| 
TABLE VII.—INTERNATIONAL Exports OF COMMERCIAL VEHICLES (NUMBER). 
Exports from— | 1923. | 1924. | 1925. | 1926. 1927. | 1928. 
| | | 

U.S.A. 24,859 | 27,542 | 50,636 | 66,775 105,456 141,564 
Canada 12,439 12,774 | 16,144 | 20,694 17,513 23,700 
France 2,319 3,264 4,782 5,093 5,143 4,920 
Italy 1,507 2,913 3,480 4,103 4,000 4,001 
U.K. 1,400 2,635 4,649 6,377 6,189 6,541 
Total 42,524 49,128 | 76,691 | 103,037 138,301 180,726 








January 1, 1928, makes it possible to distinguish 
accurately British exports of cars from those of 
commercial vehicles. These figures, together with 
estimates for previous years based on foreign im- 
port and registration statistics, are given in Table II. 

The retarded increase in the export of chassis 
noted last year has been followed in 1928 by a 
severe decrease. These movements were entirely 
due to the collapse of the Australian market 
between June, 1927 and 1928. Although November 
begins the period of seasonal increase in Australian 
motor imports, it may be hoped that the recent 
increase indicates that the worst of the depression 





not be wise to expect an improvement to beyond 
the 1926 level. Exports of complete cars, on the 
other hand, which have been less affected by 
Australian conditions, have continued to make 
satisfactory progress all over the world, and may 
again be expected to-do so in 1929. It is thus 
possible to anticipate for the coming year a record 
figure for the export of private cars. As indicated 
above, home demand during 1928 has remained 
stationary. The absence of the normal increase 
in the consumption of new cars, in spite of an 
exceptionally fine summer, may be attributed to 
the severe contraction in purchasing power which 





set in at the end of March and lasted until the 
end of the year. The causes of the depression 
which was reflected in a general increase - of 
unemployment may have been the disputes of 
1926, or may have been more deeply rooted in 
financial policy. It is accordingly difficult to 
determine whether private car prospects will 
continue to be affected during 1929, though at 
the worst they should be no worse than last year. 
The number of private cars in use in Great Britain 
in recent years is shown below :— 


1923 383,528 -1926 676,207 
1924 473,528 1927 778,056 
1925 579,901 1928 877,277 


In order to effect the net increase of 99,221 cars 
between 1927 and 1928, 161,535 new cars were 
sold, indicating a wastage of 62,314. Part of these 
sales were supplied from foreign imports, which stood 
at approximately the same figure as last year, 
as shown in Table III. 

Imports for 1929 are likely to remain at least 
at their 1928 level as far as can be seen from present 
tendencies, and some decline may be looked for 
in- the long run. owing to the number of foreign 
firms establishing factories in this country. Outside 
the British market the competitive position can 
best be gauged from a consideration of exports 
of the leading producing countries, as shown in 
Table IV. 

The exports of the United States and Canada 
must be considered together as the industries of 
these two countries are virtually under the same 
management, and fluctuations of exports as between 
these countries is often merely the result of internal 
adjustment to keep production in balance or with 
the object of qualifying for British preferential 
tariff. The position of American exports, already 
overwhelmingly strong last year, has been again 
substantially increased in a year when other pro- 
ducing countries had diminished exports. These 
figures do not include foreign assembled vehicles 
from parts exported from the United States. 
Including these, American exports are much in excess 
of the entire production of the rest of the world. 

The failure of British cars to hold their own with 
the American product in Empire markets, in spite 
of Imperial preference, is due to clearly ascertain- 
able reasons. As long ago as January, 1926, in 
this series of articles it was pointed out that the rate 
of increase in exports which had prevailed till then 
could not continue unless British manufacturers 
made a concerted effort. The Empire model has 
not yet arrived, nor is there more than the first 
glimmer of a sign of amalgamation or co-operation 
in the industry. Co-operation on a big scale in 
the production, marketing, and after service of a 
suitable overseas model is the only way in which 
the British industry can hope to reap the advantages 
of the strong sentimental and material preference 
for British products which exists in Empire markets. 

In the meantime the prospect is for a slight increase 
in export business during 1929, while at home also a 
slightly larger demand may be anticipated than last 
year. The latter forecast, however, is subject 
to the effects of the taxation policy of the coming 
Budget, to which reference will be made later. 

Commercial Vehicles—The motor lorry and 
hackney industry continued to maintain a high 
level of activity in 1928, expansion being most 
marked in the heavy branches. Production figures 
have been as follows :— 


1923 21,604 1926 41,500 
1924 26,532 1927 46,667 
1925 32,000 1928 46,915 


The movement has been the result of increased 
expansion both at home and in overseas markets, 
and would have been more marked but for the 
increasing effectiveness of the competition of foreign 
light vehicles in this country. The new classification 
of exports referred to above gives an accurate 
figure for 1928 for the first time, the comparative 
figures for previous years being based on foreign 
imports and registration statistics. The figures 
are given in Table V. 

The production of heavy commercial vehicles is 
concentrated in the hands of comparatively few 
concerns. There is thus a less serious multiplication 


of competitive models and the beginnings of a 
more adequate after - service 


and marketing 
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organisation. While there is every indication of a 
continued increase in the world demand, it is also 
apparent that foreign manufacturers are becoming 
increasingly competitive both in price and quality 
to the British standard. So far from a relaxation 
of effort it is clear that in the next few years British 
manufacturers will have difficulty in maintaining 
their predominance in this section in world markets. 

Home demand in 1928 has been satisfactory, 
though the effect of recent heavy increases in taxa- 
tion is apparent in slower progress. The number 
of lorries and hackneys in use in Great Britain has 
been as follows:— 


1923 .-- 280,232 1926 373,784 
1924 -.. 318,443 1927 394,453 
1925 .-» $47,092 1928 411,385 


To effect a net increase of 17,000 vehicles between 
1927 and 1928, 46,843 new vehicles were sold, 
indicating that there must have been a wastage of 
nearly 30,000 vehicles. 

The continued decrease in imports of complete 
commercial vehicles, which are nearly all heavy 
vehicles, since the extension of the McKenna Duties 
to commercial vehicles is satisfactory, but the 
importation of chassis which are of the lighter type 
has again increased during 1928. The figures are 
given in Table VI. 

The competition of the light truck of the Chevrolet 
type is making itself severely felt, nor is home 
consumption increasing rapidly enough to outweigh 
this factor. 

Outside the British market the competitive 
position is reflected in the statistics given in Table 
Vil. 

Rapid as has been the increase in world demand, 
the United States has more than maintained the 
lead she enjoyed at the beginning of the period 
under review. It must be borne in mind, however, 
that a great part of the American and Canadian 
exports are light lorries of the Ford and Chevrolet 
type. In the heavier type of vehicles there is a far 
smaller disparity between British and American 
exports. 

In general, the prospects of the motor industry 
for 1929 are less promising than for some years past. 
Competition with the American industry is rendered 
more difficult for British manufacturers by the 
method and amount of special taxation levied on 
motor vehicles. The method of the horse-power 
tax hampers and restricts design, the crippling 
burden of 40/. millions per year in direct motor 
vehicle taxes levied on 1,200,000 motor vehicles and 
600,000 motor cycles compares with 190/. millions 
per year in the United States levied on 24,750,000 
vehicles. This crushing burden cannot fail to 
check the expansion of this most progressive industry 
and there are already signs of its effectiveness in 
this direction. The future of the industry, indeed, 
must depend largely on a reversal of the policy 
pursued by recent governments, and a return to 
sound methods of motor taxation, which will not 
tend to hamper competitive power abroad. 


NOTES. 


ELECTRICITY AND CIVILISATION. 





IT is not uncommon for distinguished guests at the 
annual dinner of the Institution of Electrical 


Engineers to state that the benefits of civilisation | 


are primarily due to the efforts of the assembled 
members. The practice must be infectious, since, 
at this vear’s function, which was held at the Hotel 
Cecil, London, on Thursday, February 7, under the 
presidency of Lieut.-Colonel Kenelm Edgeumbe, 
practically every speaker, including the President 
and Mr. W. B. Woodhouse, pointed this moral and, 
more or less felicitously, adorned the tale. Lieut.- 
Colonel C. B. Levita, Chairman of the London 
County Council, as a layman temporarily presiding 
over the fortunes of the 5,000,000 inhabitants of the 


metropolis, expressed admiration of the work of the | 


Institution, though he wondered whether the vast 
developments which had taken place might not be 
due to the extraordinary advance of education, or 
rather to the increase in the amount of money spent 
on it, since that seemed to be his criterion. In this 


connection, he pointed out that, as an education 
authority, the London County Council were indebted 
to the Institution for their acceptance of certain 





diplomas in lieu of the Associate Membership 
examination, and for their scheme of National 
Certificates, of which last year Londoners obtained 
100 out of the total of 400 granted. In reply, the 
President, after stating that the Prince of Wales had 
consented to become an Honorary Member of the 
Institution, took the line that if civilisation were a 
disease, as some held, then the greater use of electri- 
city was the only remedy. He pointed out that while 
the general level of prices was 70 per cent. higher 
than pre-war, the price of electricity was slightly 
lower, in spite of the fact that the cost of coal had 
gone up 80 per cent. Mr. W. B. Woodhouse’s 
remarks in proposing ‘“‘ Our Guests’ were directed 
to show that the use of electricity enabled us to make 
better use of every one of our senses in a greater or 
less degree, while, in reply, the Earl of Clarendon, 
Chairman of the British Broadcasting Corporation, 
said that the founders of the Institution had justly 
earned the title of prophets by recognising its true 
scope even in the early days. The spread of broad- 
casting, which electrical engineers had rendered 
possible, must have an enormous effect on education 
and on stimulating international comity. The whole 
proceedings were of a very successful nature, and 
we understand that the attendance surpassed all 
previous records. 


TEMPERATURE OF ADJUSTMENT FOR INDUSTRIAL 
STANDARDS OF LENGTH. 


At a meeting of the International Conference of 
Weights and Measures held in 1927, a proposal 
was put forward by the American delegates to adopt 
68 deg. F. (20 deg. C.) as the future temperature of 
adjustment for all industrial standards of length. 
This temperature is already largely employed in the 
United States and in most Continental countries, 
although Great Britain and France are exceptions 
in this respect, using the temperatures 62 deg. F. 
and 0 deg. C. respectively. Mr. J. E. Sears, the 
British delegate to the Conference, supported the 
general adoption of a workshop temperature for 
the adjustment of standards, in preference to 
0 deg. C., but desired to ascertain the views of 
British industry before agreeing to the temperature 
of 68 deg. F. On the matter being referred to 
the British Engineering Standards Association, a 
committee of that body was appointed to consider 
the question, and this committee is disposed to 
concur in the proposal referred to. Before taking 
definite action, however, they wish to ascertain 
whether or not the proposed change would be 
welcomed by British industrial concerns, and have 
consequently forwarded a letter, with a memorandum 
clearly setting forth the reasons for and effects of 
the proposed change, to a large number of interested 
organisations and individual firms throughout the 
engineering industry. Any firms engaged in preci- 
sion work or in work involving the use of gauges 
desirous of receiving copies of the memorandum, 
and not having already done so, can obtain them 
through their trade organisations or directly from 
the offices of the Association, 28, Victoria-street, 
Westminster, London, 8.W.1. Any comments they 
may desire to make, however, must reach the 
Association not later than the 28th instant. 


ELECTRICAL RESEARCH. 


Those who attended the luncheon of the British 
Electrical and Allied Industries Research Associa- 
tion, which took place under the presidency of Mr. 
C. P. Sparks, on Friday last, in the optimistic spirit 
engendered by the Institution dinner, above re- 
ferred to, must have received a shock. For 
the tale he had to tell was one which is not 
unfamiliar in the history of these bodies and has, 
indeed, been recounted in our columns on more 
than one occasion. As Sir John Snell pointed out 
a year ago, the Association is not in the possession of 
funds adequate for its full development and, what is 
more, the greater part of its income is derived from 
manufacturing firms, though the supply under- 
takings, and through them the public, receive most 
of the benefits. At the present time, the annual 
income of the Association is about 25,0001., the aver- 
age being 20,0007. per annum since its formation, 
and this sum, supplemented by the assistance of 
300 workers and the loan of plant, has resulted in 
savings on capital account and on maintenance of 
the order of 1,000,000/. per annum, owing to the 





success of the investigations into the heating of 
underground cables, insulating materials, steam- 
turbine nozzles and switchgear. On the other hand, 
during the past two years, certain researches have 
had to be restricted owing to the necessary income 
of 36,000/. not being obtainable. The conference 
called by the Association last June to examine the 
situation, recommended that the present expen- 
diture should be doubled in five years. To do this, 
the supply authorities would have to contribute more 
freely. These bodies had an annual revenue of 
45,000,000/. If, therefore, they gave only 0-1 per 
cent. of that sum, ample funds would be available. 
We hope that the second conference, which is shortly 
to be held, will do something to bring about these 
desirable results for, as Colonel Edgcumbe truly 
said, money spent on research is bound to come 
back. 








LITERATURE. 


J 
Foundations. The Examination and Testing of the 
Ground Preliminary to the Construction of Works. 
Methods and Appliances. By Wutttam Simpson, 
O.B.E., M.Inst.C.E., M.I.Mech.E. London: Constable 
and Company, Limited. [Price 18s. net.] 
Tue proper foundation of structures, always a 
matter of importance, becomes the more serious 
with the greater mass of such structures now 
common, with the increasing importance of freedom 
from distortion desirable in monolithic works, and, in 
the case of hydaulic works, the very considerable 
head of water it is frequently sought to resist. 

The author of this work, in addressing himself to 
the study of foundations, renders good service to 
engineering, for there is but a scanty and scattered 
literature of the subject available. He begins the 
book—being strongly insistent upon the importance 
of the matter—with a chapter dealing with the 
geological conditions which may obtain in any case, 
the study of which he holds to be essential in plan- 
ning works of construction, before the study in detail 
of surface formations. This section of the book is, 
without belittleing that which follows, of particular 
interest and value. He then proceeds to consider 
methods of investigation, on a site, by probing, 
boring, or by pit and shaft sinkings, in considerable 
detail. Boring, indeed, covers some 110 pages, and 
about one-third as much is devoted to test pits and 
shafts. The testing of ground for bearing value 
and compression, the measurement and discussion 
of settlements under test leads applied to a known 
bearing area, and the study of results derived from 
test piles, will be found of much use to those engaged 
in enquiries of this nature, the examples given being 
themselves of much interest. 

Information furnished is presented in much detail, 
with clearly drawn views, to a liberal scale, of plant 
and tools, or of the timbering of pits and trenches. 
The value of this book, it may be said, is largely in 
the completeness, the thoroughness, of the author’s 
method. Illustrative of this is the detailed informa- 
tion furnished on the positioning of probe holes 
under water, and the reduction of soundings in 
tide-ways. 

The author’s great experience in matters of this 
kind has, no doubt, impressed him with the value of 
clearly expressed description, if description is to be 
of real service to the reader. It may, however, be 
remarked that Fig. 49 of the book might be revised 
with advantage, as the sounding particulars given are 
in conflict with the diagram. The importance of a 
serious study of foundation work is evident. There 
have, in times past, been grievous losses due to 
imperfect knowledge of underground conditions 
precedent to the construction of engineering works— 
losses which may be simply a matter of money in 
settling up contracts for work executed, or of money 
and loss of life in the case of works which have failed 
due to faulty foundations. That the subject is 
attracting attention in the United States, following 
some unfortunate happenings, is shown by the 
paper recently read by Professor Ransome, before 
the American Society of Civil Engineers, in which 
geologic formation in relation to dams is fully 
discussed. 

There is not uncommonly some disinclination to 
spend any considerable sum on preliminary in- 
vestigations, with consequent loss of time, but 
that money and time so expended are well used 
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no engineer of experience will question. There are 
some 230 illustrations in the book. A useful biblio- 
graphy of the subject is given at the end. 





Mine Lighting. By J. W. Wuiraker, Ph.D., B.Sc., F.C. 
London: Methuen and Company, Limited. [Price 
8s. 6d. net.] 

Ir has been well said, in connection with mining 

accidents, that what we need is less legislation and 

more education. Whatever may be said of legisla- 
tion, it is practically certain that at no time was 
more attention paid to education in mining matters 
than at the present day. If adversity has been 
mainly responsible for this, then at least some per- 
manent good may result from the existing depres- 
sion. The combination of three such adversaries 
as oil fuel, water power and foreign competition 
render it imperative to investigate every means of 
reducing production costs. For this reason alone 
mine lighting is important, and fortunately, in this 
respect, care for the miner’s eyesight and safety also 
demands good lighting. Although means for 
lowering production costs, such as coal-cutting plant, 
improved lighting, &c., are not easily procurable by 

a large section of the mining industry at present 

owing to the capital expenditure involved, the fact 

remains that their acquisition may be an important 
step towards economic recovery. 

A book like the present will be of great help to 
the mining engineer and student who wishes to 
obtain an accurate insight into the subject of mine 
lighting. The author has made a serious endeavour 
to place the facts before the reader. At the outset 
he devotes four chapters to the science of illumina- 
tion. No attempt is made to shirk definitions and 
measurements, but at the same time their practical 
applications are kept well in the foreground. After 
a brief chapter on the eye and miner’s nystagmus, 
we come to the lamp itself. A chapter on the 
history of the flame safety lamp serves to explain 
the various devices and safeguards embodied in 
present-day patterns. Modern flame lamps are 
then described. 

Electric lighting in mines and electric hand-lamps 
are then discussed. Details are not ignored—for 
example, a very fair description of both the lead-acid 
and the nickel-iron storage batteries is given. The 
book concludes with chapters on lamp-rooms, 
acetylene lamps, and modern mine lighting. 

The book has been written with great care. 
Dr. Whitaker has a sound knowledge of physics, 
and rapidly gains the confidence of the reader. At 
times we feel a little irritated at the author’s 
restraint. If only he would “let himself go!” 
His criticisms at times are too mild—we admire his 
fairness, but in places we seek his guidance in vain. 
With the facts before him, an intelligent reader may 
be left to draw his own conclusions—yet how many 
can or will do so? Of course we must not blame 
the author for paying more attention to scientific 
facts than to personal opinions, and it must be taken 





as a compliment that we would like to have more of 
the latter. 


| 


Der praktische Eisenhochbau. Vol. III. 
Stiitzen Grunibau. By ALFRED GREGOR. 
Hermann Meusser. [Price 40 marks.]} 

Tuts is the third and concluding volume of a treatise 
on structural engineering, and is devoted to the 
design of the steelwork and external covering of a 
modern-framed building considered as a whole, 
and including the roof supports and stanchions 
with their foundations, the side and end framing, 
wind girders and bracing, steel doors and windows, 
&e. It might be pointed out that roof construction 
has been dealt with in Vol. I, and structures for 
travelling and other types of crane in Vol. II. 
The subject is treated in a thoroughly systematic 
manner from start to finish, and the author, who 
is in practice as a specialist in the design of steel 
structures, has been able to draw upon his own 
experience in providing examples of a most useful 
character to demonstrate the methods which he 
employs. 

Many of the illustrations introduced in this 
way are practically fully dimensioned working 
drawings, which in themselves add considerably 
to the value of the book. Although full calculations 
of loads and stresses are given in tabulated form for 
each portion of the structure exactly as required 
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in the drawing office, the practical side is never 
lost sight of, and detail drawings are more con- 
spicuous than stress diagrams. The author employs 
either analytical or graphical methods as may be 
most convenient, but his mathematics is never 
of a difficult order, little more than algebra being 
required to follow the book. To minimise labour in 
calculation, numerous tables are given, which have 
evidently been suggested by experience in dealing 
with the problems involved. 

The work may be described as highly original 
both in matter and treatment. The latter feature 
is characterised by clearness and simplicity, which, 
however, is never sacrificed to correctness or 
accuracy. Several striking instances of this will 
be found in the adaptation of the well-known Clerk- 
Maxwell diagram to the determination of the 
stresses in the wind girder of a gable end, and in 
braced stanchions subject to roof, crane, and wind 
loads. The method of influence lines receives an 
interesting application in the case of longitudinal 
girders of the portal type for carrying a travelling 
crane. Special attention has been given to the 
design of caps and base plates for columns, and to the 
form and proportions of foundation blocks, grillages, 
and anchorages. The distribution of pressure on 
the ground area for various arrangements of loading 
is fully considered in a final chapter. 

The illustrations are very numerous and are 
commendably clear. The book is well produced 
and is of convenient form and size for office use. 
It will form a useful text book for students and junior 
engineers who can read German, and can be safely 
recommended to all those engaged in the design 
of structural steelwork who are able to understand 
that language. 


Patent Law and Practice. By A. W. Grirritus, B.Sc., 
Eng. London: Stevens & Sons, Limited. [Price 
7s. 6d. net.] 

Tue first difficulty found on perusing this book is 

to ascertain to whom it is addressed, whether to the 

ordinary inventor, the patent agent or the lawyer. 

It appears to be too general to interest particu- 
larly the first and the second, especially as a large 
amount of the work is taken up by references to 
legal documents and matters relating thereto, such 
as actions for threats and infringement. On the 
whole, the views expressed are generally sound ; 
but very little that is new, with the exception of 
some recent cases, appears to be provided. Refer- 
ence is, however, made to the modified grounds of 
opposition brought into force by the Act of 1928, 
dealing with cases originating abroad. 

It is said that the principal aim of the book is to 
provide a satisfactory definition of a manner of 
manufacture. The chapter dealing with this dis- 
cusses the position principally with reference to 
comparatively old cases, so that on the whole it does 
not seem to carry the matter much further than 
standard works, which, though from some aspects 
may now be out of date, yet from the point of 


| view considered, are as relevant as before. 


The section which appears to be the best, but for 


| which no particular merit seems to be claimed, is | 


that dealing with ‘The Specification,” but here 
again there is really very little that is substantially 
new. It might be expected that this part of the work 
would be good, seeing that Mr. Griffiths was at one 
time an examiner at the Patent Office and is a 
Barrister-at-Law. For the same reason, it might 
have been expected that something would have 
been found explaining the action of the Patent Office 
Authorities when dealing with cases cited under 
Section 8 of the Acts with which the book deals 
having regard to the nearest equivalent plea in 
legal actions, namely, that of prior grant. 

It is explained that a prior grant is only effective 
if it be the grant of a valid patent, whereas it is 
known that the Patent Office in dealing—probably 
properly—with cases coming under Section 8, do 
not generally permit any words to be inserted in the 
Specification disclaiming such prior cases to the 
extent to which they may, in fact, be valid, but 
require a general disclaimer. 

Another matter in which help might well have 
been given is in connection with the sections dealing 
with the abuse of monopoly rights. This is a very 
important matter, introduced by the Act of 1919, 
and there is very little public information in connec- 


tion with procedure or decisions thereon. The 
part of the book, namely, pages 110-116, dealing 
with this, seems to be copied from the Act without 
comment. 

There is a certain amount of duplication to be 
found, for example, in connection with inventions 
contrary to law on pages 98 and 118, and in addi- 
tion, there appears to be an error on page 106, where 
it is said that a patent is dated and sealed as of the 
date of application. This is quite true as regards 
perhaps the majority of cases, but it is not true as 
regards the many cases originating abroad and 
claiming under the International Convention the 
priority of the foreign filing date. Patents in that 
case are dated and sealed as of the date of the filing 
of the foreign application. 

On the whole, the book will probably be of use 
as a quick general reference book, but as has been 
indicated, the section dealing with the specification 
will probably be found to be the most useful. 








THE LATE MR. J. E. FULTON. 


THE death of Mr. James Edward Fulton, on Decem- 
ber 6, last, at his home, 27, Grant-road, Wellington, 
removes a civil engineer who was well known in the 
early days of railway construction and operation in 
New Zealand. He was born on October 13, 1853, 
and entered the Public Works Department of New 
Zealand as a cadet in October, 1873, when 20 years of 
age. Five years later, however, he left the Public 
Works Department to engage in private practice under 
Mr. H. P. Higginson, M.Inst.C.E. During the next 
three years he was resident engineer in charge of the 
construction of the Waimea Plains Railway, the 
Kawarau suspension bridge, and the Balclutha 
bridge. He also carried out a number of railway sur- 
veys. 

In July, 1881, Mr. Fulton entered the service of 
the New South Wales Government and was engaged for 
a time on the survey of the Goulburn-Cooma Railway. 
He resigned this position some time afterwards and 
returned to New Zealand to take up the appointment 
of resident engineer on the southern section of the 
Wellington and Manawatu Railway. He had charge 
of the construction of a difficult section of line. Mr. 
Fulton remained in the service of the Wellington and 
Manawatu Railway Company for a number of years, 
first as resident engineer in charge of new works, 
and later as traffic superintendent. After being 
stationed for some years at Palmerston North he 
was moved to Wellington. Subsequently, Mr. 
Fulton left the service of the railway company and 
once again took up a private practice. He became 
an associate member of the Institution of Civil Engineers 
on December 6, 1881, and was elected to full membership 
on November 20, 1888. Mr. Fulton was also a member 
of the American Society of Civil Engineers. 








THE LATE MR. W. L. STRANGE. 


WE regret to note the death, on February 7 last, 
at his residence at Worthing, Sussex, of Mr. William 
Lumisden Strange, late Chief Engineer of the Public 
Works Department in Sind, India. Mr. Strange was 
a descendant of an old Fifeshire family, and his 
father was Mr. Thomas Lumisden Strange, a judge 
of the Madras High Court. Born on April 22, 1857, 
Mr. W. |. Strange received his education at King’s 
College, London, and entered the Royal Indian 
Engineering College, Coopers Hill, in September, 1876. 
He passed out in July, 1879, the fifth of his year in 
order of merit, with the rank of assistant engineer. 
second grade. Before going out to India he served 
a pupilage of one year, first under the late Mr. E. A. 
Bernays at Chatham Dockyard, and afterwards under 
Mr. G. J.C. Dawson on the London and North Western 
Railway. He was finally appointed assistant engineer 
in the Public Works Department of Bombay in 
October, 1880, and continued to serve in that capacity 
until September, 1886, when he was promoted to the 
rank of executive engineer. He served both in the 
Deccan and in Sind, and had charge of a number of 
important districts. The principal public works upon 
which he was engaged were the Nira canal, one of 
the most extensive protective canals in the Bombay 
Presidency; the Waghad dam, an earthern dam 
95 ft. in height which took four years to construct ; 
the Dhupdal Weir of the Gokak canal, a masonry 
structure 25 ft. in height and a mile long; and 
waterworks and a storage reservoir for the southern 
Mahratta town of Hubli. He also carried out the 
reconstruction of the Nehr dam, and was employed for 
several years in connection with the Karachi canals. 

Mr. Strange was Under-Secretary to the Government 
of India, Public Works Department, from 1901 to 
1903, and, in the latter year, he was sent to South 





Africa on special service and was appointed Director 
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of Irrigation in the Transvaal. He formed a depart- 
ment, recruited a small staff, and devised a programme 


of work. The entire country, some 111,000 square miles | 


in extent, was surveyed for irrigation purposes and 
a number of water schemes examined, and some 


of them, including the sinking of a number of artesian | 


wells, by modern methods, were - afterwards: carried 
out. While in the Transvaal, Mr. Strange was a 
member ‘of the Rand Water Board Arbitration Court, 
and of the Inter-Colonial Irrigation Commission. He 
returned to India in 1908 and acted for eight months 
as irrigation adviser to the Government of Ceylon. 
He wrote an able report on “ Irrigation in Ceylon,” 
in which he dealt with questions connected with the 
restoration of ruined tanks and other irrigation works 
destroyed during the Tamil invasions. Towards the 
end of 1909, Mr. Strange became Chief Engineer of 
Public Works in Sind, and retired in 1912 after 
thirty-three years of arduous service. A former 
student of the Institution of Civil Engineers, he 
became an associate member on May 29, 1883, and 
was elected to full membership on November 29, 
1898. He was awarded a Telford premium in 1898 
for his paper, ‘“* Reservoirs with High Earthern Dams, 
Western India.” He was also the author of the 
treatise, Irrigation, Roads, and Buildings. 

A third edition of: his Indian Storage Reservoirs 
with Earthen Dams, was recently reviewed in our 
columns. 


THE LATE MR. JAMES RICHARDSON. 


A LARGE circle of naval architects and marine 
engineers will receive with regret the news. of the 
death, on February 6 last, at a Glasgow nursing home 
after an operation for appendicitis, of Mr. James 
Richardson, who had, for the past twelve years, been 


manager of the marine engineering department of | 


Messrs. William Beardmore and Company, Limited, 
Dalmuir, Dumbartonshire. He was the only son of the 
late Sir Alexander Richardson, who died only last 
March. As is well known, Sir Alexander served on the 
editorial staff of ENGINEERING for the greater portion 
of his active life and was for some years joint-editor 
with the late Dr. W. H. Maw. 
son, was born on July 7, 1887, and received his education 
at Dulwich College. He afterwards studied engineering 
at the City and Guilds (Engineering) Coliege, South 
Kensington, passing out with the B.Sc. (Engineering) 
Degree. 

He subsequently underwent a three years’ course 
of practical training partly under Messrs. Sir W. G. 
Armstrong, Whitworth and Company, Limited, and 
partly under Messrs. Vickers Limited, Barrow-in- 
Furness. The years from 1908 to 1910 were spent at 
sea in the engine rooms of steamships of the Alfred 
Holt and Bucknall Lines. He then joined the London 
staff of Messrs. Vickers, Limited, and was engaged 
on work in connection with the design of guns and gun 
mechanisms for a short time, and subsequently acted, 
for a few months, as engineer surveyor on the staff of 
the British Corporation. Towards the end of 1912, Mr. 
Richardson joined the staff of Messrs. Scott’s Ship- 
building and Engineering Company, Limited, Greenock, 
being engaged in the design and construction of marine 
Diesel engines. 

During the four years from 1912 to 1916 he had 
charge of the design, construction, and fitting out of 
the machinery for a number of Naval vessels, including 
submarines of the “S”’ and “ E”’ classes and oil tank 
ships. In 1916, Mr. Richardson was appointed engi- 
neering manager of the Naval Construction Works of 
Messrs. William Beardmore and Company, Limited, 
Dalmuir, under Lord Invernairn. He was responsible 
for the design, construction, and completion of the 
marine machinery and equipment of ships of all 
classes. Among other vessels constructed by his firm 
at this period were H.M. battleship Ramillies, H.M. 
cruiser Raleigh and the seaplane carrier H.M.S. Argus, 
besides torpedo-boat destroyers and submarines. 
After the conclusion of hostilities, Mr. Richardson 
transferred his activities to the design and construction 
of merchant shipping of all types. His chief interest 
lay, however, in marine Diesel engines, and he con- 
tributed many papers to technic.l societies and insti- 
tutions on this subject. 

Mr. Richardson was an active rember of a number 
of institutions connected with tine engineering pro- 
fession. He was elected a member of the Junior 
Institution of Engineers in December, 1910, and became 
a member of the Institution of Engineers and Ship- 
builders in Scotland in 1913, a member of the Institu- 
tion of Naval Architects in 1920, and a member of the 
North East Coast Institution of Engineers and Ship- 
builders in 1922. He joined the Institution of Mechanical 
Engineers in 1923, and four years later, became chair- 
man and a member of the Council of the Glasgow and 
West of Scotland Branch of the Institution. He was 
promoted to full membership of the Institution of Civil 
Engineers in 1922, having been an associate member 
since 1913. 


James Richardson, his | 





LETTERS TO THE EDITOR. 


| EGYPT AND THE ASSOUAN DAM. 
| To tHe Epiror oF ENGINEERING. 


| Sir,—I have read with much interest the leading 
article which appeared in ENGINEERING of the 8th 
| instant under the above title, which gives an admirable 
;summary of the recommendations put forward by 
|the Commission appointed to consider the further 
| heightening of the Assouan Dam, of which Commission 
| 1 had the honour of being a member. 

Your article draws attention to the fact that in our 
report no elucidation is given with regard to the follow- 
ing expression of opinion :—‘*. . . they suggest, for 
some reason not quite clear, that in the best interests 
of the country the level of the pool should never be 
allowed to fall below R.L.100,” and it appears therefore 
desirable that some explanation should be given. 

Our reason was that, under the scheme by which 
the sluices are now controlled, there is an insufficient 
difference, during flood periods, between the level of 
the water in the reservoir and the river below to 
permit of the production of electric energy at a reason- 
able cost, whereas, if the level of the water in the 
reservoir was not allowed to fall below 100 R.L., 
there would be sufficient head during all conditions 
to permit of the economical development of power. 

This point did not come directly under our terms 
of reference, and was merely thrown out as a point 
for consideration. 

The question of the possibility of silting taking place 
if this minimum level were adopted, would, of course, 
require careful consideration, but from the information 
we obtained, we were inclined to think that it would 
not be material. 

The amount of storage which would not be drawn 
upon each season, if our suggestion was adopted, 
would amount to about 6 per cent. of the total capacity 
of the reservoir when raised to R.L.122. 

I am, 
Yours faithfully, 
W. J. E. BINNIE. 
30, Buckingham Gate, 
Victoria-street, S.W.1. 
February 13, 1929. 





To THE EpITOR OF ENGINEERING. 


Str,—The leading article on the Assouan dam, 
appearing in your issue of the 8th inst., brings back 
interesting memories of Sir Benjamin Baker and the 
critical situation with which he had to deal when faced 
with the uneasiness engendered by Messrs. Atcherley 
and Pearson’s theories. A fairly intimate knowledge 
of the correspondence which passed at the time between 
Sir Benjamin Baker and Sir William Garstin enables 
me to confirm that before those theories had been 
announced, Sir Benjamin had given his consent to the 
heightening of the dam. I also recollect a letter from 
Sir William Garstin to Sir Benjamin Baker expressing 
his consternation and characterising Sir Benjamin’s 
decision to postpone heightening the dam as a “ bolt 
from the blue.” Sir Benjamin with characteristic 
firmness refused to be influenced, and the decision had 
to be postponed for two years. 

The report published by the recent Commision adds 
yet another testimony to Sir Benjamin Baker’s skill 
in coping with unwonted problems, and to me the man- 
ner in which he dealt with the heightening seems 
thoroughly characteristic. He had, as you point out, 
two alternatives in mind. At the time when he was 
dealing with the problem, the aprons on which the safety 
of the dam depends had only just been completed, viz., 
in 1906. Owing their origin to the extensive erosion 
of the rock immediatelydow nstream of the dam, 
brought about by the impact of the water issuing from 
the sluices before the aprons had been built, their safety 
naturally was a matter of general pre-occupation. 
Owing to the space essential for the accommodation 
of the sand backing contemplated in one of the alter- 
natives, the extension of the sluice openings would 
necessarily have had to be carried considerably further 
along the aprons than is the case in the method of 
strengthening actuaily adopted, thus possibly concen- 
trating the action of the water nearer their unprotected 
edge, and moreover the aprons had been in operation 
only a very short time. 

The adoption of that alternative at that period 
presented another drawback. The reservoir was in 
its infancy. There existed ample evidence to show 
that R.L. 120 was the level to which the reservoir 
could be raised economically. The experiments which 
Messrs. Wilson and Gore had in hand were not yet com- 
pleted, and in fact the final judgment on the question, 
as far as any such judgment can be considered final, 
was not delivered by Dr. Unwin and authorities of 
his calibre until the authors had presented the paper 
to the Institution of Civil Engineers embodying their 
conclusions ; that occurred after Sir Benjamin Baker’s 








death. By the end of 1906, Sir Benjamin had, however, 
seen enough of their results to appreciate the conclusions 
to which they were likely to lead. He therefore 
formulated his proposals and selected a design which 
would if necessary allow of the heightening of the 
dam at some future time. 

Of Sir Benjamin’s two alternatives the one involving 
the use of the sand backing is, as a straightforward 
solution, probably the most attractive. From the 
aesthetic point of view it would have brought very 
little change in the appearance of the structure. The 
present coursing could have been reproduced in the 
pitching, the only real apparent change would have been 
in the amount of the batter. On the analytical 
side Assouan sand being probably one of the most fluid 
of materials extant outside those which can specitically 
be classed as liquids, its adoption would have per- 
mitted of the computation of the stresses in the struc- 
ture with a far greater degree of accuracy than is 
possible with any other type of strengthening, and 
by assigning suitable proportions to the backing it is 
possible to induce stresses in the dam varying within 
very wide limits. That type of backing moreover 
would constitute a most efficient protection for the 
dam against disintegrating climatic action, the extent 
of whose ravages with the lapse of time can be best 
appreciated by examining the condition of the granite 
oceurring naturally in the cataract where exposed to the 
air. But, as I have already remarked, its adoption for the 
first heightening would have ruled out any subsequent 
raising except at prohibitive cost. The conditions 
are to-day, however, different, and I have little doubt 
as to which alternative Sir Benjamin would have 
selected for the present heightening had he been alive. 

As your leading article explains the various schemes 
for heightening considered by the Commission with 
sufficient detail, your readers will be able to form their 
own appreciation of the merits of the various proposals. 
I will not therefore trespass any further on your space 
except to express my satisfaction at the successful 
outcome of the Commission’s visit to Assouan and to 
wish the cultivator on the Nile a speedy benefit from the 
extra volume of water to be impounded in the reservoir. 

Yours faithfully, 
A. Bruton BuckLey. 
50, Parliament-street, S.W.1. 
February 9, 1929. 








CADMIUM-ZINC SOLDER. 


To THE EpIToR OF ENGINEERING. 

Str,—With respect to the recent correspondence 
on the use of cadmium-zinc solder in connection with 
airship R.101 it appears very unwise to use the alloy 
where stresses of any appreciable magnitude are 
to be withstood. Jn my opinion it is very misleading 
to speak of shear strength values of 7 tons or 11 tons 
per square inch when it is known that under prolonged 
stress the alloy will fracture at much lower loads 
(Jenkins, Journal of the Institute of Metals, 1928). 
There is a more serious objection, however. As is 
wel! known, mechanical strain hardens most industrial 
metals and alloys (work hardening) and yielding 
under stress strengthens them. Alloys of another 
class become softer as a result of strain (work softening) 
and, once yielding has occurred, the alloy is weaker. 
The cadmium-zine eutectic belongs to this class. The 
real sphere of use of this solder is similar to that of 
lead-tin solders which likewise are softened by 
strain. 

The evidence for these statements is given in a 
series of papers by myself (Journal of the Institute 
of Metals, 1927-28), of which apparently Mr. Rowell 
and Mr. North were ignorant. 

Yours faithfully, 
F. Harcreaves, A.R.S.M., D.LC., F.LC. 
Chemical Laboratory, 
Southern Railway, 
Ashford, Kent. 
February 10, 1929. 








THE ENGINEERING OUTLOOK. 


To tHE Epitor oF ENGINEERING. 

Str,—After reading your article entitled “ Economic 
Retrospect and Prospects for 1929” in your issue 
of January 11 (page 51 ante), one cannot help 
feeling how far economics is behind other branches of 
knowledge. In spite of the fact that economics has 
been taught in our colleges for upwards of a century, 
and has occupied the attention of number of eminent 
men, we are still in the humiliating position of being 
unable to predict economic results from given causes 
to any useful extent, and this ability to predict (in 
other words, provision) is the real test of any science. 
It is true that economics deals with certain factors 
which are somewhat uncertain, particularly the human 
factor. Nevertheless, I see no reason why, if the same 
methods had been pursued in economic research as 
have been employed and are still being employed in 
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ENGINEERING. 


connection with other sciences, we should not long ago | of gold with which they were inundated during the 
have brought this study to a higher degree of perfection. | war, and although this ratio may be preserved, the 
I maintain that economics should enable us to foretell | purchasing power of gold in the United States is 
industrial and trade results arising from certain | considerably less than it was in pre-war days. Contrast 
policies. as readily as we can predict what happens when | all this with what has happened in this country. © 


we mix certain chemicals. 

Our present trade depression is as much the result 
of certain policies as is the prosperity which France is 
now enjoying, and which the United States have been 
enjoying for some years past. Certain policies lead 
inevitably to disaster, just as others lead to certain 
prosperity. How is it that this country, almost alone 
amongst all her rivals, has had eight years of continuous 
trade depression with the largest number of unemployed 
in the world ? Howis it that in spite of the devastation 
of her northern provinces during the war, in which 
one-third of her productive resources were destroyed 
by the German armies, the French nation has been 
able to regain and even surpass her pre-war condition 
with not only no unemployed, but with the full 
employment of over 1,500,000 foreign operatives ? 
How is it that Belgium and Italy, which suffered far 
more than we did during the war, have also escaped 
the scourge of unemployment ? How was it that the 
United States from 1920 to 1922 suffered such losses 
that the American Comptroller of the Currency—at 
that time Mr. John Skelton Williams—estimated them 
at a sum exceeding the whole cost of the Great War ? 
Why, after the tremendous progress made during the 
war by the American producing classes, were there 
7,000,000 of unemployed in the beginning of 1922 ? 
And again, why was this period of depression suddenly 
converted into one of great prosperity which continued 
until a few months ago ? 

As a student of economics for upwards of thirty 
years, I ventured to predict what would happen to 
the trade and industries of this country if certain 
policies were adopted as far back as 1916. And again 
in 1918 as a witness before the Cunliffe Currency 
Commission I also predicted the events which have 
occurred since 1920, and which are still happening. 
as the direct result of the financial policy recommended 
to the Government by that Commission. These 
predictions were not guesswork, but were based upon 
history. 

After the Napoleonic wars, Sir Robert Peel and 
Lord Liverpool carried out a policy very similar to 
that whch the Bank of England has been following 
since 1920. Those statesmen did not think that the 
money which had enabled this country to carry on 
its industries and trade during those eventful years 
of war until after the Battle of Waterloo, and which 
furnished this country with prosperity in spite of the 
blockade which Napoleon declared against England, 
was good enough in times of peace; and so they 
determined to establish what they called ‘“‘ the good 
sound currency” based upon gold. The people’s 
money which Pitt had furnished and which constituted 
the main purchasing power for carrying on trade was 
destroyed and an insufficient supply of a more 
expensive currency was substituted, with the result 
that trade declined, factories and mills closed, bank- 
ruptcies and unemployment increased, and a deluge 
of social misery swept the country, ending finally in 
what is now known as the ‘“‘ Hungry Forties.” That 
lesson should have been sufficient to enable any 
statesman to learn the folly and crime of such a terrible 
experiment. It was due en.irely to certain accidents 


at the end of the “ forties ”—according to Mr. Disraeli | 


(afterwards Lord Beaconsfield)—that this country wag 
saved from final ruin. These acciden‘s were the 
discoveries of gold in Austra ia and California, whicb 
tended to reverse the debt infla ion pol cy of Peel, 
and gave trade and indus ry an impe:us, which carried 
the na ion on successfully un il the Franco-German 
War in 1870. Anyone who will take the trouble to 
investigate the condi.ions of trade in this and other 
coun.ries will find one unfailing cause of trade 
depression, and that is the system of currency deflation. 
Similarly, every great trade revival has been preceded 
or accompanied by an expansion of the currency. 

It seems to be thought now that the currency of 
almost the whole world has been “ stabilised’ that 
British industry may reasonably expect to benefit. 
It is true that if other nations will handicap themselves 
as we have done by adopting the same expensive 
monetary system, and by doubling the burden of 
their debts, our manufacturers may hope to be able 
to compete on more favourable terms in foreign 
markets than at present. But, fortunately for them, 
our trade rivals have been blessed with statesmen 
who evidently know more about finance than ours. 
There is but one of our late allies that has committed 
the suicidal act, that we have done, by reverting to 
their pre-war monetary standards. In France the 
franc has been stabilised in relation to gold at one-fifth 
of its pre-war value; in Italy at about one-fourth; 
and in Belgium at about one-seventh. It is true tha. 
the United States has been able to preserve the dolla. 
at its former ratio, but merely because of the floo_ 








In my criticism of the first Cunliffe Currency Com- 
mission’s Report I pointed out that the suggestions 
made by that committee would mean practically the 
doubling of the burden of our National Debt and all 
other War Debts, and the stagnation of trade and 
industry resulting in the cutting down of wages, which 
would produce strikes, unemployment, wholesale 
bankruptcies, and might end in the final ruin of Great 
Britain as an industrial power. Our War Debt was 
created mainly in what were known as eight-shilling 
and ten-shilling pounds. So that if the Government 
had borrowed from the banks the pre-war pounds or 
pounds equivalent to 113 grains as prescribed in Peel’s 
famous Bank Charter Act, our War Debt, instead of 
being, as it is, about 8,000,000,000/. would only have 
been 4,000,000,000/. ! 

In spite of the warning given, the Coalition Govern- 
ment adopted the Cunliffe Committee’s proposals 
which have recently been completed by Mr. Baldwin’s 
Cabinet, so that British tax-payers are now burdened 
with a debt of twice the amount of that which was 
originally incurred, and are having to pay twice the 
interest charges in goods and services. What the 
public do not seem to realise is that we all have to buy 
money with our goods and services in order to pay our 
taxes and other debts, and it makes all the difference 
in the world to our trade and industries how many 
goods and how much of our services we have to give in 
exchange for the pound sterling. This deflation of the 
currency which has been pursued so relentlessly has 
deprived the public of hundreds of millions of pounds 
worth of purchasing power, and in regard to the reduc- 
tion of wages it has destroyed in our home markets at 
least 1,000,000,0002. of purchasing power which 
otherwise would have been employed. 

In our foreign markets similar evils have been pro- 
duced from the same cause. Before the J. was able to 
look 4-84 dols. in the face—when it was only able to 
look 4 dols. in the face—the Americans were here 
ordering goods in enormous quantities. Orders 
poured into this country from all parts of the world to 
such a degree that many manufacturers were planning 
to increase their works beyond even their war-time 
capacities. But no sooner was it announced in our 
House of Commons by Mr. Chamberlain that the 
Government had “set its heart on deflating the 
currency” and when he called upon the banks to 
assist him by raising the interest to 7 per cent and to 
curtail loans, all this prospective trade vanished. 
Orders were cancelled wholesale, prices fell, works were 
closed down, thousands of operatives were thrown out 
of employment and ‘the winter of our discontent ” 
started, which has now reigned for eight years and shows 
no signs of abatement. 

Until economics is put upon a much sounder basis 
we are not likely to avoid in future the economic evils 
to which we have been subjected during the past 
century. 

Yours Faithfully, 
ArtTHUR Kitson. 
7, Grosvenor-gardens, London, S8.W.1, 
January 11, 1929. 








HEAT STERILISATION OF TIMBER. ’ 


STERILISATION as a process of disinfection denotes 
in its commonest sense, the destruction of microscopic 
vegetable organisms, such as bacteria. The most con- 
venient way of effecting it, where it can be applied, 
is some method of heat treatment, overcoming a vari- 
able, but considerable, resistance in the organism to 
relatively high temperatures, which, in the case of spores, 
has been known to be as much as 24 hours to steam at 
212 deg. F., or a shorter exposure to steam under pres- 
sure. Usually, however, the temperature and period of 
exposure which the material to be disinfected can stand 
are limited, and often are not much greater than those 
which are necessary for disinfection. It becomes, 
therefore, a matter of consequence to obtain a uniform 
temperature throughout the disinfection chamber, and 
to work with the lowest temperature and shortest 
exposure that can assure sterilisation. For both these 
reasons, saturated steam, free from air and preferably 
under pressure, is a medium of unique value in the 
destruction of vegetable micro-organisms, and for a 
long time past has been common practice, wherever it 
can be applied. 

By a legitimate analogy, however, the term sterili- 
sation is also applied to processes of disinfection in 
which the objects to be destroyed are not vegetable 
micro-organisms of relatively simple structure, but 
small insects or other animals. With them, again, heat 
is often the most convenient and effective method of 
destruction, but their resistance is far lower than that 
of the less highly organised micro-organisms. In some 


instances, however, even the temperatures and expo- 
sures that are necessary are inconveniently close to the 
maxima that the objects to be sterilised can endure 
without injury, and round about these lower tempera- 
tures the same problem of how to effect the sterilisation 
with the shortest exposure at the lowest temperature is 
apt to arise. The best-known case of this class of 
sterilisation is that which is required for timber attacked 
or threatened by various insects, and in a report just 
published for the Forest Products Research Board by 
the Department of Scientific and Industrial Research, 
Dr. Ronald C. Fisher gives an account of Lyctus 
powder post beetles, with notes on heat sterilisation 
of timber in relation to kiln seasoning by Mr. 8. T. C. 
Stillwell, and on vessel size and liability to. lyctus 
attack by Mr. S. H. Clarke.* 

The beetle in question works by depositing its eggs 
in the pores of timber, and thus affects particularly the 
sapwood of hardwoods, the pores of which are large 
enough to admit the eggs. It bores through the timber 
from within, converting the timber into dust along 
the ‘‘ wormhole” which it forms, and through which 
it travels to the surface. It may be difficult or impos- 
sible to detect its presence till it has reached the 
surface, and in this way it has caused serious ravages in 
furniture made of the sapwood of oak and ash. Other 
manufactures have suffered similarly, such as tool 
handles, flooring and paving blocks, and rifle stocks, 
and considerable anxiety has been caused by discovering 
the beetle in supplies of aircraft timber. A simple and 
effective way of avoiding the trouble is to reject the 
sapwood, as the heart wood does not harbour the insect, 
its pores being too small foritseggs. In some instances, 
however, as, for example, aircraft timber, the properties 
of sapwood are essential to the purpose for which the 
timber is required, and, at present, the most effective 
practice is to sterilise by heat. For this purpose, the 
present report shows that the lethal temperature and 
exposure are no more than 130 deg. F., maintained 
for an hour and a half, or longer. It so happens, 
however, that, in the process of seasoning, timber is 
raised gradually up to, say, 130 deg. F. in a saturated 
atmosphere, and thence, by stages, up to, say, 155 deg. F., 
the humidity being simultaneously reduced. 

These figures vary to some extent with the timber, 
but it is found that, by slightly modifying the seasoning 
period of exposure, a lethal temperature and exposure 
can be had with certainty. Preferably, the timber is 
sterilised before it is thoroughly seasoned, but, if this is 
impracticable, it is usual to keep the humidity of the 
air down until the lethal temperature has been attained, 
when the air can be allowed to become saturated. In 
this way, stresses arising from the expansion of the 
upper layers of the seasoned wood, with consequent 
loss of strength and ultimately warping if the dry 
timber is sawn, is at least minimised. For the same 
reason, dry timber should not be exposed to a higher 
seasoning temperature than is necessary. 








THE WORLD’S SHIPBUILDING. 


THE recent expansion of output in the shipyards 
of Great Britain and Ireland and the consequent 
increase in the demand for steel and raw materials 
generally, has been commented on in our columns 
on several occasions. That the present position in the 
British shipbuilding industry is, on the whole, fairly 
satisfactory may be gathered from a perusal of the 
“ Annual Summary of the Mercantile Shipbuilding 
of the World,” which has just been issued by Lloyd’s 
Register of Shipping. This summary gives particulars 
of merchant vessels, of 100 tons gross and upwards, 
launched during 1928. For purposes of comparison, 
a statement of the number and gross tonnage of 
merchant vessels constructed in the most important 
shipbuilding countries of the world during the period 
1893 to 1928, is given in Table I, on page 210. Table IL 
shows the number and tonnage of merchant vessels 
launched in the principal shipbuilding districts of 
Great Britain and Ireland during the three’ years 
1926, 1927 and 1928. It will be seen that the British 
output for 1928, as regards vessels launched, is higher 
by 220,000 tons than the figure for 1927. Moreover, 
the 1928 figure is the highest of any year since 1921. 
The present British total of 1,445,920 tons represents 
53-6 per cent. of the world’s output for 1927. Curiously 
enough the corresponding figure for 1927 was also 
53-6 per cent., that for 1926 being 38-2 per cent., 
and that for 1925, 49-5 per cent. 

The returns for 1928 show that 97 vessels of between 
5,000 and 10,000 tons each, and 16 vessels of 10,000 
tons and upwards, were launched in this country. 
The largest of these ships were the turbine steamers 
Duchess of Bedford (20,123 tons), Duchess of Richmond 
and Duchess of York (each of 20,022 tons), the turbo- 
electric vessel Viceroy of India (19,000 tons), and the 
motorship Rangitiki (18,000 tons). Excluding vessels 





* Department of Scientific and Industrial Research, 
Forest Products Research: Bulletin No. 2. H.M. 
Stationery Office. [Price 3s, net.] 
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RAILWAYS IN MOROCCO. 


THE railway system in the French Moroccan Zone 
consists of 1,284 km. (797 miles) of 60-cm. (23-6-in.) 
gauge lines, which were built from 1911 onwards, and 
were used until 1916 exclusively for military purposes. 
The lines, originally isolated one from the other, 
started from the military bases at Oudjda, on the 
Algerian frontier, Kenitra, and Casablanca. In 1916 
they were made available for passenger and goods traffic, 
and in 1921 were connected with one another to form a 
single system. These narrow-gauge lines are now 
worked by the Compagnie du Chemin de fer du Maroc. 
A further total length of 209 km. (130 miles) of similar 
narrow-gauge lines, made up of four sections, is of 
more recent construction. 

The standard-gauge lines in the same zone are 
operated by two companies, one a Franco-Spanish 
company, the Tangier-Fez Railway Company, the 
other being the Compagnie du Chemin de fer du Maroc, 
above named. The Tangier—Fez line, the construction 
of which was decided on in 1911 but was delayed by 
the war and by the insurrection in the Riff, is now 
working; it has a total length of 310 km. (192-7 
miles), of which 15 km. (9-3 miles) are in the Inter- 


drying, the material is stored in silos, whence it is 
automatically loaded into 20-ton four-wheel trucks or 
in 48-ton bogie wagons for transport to Casablanca, 
where it is loaded in ships by mechanical conveyors 
having a maximum capacity of 700 tons per hour. The 
line is on a falling gradient for the whole distance 
to Casablanca and works very economically; by a 
suitable time-table and having recourse to regenerative 
braking, the loaded train, of about 1,200 tons, in 
travelling down to Casablanca produces almost all the 
energy required for hauling up to Kourigha a train of 
empty wagons weighing from 400 tons to 440 tons. 
The railway purchases its electrical supply from an 
independent power company, the Société I’Energie 
Electrique du Maroc in the form of three-phase current 
at 60,000 volts, 50 periods. The power stations and 
mains belong to the power company. The current 
is transformed in sub-stations belonging to the railway 
company into 3,000-volt direct current, which is dis- 
tributed along the tracks by a single catenary over- 
head line having a double contact wire. Electric 
locomotives travelling at a comparatively low speed 
are used for freight and for some passenger trains. 
Motor-coaches are used for higher speed passenger 
service. Regenerative braking is resorted to on all 
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national Tangier Section, 90 km. (56 miles) in the 
Spanish Section, and 205 km. (127-4 miles) in the 
French Section. This line is operated by steam over its 
whole length, but the lengths from Petitjean to Meknes, 
54 km. (33-5 miles), and Meknes to Fez, 56 km. 
(34-8 miles), are to be electrified in the near future. 
The line is shown on the accompanying map. 

The Compagnie du Chemin de fer du Maroc was 
formed in 1920 by agreement between the Compagnie 
Générale du Maroc, the Paris-Lyons—Mediterranean 
Railway, the Paris—Orleans Railway, and the Com- 
pagnie Marocaine. It was granted, in August, 1920, 
the concession of 1,018 km. (632-6 miles) of standard- 
gauge lines, namely :— 


Line 1. Kenitra to Petitjean .... 
, 2. Kenitra to Casablanca, 
via Rabat... .... 128 km. (79-5 miles). 
3. Kenitra to Souk-el Arba 80 km. (50 miles). 
4. Casablanca to Marra- 


85 km. (53 miles). 


kesh .... — .... 250 km. (155 miles). 
5. Sidi-el-Aidi to Oued- 
Zem. .... _.. 120 km. (74-5 miles). 


Fez to the “Algerian 
Frontier, about _.... 355 km. (220-7 miles). 


All these railways are shown in the map above, and 
are, or will be, when built, single-track lines, but the 
necesary land has been provided in each case with a 
view to laying a second track later. Those numbered 
J, 2, and 5 have been in service for some time; line 
4, from Casablanca to Marrakesh, was officially opened 
im November last, making a total length of 583 km. 
(362 miles) now in operation. 

Electric traction has been employed over 255 km. 
(158 miles) from Casablanca to Kourigha, an inland 
settlement, since March, 1927, and from Casablanca 
to Salé (near Rabat, on the sea coast) since Septem- 
ber, 1927. On the remainder of the lines so far open 
to traffic, steam traction is still used. It is interesting 
to note that during 1926 the goods traffic by rail on 
the system amounted to 1,429,855 tons, in which figure 
phosphate was responsible for 876,860 tons. The corre- 
sponding receipts were 45,000,000 francs, with an 
operating ratio of 67 per cent. 

The first line to be electrified was that from Casa- 
blanca to Kourigha, the latter settlement being in the 
centre of a remarkably rich phosphate district. After 


6. 


sections where the profile of the line renders this 
possible. 

The Société l’Energie Electrique Maroc was formed 
in 1923, for the construction and working of power 
stations with a view to the supply of current to all 
the western region of Morocco, from Fez to the Atlantic 
seaboard. Current is generated at a pressure of 5,500 
volts and is distributed locally at this pressure. It is 
raised to 22,000 volts and 60,000 volts for distribution 
to distant railway or other substations. A higher 
pressure is contemplated for the future, should the 
demand for current continue to develop as it has done 
hitherto. As the country contains important water- 
falls and streams, hydro-electric power stations are 
being built for the main supply, with thermal power 
stations to act as a standby in case of need, as, for 
example, during periods of drought. The first hydro- 
electric power station, that of Sidi-Machou, on the 
Oued Oum er Rebbia, is now nearing completion, and is 
to start running in the early months of this year. The 
installation of other similar stations is contemplated, 
notably on the Oued Beth, a tributary of the Oued 
Sebou, and in the Atlas region, on the Oued el Abid. 
The Sidi Said Machou power station will develop about 
25,000 kw., and in an average year will have a capacity 
of about 50,000,000 kw.-h. 

For the present, current for operating a part of the 
railway system is supplied by the Roches Noires 
steam-driven power station, located near the port of 
Casablanca, in close proximity to the site where the 
fuel proceeding from England and from France is un- 
loaded. The power station is on the sea front and 
sea water is employed for condensing purposes. The 
station contains three 5,000-kw. steam turbo-alternator 
sets; a fourth similar set is in course of completion. 
Coal consumption is about 1-2 k. (2-5 lb.) per kw.-h. 
at the switchboard. The Roches Noires station supplies 
two 60,000-volt mains running respectively to Kourigha 
(via Sidiel Aidi) and to Kenitra (via Rabat and 
Salé); the latter trunk may be shortly extended to 
El Kansera, Meknés and Fez. The Kourigha line 
supplies current to the important installations of the 
Shereefian Phosphate Department. A further 60,000- 
volt main from Sidi el Aidi to Marrakesh is to be laid 
for the electrification of the Marrakesh standard-gauge 
line. Besides these lines, others at 60,000 volts are 
either laid or in progress to connect up the Sidi Machou 








hydro-electric station with the existing system, namely, 
the Sidi el Aidi to Sidi Machou main, and that from 
Sidi el Aidi to Casablanca. Other lines for 22,000 
volts are to supply the region being developed in the 
vicinity of Casablanca as far as Fedallah. The whole 
of the system of the Compagnie des Chemins de fer du 
Maroc are to be electrified ultimately. 

The sub-stations which are located at distances of 
about 60 km. (37 miles) from each other are, except 
for one at Casablanca, operated semi-automatically. 
All 60,000-volt current switches and isolating switches 
are hand-operated, but all operations for starting or 
stopping the rotary sets are automatic. The Casablanca 
sub-station acts as a controlling sub-station, and in this 
all the switches are hand-operated. This method of 
working has been selected owing to the difficulty in 
finding in the country the right class of men for the 
task. 

Besides the Roches Noires steam-driven power station, 
there are two others, considerably smaller, which con- 
tribute to the current supply, namely the Boulevard 
Ballande station, at Casablanca, equipped with two 
Diesel engines, each driving a 1,000-kw. alternator, and 
a steam engine coupled to a 500-kw. similar machine, 
and the Salé station, near Rabat, which contains two 
steam-driven 400 kv.-a. alternators and two 800-kv.-a. 
alternators driven by Diesel engines. Both the latter 
stations have been purchased by the Société Energie 
Electrique du Maroc from a former company. 

The Sidi Machou hydro-electric power station, on 
the Oued Oum-er-Rebia, the most important river of 
West Morocco, is at a distance of 35 km. (21-7 miles) 
from the sea coast. The natural head at the spot has 
been raised by a barrage which provides a good reserve 
of water. The useful capacity of the impounded water 
corresponds to a reserve of energy equivalent to about 
60,000 kw.-hours, or sufficient to keep the station 
running under full load for three hours. The station 
is equipped with four turbo-alternator sets running at 
187 r.p.m. The alternators are three-phase, 32-pole 
machines, developing 5,200 kw. three-phase 50-period 
current, the pressure being 5,500 volts. Two 350-h.p. 
turbo-alternator house sets are also installed. A trans- 
former station for stepping-up 68,000 volts is in a 
separate building near the main power station, there 
being in a ground-floor room two sets of three single- 
phase 3,333 kv.-a. transformers with the high-tension 
apparatus; the low-tension room is directly above, 
whilst on a terrace forming the roof are mounted the 
protective devices and the connections for the outgoing 
mains. 

Full particulars concerning the railway system in the 
French Moroccan Zone are contained in a recent paper by 
Mr. Parodi, Chief Electrical Engineer to the Paris- 
Orleans Railway, read before the Société des Ingénieurs 
Civils de France, to which we are indebted for the 
information contained in this article. 








Tue IsHERWOOD SYSTEM OF SHIP CONSTRUCTION.— 
Annual progress returns furnished by Messrs. Sir J. W, 
Isherwood and Company, Limited, 4, Lloyd’s-avenue. 
London, E.C.3, show that 35 ships having a total dead- 
weight-carrying capacity of 261,540 tons, were built 
on the Isherwood, the Isherwood ‘‘ Combination,’”’ and 
the ‘“ Bracketless ” systems during 1928. The largest 
vessel delivered during the year was the motor oil-tank 
ship C. O. Stillman, which has a deadweight carrying 
capacity of 21,250 tons. A feature of the year’s activities 
was the development of the Combination system, a 
variation in the design of longitudinal construction 
adapted to general cargo, passenger, and other types of 
vessels. The Greystoke Castle and Muncaster Castle, 
two fast cargo liners of about 8,750 tons deadweight 
carrying capacity, were built on the Combination system 
by Messrs. Cammell Laird and Company, Limited, for 
the Lancashire Shipping Company, Limited, of Liverpool. 
That these vessels have given satisfaction is shown by 
the placing of an order for two further similar vessels 
with the same builders by the same owners. 

New WHARVES IN SypNEY Harsour.—A sum of 
from 10,000,0002. to 15,000,000/., spread over the period 
1929 to 1961, is to be spent by the Sydney Harbour 
Trust on the construction and reconstruction of wharves 
in the vicinity of Sydney Harbour. The first works to 
be undertaken involve a length of wharf of 7,600 ft., 
and should be complete by 1934. This portion includes 
the reconstruction of White Bay oil and coal wharves, 
Glebe Island, the remodelling of the old grain jetty in 
Pyrmont, and the construction of a new marginal wharf 
in place of the old Pyrmont coal wharves. From 1934 
to 1938, the construction of 4,800 ft. of wharves in 
Blackwattle Bay will be undertaken, and, during the 
succeeding four years, similar work will be carried out 
in Rozelle Bay, involving 6,000 ft. of wharf. The 
period 1943 to 1948 will be devoted to constructing 
8,100 ft. of wharf space from White Bay to Stephen- 
street, from Johnston’s Bay to Peacock-street, and 
thence to Simmons Point and to Mort’s Bay. Wharves 
of a length of 5,800 ft., in the Long Cove, from Leich- 
hardt park to the bridge will be constructed from 1948 
to 1952. The final section, involving 12,800 ft. of 
wharf, from the bridge to Birchgrove park, in the Long 
Cove, and a further 6,500 ft. in Snails Bay, will be 
built from 1952 to 1961. The total length of new 
wharfage thus to be built amounts to 51,600 ft. 
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3,000-VOLT AUTOMATIC SUB-STATION 
EQUIPMENT FOR THE SOUTH 
AFRICAN |RAILWAYS. 


A Goop deal of information regarding the electrical 
equipment and operation by that means of the main line 
between Glencoe and Pietermaritzburg, on the South 
African Government Railways, has been published, inter 
alia, in the recent annual reports of the general manager 
and in a paper, which was read by Mr. F. Lydall 
before the Institution of Electrical Engineers on 
March 29, 1928.* An interesting feature of the 
equipment of this line about which little has been 
said is, however, the use of automatic apparatus for 
controlling the 3,000-volt motor-generators which 
are used in the sub-stations. This apparatus, as well 
as the rest of the sub-station equipment, was manu- 
factured by the British Thomson-Houston Company, 
Limited, of Rugby, to the order of the South African 
Railway Administration, under the direction of Messrs. 
Merz and McLellan, consulting engineers. Some time 
ago, the South African Electricity Supply Commission 
took over the sub-stations from the Railway Administra- 
tion, which now buys power from the Commission. 
Recently the Commission has purchased duplicate 
equipment for the purpose of extension. 

It may be recalled that the electrified section is 
176 miles long, and traverses mountainous country 
with many sharp curves and steep gradients, including 
a length at 1 in 50, as shown in Fig. 1. The carrying 
capacity of the line has been raised from 20,000 tons to 
30,000 tons per diem by the conversion, and it is hoped | 
that it will be increased to 35,000 tons by 1930. Trains | 
weighing 1,600 tons can be hauled without the train | 
being divided, as was formerly necessary, and the 
average time occupied on what was an eight-hour run 
has been reduced by half an hour. The electric’ 
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2,340-kv.-a., 6,600-volt, 50-cycle synchronous motor 
direct coupled to two 1,000-kw., 1,500-volt  direct- 
current generators, the speed being 500 r.p.m. The 
two generators are cornccted in series to supply energy 
at 3,000 volts, at which pressure the overhead contact 
lines are supplied. A view of two of these units in 
the sub-station at Estcourt is given in Fig. 2. The 


below. It may be added that three of the sub-stations 





middle machine is the synchronous motor, with a 
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contain one guch set, eight two, and one three, so that 
there are 22 in all. This arrangement, as will be seen 
later, gave rise to some interesting problems in 
connection ‘with the automatic-control system, while 


ithe use of regenerative braking for the first time on 


3,000-volt locomotives was a novel and complicating 
feature in the design of the equipment. 


Fig. 7. LOCATION OF AUTOMATIC SUBSTATIONS ON-THE SOUTH AFRICAN RAILWAY 
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locomotives can also be kept in service for a longer 
period than those worked by steam without repairs 
being necessary. mi j 

The electricity for supplying the line is obtained 
from a station at Colenso, where 60,000 kw. of 
plant, generating three-phase current at 6,600 volts, 
50 cycles, is installed. The sub-station at Colenso 
is supplied directly from the generating station *bus- 
bars, but the energy for the remaining 11 traction 
sub-stations is stepped up to 88,000 volts in an outdoor 
sub-station and transmitted by a duplicate overhead 
line. These traction sub-stations are equipped with 
one or more motor-generator sets, consisting of a 

* See ENGINEERING. vol. cxxi, page 402 (1926); vol. 
exxiii, page 520 (1927); and vol, exxv, pages 402, 650 
and 679 (1928). 
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direct-current generator on each side of it, while the 
exciters for the motor and generators, respectively, 
are located at each end. In order to prevent flash- 
overs on the direct-current generators, each brush arm 
is shrouded in insulation and contains a blow-out coil, 
while a series of fan blades mounted between the 
armature and commutator, which are of equal diameter, 
assist in extinguishing the arc and provide ventilation. 
This combination of shields, blow-out coils, and air 
blast has, we understand, been found satisfactorily to 
protect the surface of the commutators under the worst 
conditions of operation, and since the pedestal bearings 
are also shrouded, the chance of an arc reaching 
metal before it is extinguished is remote. Further 
features in the design of these machines, which relate 
more particularly to the automatic working, are given 


YSTCOURT SUB-STATION. 


It will be convenient to begin by describing the 
special windings employed on these machines to render 
them suitable for automatic working and regeneration. 
Fig. 4 is a diagram of the machine windings in a 
two-unit sub-station. As will be seen, the field 
windings on each direct-current generator consist 
of a separately excited shunt field and two series 
fields, one of the latter being differential and the 
other ‘‘ cumulative’, when the machine is genera- 
ting. The result is that approximately flat com- 
pounding is obtained. The cumulative series field is 
short-circuited when the motor-generator is re- 
generating, in order to give the correct compounding 
for this condition. When two or more sets in one 
sub-station are running in parallel, the cumulative 





series windings are equalised. The differential series 
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winding, which is in series with the armature under all 
conditions, tends to reduce the instantaneous current 
peaks, and to equalise the load between sets which 
are running in parallel. It also gives stability when 
“‘ inverted ”’ running takes place during regeneration. 
Exciting current for the direct-current generators is 
supplied from a self-exciting compound-wound machine, 
which generates at a constant pressure of 110 volts. 
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with a vertical spindle, the field of which is supplied 
from the 110-volt direct-current exciter, while the arma- 
ture is traversed by the load current. This armature 


is controlled by a spring, so that it takes up a position 
which varies with the load, and, in so doing, operates 
a rheostat which, in turn, alters the excitation of the 
differential shunt winding of the synchronous motor, 
so as to give the correct power-factor. 








Fig. 3. 





Fie. 5. 


This machine also supplies the shunt field of the | 


exciter for the synchronous motor, as well as current 
for operating certain of the automatic-control devices. 

To ensure that the field current is the same in all 
the machines that are running in parallel, the shunt 
fields on the generators and the exciter armatures feed- 
ing them are all connected in series. The amount of 
resistance in the field circuits of each machine is kept 
approximately the same, so that in the event of one 
machine being disconnected the field settings of the 
remainder are correct for the new operating conditions. 

The exciter for the synchronous motor has a sepa- 
rately-excited shunt winding and two series windings, 
one differential and one cumulative, the latter being 
connected in the main generator circuit. The cumu- 
lative winding is short-circuited when re-generation is 
taking place. A self-excited differential winding is also 
provided to give the desired power-factor at varying 
joads ; the control of this winding is automatic. A torque 
motor, working in conjunction with the latter winding, 
alters the exciter characteristic in accordance with 
the load. This torque motor is a four-pole machine 
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IsOLATING, PARALLELING AND EQUALISING PANELS. 





Drrect-CuRRENT CONTACTOR GROUP. 


The operation of starting up may now be dealt 
with, but first it should be noted that the main trans- 
formers supplying power to the motor-generator sets 
can be fed from either of two transmission lines through 
oil-immersed circuit-breakers, the latter being con- 
nected to the lines through motor-operated electrically- 
interlocked isolating switches. Both the isolators and 
the circuit-breakers are controlled independently during 
manual operation, though the former cannot be opened 
or closed if the circuit-breakers are closed. During 
automatic working, however, the connections are so 
arranged that the operation of each isolator and its 
attendant oil circuit- breaker is co-ordinated, the isolator, 
in closing, also closing an auxiliary switch which auto- 
matically causes the oil circuit-breaker to close. On 
the other hand, opening the control switch causes a 
trip coil on the circuit-breaker to be energised, and, 
after the latter has opened, an auxiliary switch causes 
the isolator to open. The above controls for the high- 
tension switchgear are independent of those for the 
motor-generator sets, so that a local supply for lighting 
the towns and villages can be obtained from the main 











transformers without it’ being necessary to run the 
machines. A view of the isolating control panels, 
together with the paralleling and equalising panels,: the 
object of which is described below, is given in: Fig. 3. 
Assuming that the main transformers, are energised, 
and that the high-tension oil circuit-breakers.. are 
closed, the sequence of operations in starting a motor- 
generator is as follows:—When the distant control 


To + Track 
UNIT B 


To+ Track 5 
ne Fig. 4. 


=—— Solating Switches #8 S. ———> 
Vv ‘ 


—— DC. Generator Armatures.N°j —> 
~— D.C. Generator Armatures N°2 —~ 
+ D.C. High Speed TripFree Breakers —> 
Series Field ee ee on 

Synchronous Motor Exciter Series Field, -> 
DC. Generator Com Poles & ; 
<— — Windings N°2 ata 

DC.Generator Differential Series 
. Field N° Z vid 
+ Torque Motors for PF Correction —>- 





one 
Qontactor 


D.C. Generator Differential Series N71 











(-———_ Reverse Power Relays ———>}) 
(872.0.) Be 


“ENGINEERING 


switch in the nearest signal cabin is closed, the circuit 
of the alternating-current under-voltage relay is com- 
pleted. The contacts of this relay, providing that the 
voltage is above a pre-determined value, complete the 
master-control contactor citcuit. The closing of this 
master-control contactor completes the circuit of the 
motor driving a controller, the correct sequence of 
operations being ensured by interlocks between the 
master-control contactor and the segments’ on the 
controller drum. These interlocks ensure’ that the 
master-control contactor only closes when the con- 
troller is in the “‘ off” position. If the controller is not in 
the “ off” position when the starting impulse is received, 
it will automatically rotate to that position before 
the master-control contactor closes. This contactor 
controls not only the motor operating the controller, 
but also the supply of electricity to the other operating 
devices. It is, therefore, impossible for the equipment 
to function in any but the correct sequence, because, 
in rotating from the “off” position, the controller 
segments must make contact with the appropriate 
fingers, in order to complete the circuits of the control 
devices. 

The first operation performed by the controller is 
to open the discharge circuit of the synchronous 
motor field, and the next is to close the starting 
oil circuit-breaker which connects thé stator windings 
of the synchronous motor to the starting tappings 
on the main transformer. This causes the synchronous 
motor to start. The controller circuit is now inter- 
rupted, so that the controller drum comes to rest 
until the synchronous motor has accelerated to 95 per 
cent. of its synchronous speed. A centrifugal switch, 
mounted on the motor shaft, then closes a contactor, 
and thus completes a circuit which causes the controller 
to restart and to rotate until it completes the circuit 
of the synchronous motor field contactor. The closing 
of this contactor connects the motor field to its exciter. 
The circuit of the motor driving the controller is now 
again interrupted, until the field has built-up and the 
synchronous motor has pulled into synchronism. The 
controller then causes the starting circuit-breaker to 
open, so disconnecting the synchronous motor from 
the transformer tappings. Immediately afterwards 
it completes the circuit of the “running ”’ oil circuit- 
breaker, which, in.turn, connects the motor to the full- 
voltage windings of the transformer. The motor- 
generator set is now running on the alternating-current 
supply, and is ready for connection to the direct-current 
system. 

Ifthe motor-operated main field rheostat for the 
direct-current generators is not already in the minimum 
field - position, it will rotate to that position: as the 
motor-generator set accelerates and the exciter for the 
direct-.current generators builds up the voltage. When 








214 


the controller comes to rest in the “‘ running ’”’ position, 
as described above, a circuit controlling the high-speed | 
direct-current circuit-breaker is completed. This | 
causes the high-speed circuit-breaker to close, while | 
at the same time the load-limiting resistance on the | 
negative side of the machine is short-circuited. | 

A voltage-equalising relay then takes control of the | 
motor-operated field rheostat and raises the voltage | 
of the direct-current generators until it is equal to, or | 
just above, that of the direct-current system. It next 
completes the circuit of the main contactors which | 
close and connect the generators to the system, so that | 
the motor-generator set is now connected to both the | 
alternating current and direct-current systems, and is | 
available to supply power. 

The field rheostats used are suitable for reducing the | 
generator pressure to approximately 750 volts, so that, | 
under all normal working conditions, the machine and 
line voltages can be equalised before the machine is 
connected to the track conductors. The voltage is 
then automatically brought up to normal by the shunt 
field control, and is kept constant for both generating 
and regenerating conditions up to about twice full 
load. Means are provided for reducing the voltage 
as the load increases above this value when generating 
only. If the line is dead, the machine is connected 
to it at 750 volts, and the voltage subsequently raised 
automatically to normal. 

When a machine is on load, the voltage of the direct- 
current generators is kept constant, up to a pre- 
determined load, by a voltage-regulating relay, which 
controls the field rheostat. Should the load exceed | 
this value, the control is automatically transferred | 
from this voltage-regulating relay to a load-regulating 
relay, which lowers the voltage of the generators as 
the load increases, so as to distribute the additional load | 
among the adjacent sub-stations. A view of a direct- | 
current line contactor group, high-tension relay panel, 
torque motor, and direct-current high-speed trip-free | 
circuit- breaker is given in Fig. 5. 

In order to shut down a set, the control switch in the 
signal cabin is opened by hand, This operation 
interrupts the circuit of the alternating-current under- 
voltage relay, and the movement of the latter 
interrupts the master-control contactor circuit. The 
opening of this contactor causes the line contactors to 
open, thus disconnecting the direct-current generators 
from the direct-current system and completing the trip- 
coil circuit of the “ running ” oil circuit-breaker. This 
circuit-breaker therefore opens, and disconnects the 
synchronous motor from the transformers. It also 
completes the circuit of the motor operating the con- 
troller, thus causing the latter torotate to the “ off” 
position, so that it is ready for use when restarting is 
necessary. 

On an automatic system such as this, the question of 
protection is obviously of supreme importance, as the 
apparatus used for that purpose must be designed to | 
operate under a number of different conditions. In this | 
case, the appropriate devices with which each motor- | 
generator is equipped may be divided into four main 
classes : (1) Those which reduce the load without dis- 
connecting the machines from the alternating or direct- 
current supplies; (2) those which disconnect the 
direct-current machines from the track conductors, but 
leave the alternating-current machines connected to the 
line ; (3) those which disconnect both the alternating 
current and direct-current machines, but allow the unit 
to be restarted automatically ; and (4) those which 
disconnect both the alternating current and direct- | 
current machines, but prevent automatic starting. 

The devices used in class 1 comprise a load-limiting | 
relay, working in conjunction with a thermal relay | 
which alters the calibration of the former. Those in | 
class 2 consist of a second thermal relay, which operates | 
at a temperature 10 deg. ©. above that of the first, an 
a high speed circuit-breaker which is connected between 
the negative side of the armature and the series wind- 
ings of the direct-current machines. When this breaker 
opens, it inserts resistance in the main circuit, and, 
should an excessive overload persist, also disconnects 
both the alternating-current and direct-current mach- 
ines. Class 3 includes an alternating current under- 
voltage relay, while in class 4 are various devices, 
which operate when faults on different parts of the 
system occur. 

In considering the protective system in detail, it 
will, however, be convenient to deal first with the 
operations which are performed by the various appa- 
ratus when a breakdown takes place on the machines 
themselves, or their associated equipment, and subse- 
quently to describe what happens when an overload 
or breakdown occurs on the line. Should there be 
a breakdown in the insulation of the windings or a 
flashover to the frame, the direct-current earth leakage 
relay, which is connected between the base plate of 
each machine and earth, will interrupt the control 
cireuit of the generator-field contactor. The resuit will 
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be that the field circuit will be opened and the damage 
localised. This relay will also open the control circuit 
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of the master-control contactor, and the latter, in turn, 
will shut down the motor-generator. If a short-circuit 
or leakage takes place in a transformer, the appropriate 
relay will trip the high-tension circuit-breaker, and 
the opening of an auxiliary switch on the latter will 
cause the motor-generator to shut down. 

Certain faults may occur both during starting and 
during running. Among these are overloads and 
leakages on the synchronous motor. When _ these 
arise, the overload or Jeakage relays will trip the 
appropriate circuit-breaker, so that the motor will be 
disconnected from the transformer. The circuit of the 
master-control contactor will also be opened, so that the 
motor-generator will be shutdown. The overload relays 
used for this purpose are fitted with a time-delay device 
to prevent their operation when a fault on the direct- 
current system is cleared by the high-speed circuit- 
breaker. 

If the pressure of the direct-current generators 
does not build up during the starting sequence, the 
voltage-equalising relay will not connect the machine to 
the system, and the latter will ultimately be shut down 
by the sequence-timing relay. On the other hand, should 
a generator field fail while the machine is on load, the 
reverse current will operate a reverse-power relay, 
the setting of which is such that it is unaffected by the 
normal regenerated current. This relay will then open 
the circuit of the master-control contactor and shut 
down the set. 

The correctness of the sequence of the starting 
operations is controlled by a time-delay relay, which 
comes into action at the beginning of the sequence. 
If that sequence is not completed, owing to the failure 
of any of the apparatus concerned, within the period 
for which the delay relay is set, the latter will open the 
control circuit of the master-control contactor and thus 
shut down the set. If the motor field should fail to build 
up during starting, the field relay will not operate, and 
the starting sequence will not be completed. The set 
will therefore ultimately be shut down by the sequence- 
timing relay. If the motor field, on the other hand, 
fails while the plant is running, the field relay will 


be de-energised and will open the control circuit | 


of the master-control contactor, thus shutting down 
the set. 

Should a transmission line break, a single-phase 
starting protective relay will prevent the starting 
oil-switch from being closed, so that the machine cannot 
be started with one phase open-circuited. If the 
polarity of the direct-current-generator exciter be 
reversed for any reason, a polarised relay, which is 
connected across the armature of that machine, will 
prevent the high-speed circuit-breaker from closing. The 
sequence of the starting operations will not, therefore, 
be completed within the time for which the sequence- 
timing relay is set, and, at the end of that period, the 
machine will be shut down. 





OPERATING SIDE OF MACHINE. 


During running, the fault which is most likely to 
occur is an overload or a short-circuit on the 
track. The first effects of such a fault will be to 
open the high-speed circuit-breaker which is connected 
in the negative conductor, and to put a limiting 
resistance in series with the generators. An auxiliary 
switch on the high-speed circuit-breaker then opens 
the control circuit of the line contactor, so that 
the generators are disconnected from the direct- 
current system. A second auxiliary switch completes 
the circuit of the motor controlling the field rheostat, 
so that all the field resistance is inserted and the 
generator voltage is thus reduced to a minimum, 
while a third completes the circuit of the repeat-action 
relay and causes it to advance one notch. 

When the field rheostat has reached the position 
where all the resistance is in circuit, an auxiliary 
switch closes the circuit of the high-speed circuit- 
breaker. The latter, therefore, closes, and the voltage 
of the machine is gradually raised, by the withdrawal 
of field resistance, until it is equal to, or just above, 
that of the direct-current system. The line contact 
next re-closes in the same way, as was detailed above 
in the description of the starting operations, and 
connects the machine to the track. If the fault still 
persists, so that the high-speed circuit-breaker opens 
again before the time delay of the repeat-action relay 
has expired, the coil of that relay is completed for 
a second time, the relay advances another notch, 
and the above sequence of operations is repeated. 
The relay can be set to advance any desired number 
of notches, and the above operations can therefore 
be repeated for a corresponding number of times. 
At the end of this period, if the fault has not 
been cleared, the contact of the repeat-action relay 
will be opened and the motor-generator locked out. 
It will remain locked out until the relay is re-set. 
If the fault is cleared during the above series of 
operations, the relay will be re-set automatically after 
a definite time-interval, so that a complete shut down 
does not occur unless the fault persists for a considerable 
period. 

Damage due to overspeed is prevented by a centri- 
fugal device on the motor-generator shaft. This device 
| closes a series of contacts at a pre-determined speed, 
so that the control circuit of the master-control con- 
tactor is opened and the set shut down. The same 
circuit is opened by a series of thermal relays if the 
bearings overheat. Arrangements are also provided 
whereby, if the temperature of the machine exceed 
a certain lower value, the load on it is automatically 
reduced. If the temperature continues to rise under 
the reduced load conditions, the machine is, of course, 
disconnected, as just described. This enables the 
machine to be kept on load, as long as such a course is 
safe from the thermal point of view. 

(To be continued.) 
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MELLING CAM-TURNING LATHE. 


CONSTRUCTED BY THE WALCOTT MACHINE COMPANY, JACKSON, MICH., U.S.A 
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Fie. 5. Front View SHOWING CAMSHAFT BEING TURNED AND STEADY REsTs. 


Tue Iron AND Steet InstrtvTe.—The annual meeting; annual dinner will he held on the evening of May 2 at 
of the fron and Steel Institute will be held on May 2 and 3| the Connaught Rooms, Great Queen-street, London, 
next, at the Institution of Civil Engineers, Great George-| W.C.2. The annual autumn meeting will be held at 
street, London, S.W.1. At this meeting, Professor | Newcastle-on-Tyne in the week commencing Monday, 
Henry Louis will assume office as president. The | September 9. 


ia | THE MELLING CAM-TURNING LATHE. 


| A CHARACTERISTIC of the most modern methods 
| of works management is that.of keeping a close watch 
|on that point in the rate of production of certain 
| complicated articles at which the purchase of a special 
| machine for the particular operation concerned would 
| be a good investment. For example, the processes 
of turning the camshaft of the light internal-com- 
| bustion engine preparatory to grinding are lengthy. 
and it has been found that for firms having an output 
| of five camshafts and upwards per hour the installation 
| of a special cam-turning lathe will pay. We recently 
|inspected such a machine at work in the shops of 
| Messrs. Alfred Herbert, Limited, Coventry. This was 
| the Melling cam-turning lathe made by the Walcott 
| Machine Company, of Jackson, Mich., U.S.A., for whom 
|Messrs. Herbert are agents. It is illustrated in 
the accompanying Figs. 1 to 5. The leading 
feature of the machine is that of turning the whole 
of the cams on a camshaft at one operation, either 
from the rough forging or from a concentrically turned 
shaft. This is effected by the employment of a master 
camshaft which is inserted in the machine at the 
back, and is used to trace out the path of the cutting 
tools, a separate set of cams being employed to give 
the tools the correct cutting angle. 

| The particular machine shown in Fig. 1 is arranged 
for turning the camshaft of a six-cylinder motor-car 
engine with 12 cams, but the tailstock may be moved 
along the bed in either direction so that a four-cylinder 
or eight-cylinder shaft may be turned, the number of 
cutting tools being altered accordingly. A roughing 
cut is first taken, and this is followed by a finishing 
cut which is so close to the required contour that 
only a very light finish grind is required. As rough 
grinding is thus dispensed with, all the cams may be 
hardened to a uniform depth. The camshaft to be 
turned is held in chucks of the collet type, and is 
driven from both ends, the speed of rotation being 
the same as that of the master cam. The motion of 
the cutting tool will best be understood by a reference 
to Fig. 3, which shows a tool carrier, while Fig. 2 
shows the arrangement of the carriers at the back of 
the lathe. In this figure the protecting covers are 
removed, and one of its more striking features is the 
secondary shaft, at the top of the machine, carrying 
the tool-tilting cams. 

As shown in Fig. 3 the carrier consists of a U-shaped 
block inside which is a sliding portion, to which the 
tool is fixed. The master camshaft lies in the virtual 
groove formed by the recesses in the row of carriers, 
and the cams give a backward motion, t.e. away from 
the work, to the tool by pressing against a roller 
in the sliding portion. An extension to the carrier 
is fitted with a compression spring acting on the sliding 
portion. This spring keeps the tool up to the work 
and provides a practically uniform pressure on it. 
An adjusting screw permits control of this pressure 
to be maintained. A second adjusting screw on the 
sliding portion permits the roller to be moved inwards 
or outwards relatively to the master cam, so that the 
diameter of the cut cam can be made larger or smaller 
than the master cam if necessary. This adjusting 
screw is provided with a graduated and knurled knob. 
and by turning it to the right the cam can be made 
larger than the master cam, by an amount of approxi- 
mately 0-0015 in. in diameter for one notch of 
graduation. Turning the screw to the left decreases 
the diameter of the cut cam by the same amount. 
Both this and the spring-adjusting screw are clearly 
shown in the lower portion of Fig. 2 

The mechanism above described moves each cutting 
tool forward and back, and provides the correct 
motion so that it will dwell on the concentric part 
of the cam being cut, and will appropriately move 
when cutting the lobed part, but it will be realised 
that, when the latter part of the operation is taking 
place, the tool will have to be tilted so that its 
clearance and top rake are automatically kept the 
same at all points of the cam periphery. This is 
effected by the tool-tilting cams previously alluded to 
as being conspicuous in Fig. 2. The tool holder is 
made in the form of a bell-crank lever, the short end 
holding the tool, the long end terminating in a roller 
which is kept up to the tilting cam by a tension spring, 
a construction readily followed in Fig. 3. The tilting 
camshaft revolves at the same speed as the master 
camshaft, and the cams are therefore complementary. 
They are generated, by a kind of reverse process on 
the machine, from the master cams when the machine 
is being set for a new shaft, and no drawing or other 
layout is required. The individual cams are keyed to 
the shaft and located longitudinally by a collar and set 
pin. The shaft can be rotated slightly by an adjustment 
at one end to correct any departure from the proper 
outline of the nose of the cam, due to wear of the 
tools, after several months. The tools are made from 
fs-in. sq. high-speed steel, and are set for nominal 
size in the holders by a gauge. It is claimed that 
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one set of tools, with due regrinding, will turn 8,000 
shafts. 

The tool carriers are bolted to the bed of the machine 
at the pitch required by the spacing of the cams on the 
shafts being. turned, which may necessitate special 
grouping. Fig. 5, a front view of the machine ,ith 
a camshaft in position for turning shows such a setting. 
The two steady rests visible in the foreground of this 
figure are shown in more @etail in Fig. 4. The locking 
action is rapid, and a fine adjustment is provided by 
making the fulcrum-pin eccentric. The work table 
which carries the headstock and tail stock has a trans- 
verse motion, as well as the longitudinal feed motion. 
This is given to it in two ways, one by a rocking lever, 
the actuating handle of which is seen to the left of 
Fig. 1. Movement of the handle puts the work first 
into the position for a roughing cut, then, when the 
machine is started, the table automatically feeds to 
the left when taking the cut, at the conclusion of which 
it drops back into its original roughing position. It is 
then fed automatically in a transverse direction into 
the finish cut position, a movement which is followed 
by the longitudinal feed for the cut. At the end of 
this cut the table retreats clear of the tools once more 
to the roughing position and the clutch is thrown out, 
stopping the machine. The operator then further 
withdraws the table by the rocking shaft lever and 
removes the finished camshaft. 

The automatic transverse and longitudinal feed 
motions of the table are derived from the two cylinder 
cams visible at the left hand of Fig. 1, near to the head- 
stock. Beyond the cams can be seen the lever which 
actuates the clutch on the driven shaft. The cams are 
driven by worm gearing at the back of the machine. 
Three rates of feed are provided, from 0-008 in. to 
0-0015 in. per revolution, the change gear for which 
is seen with its handle to the extreme right of Fig. 2. 
The drive in the machine we inspected was, as shown 
in Fig. 1, by electric motor, of about 5-h.p., but the 
machine is also made for belt driving, in which case a 
pulley of 12 in. in diameter running at 549 r.p.m. to 
770 r.p.m. per hour is required. The output of these 
machines depends upon the type of shaft being turned, 
the work being done at 140 r.p.m. to 200 r.p.m. of the 
shaft, and is from 25 per hour to 45 per hour. Three 
sizes of machine are made which will take shafts of 
lengths of 28 in., 40 in., and 50 in. respectively between 
the faces of the collets. ‘The headstock collet is fitted 
with a registering device, so that the shaft keyway 
can be maintained in a constant position relative to the 
cam axes. Both collets are fitted with a knurled 
adjusting screw so that they can be made to grip 
tightly shafts of differing diameters. The lubricating 
arrangements of the machine are very complete and 
a noticeable feature of its substantial base is the 
sloping trough for chips and oil between the pedestals. 








MopEL or Rotary Dryer.—tThe firm of Atalanta, in 
which women are exclusively employed, both as shop 
hands and executive, is established at 1, Brixton-road, 
S.W.9, and has recently completed a working model for 
Messrs. Edgar Allen and Company, Limited, of Sheffield, 
who are presenting it to the South Kensington Science 
Museum. We have recently been afforded an opportunity 
of examining this model, which is a reproduction of the 
drying plant which Messrs. Edgar Allen build. It is 
i y to emphasise the fact that a model intended 
for a national collection must be a faithful copy of the 
original even in small details, and it is also desirable 
that it should be well finished. The former desideratum 
calls for a high degree of accuracy, but both requirements 
have been commendably fulfilled by Messrs. Atalanta, 
and when placed in the museum, the model may well 
serve the double purpose of illustrating the apparatus 
employed in a commercial process and the degree of skill 
attainable by women workers. 








CADMIUM AND Its UsEs.—Lecturing before the Junior 
Institution of Engineers recently upon the properties 
and uses of cadmium, Mr. C. F. Moore stated that a 
copper-cadmium alloy containing about 1 per cent. of 
cadmium was used for trolley wires on tramway systems. 
Tests had shown that the life of the new alloy was twice 
or three times that of best hard-drawn copper wire. 
The 1 per cent. of cadmium raiszed the tensile strength 
from 29 tons to 50 tons per square inch, and the conduc- 
tivity was maintained at about #1 per cent. Cadmium 
was also employed as a deoxidant in the aluminium 
foundry. Its use resulted in greater homogeneity in 
the castings, freedom from bubbles and increased tensile 
strength and elastic properties. Modern stain-resisting 
silver contained cadmium, and, quite recently, small 
quantities of the metal were added along with tin or with 
antimony to lead, for electrical cable coverings. The 
introduction of cadmium’ gave improved mechanical 
properties, particularly with regard to resistance to 
failure “under alternating stresses. Moreover, these 
properties were secured with smaller quantities. of 
cadmium than of.either tin-or of antimony. Bearing 
metals containing cadmium were stated to possess a 
very low coefficient’ of friction. _Mercury-cadmium 


alloys were also employed in the manufacture of standard 
cells, of which they formed one of the principal .com- 


ponents.’ ; 





HIGH-FREQUENCY SOUND WAVES. 


One of the lectures given in connection with the 
Physical and Optical Societies’ Exhibition, which 
has recently been described in detail in our columns, 
dealt with high-frequency sound phenomena. 

In this lecture, which was entitled «‘ Experiments 
with High-Frequency Sound Waves” Professor F. 
Lloyd Hopwood, D.Sc., pointed out that supersonic 
or ultra-sonic sound waves, exceeding in frequency the 
upper range of audibility of the human ear, viz., about 
20,000 vibrations per second, could be produced by 
rubbing a steel wire with a resined rag or by tapping 
a steel disc, about 1 cm. thick and in other ways. The 
steel disc, however, might give unpleasantly audible 
transversal vibrations in addition to the desired longi- 
tudinal vibrations of the order of 100,000 cycles per sec. 
Professor Hopwood himself made use of piezo-electric 
resonators. The late Pierre and Jacques Curie observed 
that, when a disc of quartz was compressed. its faces 
became electrically charged, and that the charge re- 
versed on applying tension. The lecturer demonstrated 
this with a quartz spectacle lens, compressed by a 
knife edge, and a quadrant electrometer. Conversely, 
Pierre Curie also found that the application of charged 
electrodes to a quartz plate would contract the plate 
in one direction, and expand it in the other, and 
that the plate should be cut with the plane faces 
parallel to the optic axis, and at right angles to the 
binary or electric axis. Thus the quartz crystal 
would admit of the mutual conversion of electric 
energy into elastic deformation, and this was applied 
in varions ways, but the production of sound by these 
means only occurred to Professor Langevin, of Paris, 
during the war. 

For such experiments, the frequency of the oscillating 
potential difference between the faces of the plate or 
disc should correspond with one of the nodes of the 
natural vibrations of the quartz. Professor Hopwood 
clamped the plane face of his disc to a lead plate, 
and placed a piece of copper foil (about 1 in. in 
diameter) as a second electrode against the other face. 
The whole was mounted in a tank containing oil or 


| other liquids arranged for either horizontal projection of 


a beam of light (which would be reflected by the vertical 
walls of the tank) or for vertical projection towards the 
surface of the liquid. With horizontal projection a 
glass plate, strewn with dust, showed the strie of 
stationary waves, about 1 mm. (half a wave-length 
at a frequency of 750,000), apart. Professor Hopwood 
himself obtained permanent electrolytic records of 
the nodes by depositing copper -or silver from their 
salt solutions, and also demonstrated other reflections, 
interference, diffraction (with the aid of glass-rod 
gratings) and the radiation pressure of the sound 
waves (with Langevin’s torsion pendulum). Vertical 
projection raised an oil mound above the disc, and 
liberated air bubbles from water, which rose or remained 
stationary according to their size. When pressure 
was applied, the bubbles disappeared, and measure- 
ment of this pressure gave the first satisfactory means 
of determining the energy density inside a small vessel 
and the sound intensity. When a test tube drawn 
out to glass threads was dipped into the oil mound 
and the thread was squeezed tightly between the 
fingers, the latter were burnt. This and other 
experiments on animals and plants, made by Professor 
Hopwood and by R. W. Wood (see ENGINEERING, 
December 23, 1927, page 815), explained why the 
supersonic waves destroyed small animals, the red blood 
corpuscles of which they broke up, and other physio- 
logical effects. 

Mr. 8S. R. Humby, of Winchester College, gave his 
demonstrations with waves which, while still audible, 
were of sufficiently high frequency (4,000 to 16,000) 
to illustrate analogies with light waves. His source 
of sound was a telephone receiver energised by the 
oscillatory currents of three-electrode valves, and his 
detectors were Tyndall sensitive flames, which, he 
showed, could be worked in two ways. With the 
usual arrangement, the gas pressure was adjusted 
until the flame just stopped roaring ; switching on the 
sound then made the flame noisy. When the flame was 
originally adjusted to the latter condition, the switching- 
on of the sound made it become silent and long. The 
two methods gave different loop and node positions 
for the stationary waves. By such means, the 
Lippmann and stationary light waves could be 
illustrated, and the wave-lengths measured. Moving 
interference fringes were produced either by moving 
the reflecting surface or by altering the frequency of 
the sources. Those observations were analogous to 
the fading of wireless signals; Professor Appleton 
had determined the height of the Heaviside layer by 
continuously varying the wave-lengths of the trans- 


mitted signals and watching the maxima and minima, 


of the received signals. Two ‘telephone sources in 
the ‘same circuit produced striking interference effects, 
and Mr. Humby demonstrated the Doppler effect 
with two telephones in different circuits by the changes 
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in the beat frequency observed when one of the 
telephones was moved towards the flame or away 
from it. Resonance effects were also demonstrated. 








THE GOVERNMENT SCHEME OF 
RAILWAY RATES REBATES. 


ConTRaARyY to what at one time was expected, the per- 
centage reduction in rail rates is not being spread over 
all rail-borne commodities, but is being confined to the 
staple products of the coal and iron and steel trades. 
In the first place, it was intended that the railway 
freight relief should come into force with the general 
de-rating proposals in October, 1929, but industrialists 
considered that this position of the benefit might very 
fittingly be expedited, and through the medium of 
various trading bodies, Parliament was pressed to 
anticipate the date, with the result that it was brought 
forward ten months and made applicable as from 
December 1, 1928. 

This new arrangement, however, left the railways 
without any compensation, as the reductions were 
intended to be nothing more or less than the results of 
remitted local taxation which the railways were bound 
to pass on to their customers. Although the rate 
reductions were brought forward, it was impossible 
similarly to anticipate the local taxation relief, hence 
the situation had to be met bya fixed Treasury 
grant. Should the forwardings of the favoured traffic 
be unduly increased during the next ten months so 
that the Treasury grant is exceeded, the railways have 
undertaken to continue the concession and make good 
the loss from their own resources. 


In the case of coal for iron and steel works, blast, 
puddling and steel furnaces, as well as rolling mills, 
the reduction is almost 30 per cent. To be exact, it is 
13d. a ton and 25 per cent. of the remaining carriage 
charges. In those cases where the carriage is .raised 
by means of a toll, 30 per cent. of that amount is 
remitted. A few other commodities receive the con- 
cession of 10 per cent., these being iron ore, cinders, 
hammerscale, iron pyrites, and lime and limestone in 
bulk. By concentrating on these selected traffics, they 
obtain a reduction four or five times greater than if 
industry at large had entered into the arrangement. 
This selection of commodities tends to be of greater 
use than is at first apparent because of the large amount 
of fuel which goes to the manufacture of one ton of steel. 
Naturally, any advantage which is gained by iron and 
steel must go to assist the users of a basic industrial 
material. Although primarily a Government scheme, its 
administration is left in the hands of the Railway Clear- 
ing House, whilst the actual arrangements are effected 
through the railway companies in the ordinary manner. 
The practice is to show the rates in full on the railway 
companies’ account forms and deduct the amount of 
rebate in one sum at the end of the account, so that 
the scheme is being carried through with a minimum 
of formality. i 

Only one substantial objection has been raised to 
the scheme, and that was forthcoming from ‘those 
collieries on the North-East Coast which conveyed 
coal over their own private lines. As these obtain no 
benefit at all, it was argued they were being placed 
at an unfair disadvantage when compared with those 
concerns which used the public railways. The private- 
line interests, however, did not receive the full support 
of the colliery owners as a whole, whilst, on the other 
hand, their claim for equality of treatment was opposed 
by the main-line railways. After some discussion, it 
was agreed to anticipate the effect of de-rating on the 
private lines and to pass on this benefit to the firms 
concerned immediately. Whilst this concession did not 
give full satisfaction to the parties concerned, it was 
accepted as an instalment. Up to the present, they 
have not been able to secure anything further in this 
direction. 

On behalf of coastal craft, the Chamber of Shipping 
made an application for the de-rating proposals to 
be extended to the home-trade vessels, on the grounds 
that, being in direct competition with the railways, 
they were losing traffic to land carriage. This state of 
things, they alleged, would undoubtedly persist, until 
October, 1929, by which date it was felt the competi- 
tive traffic would remain permanently with the railways. 
Although seconded by various trade bodies, their efforts, 
until now, have been unsuccessful. 











EXTENSION OF THE WorKING MEN’s CoLLEGE, MEL- 
BOURNE.—It appears that considerable additions are to 
be made to the Working Men’s College in Melbourne, 
Australia. At the present moment, the college, the 
establishment of which was primarily due to a certain 


Francis Ormond, consists of nine main buildings, ‘with 


their frontages on both sides of Bowen-street.. | The 
extension consists of a new engineering school covering 
an area of some 27,800 sq. ft., which will provide accom- 
modation for lecture rooms, an engine room, laboratories, 
drawing office, printing room, and wireless room. 
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PULVERISED-FUEL BOILER TESTS AT 
‘THE CALUMET STATION, CHICAGO. 


In our issue for September 28 last, on page 389, we 
described’ the pulverised-fuel boiler installation at the 
Calumet power station, Chicago. The test figures given 
inthe article were based on two periods of 30 minutes 
and 20 minutes respectively, and were selected from 
the point of view of representative data. On account 


t 
t 





CALUMET STATION 


hour. 
test, and at high ratings it was necessary to blow the 
flues during the test to maintain a constant rating. 


As a consequence, it. was not possible to 


he higher ratings, generally sufficiently serious to limit 
he duration of the test when above 200,000 Ib. per 
The boiler was always blown before starting a 
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as it had ‘corroded to such an extent as to be of no| difference between the Youghiogheny and Perry 
further use. 
obtain the high rating possible with Perry County coal. 
Rapid fouling of the boiler tubes was encountered at 


County coals.is in the fusing temperature of the ash. 
No accumulation of the ash on the furnace walls 
occurred with the Youghiogheny coal, and, in fact, 
the ash ran down almost as freely as in the case of 
Kincaid coal. 

Referring now to the tabulated results, we have 
selected two typical tests on each fuel, as space does 
not permit of our publishing the complete series in 
extenso. With each fuel, one of the two tests selected 
shows the highest net efficiency achieved on that fuel, 
while the other represents a high evaporation of water 
per hour. Apart from the information given in the 
table, it may be stated that the moisture content of the 
Kincaid coal for the two tests given, Nos. 11 and 15, 
was 8-01 per cent. and 8-30 per cent. respectively, 
the corresponding figures for the ash being 13-27 per 
cent. and 15-06 per cent. In test No. 11, the size 
of coal, as measured by Tyler screens, was 100 per 
cent. through a 28 mesh, 99-2 per cent. through a 
48 mesh, 90 per cent. through a 100 mesh, 82-6 per 
cent. through a 150 mesh, and 68 per cent. through 
a 200 mesh. The sizes were very similar in test 
No. 15, while for the tests on the other coals the 
percentages were somewhat lower. The moisture and 
ash contents per cent. for the remaining tests were, for 
the Perry County coal, 2-11 and 15-21 for test No. 9, 
and 2-47 and 14-07 for test No. 19. For the Youghio- 
gheny coal the figures were: Test No. 1, 2-52 and 
| 12-30; test No. 9, 2-43 and 12-80. 

As regards the fuel analyses for the Perry County 
and Youghiogheny coals, it will suffice to give one 
analysis in each case. Taking test No. 9 on the former, 
the percentages were found to be carbon 83-69, 
hydrogen 5-51, sulphur 2-2, nitrogen 1-79, and oxygen 
6-81. For test No. 1 on the Youghiogheny coal, the 

















Coal Used. 
Central Illinois | Perry County r eee 
(Kincaid). Kentucky. Youghiogheny. 
| | 
Test No... 2 11 15 | 9 19 1 9 
Duration, hours oe ed 2 12 | 7 4 10 | 8 
Coal as fired, B.Th.U. per Ib. 11,088 10,764 12,010 12,117 12,589 | 12,479 
Coal burned per hour, lb. .. rr «e 28,741 18,191 16,456 34,434 16,567 | 23,679 
B.Th.U. liberated per cu. ft. furnace volume | | 
perhour .. ae aie A te 25,500 15,750 15,920 | 33,700 16,800 | 23,850 
Water evaporated per hour ae sc 231,152 140,400 146,285 | 290,179 153,631 } 212,107 
Actual evaporation per Ib. coal per hour, Ib. 8-05 7°72 8-90 | 8-43 9-27 | 8-96 
Total equivalent evaporation per Ib. coal | H | 
per hour, Ib. ne i ne ae 9-77 9-56 11-06 | 10-70 11-49 | 11-30 
Temperatures, deg. F.— | | 
Air to preheater .. 101 92 100 | 99 111 | 90 
Air leaving preheater 402 354 320 | 400 338 368 
Primary air ‘: 104 99 112 | 124 113 112 
Secondary air 369 324 304 | 377 296 342 
Air to dryer ee 267 233 258 256 200 188 
Air leaving dryer .. 126 -- | 130 \ 123 126 123 
Gases leaving boiler 1,251 1,067 | 1,064 1,361 1,021 1,122 
Gases leaving economiser 547 455 | 428 H 568 441 509 
Gases leaving preheater .. 324 254 | 226 | 293 252 280 
Feed-water to economiser 194 187 | 186 | 177 188 187 
Superheated steam a! ie ms 642 686 | 693 | 723 688 727 
Pressure, superheated steam, Ib. per sq. in. | 
abs. .. ee ae ws et = 328 331 | 320 326 341 337 
Air pressures, in. of water— | 
Primary-fan discharge 12-00 12-00 12-04 | 11-50 11-54 =|) = 11-54 
Burners in service ee a aa 5-82 3-99 | 5-93 | 5-68 4-00 | 6-02 
Secondary, forced draught fan discharge 3°32 2-00 | 2-92 5-04 2-92 | 4-06 
Main duct .. pi =f ee = 1-24 0-79 | 1:54 | 2-73 1-83 1-95 
Burners in service 1-02 0-17 1-35 | 2°77 0-26 | 1-15 
Draughts, in. of water— } 
Furnace aS 0-09 0-12 | 0-11 | 0-15 0-07 0-08 
Uptake. a 1-30 0-79 | O68 | 2-83 0-70 | 1-54 
Economiser outlet. . 6-60 3«24 2-66 | 10-30 3-06 | 6-78 
Preheater outlet .. he ss va 7:74 3-63 3°15 | 12-34 3-94 | 8-85 
Induced draught fan inlet (after washer) 9-05 4-18 3°29 13-44 4-33 | 9-62 
Analysis of gases, per cent.— i 
COz boiler outlet .. ea 16°55 13/28 15-16 16-77 15-17 14-93 
CO» economiser outlet 14-82 13-03 | 14-45 15-93 14-02 | 13-90 
COp preheater outlet 14-37 12-35 | 18-46 14-64 13°33 | 12-90 
O- preheater outlet 4-51 6-90 |. 5-65 4-30 6-16 | 6-28 
CO preheater outlet 0-00 0:00 | 0-00 0-09 —— a 
Ash pit analysis— | | 
Ash, per cent. 96-3 99-5 | 99-30 99-06 98-42 94-92 
B.Th.U., per Ib. 538 77 | 102 136 229 737 
I‘tue dust analysis— | 
Ash, per cent. : 95-62 98-92 | 95°27 | 90-17 97-3 93°81 
B.Th.U., pertb. .. Be he a 635 157 } 686 | 1,425 384 . 898 ° 
«‘omposite (ash pit, 40 per cent. : flue dust, | | 
60 per cent.)— } | } 
Ash, per cent. 95-89 99-14 | 97-00 | 93-73 97-75 |} 94-25 
B.Th.U., per lb. oe 596 125 435 | 909 322 | 834 
Heat balance, per cent.— | 
Absorbed by boiler, economiser, and } 
superheater a ee ae ad 85-2 86-32 | 89-50 85-90 88-90 H 87-90 
Loss in dry flue gases... ae 5:44 4-42 | 3°77 5°06 3-74 5-20 
Loss due to preheated air for dryer 1-06 1-32 } 1-94 0-96 0-76 0-55 
Loss due to moisture in coal .. 0-84 0-87 | 0-20 0-23 0-22 0-22 
Loss due to Ho in coal 4-08 3-96 | 3°80 3-92 3°47 3-60 
Loss due to unburned carbon 0-74 0-18 0°57 1-13 0-32 0-91 
Loss due to carbon in CO 0-00 0-00 | — 0-35 — _— 
Unaccounted for losses .. fae om 2-64 2-93 | 0-22 2-45 2-59 1-62 
Heat transferred by preheater, per cent. . . 5-15 5-22 | 4-93 6-03 4-67 5°37 
Heat returned to furnace, per cent. Ee 4-09 3-81 | 2-16 4-37 3-94 | 4-82 
Boiler auxiliary power, kw.-hr. per ton of j | 
dry coal— } 
eeders 0-32 0-36 | 0-28 0-37 0-28 
Primary air “a 1°71 2-60 | 2-30 a 2-62 2-03 
Induced draught fan 22-00 17-86 | 17-85 a 18-70 28-00 
Forced draught fans 6-50 6-54 } 6°74 — 6-58 9-32 
Total aa 6 ae ee Py 30°53 27-36 | 27°17 45-20 28-27 39-63 
‘oal preparation, auxiliary power, kw.-hr. H 
per ton of dry coal— | } 
Pulveriser .. ps 17-67 17-67 17-33 17°33 12-90 | 12-90 
Exhauster .. e 7-21 7-21 6-57 6-57 4-80 14-80 
Fuller-Kinyor pump 0-68 0-68 1-08 1-08 0-74 0-74 
Total < oe me ee as 25-56 25-56 24-98 24-98 18-44 18-44 
otal auxiliary power, kw.-hr. per ton of , 
dry coal .. os oe oe = 56-09 52-92 52-15 70-18 46-71, 58-07 
Heat equivalent of auxiliary power, 
B.Th.U. per Ib. coal as fired... oe 438 412 433 582 387 481 
Heat equivalent of auxiliary power, per 
_cent. SN lect be pct eee y. 3-96 3-83 3-61 | 4-80 3-08 3-85 
Net efficiency, per cent. 82-00 82-90 86-30 81-75 86-20 84-50 

















of their short duration, they could in no sense be 
regarded as representing the normal performance of the 
boilers, and we now give other test results taken over 
much longer periods—rendered available, as in the 
previous case, through the courtesy of Messrs. Sargent 
and Lundy, of Chicago. 

Three series of tests were made, the fuel used being 
respectively Central Illinois (Kincaid), Perry: County- 
Kentucky, and Youghiogheny coals. The ‘first of 
these is ‘the coal regularly used, while the two short 
tests already reported were made on the second. Both 
Kentucky and Youghiogheny coals are of much better 
quality than the Kincaid. Considerable trouble was 
experienced in weighing the Kincaid coal,.and .more 
particularly in venting the feed hopper properly to 
get the same start and finish level conditions. The 
gas washer was not used on the tests with this coal, 





No trouble was experienced with the ash in the com- 
bustion chamber, the low fusing point keeping it in 
a molten state, with the result that it ran freely into 
the ashpit. 

Compared with Kincaid coal, the Perry County has 
less ash and moisture, the ash having a higher fusing 
point. Under such a fusing characteristic the ash 
accumulates on the rear screen and rear bottom screen, 
which reduces the heat transfer to the surface affected. 
The property referred to ‘also involves its removal by 
hand work when the unit is down. With the Perry 
County coal, the gas washer was in operation on four 
of the tests, including No. 19 given in the annexed 
table. The limiting factor on high capacity on these 
tests was the capacity of the induced-draught-fan. On 
test No. 19 it was necessary; to use the ‘booster feed 
pump to get water into’ the ‘boiler. The principal 


| corresponding percentages were, carbon 83-25, hydro- 
gen 5-17, sulphur 2-48, nitrogen 1-63, and exygen 7-47. 
| As shown in the table, the overall efficiency has been 
‘corrected for the use of the total auxiliary power. 
| The quantity of steam equivalent to this power was 
; determined on the average B.Th.U. per gross kilowatt- 
{hour for the station. This amount of steam was 
deducted from the total actual evaporation, and with 
this result, the overall efficiency was computed in the 
usual way. The total auxiliary power per ton of dry 
| coal is the sum of that which is a direct function ‘of 
capacity, t.e., feeders, primary air, induced and forced 
draught fans, and the pro-rated amount for pulveriser, 
exhauster, and Fuller-Kinyon pump, which are all 
operated at a constant load. The pro-rated figures 
were based on the results of several months’ operation. 
The unburnt carbon loss was computed by combining 
the analysis of ashpit refuse and flue dust. By separate 
tests, it was found that 40 per cent. of the ash in the 
coal is eliminated by way of the ashpit, and 60 per 
cent. by way of dust in the flue gases. The greater 
part of the ash lodging in the heating surfaces is 
included in the former percentage, since in cleaning, 
this portion passes to the ash pit. 











British STANDARD SPECIFICATIONS FOR Brass SHEET 
AND Strip.—The British Engineering Standards Associa- 
tion has recently issued revised standard specifications 
for three qualities of brass sheet and strip. These 
specifications supersede those first issued in 1926, and 
are designated as follows: No. 265—1928, 61: 39. 
Brass Sheet and Strip; No. 266—1928, 65:35. Brass 
Sheet and Strip; and No. 267—1928, Soft Cartridge 
Brass Sheet and Strip. The principal modifications 
which have been made to the specifications are the 
addition of tolerances on the thicknesses of wide sheets, 
the amendment of certain of the requirements connected 
with the measurement of these tolerances, and the re- 
vision of the mechanical tests and of the tests for hard- 
ness and ductility. Copies of the new publications may 
be obtained from the B.E.S.A. Publications Depart- 
ment, 28, Victoria-street, London, 8.W.1, price 2s. 2d, 
each, post free. 





Swiss Rarway ELecrrirication.—In the Budget 
Report of the Swiss Federal Railways for 1929, a sum of 
42,733,900 fr. has been set aside for constructional work. 
The expenditure provided for electrification work is 
4,737,000 fr., and according to a recent issue of The Board 
of Trade Journal, this amount is made up of a large 
number of small items connected with’ the completion 
of existing electric tractive installations. The Sargans 
to Coire line, and that from Winterthur to Rorschach, 
via Romanshorn, were opened _to electric traction in 
May. last. The line from Oerlikon to Schaffhausen was 
practically ready for electrical operation on December 31, 
1928. During 1929 it is proposed to replace, at a cost 
of .750,000 fr., the three-phase system, employed in the 
Simplon Tunnel, by the single-phase system. The 
Massaboden power station, near Brigue, will be trans- 
formed at a cost of 490,000 fr. Similar reconstruction 
work will be carried out in connection with the Seethal 
line between Emmenbriicke (Lucerne) and Wilde 
(Aargau), and Beinwil and Muenster (Aargau). The 
pressure of the overhead line will be increased from 5,500 
volts to 15,000 volts single-phase, at a total cost of 
1} million fr.,. of which. 502,000 fr. will. be spent during 
1929. ; a 
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** ENGINEERING’’ ILLUSTRATED 
PATENT RECORD. 

SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

in each case; where none is mentioned, the Specification is not 


illustrated. 
Where inventions are communicated from abroad, the Names, «&c., 





of the communicators are given in italics. 

—_ of Specifications may be obtained at the Patent Office Sales 
ranch, 25, re” Buildings, Chancery-lane, W.C.2, at 

ice of 18. 

advertisement of the acceptance of a Complete 

Specification is, in each case, apes after the abstract, unlexs the 

Patent has been sealed, when the word ‘* Sealed"* is appended. 
Any person may, at any time within two months from the date of 

the advertisement of the pt of a Complete Specification, 

give notice at the Patent Office of opposition to the grant of a 

Patent on any of the grounds mentioned in the Acts. 

ELECTRICAL APPARATUS. 

294,452. Crompton Parkinson, Limited, London, 
and G. Page, Chelmsford. Resistance Grids. 
(2 Figs.) February 22, 1928.—The invention relates 
to resistance grids for electrical purposes, made from a 


the uniform 
The date of t 








metal sheet or plate by stamping or cutting slits which 
extend from opposite edges alternately to constitute | 
a plurality of strips or members united in zig-zag forma- | 





tion. In a resistance grid of the kind referred to, in 
accordance with this invention, the metal uniting each 
pair of strips or members 13 is subjected to a stamping 
or pressing operation which draws up or shortens the 
metal and results in the formation of a boss or projec- 
tion 14, so that a V-shaped opening 12 is formed by and 
between adjacent strips or members. Further, the strip 
16, by which rigidity is imparted to the grid, is keyed or 
held in place by engagement with pressed-up portions 14. 
(Sealed.) 

GAS ENGINES, PRODUCERS, HOLDERS, &c. 

294,280. K. E. L. Guinness. Petney Vale, 
London. Sparking Plugs. (1 Fig.) April 21, 1927.— 
The invention relates to sparking plugs of the type in 





which a central electrode 10 is surrounded by a mica 
wrapping and held in the body of the plug by a gland 
12. The invention is characterised in that, where the 
central clectrode 10 passes through the gland 12, the mica 
wrapping 11 has a minimum thickness sufficient for 
electrical insulation and t hat, beyond the gland, the mica 
wrapping is considerably increased in thickness, as at 
14, in order to withstand the action of the hot gases. 
(Sealed. ) 

295,212. Douglas Motors, Limited, Kingswood, 
Bristol, and C. G. Pullin, Bristol. Poppet Valves. 
(4 Figs.) May 17, 1927.—The invention relates to spring- 
controlled poppet valves for use in internal-combustion 
engines. According to the invention, the stationary 
end of the valve spring bears against an abutment 
adapted to tilt in any direction relative to the valve- 
stem axis. In one method of carrying out the invention, 
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which provides a tiltable abutment at each end of the 
— 13, the washer has an indirect engagement with 
the valve stem 3 by means of a divided collet 4 adapted 
to be engaged with 9 circumferential groove 5 in the 
valve stem. The outer periphery of the collet is part- 
spherical, and the washer 2 has a correspondingly curved 
bore and engages with the collet so that the pressure of 
the valve spring upon it compresses the two of the 
collet into a groove in the valve stem. With this arrange- 
ment, there is ample freedom for tilting of the washer 
in every direction. To provide, with certainty, that the 
load of the spring is transmitted on the axial line of the 





valve stem, there is employed between the stationary 
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or innet end of the spring 13 and its abutment, a washer 7 
having @ concave part-spherical surface 8 where it bears 
upon the abutment, whereby it is enabled to tilt in 
any direction. The abutment is the outer end of the 
guide 9 for the stem of the valve, the projecting portion 
having a convex or part-spherical face 11 which co- 
operates with the concave face of the washer. (Sealed.) 


295,967. Armstrong Siddeley Motors, Limited, 
Coventry, and A. E. Plumb, Coventry. Fuel 
Pumps. (4 Figs.) May 21, 1927.—The invention 
relates to internal-combustion engines of the kind in 
which the fuel is injected directly, and without air, 
into a compressed-air charge in the cylinder, and_ is 
ignited by the heat of this charge, the injection being 
effected by a pump controlled by a positively operated 
inlet valve which can be held open for varying periods 
during the pump’s delivery stroke so that some 
proportion of the charge is returned to the supply. 
According to the invention, the inlet valve continuously 
rotates and comprises a tapering blanking member, 
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which co-operates with a port in a sleeve within which 
it revolves. The valve comprises a shaft 2 arranged 
horizontally, and the tapering blanking member is a 
bridge 3 constituted by recessing the shaft as at 4, 
one edge 5 of the recess (and consequently of the bridge 
also) being helically inclined. The shaft is rotatably 
mounted in a ported sleeve 6, one port 7 therein commu- 
nicating with the interior of the feed pump 8 and the 
other port 9, by way of the pipe 10, with the fuel supply 
source. As the valve rotates, these ports 7 and 9 are 
alternately connected by the recess 4 and blanked off 
by the tapering bridge 3. (Sealed.) 
MINING, METALLURGY & METAL WORKING 
296,936. Gibbons Brothers, Limited, Dudley, and 
T. E. Bridgford, Dudley. Muffle Furnaces. 
(4 Figs.) January 4, 1928.—The invention relates to 
muffle furnaces. According to the invention, the floor 
of a muffle furnace is provided with a series of hollow 
ribs, each comprising a single row of hollow open-ended 
tiles or arched blocks, of substantially inverted “ U ” 
or ““V” cross section, placed in end to end relation, 
the ribs having their upper portions spaced apart. The 
oven of the muffle furnace comprises side walls 1, 2 
and a roof 3. The base of the furnace includes a number 
of inverted “‘ V” or inverted “ U ’’-shaped members 4, 
all of these members 4 being of hollow construction. 
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The members 4 are made in sectional lengths, the ends 
of the bricks forming them being constructed with 
projecting parts 5 adapted to engage in recessed parts 6 
in the next brick, ¢.e., one end of each brick has a projec- 
tion 5 and the other end of the same brick has a recess 6. 
The bricks which are disposed at the end of the row are 
formed, or provided, with a closed end, which may either 
be formed integrally or attached to the brick. The 
bricks 4 are supported upon bars 9 extending longitudi- 
nally with respect to the oven, and the upper parts of the 
bars 9 are provided with undercut ridges under which 
the edges of the bricks 4 fit. (Sealed.) 





[FEB. 15, 1929. 


MOTOR ROAD VEHICLES. 

295,883. Eccles Motor Caravans, Limited, 
Stirchley, Birmingham, and W. J. Riley, Stirchley, 
Birmingham. Towing and Braking Mechanism. 
(7 Figs.) December 3, 1927.—The invention relates 
to towing and braking mechanism for trailer vehicles, 
of the kind in which the brakes of the trailer are applied 
when the tractive force is relieved, and in which 
cushioning springs around the draught bar are employed. 
According to the invention, the spring p which cushions 
the tractive effort, is substantially stronger than the 
spring q so that normally the spring p tends to force the 
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s iaatid bar a backwards towards the towed vehicle, 
|and the draught bar, through lever and cable or other 
| connections k, m keeps the brakes on the towed vehicle 
applied. When the vehicles are in motion, the tractive 
effort which is taken by the shoulder n on the draught 
bar a against the spring p, compresses the spring and 
| releases the brakes. Immediately the tractive effort ceases, 
| the brakes are automatically applied by the spring p, 
| while if the towed vehicle tends to overrun the towing 
| vehicle the braking action is increased by the positive 
| reverse thrust applied to the draught bar. (Sealed.) 
RAILWAYS AND TRAMWAYS. 

294,311. C. V. A. Eley, Edgbaston, Birmingham. 
Locomotives. (3 Figs.) May 11, 192%—The invention 
relates to locomotives and, according to the invention, a 
locomotive comprises a framework supported by wheels, 
one or more high-pressure water-tube boilers, a turbine 5, 
a dynamo 6, an electric motor 7 coupled to the driving 
wheels, a surface condenser 10 for exhaust steam, and a 
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tank for cooling water having means for permitting 
or maintaining a circulation therein. The steam generator 
is arranged at the forward part of the locomotive, while 
the steam engine, dynamo and motor are assembled as a 
unit at the rear part of the locomotive. The steam is gen- 
erated in the water-tube boilers, the rearmost boiler being 
used for the generation of steam whilst the boiler next 
to it is employed as a secondary boiler or an economiser, 
and the third boileris also used as an economiser. (Sealed.) 


STEAM ENGINES, BOILERS, &c. 

296,924. H. E. Yarrow, Scotstoun, Glasgow. 
Mechanical Stokers. (1 Fig.) November 23, 1927.— 
The invention relates to mechanical stokers, more 
particularly to chain-grate stokers. According to the 
invention, caking of the fuel on the grate, and defective 
combustion arising therefrom, are prevented by boxing 
in the front end of the grate which projects outside the 
fuel hopper, and inducing a rapid current of air from the 
stokehold through the lower and upper flights of this 
part of the grate to the box and thence to a duct from 
which the air is returned to the system, as by connecting 
this duct with the inlet of the forced-draught fan. A 
represents the coal hopper, B the ignition arch and C the 
mechanical or chain-grate stoker. In the arrangement 
shown, an air box D is provided surrounding the outside 
end of the chain grate, and from this air box a duct E is 
led to some means for inducing a current of air through 
the end of the grate and the air box D ; for example, the 


























(296.924) 


duct E may be connected with the inlet of the forced- 
draught fan. As indicated by the arrows in the drawing, 
a flow of cooling airis induced which passes through and 
over the end of the grate which projects outside the 
hopper A to the duct E, thereby cooling the grate before 
it enters the furnace. In addition to cooling the grate 
itself in this fashion, the coal in the hopper may be 
revented from getting hot through radiation from the 
urnace walls, by employing a branch pipe F leading 
from an air trunk G at the back of the hopper to the 
duct E, thereby providing a continually changing jacket 
of air between the end of the furnace and the hopper. 
The cooling effect of this may be assisted by introducing 
a suitable solid lagging, indicated at H, between the hot 
furnace and the hopper. (Sealed.) 
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BOND BETWEEN PILE HEADS AND 
CONCRETE. 

A USEFUL experimental investigation was some 
time ago carried out by the Division of Tests of 
the United States Bureau of Public Roads and is 
reported upon in its official journal Public Roads by 
Mr. Geo. W. Davis, upon the resistance developed 
between the heads of timber piles and encasing 
concrete. 
knowledge of sueh resistance may be of value in 
the case of concrete water seals at the bottom of 
cofferdams. Such seals require commonly a thick- 
ness of concrete (deposited under water) of about 
four-tenths of the hydrostatic head, whereas if the 
concrete makes effective bond with the heads of 
foundation piles the thickness of concrete placed 
under adverse conditions may be considerably 
reduced. No adequate information being available, 
the inquiry was undertaken with a view to obtain- 
ing reliable particulars, the inquiry being extended 
to secure information upon methods of anchorage 
to pile heads by various kinds of attachment, this 
knowledge being sometimes required in furnishing 
resistance to overturning of the piers of a structure. 
As tests were made upon pile pieces having prac- 
tical diameters of from 7} in. to 11 in., they may be 
taken seriously as against any attempt to obtain 
results by the use of undersized or model pieces, 
a method wholly unsuited to such a purpose. 

Dealing first with the pile-head bond tests it 
should be said that the timber pieces represent- 
ing the pile head were generally 37 in. long, 
embedded 20 in. in spirally reinforced concrete 
blocks of octagonal form, 24 in. deep and 24 in. 
across the flats. The timber is described as of 
rather inferior grade Southern Pine. The pieces 
were soaked in water for some days before being 
embedded in the concrete, which was by volume 
a 1:2:4 plastic mix (generally cast in air, and 
after twenty-four hours, water cured), the aggregate 
being sound and well graded. In the first set of 
tests of 16 pieces, 12 were turned to a uniform 
diameter, the remaining four being peeled only 
and rough trimmed, had a very slight taper. Six 
of the 12 pieces were tested at seven days, and 
the other six at twenty-one days. The older test 
pieces showed an increment in resistance of 40 per 
cent. over those tested at seven days, this increment 
being considerably in excess of the increment in 
concrete strength to be expected for the age 
difference, and is probably due to the increased 
shrinkage of the concrete during the intervening 
fourteen days, concrete strength having little to do 
with it. The four test specimens which had not 
been turned gave results a little irregular, but 
sensibly the same as the others on average. The 
number of these is, however, somewhat small. The 
twenty-one days tests of turned pieces, giving the 
result at first slip of about 60 lb. per square inch 
of embedded area, exclusive of any end adhesion, 
which proved to be negligible, will be considered 
as of unity value for purposes of comparison with 
later tests, made also at twenty-one days. The 
arrangements made for carrying out the tests do not 
call for special remark. The specimens were pulled 
by means of a yoke and hydraulic jack. 

A further set of six pieces was prepared by being 
turned, as were all those in followings tests, and 
having the embedded ends expanded by oak wedges 
2 in. thick and 12 in. long, driven into saw cuts 
on two diameters at right angles to each other, 
suitable means being used to prevent splitting. 
These pieces gave, for first slip, results slightly 
greater than the earlier or unity value tests, but 
after 2 in. of slip, developed resistances, as the 
swelled ends came into more effective operation, 
of over twice as much. A further attempt to 
increase the resistance offered was tried upon eight 
plain specimens having spikes driven 4 in. deep 
into the pile piece, with 2 in. projecting into the 
surrounding concrete. Two, four, six and eight 
spikes were tried with but trifling differences in 
the test results, which were generally no better 
than before. For two of these tests the timber is 
described as poor (soft), showing resistances one- 
third part below the average. A set of six pieces 
was also prepared, similar to those of the earlier 
‘set, giving unity resistance, but having a loose 


It is explained in this report that a) 


ENGINEERING. 
plate interposed between the end of the pile and 
the embedding concrete. These tests were made 
to ascertain whether or no end adhesion is to be 
reckoned with, the conclusion reached being that 
such adhesion is non-existent. Two results of 
this series, however, giving high values of about 
one-third part greater than the mean, was upon 
pile timber described as ‘“‘ very close-grained.” 
| All the above experiments having been made with 
concrete first placed dry, a final set was carried 
through on plain-ended pieces, the concrete round 
which was placed under water. The results for 
these are less than one-half of those previously 
obtained. The recorder of the tests disparages the 
quality of the concrete so placed, and notes that 
the cement ratio is scant for concrete so deposited. 
Some of the concrete is said to have crumbled 
before pulling and the tests cannot be taken as 
reliable. It should be noted as perhaps contributing 
to the poor results that, having been always under 


water, shrinkage may have been less, with lesser grip | 
| gives it for some cases an advantage. 


on the timber. 

In considering the tests outlined above, it may 
be well to say that the results as displayed in detail 
are not more irregular than might perhaps be ex- 
pected, being covered generally by about 20 per cent. 
above or below the mean. Bond resistance, there 
is reason to think, is much influenced by the quality 
of the timber, whether soft and yielding or hard 
and resistant. No direct tests to determine this 
were made, but it is to be noted that exceptionally 
poor results were found in the case of two soft 
timber pieces, and definitely high results in the 
two cases of timber said to be “ very close grained.” 
Obviously, if the timber yields under grip of the 
shrinking concrete, smaller pressures to induce 
friction will result. There is no indication in Mr. 
Davis’ report of what may be considered a safe, 
value to assign to the bond, but it would be, perhaps 
allowable in actual service to permit one-half 
of the lower results recorded—say, 25 lb. per square 
inch of surface—knowing that as the concrete 
aged the grip would become somewhat greater. 

Passing now to the anchorage tests by which it was 
sought to determine the utility of various methods 
of anchoring superstructures to pile tops embedded 
in concrete, four details were tried in groups of four, 
or sixteen in all. In the first set, 14-in. diameter 
notched bars were driven into 13-in. longitudinil 
holes in the centre of the pile timbers, which were 
embedded in concrete of 20-in. diameter, spirally 
reinforced. In two of these, the bar was driven 
before casting the concrete; these were tested at 
seven days. One pile piece split, the other giving a 
result not greatly lower than that for the other two 
tests, in which the bar was driven in fourteen days 
after casting, and tested at twenty-one days, develop- 
ing a mean ultimate resistance, accompanied by 6 -in. 
slip, of 18,040 Ib. total. A second set of four, similar 
to the first except that the rods were not notched, 
tested also at twenty-one days after casting, gave 
as to two, the rods of which were driven at fourteen 
days, a mean resistance of 24,935 lb., or 196 lb. per 
square inch of rod surface, greatly better than the 
notched rods of similar size, and similar conditions as 
to times. There is no suggestion in the report of 
what may be taken as a safe bond stress for this 
case, but it is evidently quite a useful amount. 
Other two rods of the set driven at twenty days, 
gave markedly inferior results, probably due to 
modified shrinkage effects of the concrete upon 
the pile head. In a third set of tests, 14-in. bolts 
having split ends, with steel wedges to open the 
split upon driving, and described as “ fox-bolts,” 
were driven into 13-in. holes as in the other cases, 
and gave singularly uniform results for first slip of 
about 16,960 lb. total, and an ultimate load slightly 
greater but accompanied by a marked amount ofslip. 
The last set described was a form of anchorage 
of entirely different type from the foregoing, in which 
a pile piece, embedded for 27 in., had a stout encircl- 
ing collar about 10 in. from the lower end. This 
end was opened out in two diameters at right- 
angles to each other by oak wedges. Bolts with 

| ends hooked under the lower edge of the collar and 
| gripped by it, were carried up to the pulling mecha- 
‘nism. It is evident that pull thus applied, taken 
| first by the collar would, as to the major part, be 
communicated by it to the surrounding concrete, 
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from which it would be transferred to the pile end 
by friction grip. The mean resistance at “ first slip ~ 
was 27,650 lb. total, with a variation up or down of 
some 25 per cent., apparently somewhat better 
than for the plain rod anchorages, though showing 
one much inferior minimum result. The load at 
which these anchorages ultimately failed, with 
considerable slip, was about two-thirds greater 
than for first incipient movement. At complete 
failure the hook-ended bolts broke at the bend. 
The broad issue of an examination of these tests 
appears to be that whether for bond to pile 
heads, or for anchorage, the simpler methods give 
results but fractionally less good than the more 
complex. Itis true that at ultimate loads materially 
higher resistances were developed in the wedged 
pile heads for bond in concrete, and for the hooked 
bolts arrangement for the anchorage last described. 
but in both these instances these higher values 
were reached only after incipient failure, though 
the greater reliability of the wedge arrangement 








THE USE OF PULVERISED FUEL ON 
THE GERMAN STATE RAILWAYS. 


In two previous articles* we have described 
the work the German State Railways Administra- 
tion is doing with regard to standardising types 
and parts of the locomotives it employs, and the 
investigations it is conducting into the possibilities 
of efficiently employing higher steam pressures and 
temperatures, either in reciprocating engines or in 
turbines. With regard to the value of the former 
work there can be no difference of opinion. but 
there seems to be some doubt whether the desired 
ends—fuel economy and the utilisation of low-grade 
fuels—will be most satisfactorily obtained by 
traversing the path indicated by the second class 
of researches. These doubts were ably expressed 
by Dr. Landsberg, of the Railway Department, 
at a recent meeting of the Deutsche Maschinen- 
technische Gesellschaft, when he pointed out that 
the problems involved should be considered from 
the broadest aspect. He wenton to remark that. in 
examining any suggested alteration or improvement 
in locomotive practice, two important questions 
were: For what types of train would these changes 
be an advantage, and how much coal was already 
being used for the services likely to be affected. 
According to his figures, although in 1926 about 
12-06 million tons of coal were consumed on 
the German railways, about 60 per cent. of this 
quantity was actually used for hauling trains, 
and over 19 per cent. was employed for shunting, 
and other purposes. 

Of the coal consumed in haulage, more than 
half, or 36-5 per cent. of the whole, was burnt 
by goods locomotives. The remainder, 23-5 per 
cent. of the whole, was used by locomotives 
hauling passenger trains, but of this amount less 
than one-third was accounted for by express 
trains. Indeed, the coal consumption for the 
latter class of traffic was not more than 850,000 
tons in 1926. If, therefore, a saving of 20 per 
cent. could be obtained by working all this traffic 
by turbo-locomotives, the reduction in fuel con- 
sumption would only be of the order of 170,000 
tons per annum, representing some four or five 
million marks (200,000/. to 250,000/.), and would 
not, therefore, be a very serious contribution to 
the cause of coal conservation. In Dr. Landsberg’s 
view, many of the other improvements suggested 
would show similar results, because their effects 
would be limited to certain classes of traffic only. 

On the other hand, by employing pulverised 
fuel as an alternative to other methods of firing, 
it would be possible to use pour-quality low-price 
coal with a high ash content, such as exists in great 
quantities in certain parts of Germany, and, as 
this procedure would be generally applicable, the 
whole fuel bi!l of the railways would be favourably 
affected. To adopt such a solution is not, however 
a simple matter. Apart from modifications in the 
design of the steam-raising equipment, to which 
some reference will be made later, there are certain 
economic obstacles. It doesnot, for obvious reasons, 





* See ENGINEERING, vol. cxxvi, pages 332, 48) and 
512, (1928). 
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PULVERISED-FUEL LOCOMOTIVE; GERMAN STATE RAILWAYS. 


CONSTRUCTED BY MESSRS. HENSCHEL UND SOHN, ENGINEERS, CASSEL, GERMANY. 





Fig.1. SECTION A.B. 
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pay to haul low-grade fuel for long distances from ) ae ee 
the place at which it is raised to where it is to | a me 
\ 






be utilised. Moreover, considerable capital will | ; Ste Fig. 4. 
heve to be expended in the provision of the rd ; - - \ 
necessary preparation, storage and distributing | # * 


plant. If the capital charges thus created are 
too high, the financial advantages obtainable from | 
the use of a cheaper fuel will not be realised. Again, | 
pulverised-fuel locomotives can only have a limited | 
radius of action, and where they are used, ordinary 

coal will still have to be provided for other locomo- | 
tives whose application is more general. The posi- 
tion will, in fact, be akin to that which exists when 
electric traction is employed on a portion of the 
systemonly. Nevertheless, since in Central Germany 
the substitution of pulverised brown coal for hard 
coal would mean a saving of 14 marks per ton, these 
disadvantages would seem to be outweighed by the 
advantages, especially as, in this way, a much-needed 
market for the semi-coke obtained from the low- 

temperature carbonisation of brown coal would be | 
provided. It may be added that the fuel consump- 

tion on the railways in this part of Germany is of 

the order of 1,000,000 tons per annum. 

With these considerations in view, Dr. Landsberg | 
is of the opinion that two important changes are | 
probable on the German railways during the next)  \.— @ 4 \k--------7960------- 
ten years. In the first place, electric traction will = 
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be increasingly adopted, especially in the south, | ENGINEERING 
where it is already proposed to convert the lines | 

between Mannheim and Bale, Offenburg and_/ 1-5 million tons per annum, while the electrification 
Constance, and Karlsruhe, Stuttgart and Munich of the Berlin suburban and local railways will mean 
to this form of working. As the energy for this | a further annual saving of 300,000 tons, amount- 
purpose will be obtained from water-power, there | ing in all to some 15 per cent. of the 1926 total. 
will be a reduction in the coal consumption of some | The second change he foresees is the more general 


employment of pulverised fuel as referred to above. 
In whatever light these arguments may be 
regarded, there is no doubt that they lend import- 
ance to the experiments on pulverised-fuel locomo- 
| tives which are now being made in Germany. Under 
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Fie. 6. Dupitex PoLverisEp-FurL BuRNER. 


the supervision of the State Railways, these are 
being conducted by two organisations—the Allge- | 
meine Elektricitats Gesellschaft, of Berlin, and a/| 
special Studiengesellschaft, or Research Company, | 
representing certain firms of locomotive builders | 
and coal producers. Among the locomotive builders 
are the firms of Borsig, Hanomag, Henschel, Krupp 
and Schwartzkopff, while the coal producers include 
the Mitteldeutsche, Ostelbische, Rheinische and 
Rheinisch-Westfalische coal syndicates. The locomo- | 
tive built by the Allgemeine Electricitats Gesellschaft 
has already been fully described in ENGINEERING, * 
and we now propose to give some details of 
the second design, which has been constructed at 
the works of Messrs. Henschel und Sohn, at Cassel, 
for the above-mentioned organisation. A longi- | 
tudinal section of the tender and firebox of this 
locomotive is given in Fig. 1, while a plan appears 
in Fig. 2 and front and rear views in Figs. 3 and 4, 

respectively. We are indebted to Messrs. Fried. 

Krupp, A.-G., of Essen, for the drawings from | 
which these illustrations have been prepared. A 
general view of the locomotive is given in Fig. 5. 


As in the case of the A. E. G. locomotive, certain | 
preliminary investigations on the system of firing | 





* See vol. cxxvi, page 96 (1928). 








unite to form a cone which completely fills the 
| firebox. In this way, the formation of any specially 
| hot spots in the firebox is prevented, and lining is 
| therefore unnecessary. In fact, the only part 
of the firebox which is lined is that under the 
| arch where there is a covering of refractory 
|material which, in common with the arch, 
rapidly raises the temperature of the incoming 
| fuel- air mixture by radiation. The ash-pan is 
| also provided with refractory lining, partly to 
| protect the locomotive frame, and partly to secure 
| the advantages derivable from this arrangement. 
An equipment of this kind was incorporated in a 
| test boiler with a heating surface of about 9965 sq. ft., 
| the firebox volume being 144-73 cub. ft. Tests on 
this showed that 215,000 B.Th.U. heat units could be 
obtained per cubic foot per hour, the steam output 
| being 14 lb. per square foot of heating surface when 
| cold feed water was used.’ The fuel consisted of 
| powdered brown coal from different sources, the 
| thermal value of which was 9,500 B.Th.U. per Ib., 
'compared with the 10,400 B.Th.U. coal employed 
|in the preliminary A. E. G. tests.* The maximum 
| efficiency obtained on these tests was 73-05 per 
| cent., with a coal consumption of 2,288 Ib. per hour. 
'The rate of firing represented 149,160 B.Th.U. per 


| were carried out on a stationary boiler, with a view | | cub. ft. per hour, 11,066 lb. of water being evaporated 


| to secure a flame which completely filled the | in that period. 


The steam produced per square 


| fire-box but had no erosive action on the sides or|foot of heating surface was 11-18 lb. per hour, 
| brickwork, and to obtain a rate of heat release | the boiler pressure being 85-2 lb. per square inch, 


| of the order of 2,000,000 heat units per cubic metre 
| (226,000 B.Th.U. per cub. ft.) on peak loads. 
The first requirement was met by the employment 
of a suitable burner, consisting of a truncated 
| hollow cone the front and larger end of which 
was cevered with a plate pierced with a number of 
holes to act as nozzles. The smaller end was con- 
nected to the mixing device through which the fuel- 
air mixture was supplied. A view of a duplex 


| burner of this pattern is given in Fig. 6. In the 


actual boiler, the burners were placed below the 


rear wall of the firebox, so that the nozzle, or | 


diffuser plates, were flush with the walls of the | 
combustion chamber. 


}and the mean final temperature 710 deg. F. The 
total heating surface was 962 sq. ft. Pulverised 
hard coal was also used with success. 

At the conclusion of these tests, the State Railway 
authorities arranged that one of their largest freight- 
locomotive boilers should be converted to pulverised 
fuel firing, and specified that at least 12 lb. of steam 
should be raised per square foot of heating surface. 
The arrangement of this boiler differed considerably 
from that used in the preliminary tests. While in 





the latter the firebox was large in proportion to the 
total heating surface, and the lining in the lower 
| part of the deep firebox provided a considerable 


The main body of the | | surface for the absorption of radiant heat, in the 


burner was therefore surrounded by cold air, while | former, the ratio of firebox volume to heating surface 
the nozzle plates, though exposed to radiation, were | was smaller, and the radiant-heat absorbing surface 
cooled by the fuel-air mixture, provided that the | was considerably reduced by the presence of the 
supply of the latter was not too greatly reduced. | | lining. The duty required of the firebox, which, 
In contra-distinction from the method employed | in the test boiler, had to be about 215,000 B.Th.U 
| by the A. E. G., most of the combustion air was | per cub. ft. per hour for 14 lb. of steam to be 
primary air. ene per square foot of heating surface, had tc 
The diffusion just referred to results in the pro- | 
| duction of a number of short jets of flame. These | 








* Loc. cit. 
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be increased to at least 237,000 B.Th.U. if only 12 lb. | 

of steam per square foot was to be produced. | 
other words, the boiler was particularly unsuitable | 
for pulverised-fuel firing. The difficulties created by | 
this position were, however, overcome, and, on a} 
stationary boiler of the new type, the required duty 
was not only obtained but exceeded, the heat 
developed being raised for short spells to over 
316,400 B.Th.U. per cub. ft. per hour, and the 
steam evaporated per square foot of heating surface 
to 20 lb. per hour. The boiler efficiency reached 
64 per cent. with a carbon dioxide content of 13-5 per 
cent. and a carbon monoxide plus oxygen content of 
5 per cent. in the flue gases. The smoke was 
translucent and of a light-grey colour, and no slag or 
other ash was deposited. The fuel used was com- 
mercial brown coal with a calorific value of 9,000 
B.Th.U. per lb. when ground to about 20 per cent. 
residue on a 170 mesh screen. The total heating 
surface was 2,072-6 sq. ft., of which 1,933-5 sq. ft. 
was in the tubes. The volume of the firebox was 
222-4 cub. ft. The maximum efficiency obtained 
was 74-8 per cent., 4,400 lb. of coal being fired per 
hour. The steam generated per square foot of 
heating surface was 115 lb., the feed water tem- 
perature being 212 deg. F. The boiler pressure 
was 164 lb. per square inch, and the average total 
steam temperature was 660 deg. F. 

As regards equipment, two burners of the type 
described and illustrated above were placed below 
the rear wall of the fire-box. The wall of the fire- 
box opposite the burners was lined below the 
brick arch, though otherwise the walls up to the 
foundation ring were unlined. The ashpan was 
replaced by a brick-lined box, on the bottom of 
which there is a small auxiliary grate fired with 
hard coal. This is used for igniting the fuel-air 
mixture and also enables steam to be raised when 
no supply, to which an auxiliary burner might be 
connected, is available. 

The pulverised-fuel supply is carried in a self- 
clearing hopper on the tender, and is transported by 
two screw conveyors to the burner feed pipes. 
Feeding is effected by the primary air, which wholly, 
or at least mainly, enters the fire box through the 
burners in intimate contact with the fuel. This 
primary air is supplied by a fan, which is carried 
on the rear of the water tank on the tender and is 
direct-coupled to a turbine. The screw conveyors 
are driven by a high-speed reciprocating engine. The 
speed of the former can be altered by a friction 
coupling and, in conjunction with throttling the air 
supply, determines the rate of firing. On light loads, 
one burner can be completely shut off and is then 
kept cool by the primary air. 

Both the engines we have mentioned are now 
undergoing extensive trials on the German State 
Railway system, and it will be interesting to see 
whether the results support the economic and 
technical arguments that have been advanced in 
favour of their use. 





LEcTURES ON TROPICAL HyGIENE.—The authorities 
of the London School of Hygiene and Tropical Medicine 
{University of London) have recently instituted courses 
in tropical hygiene for non-medical men and women 
proceeding to the tropics. The next course will be 
delivered from April 24 to May 9, and further courses 
will be arranged from time to time when there are 
sufficient entries. These lectures provide simple rules 
for guidance in regard to preparation for life in the 
tropics. Full particulars and a synopsis of the course 
may be obtained from the Secretary of the School, 
Malet-street, London, W.C.1. 


CoMPETITION OF INDUSTRIAL DeEsIGNs, 1929.— 
Particulars of the sixth annual open competition of 
Industrial Designs, to be held : t the Imperial Institute, 
South Kensington, London, 8.W.7, in June next, have 
now been issued, and can be obteined from the Secretary, 
Royal Society of Arts, John-street, Adelphi, London, 
W.C.2. The competition will be divided into the 
six sections, namely, architectural decoration, textiles, 
furniture, book production, pottery and glass, and 
advertising. In the first section, prizes totalling 401. 
are being offered by the London and North Eastern 
Railway Company for designs for the interior decoration 
of first- and third-class railway compartments. The 
sixth section includes designs for posters, showcards, 
calendars, catalogue covers, and lorry bills. Scholar- 
ships and prizes, amounting in all to over 2,000/., are 
being offered in connection with the competition. 
Intending competitors must apply to the Secretary 


of the Royal Society of Arts between May 1 and May 11 
for the necessary entry forms, and the last day for 
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THE BUILDING RESEARCH STATION. 
(Continued from page 128.) 

Havre, in our last article, given a general 
description of the various departments of the 
Building Research Station, we now propose to 
deal in rather more detail with some of the 
special structures and appliances used for investi- 
gation work. 

Experimental House and Equipment.—We may 


sides of the building, and the steel constructional 
frame divides them into eight panels, which, at 
present, are filled in with 9-in. Fletton brick, set 
in lime mortar. The walling can be removed 
and replaced completely without affecting the 
stability of the structure or removing the floor, roof, 
&c. The ground floor is of concrete, the flooring 
being covered with oxychloride, and the first floor is 
of ordinary timber construction. Electric heating is 
provided in each room, and coal fire-places are fitted 





begin with a description of the experimental house 




































































SECTIONAB TT 
1 
| 
Fig. 16. 652" 
G52" 
bo 
bees — NorRsw. 
| ® 
% % 9 
| 
pt DORE. 
capes LJ 
| 
H — 
Olt 3 
Uh 9) 4 o 
qn et Jou Floor 
16" | Wf 
( = ie - 4 oe 
me [=| r r POC 
' i 
! J b72 12h k- 
we ) B, S, 
Post Auger Foundations. 


“ENGINEERIN. 


Fig.17. GROUND FLOOR PLAN 
-A 
innssnd nti cise = Se er a |e 
I + 12-6 ~~ 69 
i 


9 Treads, 




















’ 


ze 











«—--+—27/0'———-—>|] 3 Breeze Partition 


74.0°, 13:0" 


ies 


| ¢-~-Panel-----+ | 








kk --7-9--% 








[ee eee 





«——- 


jz) 





“ 
a 
fe 
@ 
Y 






























a a 


” 


e—-——-79. 9. ———+ 


749.0'x 13:0" 


-6’-0'+1 
oo 


9° 
ily 


ie <a 


}«----Panel-———-—> 








jz) ir 


akon | Mammen 
<0 


——s 








E 








Inches 1. 70 30 








which bas been constructed to enable exact observa- 
tion to be made on physical changes in conditions 
closely resembling those of practice. The structure 
has been built to reproduce the circumstances 
existing in one of a pair of semi-detached houses. 
The construction of this house is shown in Figs. 16 
to 18 on this page. As will be seen, it contains four 
rooms each 14 ft. by 13 ft., the ground floor pair 
being 9 ft. high and the first floor 8 ft. 6in. The 
staircase is enclosed in a separate annexe, and the 
wall on this side of the main building is well 
insulated with a cavity and in addition has 
insulation of hollow diatomaceous building brick. 





receiving entries is May 27. 





The experimental walls are on the other three 


in the ground-floor rooms. 


Fig. 19. 
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Fig. 20. 


SECTION A.A. 
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Of the devices used in this house Figs. 19 and 
20 annexed illustrate diagrammatically an instru- 
ment for controlling the temperature in the 
room, the heat required for the purpose being 
measured. It is constructed upon the postulate 
that a room used for sedentary purposes is warmed 
comfortably when a black body of some size at 
a temperature of 75 deg. F. loses heat at the rate 
of 17-5 B.Th.U. per square foot per hour. The 
instrument represents in effect a sybaritic man. 
acutely sensitive to any fall of his temperature 
below 75 deg. F., and able to counteract it by 
starting electric heaters in the room and cutting 
them out when that temperature is again reached. 
It consists of a black-coated hollow copper cylinder, 
22 in. high by 7} in. in diameter, containing an 
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electric heater, which steadily dissipates 20 watts, | 
and is kept constant by a ballast resistance. The 
cylinder contains a thermostatic device, consisting 
of a bimetallic strip 18 in. long, which operates a 
pivoted lever carrying an electrical contact, a 
phosphor-bronze ribbon connecting the lever with 
.a light helical spring attached to one end of the strip. 
A screw bearing on the strip enables the temperature 
-of operation to be adjusted. When the instrument 
is affected by radiation from surrounding objects, 
draughts, sunshine and other influences tending to 
-change the temperature of the surface, the thermo- 
.static arrangement in its interior operates electric 
heaters in the room through special relays controlled 
by an ingenious arrangement of automatic mercury 
switches. 

The investigations in progress in the experi- 
mental house include the determination of the 
flow of heat through walls under different 
weather conditions. The method used, which 
has considerable accuracy and convenience, con- 
sists essentially in measuring the power required to 
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ventilation of a room, and some results have been 
obtained to indicate how, in the particular room in 
question, the use of a wall ventilator enables the 
air in a room with windows and doors shut and 
without flue, to be changed as often as that in a 
similar room with a flue of normal type over an open 
unheated fireplace. 

Another matter for investigation in the 
experimental house is the effect of solar radiation 
on a roof, and, in particular, the relative ability of 
common roofing materials to prevent undesirable 
extremes of temperature in the space they cover. 
The investigation by the mere measurement of air 
temperature in various positions has been found 
to give variable and inconclusive results, as indeed 
might be expected from the many factors involved. 
Even on a cloudless day, atmospheric conditions, 
such as humidity, may cause considerable fluctuations 
both in quantity and quality of radiation, which 
will be intensified by the varying angle of the sun 
relatively to the earth and the increasing absorption 
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Mr. Baldwin pleaded for these and drew attention 

to the immense influence which we had on the peace 
|of the world, due to the fact that we controlled 
| so much of the world, and that peace reigned within 
our borders. He considered that commerce between 
nations was one of the main factors in securing 
universal peace. 

This year the Fair is on still larger lines than 
formerly, and its value is shown by the fact, as 
His Royal Highness remarked, that the same firms 
are to be found taking space year after year. We 
|understand that for the Birmingham Section all 
| space was booked up by June of last year. There 
are 975 exhibitors there this year, instead of 850 
last year, and 600 in 1927. By next year it is hoped 
that another 65,000 sq. ft. will be added to the 
space available. A preliminary luncheon was held 
at Birmingham on Friday last, when the President 
of the British Chambers of Commerce, Mr. G. W. A. 
| Mitchell, laid stress upon the desirability of firms 
| having someone present at the stands capable of 





| of radiation by the atmosphere as the height of the handling and settling large business promptly, 


maintain a square foot of wall surface, at the | Sun above the horizon decreases. To these variables | instead of juniors or others who have to refer 


temperature of the uncovered surface. An | 
electrically-heated plate | 
applied to the square foot of surface under test. | 
The temperature regulation is effected by a system | 
of four thermocouples embedded in the surface of 
the wall, and a cascade of relays controlling the 
electric supply. The primary relay, made by the 
Cambridge Instrument Company, is operated by 
1 micro-micro-watt. The plate is a sheet of Wood’s 
alloy, containing a grid of insulated wire, which is 
backed with cork 1} in. thick, and secured to the 
wall with shellac. The meter of the power supply 
consists of a thermo-couple, one junction of which 
is surrounded by a resistance coil and embedded 
in cotton wool contained in a tin. The resistance 
coil carries a fraction of the electricity supplied, and 
the thermo-couple leads are connected to a record- 
ing galvanometer. By means of thermocouples | 
with junctions in the cork backing to the plate | 
account is taken of the heat conducted through the 
cork, these thermocouples being calibrated by 
supplying power to the plate when temporarily 
faced with an equal thickness of cork. In this way 
an automatic record is obtained of the flow of heat 
in B.Th.U. per hour for 1 sq. ft. of the surface of 
the wall, the curve of which can be compared with 
that of the temperature difference between the air 
and the wall surface. 

An allied subject of much practical importance 
is the warming of walls. While it is recognised 
that some rooms are not warmed readily, the extent 
of the difference is not always appreciated. At the 
Station the subject has been considered mathe- 
matically. It was shown that linings of wood, 
or other insulation of small thermal capacity, 
so reduced the rate at which brick or masonry walls 
were warmed up that when heat was supplied at 
double the rate required to prevent the temperature 
from falling, a wood wall affording the same insula- 
tion as a brick wall 9 in. thick was warmed in 10 








minutes, while the brick wall took 6 hours to | 
reach the same temperature. The subject is now 
to be treated experimentally. 

Another series of investigations related to the flow 
of air through a wall, which was found to be sub- | 
stantially in accordance with determinations made 
in the laboratory of the Station on similar materials, 
and only one thousandth of the high rate suggested 
by measurements made elsewhere. The wall was of 
9-in. Fletton bricks, with }-in. hair-lime plaster and a 
surface coat of Sirapite finished with distemper. The 
sides of a metal box, 1 ft. square, were embedded 
in the plaster, and the difference of pressure between 
the air in the box and that of the room was closely 
observed. The manometer used consisted of a 4-in. 
mica diaphragm actuating an optical lever, which 
gave ascale deflection of 2 ft. with a pressure of ,',-in. 
of water. The air was drawn through the wall by 
a water aspirator connected with the box, so that 
the pressure was maintained constant at that existing 
intheroom. It was found, in fact, that for winds of 
9 m.p.h. and of 15 m.p.h., normal to the wall, the 
air flows per square foot per hour were 2-4 and 8-5 

-cub, in., respectively. 

Investigations have also been made in the house 

into the effect of flues and wall ventilators on the 





must be added the effects of convection, which are 


backed with cork js | difficult or impossible to avoid even in a laboratory, | 


and become very considerable in open air conditions. 
Efforts are accordingly being made to investigate the 
various factors separately. In the first instance, an 
apparatus is being set up, somewhat similar to that 
which has been used in the United States for measur- 
ing the diffuse reflecting power of rough surfaces, 
which will give results for a number of radiations of 
known wave-lengths in the visible and infra-red 
ranges. From these it will be possible to calculate 
the total absorption to be expected from any given 
quality and quantity of incident sunlight. The 
apparatus focuses the radiation from the steady ex- 
perimental source on to either a thermopile or a small 
specimen, in the latter case the reflected rays being 
integrated and refocussed on the thermopile, so 
that the total reflecting power of the surface is given 
as the ratio of two galvanometer deflections. 


(To be continued). 








THE BRITISH INDUSTRIES FAIR AT 
BIRMINGHAM. 
(Continued from page 196.) 

Tue British Industries Fair, of which we gave 
some preliminary account in our issue of last week, 
was formally opened in London and Birmingham 
on Monday. On Monday evening the Government 
gave a dinner at the Mansion House to mark the 
occasion of the opening, among the guests being 
His Royal Highness The Prince of Wales and the 
Right Hon. Stanley Baldwin. The function was as 
successful as those which have been held on former 
occasions of the same kind, and the speeches were 
specially appropriate to the times we are passing 
through. His Royal Highness remarked that it 
was the third function of its kind at which he had 
been present. After dealing with the fact that 
unemployment, unfortunately, persisted to a 
marked degree, His Royal Highness turned to the 
question of salesmanship and drove home many 
points which have frequently been made in these 
columns. He stated that the Fair showed in his 
opinion that British workmanship was excellent ; 
but he doubted whether our salesmanship was of 
similar quality. He listed among the essentials of 
successful representation personality, knowledge 
of the goods, of the conditions and language of 
the country, and tact and good manners. He 
considered that our manufacturing ability was 
proved by our success in such post-war develop- 
ments as artificial silk, the electrical trades and 
wireless, but marketing was not always so well 
handled. He referred to communities in our own 
lands overseas anxious to buy our products, but 
unable to secure what they required. 

Mr. Baldwin, who followed, spoke of the use of 
the terms Empire or Commonwealth as applied to 
one Nation. Our definition of the latter may, 
perhaps, differ slightly from that of the Prime 
Minister. We like to consider this as implying the 
common weal of all the peoples who go to make up 
our Empire, or a state of well-being common to 
all of us. This can surely best be brought about 
by greater intercourse, familiarity, and business. 


| matters to principals elsewhere. 

The engine illustrated in Fig. 24, on page 224, is 
| being shown at Birmingham by Messrs. Fielding and 
| Platt, Limited, Atlas Works, Gloucester. This engine 

represents the firm’s latest development and is of 
the heavy oil airless-injection type. In starting up, 
the fuel is injected through an atomiser into the main 
combustion chamber, but as soon as the engine is 
running steadily, this spray is cut off and the fuel 
directed through a second atomiser, located in an 
ante-chamber, which is connected to the main valve 
box by means of a port of such a form as to produce a 
high degree of turbulence. The effect of this is to 
ensure combustion at a low pressure, and the system 
has the added advantage that the highest tempera- 
tures attained take place away from the chamber 
containing the valves. The maximum pressure 
on full load does not exceed 450 Ib. per square 
inch. 

The pump which supplies the fuel is arranged so 
that the middle portion of the stroke, when the 
plunger is at its highest speed, is used for injection 
purposes. The plunger is hollow, and is provided 
with two ports drilled through from the outside 
to the central space. The plunger moves through 
two sleeves with a space between their adjacent 
ends, communicating with the suction side of the 
pump. If it be assumed for convenience that the 
open end of the plunger is to the right, the right- 
hand sleeve is fixed, whereas the left-hand sleeve 
can move along the plunger under the control of 
the governor. On the inward stroke of the plunger, 
i.e., to the left, the oil is drawn through the suction 
valve into the valve box, which is located at the 
right-hand end of the plunger. On the return stroke, 
one port is covered by the sliding sleeve, while 
the other is between the ends of the two sleeves, and 
the oil therefore escapes through this port to the 
suction side of the pump. At the required point 
in the stroke, this port is sealed by passing the 
end of the fixed sleeve while the second port is still 
covered, and the oil is then forced through the deli- 
very valve to the atomiser. A little later, the second 
port passes out of the movable sleeve, and delivery 
then ceases as the oil escapes through the hollow 
plunger and through this port. The injection 
system works at a low pressure, as, owing to the 
method of combustion, there is no need to break 
up the injected fuel into a fine spray. The atomiser 
spraying into the antechamber merely consists of a 
round hole of relatively large size, behind which is a 
non-return valve. The engines are made in sizes 
ranging from 12 to 400 brake horse-power, those 
over 125 brake horse-power having two or four 
cylinders. The general construction hardly calls 
for particular comment as it closely follows the 
firm’s usual practice. The valves, for example, 
are operated from a side shaft, and this shaft also 
serves to drive the mechanical lubricator, which 
supplies oil under pressure to the piston and bearings. 
The engine illustrated develops 55 brake horse-power 
on normal load, and has an overload capacity of 
10 per cent. for half an hour. 

Considerable interest will be taken in the new 
airless-injection engines introduced by Messrs. 
Petters, Limited, of Westland Works, Yeovil, as 
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their experience in the manufacture of oil engines | 
dates back to the early days of the industry, and | 
their two-stroke hot-bulb engines have achieved 
a world-wide reputation. The engines made by 
this firm have always been characterised by sim- 
plicity, and this feature has been retained in’ 
the new models by continuing to employ the two- 
stroke cycle. The airless-injection engines are 
of the vertical type, and are built in two ranges, 
each including engines having from one to four 
cylinders. The smaller range develops 25 brake 
horse-power, and the larger 40 brake horse-power, 
per cylinder, so that eight engines are available, 
ranging in power from 25 to 160 brake horse-power. | 
At the moment, all the models manufactured are 
of the stationary type, but no doubt they will be | 
adapted for marine use in due course. The speed | 
of the smaller range is 400 r.p.m., and of the | 
larger 330 r.p.m. It may be mentioned in passing 
that the makers have selected the name ‘“‘ Atomic 
Diesel” for these engines, a selection that may 
be regarded as somewhat regrettable in view of 
the confusion already existing in heavy-oil engine 
nomenclature. The title “ Petter airless-injection 
engine” would have been quite distinctive, while | 
clearly indicating the type of engine to which it 
referred. Various views of the 25-h.p. single- 
cylinder engine are given in Figs. 25 to 34, Fic. 24. 55-H.P. Arruess-IngEcTION O1L ENGINE; Messrs. FIELDING AND Piatt, LimitTep. 
and 37 and 38, Plates XXIV and XXV, while the 
starting gear and other details of one of the multi- 
cylinder units in the same range is shown in| 
Figs. 30 to 32, and 36, on the same Plates. In 
the multi-cylinder engines, there is a separate fuel 
pump for each cylinder, but all the pumps are 
grouped together as shown in Fig. 36. In the 
smaller range of engines, the cylinder and upper 
halt of the crankcase form one casting, but in the 
larger range, these two parts are separate units. 


EXHIBIT AT THE BRITISH INDUSTRIES FAIR. 

















suction valve is of the double-ball type, and the | and when the requisite pressure is attained by the 
delivery port, which is directly above the plunger, | operation of the fuel pump plunger, the charge of 
is also fitted with a single non-return ball valve. | oil is sprayed through fine holes drilled radially in 

The hand priming lever, which is situated at| the nozzle itself. An air release valve, shown on 
the governor end of the engine, beside the fuel| the right of the figure, is provided so that the 
pump gear, operates a shaft which is machined | fuel injection system may be primed before start- 
|to cam form, and which when rotated lifts the|ing. The cylinder head is fitted with a simple 
fuel pump plunger by the lever. This shaft is| compression relief plug which is fitted with an 
— ‘gigi shown in section to the left of the tappet in Fig. 34. | interrupted thread, and can be locked in position, 

The simplicity of the design is clearly brought |The rocker lever is provided with a hardened | or instantly withdrawn, by a part turn. The plug 
out in Figs. 25 and 26. The air-inlet valves are adjustable set-screw, with lock nut, bearing on| can be locked in position by means of a thumb- 











located in the side of the crankcase, the air being | 


drawn from the underside of the bedplate to 


the cam. 
The governor is shown in Figs. 28 and 29. It is 


| screw. 
| The single-cylinder engines are fitted with a 





ensure silence in running. After the air is drawn IN, | driven from the crankshaft by means of helical gear-| hand-operated air starter valve; this valve is 
it 18 compressed to about 4 Ib. per square inch ing. The governor weights and other revolving parts | provided with a hand lever and locking device, 
by the descending piston. : Phe transfer port 18) are enclosed in an oil-tight casing, and a handwheel| and may also be used to recharge into the air 
shown to the right in Fig. 26, and it will be) is provided for the regulation of the speed of the | bottles when the engine is running. Multi-cylinder 
noticed from this figure that a piston with a sym- | engine. As already stated, the governor controls the | engines are fitted with mechanically operated 
metrical crown in the form of a truncated cone, | amount of fuel injected into the cylinder by actuat- | air starter valves, operated from a cam on the 
is employed. Only a small clearance is provided | jing a spill valve, which allows a certain proportion | end of the crankshaft. Figs. 30 and 32 show the 
between the piston and the cylinder head, but the | of the fuel handled by the pump plunger to be by-| arrangement of the mechanically-operated air 
latter is provided with an antechamber, the air) passed back to the fuel supply in the usual way.| starter valve. The starting lever, shown at the 
being given a high degree of turbulence in passing | The spill valve is shown to the right in Fig. 34, and top, raises the plunger to which it is connected. 
through the restricted opening between the ante-| jt will be seen that it is operated by a set screw| thus admitting air from the receivers to the valve 
chamber and the cylinder. The compression | passing through a tappet lever. This lever is| chest. The pressure of the air forces the hori- 
pressure 18 450 Ib. to 500 Ib. per square inch. The | mounted eccentrically on a shaft which is connected | zontal plunger to the right, since the right-hand 
atomiser is located centrally in the antechamber. | through the link motion, shown in Fig. 29, to the| barrel is of larger diameter than the left hand. 
Turning now to the running parts, the crankshaft | shaft passing through the governor casing, and| The roller then comes into contact with the cam, 
is in one piece, and is machined all over from | actuated by the movement of the weights. The | which is carried on an extension of the crankshaft. 
a forging of Siemens-Martin open-hearth acid steel. operation of the main fuel pump rocker lever by |As the plunger follows the cam, it alternately 
The crankshaft is fitted with crankcase sealing |the fuel pump cam imparts motion to the tappet | opens and closes the air ports leading to the cylinders. 
rings ; these take the form of a U-section leather, |lever, and thus to the spill-valve plunger. A/The point of admission and cut-off of the starting 
supported by & Ting, and kept open by a helical | clearance is arranged between this plunger and _§air is thus correctly timed by the cam. Non-return 
circumferential spring Ww hich rests in the trough |its ball valve, with the result that the fuel pump | valves are fitted in the air pipes at their junction 
of the U. The pistons are fitted with four piston | plunger travels a certain portion of its stroke before | with the cylinders. 
rings and one scraper rms. The connecting rod | the spill valve comes into action and cuts off the! The pistons and small and big-end bearings are 
is of H section, the large end bearing being of | remainder of the fuel oil, which would otherwise | lubricated by means of a calibrator lubricator, of 
gun-metal lined with white metal, while the small | be delivered to the atomiser. The point in the} which a description will be found on page 756 of 
ends are fitted with Hyatt roller bearings. The) stroke of the fuel-injection pump at which this| vol. cxxiv of ENGINEERING. The main bearings 
gudgeon pin is locked in the piston bosses by means | cut-off is effected is varied by the position of the are ring lubricated. The whole of the fuel pump. 
of a set screw, and is fitted with brass oil wipers, | governor control shaft on which the tappet lever; gear and control-valve mechanism runs in oil, 
which are kept in contact with the cylinder walls | is mounted, rotation of this shaft altering the| and the governor is syphon lubricated. 
by means of helical Springs. These wipers pick up| amount of clearance of the spill-valve plunger.| The fuel consumption of the engines is very 
oil from the cylinder walls and deliver it through | This clearance, and hence the cut-off, can be varied | low. We understand that with a 40 brake horse- 
the gudgeon pin to the small end bearings. The| hy means of the adjustable set-screw. In the | power single-cylinder engine a full load consumption 
arrangement ean be seen in Fk 1g. 25. The main | multi-cylinder engines, each cylinder can be cut| of 0-44 lb. per brake horse-power-hour has been 
bearings, of gun-metal lined with white metal, are | out independently by the hand lever shown to the | obtained. This is equivalent to a thermal efficiency 
of large size. ‘right in Fig. 34. This lever, which is retained in| of 31-3 per cent. with a fuel of calorific value 
The fuel pump operating mechanism, together | the single-cylinder engine, operates a cam bearing! of 18,500 B.Th.U. per lb. Fig. 35 shows a typical 
with the governor-controlled spill valve and hand | directly on the washer at the foot of the spill valve. | fuel-consumption curve for such a unit from which 
priming gear, is ri cng yer one in an oil-tight} The construction of the fuel atomiser is shown in| the consumption for fractional loads may be 
cover. The arrangement of the pump and pump| Fig. 33. <A steel atomiser nozzle is fitted to the | read. . 
operating gear is shown in Fig. 34. The pump) end of the atomiser body, and forms a seating for, Among the remaining oil-engine exhibits, mention 
plunger is operated through the medium of a/ the spindle, which is held to the seating by a strong, may be made of two vertical engines, of 50-57 
tappet, as shown, by means of a pump lever, which | spring contained in the cap of the atomiser. The! brake horse-power and 160-184 brake horse-power, 
is in turn lifted at each revolution by the cam| tension on the spring is adjustable by the screwed | respectively, shown by Messrs. Davey, Paxman 
acting through the roller mounted on the lever. leap with a lock nut. The fuel enters the atomiser| and Company, Limited, Aldwych House, London. 
The pump cam is mounted on a cam carrier, keyed | by the pipe connection on the right, and flows to| Both engines are built on the unit cylinder prin- 
to the engine crankshaft, and is provided with a} an annular chamber surrounding the needle guide. | ciple and embody the makers’ eccentric-operated 
means of angular adjustment, as shown. The! It reaches the nozzle through slits cut in the latter.: exhaust valve gear. A full description of the. 
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Davey-Paxman engines will be found on page 224 | scoop, or back trencher. The machine has a bucket 
of vol. exxv of ENGINEERING. capacity of $ cub. yard, the output naturally varying 

Another engine which we have previously de- with the nature of the material being excavated. 
scribed is shown by Messrs. Tangyes, Limited, It is about 20 cub. yds. per hour in clay of medium 
Cornwall Works, Birmingham. This engine, which | hardness, rising to about 40 cub. yds. per hour in 
is of the cold-starting horizontal type, develops | soft material. The depth of face that the machine 
19 brake horse-power, and is shown coupled to a/| Will deal with as a crane navvy is 16 ft. to 20 ft., 
lightingdynamo. Messrs. Tangyes are also exhibiting | this again varying according to the nature of the 
an example of their well-known large twin cylinder | material. The weight of the complete machine is 
engines, the particular model at their stand develop- , about 14 tons, and it can be operated entirely by 
ing 144 brake horse-power at 240 r.p.m. Our readers ;one man. Either a petrol-paraffin engine, an oil- 
will be familiar with the fact that these engines | engine, or an electric motor ean be fitted as the 
operate on the four-stroke cycle, and will run satis-| power unit. The makers state that the first of 
factorily on any of the usual fuels. They are these alternatives is generally preferred, the engine 
started up on compressed air, and have variable- employed being a Dorman four-cylinder model, 
admission governing. The valve gear for both rated at 32 b.h.p., with an average working load 
cylinders is operated from a single side shaft,|of 24 b.h.p. The fuel consumption is approxi- 
driven from the crankshaft through skew gearing mately 24 Ib. of paraffin per hour, equivalent to 
in the usual way. The side shaft also serves to | @ fuel cost of about 2s. per hour at the present bulk 
drive the fuel pump, the supply to the fuel valves | price of paraffin. Under average conditions, the 
being regulated on the by-pass system. Messrs. Cost of excavating and loading the material into 
Tangyes are also showing a range of turbine and | Wagons at an output of 30 cub. yds. per hour is 
ram pumps, a horizontal duplex boiler feed pump, stated by the makers to be about 3d. per cub. yd., 
and examples of pulley blocks, lifting jacks, and | including both running and capital costs. The 
so on. : trencher is fitted with caterpillar tracks, as shown, 

The exhibits of Messrs. W. H. Dorman and | 2"4is capable of climbing a gradient of 1 in 5 under 


Company, Limited, of Stafford, consist of Flexstel | its own power. It will pass through a gateway 7 ft. 


joints, iron and aluminium sand castings, and pres- |6 in. wide. As will be clear from the illustration, 
sure die-casting machines, with samples of the work | 


produced. The Flexstel joints are too well-known | 
to require description. We illustrate one of the die- | 


casting machines in Figs. 39 and 40, on Plate XX VI, 
and it will be seen from the latter that it is of very 
simple construction. The melting pot shown in 
Fig. 40, which is made from a special alloy, has an 
extension to the well, into which the plunger works. 
This plunger is operated by rotating the handwheel 


shown in both figures, the handwheel being connec- | 


ted to the plunger by a rack and pinion. As the 


plunger is gradually brought to the bottom position, | 


the metal is forced under pressure through a duct, 


shown to the left of the well in Fig. 40, and from | 


the well to the feed plate on which the die is clamped. 


The metal ingots are first broken up and placed | 
in the container for melting, and the plunger is | 


placed at the top position during this process. 


When the metal becomes fluid, the plunger is moved | : 
/machines made by this firm have been introduced | are pushed along the track by hand, and at a certain 


| to meet the increasing demand for material of small | point an arm on the box actuates a control which 


down slowly, expelling some of the molten metal 
through the casting hole in response to the move- | 
ment of the plunger. A uniform level of metal | 
should be maintained in the container during cast- | 
ing, and this level should be within 2 in. of the top. 
The warm die is placed over the casting hole and | 
clamped down with the clamp screw. A steady, | 
even pull on the handwheel is all that is necessary 


to fill the die, but the pressure should be kept on | 


| the racking effect is obtained by raising or lowering 


the jib, and thus altering the radius of the bucket, the 
bucket arms being hinged at a fixed point about 
| the centre of the jib. When preferred, a rack and 
| pinion adjustment of the bucket, as fitted on the 
| firm’s larger machines, can be supplied as an alterna- 
| tive to this arrangement. Apart from its use as an 
| excavator, the machine can be employed as a loco- 
motive crane. Under such circumstances, it has a 
/normal load rating of 50 ewt. at 10-ft. radius, or 
22 ewt. at 22-ft. radius. 

Messrs. Goodwin, Barsby and Company, Limited, 
St. Margaret’s Iron Works, Leicester, are showing 
a range of stone breakers, concrete mixers, bitu- 
minous macadam plant, and other road-making 
machinery. A description of the concrete mixer 
will be found on page 475 of vol. cxxv, and of the 
| bituminous plant on page 642 of the previous 
volume of EnartneertIne. The _ stone-breaking 


The first of these, which is illustrated in Fig. 43, 
on Plate X XVI, is suitable for making concrete curb- 
stones, channels, slabs, or other special forms, and 
has been designed with a view to permitting a high 
rate of continuous production. As will be seen 
from the figure, the machine is provided with a 
straight track running from front to back, on which 
two mould boxes, only one of which is seen in the 
illustration, are mounted. These boxes are drawn 
to the outer ends of the track for filling, one at the 
front and the other at the back, and are alternately 
| pushed to the centre for tamping. When a 
|high output is required, a duplex chute can be 
arranged to deliver the aggregate direct into one 
or the other box from an overhead bin. Two 
operators are, of course, required to obtain the 
maximum output, and assuming that one has filled 
his mould, he pushes it up to stop under the tampers 
,and closes a control valve. This brings two hy- 
draulic rams, mounted below the track at the centre 
of the machine, into operation, and these locate the 
box on dowels, and lift it from the track up to the 
tampers. The amount of liftis controlled by a valve, 
which can be set to give any required thickness to 
the block. The tamper is mechanically operated 
either by a countershaft drive or by a special electric 
motor mounted on the machine, the latter arrange- 
ment being shown in the illustration. It operates 
at the rate of 450 blows per minute, and a few 
seconds only are required to consolidate the material. 
The box is finally lowered on to the track and 
withdrawn, the finished block being lifted clear 
on the pallet board and taken away. Due to 
the short time required for the tamping process, the 
speed of production is entirely controlled by the 
rate at which the operators can alternately fill their 
moulds and extract the finished product. Blocks 
can be made up to 8 in. deep, the standard length 
|and breadth being 36 in. and 10 in. respectively. 
The machine requires about 5 brake horse-power 
for its operation. The second machine, to which we 
have referred, is very similar in principle, but a 
continuous circular track is employed, passing under 
the tamper, instead of the straight track described. 
This machine is intended for a higher output, as 
more mould boxes can be employed, and it is almost 
| entirely automatic. After the boxes are filled, they 








‘all the usual materials, such as limestone, pit 


size used in tar and bituminous paving, cement | lowers the plate on which the moulds are tamped to 


'eoncrete, and so on. The machines will deal with | the level of the track. As the mould box is pushed 


into position on the plate, another arm on the box 


gravel, furnace slag or clinkers. They are called actuates the ram valve. The operation of pushing 


by the makers Acme granulators, and can be | the next mould box forward again actuates the 


supplied as either fixed or portable machines, one | control valve lowering the plate, and the finished 


of the former being illustrated in Fig. 42, on Plate 


a few seconds after it is felt that the die is filled.| XXVI. The machine shown is of very simple con- 
When the dies are at the correct temperature the | struction, the usual swinging jaw being mounted on 
metal, after casting, will be just set. The stan- | aneccentric on the main shaft at the top, and held | 
dard Dorman machines are heated by means of | 2gainst a toggle plate by a spring at the bottom. | 
ordinary gas burners, as shown in Fig. 40, which | The toggle plate is behind the jaw, and rests at | 
method is both economical and efficient, but for | one end in a groove in the latter, and at the other | 
cases where gas is not available, the makers have | in a second groove in an adjustable wedge block. 
adapted the machines for firing by means of oil | This method of mounting has the result that while | 
fuel burners, as shown in Fig. 39. A group of | the upper half of the swinging jaw is in action the | 
Primus type burners is fitted, the machines being | lower half is receding, and vice versa. The action is 
supplied complete with the necessary fuel tank | thus practically continuous. It is not claimed that 
with a capacity sufficient for an eight-hour day run. | the machine will produce so fine an aggregate as | 
These machines do not need any special founda- smooth rolls, but it meets all requirements in this | 
tion or bolting down, but should be installed in a | tespect for the class of work already referred to, | 
position free from draughts. The connection from | and has the advantage over rolls that a large reduc- 
the burners to the gas mains can be made with | tion in the size of the material is effected in one 
ordinary rubber tubing. operation. The weight of the swinging jaw is 
The firm of Messrs. Ruston and Hornsby, Limited, | utilised to assist in breaking up the stone. All 
of Lincoln, are equally well known for their heavy- | parts subject to rapid wear are readily renewable. 
oil engines, and for their excavators, and examples| The machine, having a 12-in. by 3-in. mouth, will 
of both these products are shown at Birmingham. deal with about 2 tons of material per hour, the | 
The engines are represented by a single-cylinder | power required being from 7 b.h.p. to 10 b.h.p. ; | 
20-b.h.p. model, and a three-cylinder, 100-b.h.p. | while the largest machine, having a 30 in. by 30 in. | 
vertical model, both of which have already been | mouth, has an output of about 10 tons per hour, 
described in our columns. They are also showing and requires from 30 b.h.p. to 35 b.h.p. to drive it. 
an example of the Thermax vertical boiler, of | In the portable form, the machine is mounted on a 
which a description will be found on page 678 of | strong carriage with a swivelling turntable and a 
vol. exx of ENGINeertnc. The firm’s excavators | suitable drawbar. Either the fixed or portable 
are represented by a_ back-acting trenching | machines can be provided with a revolving screen, 
machine, of which we reproduce a photograph in | Which is driven by belt from the main shaft. 
Fig. 41, on Plate XXVI. This is asmallexcavator| Two ingenious concrete-block making machines 
of the universal type, suitable for operation as a |are being shown by Messrs. Enticknap Concrete 
crane navvy, dragline, grabbing crane, skimmer! Machines, Limited, 4, Broad Street Place, E.C.2. 











mould is pushed off as the new one enters. After 
the finished mould leaves the machine, it is pushed 
along the track to a point where a lifting handle is 
provided. On this handle being raised, the box 
is turned on its side, and the ends and top open 


| out on hinges. The block can then be removed 


on its pallet. 

Having dealt with a large number of the exhibits 
of direct mechanical engineering interest, we may 
now turn to a description of some of the electrical 
material which is shown. This each year appears 
to take a more important position in the Fair. 

Messrs. G. D. Peters and Company, Limited, of 
Caxton House, London, 8.W.1, are showing a two-are 
stationary welding plant, of which we give an illustra- 
tion in Fig. 44, on Plate XX VII. This set consists of 
a 22-h.p. three-phase slip-ring motor, which is connec- 
ted through a flexible coupling to a protected-type 
compound-wound direct-current generator, which 
supplies from 300 to 345 amperes at 37 volts 
to 45 volts. The characteristic of this machine is 
level, and voltage regulation is effected by altering 
the excitation of the shunt field. The current 
passes through two Wilson automatic control panels, 
which are mounted in parallel upon an angle-iron 
frame, the circuit being through one side of a double- 
pole switch, the arc, a reactance and balance grid 
resistance, a solenoid, carbon pile, ammeter shunt, 
and the other side of the double-pole switch, back to 
the generator. The operation of the apparatus is 
as follows :—The current rush consequent upon the 
striking of the arc is damped and smoothed out by 
the resistance, while the subsequent fluctuations 
which occur during the welding operation are 
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controlled by the action of a solenoid on a vertical | again fully charged, connection to the trickle- | 


lever,which, in turn, increases or decreases the pres- | charging circuit is effected automatically. 
sure exerted on the carbon pile. The solenoid is fitted| Fig. 47, on Plate XXVII, shows the switch 
with a dashpot, to prevent too rapid variations, panel which has been designed for use with 
while the welding current can be adjusted by altering | this system. It consists of a hollow, cast-iron 
the compression of a spring which presses against | base, with openings over which the apparatus 
the vertical lever. A considerable range of welding! and instruments are fitted. The automatic 
current is obtained. A special switch allows the | switch is protected by a domed cover of pressed 
current flowing through both panels to be concen- | steel when in use. though this is not shown in the 
trated in one arc if required. | illustration. Ammeters are provided for recording 
The single-arc portable set, which is also being|the quick-charge and trickle-charging . currents, 
shown, and is illustrated in Fig. 45, consists of a| while there are also two ordinary holders for 
motor-generator, the shunt-wound generator of | the lamps which are used as resistances during 
which is capable of supplying 150 amps. at from|the trickle charge, and a wire resistance for 
37°5 volts to 45 volts. It is fitted with an auto- the ‘“ quick-charge.” The automatic double-pole 
matic-control panel of the type above referred to. | change-over contactor switch is of the usual 
Messrs. The Micanite and Insulators Company, | pattern, its operating coil being connected in the 
Limited, of Blackhorse-lane, Walthamstow, E.17,|™ain circuit, so that it is held out or in, accord- 
are showing a large range of the insulating material |ing to circumstances. The system is also adapt- 
made by them, including mica, micanite, Paxolin,|@ble to alternating-current circuits, the chief 
and varnished paper and cloths, as well as condenser modifications being that a rectifier must be used, 
type terminals and bushings for indoor and outdoor | that the quick-charge resistance is omitted, and 
use. Their most interesting exhibit is, however, the | that the contactor coil is wound to operate on 
132-ky. terminal, which has been designed to meet | alternating current. The system is being supplied 
the requirements of the Central Electricity Board. | 12 eight sizes, the largest having a battery of 180 
This terminal, which is illustrated in Fig. 46, | ampere-hour capacity at the 10-hour discharge rate. 
on Plate XXVII, is, it is claimed, characterised | In the smaller sizes, the voltage of the emergency 
by a complete absence of corona at the working | Circuit is 25 or 50 volts, and in the larger sizes, 
pressure and is free from discharge across its | 100 volts. One of the advantages claimed for this 
surface at all voltages up to the flash-over point. | System, in addition to those already mentioned, is 
It has a dry flash-over of 400 kv. and a wet | that it eliminates portable batteries. 
Hash-over of 320 kv., while the puncture voltage) The same firm are showing in addition a repre- 
is considerably in excess of these figures. It | sentative collection of their batteries for traction, 
may be added that all bushings of this kind which | house and train lighting and wireless work. The 
are designed for outdoor service are tested for | latter include units with a capacity of 10,000 milli- 
oil-tightness with hot oil under pressure, and ade- | ampere hours at 10 volts for cinemas, public-address 
quate precautions are taken so that no strain due | systems, and other high-power work. 
to changes in temperature can occur. A further) In addition to the are-welding sets we have 
important point is that the small overall diameter of | already referred to, there are various other electric 
the bushing facilitates the accommodation of the | welding displays to which we may refer. Messrs. 
current transformers. |The Premier Electric Welding Company, Limited, 
Though the continuity of public electricity | of Abbey Wood, London, S.E.2, for instance, are 
supply can be guaranteed during a very high | showing examples of their Belfinish electrodes and 
percentage of the hours in a year, cases do arise | of the welds which can be effected by using them. 
when disturbances cause the current to be cut off | Asis well known, all welding electrodes are provided 
fora shorter or longer period. In Birmingham, steps | with a coating mainly for carrying the flux. In 
were taken to guard against this unlikely contin- | the case of the Belfinish electrode, this takes the 
gency by installing batteries in the sub-stations | form of a cylinder which is concentric with the rod, 
feeding the direct-current network. Though this | the combination having an unusually high propor- 
example was followed in some other places, it did | tion of flux to electrode material. The result is 
not become general, mainly owing to the expense, | that, when the weld is actually being made, the 
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electric loading of the heater is 4 kw., and it can 

| also be used for dealing with rivets up to } in. by 
|14 in. at the rate of 100 per hour. The same 
firm are showing a 25-kw. double-head rivet 
heater, which can deal with 220 }-in. by 3-in. rivets 
per hour, and with other sizes in proportion. 

Fig. 50 is a typical example of the spot welders 
made by this firm. It illustrates the 12-kw. pat- 
tern, which, like the other welding machines manu- 
factured, consists of a heavy cast-iron frame, which 
completely encloses the high-tension parts, while 
'the levers are constructed of high-tensile cast- 
|steel An automatic trip switch, of ingenious 
design, is fitted, the renewable contacts of which 
|are made of non-arcing metal. The heating 
| speed is controlled by a four-way regulator, while 
ithe water-cooled electrodes can be fitted with 
/easily-renewable tips of different shapes to suit 
| Various requirements. Control is entirely by 
| means of a pedal, which can be adjusted forwards 
|or backwards, or swung in a complete half circle. 
| There is also a rise and fall adjustment, so that 
| the machines are readily adaptable for handling the 
most awkwardly-shaped articles. It is claimed that 
the cost of spot welding by this machine is covered 
by the value of the rivets that would otherwise 
have to be used. 

Considerable interest has recently been dis- 
played in the subject of the temperature rise of 
transformers, and the importance of providing 
some means of preventing damage to this equipment 
from that cause has been stressed. An effective 
means of doing this appears to be the temperature 
relay, which is being shown by Messrs. The Hack- 
bridge Electric Construction Company, Limited, of 
Hersham, Walton-on-Thames. This device, of 
which illustrations are given in Figs. 52 and 53, 
on page 228, is stated to operate satisfactorily 
when overheating occurs from whatever cause, 
its operating range being between 50 deg. C. and 
120 deg. C. in steps of 5 deg. C., while its accuracy 
is within + 0-5 deg. C. A section of the relay 
appears in Fig. 53, from which it will be seen that itis 
mounted in an insulating cylinder P. This cylinder 
is screwed into the transformer tank by means of a 
l-in. gas thread. When the tank is under pressure, 
as is the case when a conservator is being used, it is 
necessary to weld or screw a pocket into the lid 
| and to screw the relay into the pocket, the latter being 
‘then filled with oil. When there is no conservator, 
| the device can be mounted on the lid, and either 
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while, in recent years, the growing use of alternating | deposited metal is covered with a layer of slag, so | immersed in the oil or arranged so that it is operated 
current has mitigated against its adoption. Never- | that contamination and deterioration of mechanical | by the hot air in the upper part of the tank. 

theless, there are places, such as theatres, large | properties due to the action of atmospheric nitrogen| As regards design, the relay consists essentially 
shops and hospitals, where the lighting must be|is avoided. Various welds made with these elec- | of a bimetallic strip C, the lower end of which is 
maintained absolutely continuously, and it is there | trodes are illustrated in Figs. 48 and 49 on the | fixed to a steelrod B. As the temperature of the oil 
fore the practice to provide them with some form | opposite page. Inno case has there been any after- | or air increases, this stripis bent outwards, so that the 
of emergency illumination. In the London theatres | treatment, except that the slag has been cleaned off. | arm G, which is controlled by a spring, not shown, is 
this is, as is well known, effected by installing | The strength of the welds will be clear from Fig. 48, | released by the pawl D. When this occurs, the arm 
Diesel-operated reserve sets in the supply under- | which shows specimens that have been hammered or | G rises and makes contact with the strip H, thus 





takings’ sub-stations, and, more generally, the same | bent cold without any preliminary preparation. It | completing an external circuit through the terminals 


object is attained, though not so efficiently, by using 
gas, oil lamps, or even candles, all of which have to 
be brought into action by human intervention when 
required. Considerable interest therefore attaches to 


the Keepalite emergency-lighting system, which is | 


being exhibited by Messrs. The Chloride Electrical 
Storage Company, Limited, of Clifton Junction, near 


|is stated that the welded metal can be forged at a 
| bright red heat with as much ease as ordinary iron, 
‘and that welded joints may be forged or pressed 
| without trouble. 

Messrs. Holden and Hunt, of Cox’s Lane Works, 
| Old Hill, Staffordshire, are showing, as in previous 
| years, a range of their electric resistance-welding 


|K, and K,, which are designed for a current of 
| 6 amperes at 240 volts. An alarm, or other tell-tale 
| device, may be included in this circuit. The screw 
| M allows the position of the support carrying the 
jarm G to be altered, so that the deflection of the 
| bimetallic strip, which causes the pawl to act, can be 
varied. The amount of this deflection is, of course, 





Manchester. This system consists essentially of equipment, including spot, butt, wire and chain | proportional to the temperature. Accurate calibra- 


a battery from which a number of lamps, fitted 
at carefully-selected points throughout the build- 
ing, are supplied. This battery is normally con- 
nected to the mains, either through a resistance or 
through a rectifier, depending 0.1 whether the supply 
is direct or alternating current, and also through 
contactor switchgear. An important point is that 
the battery is kept immediately ready for use and 
in good condition by the employment of “ trickle 
charging,” the current flowing being just sufficient 
to balance the open-circuit losses. Directly the 
main supply fails, the battery is automatically 
switched in, so that the emergency lamps are 
lighted, while, when the main supply is resumed, 
the emergency lamps are automatically switched 
out. If, owing to the emergency lamps being in 


| welders, and an electric rivet heater, which has been 
adapted for heating soldering irons. The last- 
mentioned apparatus is illustrated in Fig. 51 on the 
opposite page. It is arranged for bench mounting, 
| and ordinary commercial soldering irons can be used, 
| except that they must be fitted with studs of special 
‘alloy, which project on each side of the iron and act 
asa heatingelement. As can be seen in the illustra- 


tion, the soldering iron is gripped in the jaws of | 


the rivet heater, contact being made through these 
studs. The heat generated in the latter is absorbed 


| by the copper bit, so that the soldering temperature | 
It is found, in fact, that, | 


/under working conditions, a normal 1}-lb. iron can | 


|is reached very rapidly. 


| be heated up in from 30 to 60 seconds. The! 


| principal advantages claimed for this arrangement 


circuit for an unusually long period, a higher rate of | are that the iron only requires re-tinning at infrequent th 
charging is necessary, this can be obtained by | intervals, owing to the absence of fumes and gases, | latter case, the support for the arm G is insulated, 
closing a second switch. The latter operation is that the cost is lower than with any other method, | the arm itself being, of course, arranged to break 


performed manually, though when the battery is | 


and that the iron is ready for use at once. The 


| tion and adjustment are therefore possible. 

To re-set the relay after it has tripped, it is only 
| necessary to press the button J, which operates the 
'tongue H. This operation cannot be effected should 
the overheated condition still persist. To adjust 
the temperature setting of the relay, the screw N, 
at the bottom of the casing, is slacked back and the 
insulating cylinder P removed. The setting can 
then be varied by adjusting the dial M. This dial 
is slotted, every alternate slot being marked in 
10 deg. C. steps. An arm pivoted at the centre of 
the dial can be moved round by a small stud, so 
that it locks into the slots. 

The arrangement, which we have just described, 
| assumes the use of a “‘ normally open ” relay, but the 
'principle is equally applicable to a “normally 
| closed ” relay, the only difference being that, in the 


contact instead of to make it. 
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Figs. 48 anp 49. ExamMpPLes oF WreLps; Messrs. THE PREMIER ELECTRIC WELDING Company, LTD. 
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Exectric SOLDERING-IRON HEATER; 
Messrs. HOLDEN AND Hunt. 
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|through contactors. The control equipment has 
| been designed for directly starting squirrel-cage 
motors, the starting current of which does not 
exceed 100 amperes at 600 volts. During both start- 
|ing and running, full protection is provided on all 
| phases. The control gear measures only 8} in. high 
| by 72 in. deep. It is contained in a dust- and drip- 
proof enclosure and, as has already been mentioned, 

is controlled by push buttons. The thermal overload 
| protection, instantaneous short-circuit trip and low- 

voltage release, with which this breaker is equipped, 

enable the motor to carry a heavy overload for a 
| Short time, but cause it to be cut out on a sustained 
| overload or if any irregularity, such as an open 
| circuit on one phase, should occur. 

The movement towards making the electric; An exhibit, which is being shown for the first 
motors driving the various motions an integral | time by this firm, is the metal-clad vertical plugging 
part of the tool is well illustrated by two machines, | switchgear, which is illustrated in Fig. 54, on page 
which are being exhibited on the stand of Messrs. | 228. This switchgear represents one solution of the 
The British Thomson-Houston Company, Limited,| problem of making this type of apparatus more 
of Rugby and fully described in ENGINEERING at the | compact and adaptable for use on circuits of low 
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time of the Machine Tool and Engineering Exhibition | 
at Olympia lastautumn. The first of these isa Wad- | 
kin tenoning machine, which is equipped with five 
built-in motors running at a speed of 3,000 r.p.m. | 


current capacity, and at the same time economising 
the material required and reducing the cost. The 


| result is, it is claimed, that a saving of 25 per 


cent. in floor area and of 43 per cent. in cubic 


The second example is a Robinson endless-belt sand- | content is obtained over truck-type equipment of 
ing machine driven by four motors, two of which have| the same capacity. In this gear, the *bus-bars 
an output of 74 brake horse-power at 1,440 r.p.m.,| are completely shut off from the other chambers, 
one an output of 5 h.p. at 1,420 r.p.m., and the| but, at the same time, they are quite accessible. 
fourth an output of 3 h.p. at 1,410 r.p.m. All| The socket holes are closed by an automatically- 
these motors are controlled by push buttons, which | operated shutter, when the breaker is withdrawn, 
operate the combined circuit-breaker and starter} and guide holes are provided for accommodating 
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| locating spears on the latter, so that it can be 
| lifted into place in the correct alignment. The 
|circuit-breaker units are interchangeable and 
| are vermin-proof, while only one simple lifting 
| carriage is required for the complete switch- 
| board. The contacts are of a self-aligning type 
and the interchangeable current transformers are 
housed in the circuit-breaker top casing, where they 
are easily accessible. The potential transformer, 
| with its fuses and resistances, is mounted on the top 
of the fixed chamber. Contact is made with the 
circuit connection below through the medium of 
spring pins, which are carried on porcelain insulators 
in the bottom of the transformer tank. When the 
fuses are withdrawn through the top, the potential 
‘transformer is completely isolated; in fact, the 
top cannot be raised until the transformer is dead 
on both the primary and secondary sides and 
the primary earthed. A full system of interlocks 
prevents mishandling and the pedestals do not 
require precision alignment. 

| Aconsiderable range of motors is also being shown 
| by this firm. This includes single-phase reversing 
motors of the repulsion-induction type and a neat 
and compact gramophone-driving motor. The 
first type of motor starts as a repulsion motor, 
and when up to speed runs as an induction motor. 
The rotor is provided with two windings, one, the 
external or primary winding, which gives a high 
starting torque, and the other, an internal or second- 
ary winding, which allows only a very small speed 
variation between no-load and full-load. No centri- 
fugal mechanism or brush-lifting gear is required. 
It is stated that the characteristics of these motors 
during starting, acceleration and running are very 
satisfactory, and that, as their efficiency and power 
factor are high and only simple starting gear is 
required, they are particularly suitable for work 
where a high starting torque and good acceleration 
are required, such as passenger and goods lifts. 

The gramophone motor, which is of the universal 
type, is illustrated in Fig. 55, on page 228. -It can 
be run on any lighting supply with direct-current 
pressures between 50 and 250 volts and alternating- 
current pressures of 100 to 250 volts and frequencies 
of 25 to 60. Its consumption is only a few watts and 
it drives a turn table through a woven belt, its 
speed being 320 r.p.m. Belt slip is prevented and 
stretch is compensated for by a spring tension 
device, while constant speed is maintained by a 
governor. The motor is started simply by switch- 
ing on and isstopped automatically when the record 
is finished. Great care has been taken to avoid 
noise and vibration. 

Examples of distribution gear are shown by a 
number of firms and we illustrate some of these 
on pages 229 to 231. Some well-designed distri- 
bution boxes of the heavy type for industrial and 
other purposes are to be found on the stand of 
Messrs. The Castle Fuse and Engineering Company, 
Limited, of 33, Chester-street, Liverpool. As will be 
seen from Fig. 56, which illustrates a three-unit 
equipment for three-wire circuits, these boxes are of 
cast-iron, the panels on each side being removable. 
The meeting faces between the lids and the boxes 
are machined and the hinges are spring-loaded, so 
that gas-tightnessis secured. An interesting feature 
|of these boxes is the divided ’bus-bar, which is 
illustrated on the right of Fig. 57, which shows 
the fuse equipment and mounting to a larger scale 
than Fig. 56. The divided ’bus-bar is adaptable 
for use with fuses of carrying capacities between 
60 and 350 amps. As will be seen below the fuses 
in Fig. 57, these boxes are fitted with flexible 
strap connections for the outgoing circuits, to which 
the sweating lugs are screwed. These connections 
are sufficiently long to enable the distances between 
them to be adjusted for the various sizes of fuse, so 
that all the cable lugs arein alignment. A loose plug 
can be attached to the lug for short-circuiting any 
fuse unit. The connections between the switch-box 
and the distribution box, or between two distribution 
boxes, are made by brass clamping plates with 
flexible straps. These clamping plates can be readily 
removed by undoing four bolts from the front. 
Other plates, shown in the upper left-hand portion 
of Fig. 57, secure the fuse unit to the ’bus-bar by 
screws, which can be tightened up from the front. 
The fuse base is attached to the clamping plates by 
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Fias. 52 AND 53. TEMPERATURE ReELaAy ; Messrs. THE HACKBRIDGE 
Evectric ConsTRUCTION CoMPANY, LIMITED. 


means of screws, which are also in the front, so 
that the unit is extremely-accessible and easy to 
operate. The flexible-copper strap interconnec- 
tions pass from one box to the other through 
removable panels. 

The fuse units with which these boxes are fitted 


are of the firm’s Triumph pattern, and are pro- | 


vided with clamps, so that any size of fuse from 
60 to 350 amperes can be attached to the ’bus-bars. 
The switch-box shown in the centre of Fig. 56 is 
fitted with removable back and side plates, and 


contains a panel on which a 1,000-ampere triple-pole | 
Sealing chambers | 


change-over switch is mounted. 
and glands are provided for two sets of incoming 


mains, while the cable connectors are adjustable, | 


and there is also a device to prevent the leakage 
of compound. The hinged lid over the switch-box 


is of sufficient depth to allow the switch blades to | 
This | 
As will be | 
seen, the metering equipment is mounted on the | 


be left in any position when the lid is closed. 
box, like the fuse boxes, is gas-tight. 


top of the switch-box, the ammeters being contained 
in cast-iron cases with hinged fronts and_ glass 
windows. 

That for the successful and safe installation of 
electric cookers it is advisable to rely on engineering 
principles is doubtless the idea underlying the design 
of the metal-clad control boards which are being 
exhibited by Messrs. A. Revrolle and Company, 
Limited, of Hehburn-on-Tyne. Drawings of one of 
these boards, which are intended for pressures up to 
250 volts, are reproduced in Figs. 58 and 59 on 
page 230. On the standard dvsign, the main supply 
to the cooker is controlled by « double-pole, double- 
break 30-ampere switch of the quick-make-and- 
break type, the terminals being arranged so 


that the incoming and outgoing cables can be! 
£ =) eS 


brought in at the top or bottom, as may be 
more convenient. The fixed contacts of the switch 
are fitted with self-aligning clips and are shielded 
by 


sparking. The switch is controlled by a handle 


outside the case and is interlocked with the lid, so | 
that it cannot be closed when the latter is open. | 
Similarly, the lid cannot be opened when the 
switch is closed. 

In addition to the main cooker circuit, an auxiliary 
cireuit can also be supplied from this board. 


Fig. 53. 
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porcelain caps to eliminate the risk from | 


This | 
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| circuit is connected to the Fra. 54. 
| socket of a 5-ampere or 

| 15-amp. British Standard 

| plug-and-socket of the protected type, thus enabling 
a kettle, hot plate or other device to be run off 
the cooker circuit. Two self-aligning fuses are 
mounted inside the case, while a small indicating 
lamp behind a red bull’s-eye on the lid shows when 
the main switchis closed. Another design of socket, 
which is shown in Fig. 64, includes a change-over 
switch, so that a water-heating circuit can be 
controlled in addition to the cooker. This is 
fitted with a thermal device, so that the supply is 
disconnected when the water reaches a predetermined 
temperature. 

The same firm are exhibiting examples of their 
heavy-duty plugs and sockets for industrial use in 
ratings up to 250 amperes at 660 volts. One of the 
smaller sizes shown is combined with a 100-ampere 
triple-pole switch, as illustrated in Figs. 60 to 63 on 
page 230. The larger sizes can also be combined 
with a switch, and both may have fuses added, if 
required. The combined switch and plug equipment 
comprises three main parts, viz., a cable dividing box, 
a brush contact air-break switch, and the plug and 
socket. The switch and plug are mechanically inter- 
locked to prevent the plug from being withdrawn 
when the switch is closed, or the switch being closed 
withthe plug withdrawn. The lid of the switchbox 
is also interlocked with the operating mechanism to 
prevent it from being opened when the circuit is 
alive. Earthing facilities are provided throughout 
and the construction is watertight. 

Messrs. George Ellison, Perry Bar, Birmingham, 
are, as usual, exhibiting a comprehensive range of 
switchgear and accessories for the control of 
electrically-driven machinery. Many of these have 
been described at various timesin ENGINEERING, but 
attention, on this occasion, may be called to two 
novelties which possess certain points of interest. 

The first of these is the totally enclosed circuit 


breaker for power circuits, which is illustrated in| 


Figs. 65 and 66 on page 231. It is intended for 
pressures up to 660 volts, and has been designed to 
meet the demands for greater breaking capacity, 
which have arisen from the 
now becoming common and the consequently higher 
fault currents, which have to be dealt with. 
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hic. 55. GRAMOPHONE Motor; Mrssrs. THE 
British THomson-Hovuston Company, LIMITED. 


pattern illustrated is arranged for wall mounting, 
and a type is also made for floor mounting. In 
both cases, mechanical and electrical interlocks 
can be supplied or not, in conjunction with 
rotor starters and other control units. The 
breakers can also be mounted on *bus-bar chambers 
and assembled, together with the usual accessories. 
to form complete switchboards. 

As regards construction, the cast-iron body of 
the breaker is divided horizontally, thus rendering 
access to the parts easy and facilitating the changing 
of the trip coils. The joint between the cover is 
dust- and weather-proof, and cannot be opened 


with the handle in the “on” position. The 
current-carrying parts are insulated from the 


slate base by Tufnol bushes and mica washers. 
The contacts are easy to overhaul and are provided 
with renewable spark tips. The tank, which is 
shown in the lowered position in Fig. 66, is of 
welded boiler plate, and is designed so as to be 
sufficiently strong to withstand the pressure caused 
by the interruption of a heavy short-circuit. It is 
held in position by two steel rods, on the ends of 
which the holding-on nuts are threaded. 

The breaker is closed by a brass lever handle 
at the side of the cover, and is opened by pressing 
a push-button. The closing mechanism is of the 
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Spirit ’Bus-Bar anD Fuse-MounTiInG ARRANGEMENT; Messrs. CASTLE FusE AND 
ENGINEERING ComMPANy, LIMITED. 


Fig. 57. 


free-handle type, which is released by the overload|on tubular columns. This chamber also carries 
trip, so that the breaker cannot be held in on an| the circuit-breakers, all live parts being totally 
overload. The overload releases can be set to| enclosed. Earthing terminals are provided on the 
operate between normal full load and 200 per/| enclosures, so that safety in operation is ensured. 
cent. overload, and can be fitted with single} The incoming cable is led in through a sealing box 
or double time-lag devices. The no-volt coil will| at the end of the ’bus-bar chamber, either direct 
operate on gradually decreasing pressure and fre-| to the ’bus-bars or through an isolating switch of 
quency. It is claimed for this equipment that it|any convenient type. The branch-circuit cables 
can easily be installed and connected up, while} are led out at the bottom of the circuit-breakers, 
its operation can safely be left to the unskilled | through suitable fittings. The circuit-breakers used 
workman. |on these boards can be adjusted to trip at any 
The second equipment on this stand to which | current between full load and 100 per cent. overload, 
attention may be called, is the switchboard illus- | and can be equipped with a time-lag device. The 
trated in Fig. 67, on page 231. This consists of a) breaker will carry 40 amperes continuously, and will 
group of small circuit-breakers, which are mounted | safely interrupt over 1,500 kv.-a. on a three-phase, 
on a ’bus-bar enclosure so as to form a distribution | 440-volt circuit. 
point for branch circuits. It is claimed that this} There are many industrial situations in which an 
arrangement has the advantage of lower cost of | electric motor has to be employed in which special 
maintenance over switch-fuses and other types of| protection from dust, damp and water drippings 
gear, since the only parts which require renewal| has to be given, and at the same time adequate 
are the contact tips. The switchboard illustrated | means must be provided for ventilation, in order 
consists of a steel-cased ’bus-bar chamber supported ' that there may be no risk of overheating. These 
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conditions have been borne in mind in the design of 
the 14-h.p., 440-volt motor which is being exhibited 
on the stand of Messrs. J. H. Holmes and Company, 


Limited, of Newcastle-on-Tyne. This motor, 
which is illustrated in Figs. 68 and 69 on page 


231, Fig. 69 being. a longitudinal section, is of 
the squirrel-cage, totally-enclosed type, and is venti- 
lated by an external fan. This fan delivers the 
cooling air over the outside of the machine pro- 
per, and not through the windings. An obvious 
advantage of this arrangement is that’ no filter is 
required, and dirt and moisture are not deposited 
on the working parts. The motor itself is totally 
enclosed in an inner casing, which is dust and 


weather-proof. In addition to this casing, an 
outer casing, which forms part of the frame, 


is provided, the result being an annular space 
between the outside of the motor proper and the 
external shell of the frame. The fan, which is 
mounted on the motor shaft, forces air through this 
space so that the outer surface of the stator-core 
plates is cooled. We understand that, by a careful 
study of the heat paths and of the relative values of 
the heat-dissipating surfaces, as well as by arranging 
the fan so as to obtain the most effective draught, 
it has been possible to make the. dimensions and 
cost of these machines comparable with those of the 
protected type. In addition, they are built to 
run with a minimum of attention, and the outer 
end-shields, while easily detachable, have been 
made sufficiently substantial to withstand rough 
usage. A further feature is that ball or roller 
bearings are employed. Another exhibit of this 
firm is a direct-current motor, which, without any 
essential change in the framework, can be adapted 
for use as an enclosed-ventilated, pipe-ventilated 
or drip-proof machine. 

Messrs. Wild-Barfield Electric Furnaces, Limited, 
of North-road, Holloway, London, N.7, are showing 
a number of their furnaces on the stand of the 
Electricity Department of the Birmingham Cor- 
poration. The details of a great deal of this equip- 
ment are already familiar to readers of ENGINEERING, 
but mention may be made of a new type of hardening 
furnace, which is being used by Messrs. The Moss 
Gear Company, Limited, of Birmingham, to 
demonstrate the heat treatment of motor-car 
gear wheels, and is shown in Fig. 70 on page 
232. This furnace has a heating chamber which 
measures 16 in. in diameter by 28 in. deep, and 
is fitted with a magnetic detector to indicate 
exactly when the charge loses its magnetism. 
This detector consists of a secondary coil, which is 
wound round the exterior of the furnace and is 
so arranged that when the circuit is first closed 
the charge is magnetised. As the temperature 
rises, a point is reached when the charge loses its 
magnetism; and is thus in the correct molecular 
condition for quenching. This change in state is 
indicated on the control panel, shown in Fig. 70. 
In addition to the indicating instrument, this 
also carries a pyrometer and the usual control 


and switchgear. The panel is mounted on an 
iron frame, so that it can be fixed alongside the 
furnace without the use of wall fastenings. It 


may be added that this furnace is designed to 
operate in conjunction with mechanical loading 
gear, so that large parts can be conveniently dealt 
with. Its vertical arrangement also facilitates the 
treatment of articles that have to be quenched 
vertically. 

A second furnace, of which mention may be 
made, is one intended for hardening and temper- 
ing high-speed steel. It is fitted with a high-tem- 
perature chamber measuring 8 in. by 6 in. by 
3 in. for hardening, while the preheating space 
measures 15 in. by 6 in. by 34 in. The latter is 
fitted with a separate regulating resistance for the 
manual control of the temperature, while a thermo- 
couple enables it to be used for tempering after 
hardening has taken place. Each chamber has its 
own main switch and fuses. 

The efficient operation of the hot-water systems, 
which are now becoming increasingly common. and 
the comfort of those occupying the buildings in which 
they are employed, may frequently be improved 
by the use of some system of automatic tem- 
perature control. An electrical resistance thermo- 
meter,which is being shown bv Messrs. The Foster 
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Instrument Company, of Letchworth, is adapted 
for this service. The sensitive bulb of this 
device is inserted in a mixing chamber, where 
the returning cooled water is mixed with a 
varying quantity of fresh hot water from a reserve 
supply, the mixture, which is, of course, at some 
temperature intermediate between those of the 
two initial supplies, being then circulated to | 
the heating system. The bulb is connected to a'| 
Wheatstone Bridge, which incorporates a contact | 
sliding over a circular wire and interconnected with | 
a dial calibrated in degrees Fahrenheit. The bulb 
is adjusted, so that the bridge is balanced at a given 
temperature. If the temperature falls or rises 
above that temperature, the bridge is unbalanced 
and the resulting current is used to operate a relay 
which, in turn, closes the circuit of a small motor. 
This motor operates a three-way valve through 
reduction gearing, and thus varies the proportions 
of cooled and fresh hot water which are supplied 
to the mixing chamber. The control panel used 
with this device is illustrated in Fig. 71, on 
page 232. It is claimed that the system is highly 
sensitive, while at the same time it can be adjusted 
by an unskilled operator to give any temperature 
that is required. The same firm are showing their 
Introscope, which is a device for inspecting the 
interiors of bores and tubes, but as this has already 
been described in ENGINEERING, it need not be 
dealt with here. 

Messrs. The General Electric Company, Limited, 
of Magnet House, Kingsway, London, W.C., are 
showing a comprehensive range of heating apparatus, 
both for domestic and industrial purposes. The latter 
includes some interesting developments, among 
which may be mentioned the 8-kw. muffle furnace 
illustrated in Fig. 72 on page 236. This furnace 
stands 5 ft. 11 in. high, and is 2 ft. 9 in. 
wide and 3 ft. 9 in. long. Its total weight 
is 6 cwt. and its maximum working tempera- 
ture 1,000 deg. C. The shell consists of steel plate 
reinforced by angles and bolted together. The legs 
are also of steel and are firmly braced. The door 
which, like the front, is of cast iron, is filled with 
refractory bricks and is lifted and lowered by a 
balanced mechanism from a lever at the side, thus 
permitting easy operation and ensuring that the 
door is firmly pressed against the furnace front. 
The muffle itself is of refractory fire clay, and is 
wound with nickel-chrome wire, so that an even 
temperature is obtained throughout the whole 
length. Behind the muffle are insulating bricks and 
magnesia-asbestos slabs, so as to reduce the heat 
losses to a minimum. 

The automatic temperature-control equipment 
with which this furnace is fitted, is mounted on a 
slate panel board, and consists of a Cambridge 
regulator, operated from a pyrometer in the furnace, 
and a relay instrument transformer, time-switch, 
pilot lamps, push button and main switches and 
fuses. The time-switch enables the furnace to be 
switched off or on at any pre-determined time. 
The fuses and ironclad main switches are operated 
by the automatic temperature-control relay through 
contactors. If this control should fail, further 
protection is afforded by a goid excess-temperature 
fuse at the back of the furnace. This fuse is in the 
relay circuit of the main control equipment, and its 
operation prevents damage both to the resistor wire 
and to the furnace charge. 

A larger type of furnace, which is also being exhi- 
bited, is illustrated in Fig. 73. Thisis rated at 30 kw. 
and measures 9 ft. 6 in. high, 5 ft. 9 in. wide and 
9 ft. 6 in. long, the furnace chan ber being 44 in. 
long, 21 in. wide and 17 in. high. Externally it is | 
similar to the furnace we have just aescribed, except 
that the doormechanismisslightly different, as shown | 
in the figure. Internally, insulating bricks are used | 
as lining, while the hearth plate is of cast nickel- | 
chromium alloy. A loading shelf, of the travelling | 
type, is fitted to facilitate loading and unloading 
the charge. Electrically the arrangements are 
similar to those described for the 8-kw. furnace. 
it may be added that the employment of resistor 
elements enables unity power factor to be obtained. 

Another interesting heating equipment shown 
by this firm is a japanning oven with doors at each 
end to facilitate loading and unloading. The heat- 
ing elements in this oven are entirely cased in steel, 
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Figs. 60 To 63. 


so as to protect them from fumes. Arrangements 


are also made for extracting these fumes while the | range of domestic equipment, 


enamelling process is in progress. 


CoMBINED PLUG AND SwiTcH ; 
Messrs. A. REYROLLE AND Company, LIMITED. 


Fie. 64. CHANGE-OVER SwITCH ; 
Messrs. A. REYROLLE AND Com- 
PANY, LIMITED. 


While it is not possible to deal with the wide 
lighting fittings, 
accessories, cables and motors on view on the 
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General Electric Company’s stand, attention may 
be called to two interesting examples of ironclad 
switchgear which are being exhibited. The first 
of these is a 5 ampere flame-proof switch, which is 
intended for use in situations where petrol vapour, 
or other inflammable gases, are present. As will be 
seen from Figs. 74 and 75, this switch is enclosed in 


st <P Big 
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a strong galvanised cast-iron case, and is operated by 
a handle which passes through a flame-proof gland 
in the lid. The case is provided with a machined 
flange joint, }in. wide, and the lid is secured by 
shrouded bolts, which can only be turned by a 
special key. The box can be drilled to take flame- 
proof glands for use with wire-armoured cables, while, 








Messrs. J. H. Hommes anp Company, LimiTED. 


when conduit is used, special provision is made so 
that any gases produced by an internal explosion can 
only find their way out through the flange between 
the case and the lid. This is effected by means of a 
conduit box, which fits over the flame-proof glands. 
This box has a clearance hole, so that itcan be run up 
the conduit,’ access thus being obtained to the glands, 
which can then be tightened up after the connections 
have been made. The conduit box is fixed to the 
case by two screws, the conduit itself being held 
rigidly in position by a clamping screw. This 
switch has been certified by the Mining Department 
of the University of Sheffield as complying in every 
respect with B.E.S.A. conditions. 

The second device to which attention may be 
drawn is a dwarf circuit breaker now being made 
by the firm. It is essentially a single-pole switch, 
which is fitted with a device so that it opens 
automatically when a fault occurs. It has been 
specially designed for controlling small domestic 
appliances and testing circuits. It is made in 
four sizes, for normal currents of 2, 4, 6 and 10 
amperes, respectively. 

In concluding our article this week, we may refer 
to some exhibits of interest which have mostly 
been described at an earlier date in our columns, 
and which considerations of space prevent us from 
dealing with in more detail at the moment. 

Amongst these exhibits may be mentioned the 
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road grader and contractor’s locomotive shown by | 
Messrs. James and Fredk. Howard, Limited, of | 
Bedford, descriptions of which will be found on | 
pages 78 and 725 of volume cxxiv. Messrs. John | 
Fowler and Company (Leeds), Limited, Leeds, 
are also showing a light locomotive, which we 
described on page 8 of vol. cxxv, together with a 
variety of concrete mixers, of which a typical 
example was described on page 28 of our previous | 
volume. The firm are showing a range of concrete- 
block-making machines, of which the largest is 
capable of producing a wide range of work, and 
will, in fact, make every type of block or artificial 
stone required to build a complete house, including 
the steps, window-sills, and so on. Messrs. David- 
son and Company, Limited, of Belfast, are showing a 
model of one of the flue-dust collectors which we 
described in connection with the Fair last year, 
together with a wide range of their well-known 
Sirocco fans. Messrs. Alfred Herbert, Limited, of 
Coventry, are showing one of the Atritor coal- 
drying, pulverising, and firing machines, which we 
described on page 103 of our issue of January 25 
last, and also a number.of small tools, such as 
reamers, milling cutters, and chucks. Small tools 
are also being shown by Messrs. Turton Brothers 
and Matthews, Limited, Sheffield, Messrs. Fry’s 
(London), Limited, 24-26, Water-lane, E.C.4: 
Messrs. Chas. Winn and Company, Limited, 
Granville-street, Birmingham, and a number of 
other firms. 

Messrs. Parker, Winder and Achurch, Limited, 
Broad-street, Birmingham, are exhibiting the oil 
burner for domestic heating and other purposes 
described on page 550 of vol. cxxiv of ENGINEERING, 
and Messrs. J. B. Stone and Company, Limited, 135, 
Finsbury Pavement, E.C.2, are showing examples of 
their nibbling machines, which have been frequently 
referred to in our columns. Messrs. F. Gilman 
(B.S.T.), Limited, Skatoskalo Works, Smethwick, | 
are showing a variety of scaling tools, together with | 
the portable universal tool described on page 182) 
of our issue for February 8 last. 

A further important class of exhibit, which, | 
however, does not lend itself to detailed description, | 
may be referred to here. Thus is the display | 
of various metals, either in the form of sheet, bar, | 
or plate, or in the semi-manufactured condition. | 
Some of the stands on which such products | 
are shown are of much interest to the actual | 
visitor to the fair, and attention may be directed 
to that of Messrs. Monel-Weir, Limited, Cathcart, | 
Glasgow, on which the wide range of uses to which | 
Monel metal can be put is illustrated by means | 
either of models or actual examples. The stand | 
of Messrs. Stewarts and Lloyds, Limited, 41, Os- | 
wald-street, Glasgow, is similarly of interest for the | 
wide application of steel tubing illustrated, perhaps 
the most noteworthy exhibit being a sample of | 
flanged tubes for a working pressure of 815 lb. per | 
square inch and a temperature of 833 deg. F. | 
The more important alloys of nickel, with their | 
applications, are shown on the stand of the Bureau | 
of Information on Nickel, Limited. Weldless-steel | 
tubing is shown in various forms by Messrs. Ac:les | 
and Pollock, Limited, of Oldbury, and Messrs. 
Thompson Brothers (Bilston), Limited, of Bilston, 
are specialising in an exhibit of welded heat and | 
corrosion resisting steels. Magnetic alloys and | 
electrical resistance alloys are being shown by | 
Messrs. The Gutta Percha Company, of Wharf- | 
road, London, N.1, brass die pressings by Messrs. | 
Brookes and Adams, Limited, Barr-street Hockley, | 
Birmingham, and small bolts, screws, &c., by | 
Messrs. Davis and Timmins, Limited, York-road, 
King’s Cross, N.1. 


(To he continued.) 


THE LATE DR. DU RICHE PRELLER. | 


WE regret. to record the death of Dr. Charles Sheibner 
du Riche Preller, which occurred in Edinburgh on 
Sunday, February 17, at the age of 85. Dr. Preller 
was for many years a valued contributor to ENGINEER- 
NG, his speciality being subjects which fall within that 
wide neutral zone where science and engineering 
imperceptibly merge. Among the more recent of his 
articles mention may be made of one on “ Electric 
Lighthouses in France,” which appeared in our issue 
of July 6, 1928. In this he gave an interesting historical 
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account of an important electro-optical development, | 
together with a comparison of French and British 
lighthouse practice. Again, in our issue of April 30, | 
1926, he dealt with the Galileo Memorial Sun Tower 


fixed vertical solar telescope. The whole work consti- 
tutes a remarkable piece of structural and astrophysical 
engineering. Some of his earlier contributions to our 
columns dealt with Swiss mountain railways, and of 


Rothhorn Rack Railway and the St. Gall and Gais 
Mountain Road Railway, both of which appeared in 
our 54th volume (1892), the former on pages 593 and 
626, and the latter on pages 741 and 805. 

Dr. Preller, who belonged to an old Huguenot family, 


| was educated in Yorkshire, France and Germany. 


He studied political economy, geology, chemistry and | 
physics at Leipzig and Heidelberg, and obtained the | 
degree of Doctor of Philosophy in the University of the | 
former city. He was closely engaged in the application | 
of water power to the generation of electrical energy | 


and in the development of electric traction, and, as 
we have said, wrote many articles in our own columns 
and made numerous contributions to the proceedings 
of scientific societies. Concurrently with this work, he 


| devoted himself to a study of the glacial geology and 
| lake formations in the Alps, the crystalline formations 


of the Apennines, and the volcanic geology of Italy. On 
the latter subject he was the author of a comprehen- 
sive work entitied ‘ Italian Mountain Geology,’’ in 


| recognition of which he was awarded the honorary 


degree of Doctor of Science by the University of 
Florence, and was made an honorary member both of 
the Royal Italian Geographical Society and the Italian 


| Geological Society. Since his retirement from profes- 


sional work in 1902, Dr. Preller devoted himself to 
science, art, history, dramatic literature and music, 
and was a frequent contributor to many periodicals on 
all of these subjects. 

He was elected an associate member of the Institution 
of Civil Engineers in 1876, and a member of the Royal 
Society of Edinburgh in 1903. 





























FEB. 22, 1929.] 


LABOUR NOTES. | 


At a conference in October last, of delegates repre- 
senting members of the Amalgamated Engineering 
Union in ship-repairing centres, it was agreed that 
there were conditions prevailing in these areas which 
“* were not conducive to the best interests ’’ of operative 
engineers. The district committees were accordingly 
instructed to collect information bearing on the matter 
and forward it to the general office, where it would be 
collated and subsequently circulated to the various 
districts ‘for discussion and report back.” The 
district committees were also asked “ to discuss the 
implications involved in national or local negotiations.” 
A further conference has now been held to consider 
the information obtained. The merits of national as 
against local negotiations were very fully discussed, 
and arising therefrom the conference adopted the 
following resolution :—‘ With regard to obtaining 
uniformity of conditions, we recommend E.C. to com- 
municate with D.C.’s in areas where low conditions 
prevail, encouraging such areas to promote an active 
organising compaign, leading up to an approach to the 
local Ship-repairing Association in order to endeavour 
to improve conditions. Such movement should have 
regard to the Proposed Rules 1923, and the London and 
Bristol Channel Port Rules.’ The decision of the 
conference has now been circulated to all the ship- 
repairing districts ‘‘ with a request that they should 
endeavour to give effect to same.” 

The following communication from the War Office 
is printed in the February issue of the Amalgamated 
engineering Union’s Monthly Journal :—‘ With refer- 
ence to previous correspondence and oral discussions 
in this office regarding the rates of wages of civilian engi- 
neering mechanics employed at the Royal Army 
Ordnance Corps Depot, Field Stores, Aldershot, I am 
directed to inform you that instructions have now been 
issued to give effect to the decision that the standard 
basic rate for fully-skilled engineering mechanics, 
both at the Field Stores and at the Farnborough 
Depot, shall be increased by ls. 6d. a week from the 
present rate (viz., 478.) to 48s. 6d. a week, and that effect 
shall be given to this decision as from January 1, 1929, 
as arranged at the interview at this office with repre- 
sentatives of your union. The current engineering 
(War) advance, at present 14s. a week, will, of course, 
be payable in addition to the basic rate. I am further 
to inform you that as a special case authority has been 
issued for the payment of ability rates by way of 
‘leads ’ over the standard rate up to, but not exceeding, 
a total weekly payment of 74s. (i.e., 60s. basic, plus 
engineering war advance, at present 14s.) a week for 
mechanics engaged upon work which requires special 
skill or calls for exceptional responsibility. As explained 
to the representatives of your union . . . this authority 
extends also to the Farnborough Depot.” 





In January the home branch membership of the 
Amalgamated Engineering Union decreased from 
190,885 to 189,647, and the colonial branch membership 
increased from 27,986 to 27,991.. The number of mem- 
bers in receipt of sick benefit increased from 5,502 to 
6,984, the number in receipt of superannuation benefit 
decreased from 10,324 to 10,279, and the number in 
receipt of donation benefit decreased from 11,897 
to 10,044. The total number of unemployed members 
decreased from 15,633 to 13,529. 





According to the Berlin correspondent of The Times, 
a recent report of the Association of Ruhr Mining 
Interests contains the following passage :—‘‘ Real 
wages have decreased by 14 per cent. in England as 
compared with 1913; in our case they have risen. 
Working hours in England, with local exceptions, are 
longer than in the Ruhr. Social charges with us 
amount to about 30 per cent. of the total wage, in 
England not half that percentage.’’ Proceeding, the 
correspondent says that the belief sometimes expressed 
in England that German workmen work longer and 
receive less than British workers is frequently challenged 
in German industrial circles, though the fact that 
German employers desire the removal of the official 
control of prices, and official intervention in wage | 
disputes may play some part in provoking these denials. | 
A party of British M.P.’s who visited the German | 
industrial area in September expressed the view that | 
“longer working hours, lower wages, and a lower) 
standard of living enabled Germany to market cheaper | 
products and to export more than England.” The 
Industrie und Handels Zeitung, which speaks for “ big | 
industry,” commented that these were “ the standard 
arguments of British industrialist-politicians, aimed 
at an intensification of the protectionist policy.” It 
firmly maintained that longer hours were not worked, 
nor was the standard of living lower than that of the 
British workman, whose wages were determined by ; 
other factors than in Germany, where rents, for example, 
were much lower. 








ENGINEERING. 

The Ministry of Labour Gazette states that in the week 
after Christmas there was the usual decline in employ- 
ment, but this was followed by a steady improvement 
throughout January. At the end of the month, how- 
ever, employment in all but a few industries was worse 
than in the third week of December and was about the 
same, on the whole, as at the end of November. The 
principal decline occurred. in. the group which includes 
the building trade, public works contracting, and the 
brick and tile, artificial stone and cement industries. 
Other industries in which there was an increase in 
unemployment included the pottery, glass bottle, tin- 
plate, general and constructional engineering, and the 
miscellaneous metal trades ; together with the woollen 
and worsted, silk and artificial silk, hosiery, lace and 
carpet industries, textile bleaching, dyeing and 
finishing, the leather trades, tailoring and dress- 
making, boot and shoe manufacture, the food, drink 
and tobacco industries other than grain-milling, the 
furniture and woodworking, printing and paper indus- 
tries, and the distributive trades. On the other hand, 
there was a further improvement in shipbuilding and 
ship-repairing, maririe engineering, the linen textile 
industry, and hat and cap manufacture. In the coal- 
mining industry there was little change on the whole. 
The numbers wholly unemployed showed a decline, 
which was, however, counterbalanced by a rise in the 
numbers temporarily stopped. 

Among the workpeople, numbering approximately 
11,880,000, insured against. unemployment in Great 
Britain and Northern Ireland, the percentage unem- 
ployed in all industries taken together was 12-3 at 
January 21, 1929, as compared with 11-2 at December 
17, 1928, and 10°7 at January 23, 1928. The percentage 
wholly unemployed at January 21, 1929, was 9-8, as 
compared with 9-1 at December 17, 1928; the percent- 
age temporarily stopped was 2-5, compared with 2-1. 

In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages, reported to have come into operation in 
January, resulted in an increase of about 3,4001. in the 
weekly full-time wages of 125,000 workpeople, and in a 
reduction of nearly 7,000. in those of 102,000 work- 
people. The largest group of workpeople included in the 
former totals were operatives employed in the textile 
bleaching, dyeing, &c., industries in Yorkshire, Lan- 
cashire and Scotland, who obtained small increases 
under the operation of cost-of-living sliding scales ; 
in Yorkshire the increases amounted to about }$ per 
cent. on current rates, and in Lancashire and Scotland 
to 3d. and 2d. per week in the case of men and women, 
respectively. 


Included among other workpeople, whose wages were 
increased during the month, were electrical cable 
makers, blastfurnacemen in Cleveland, bobbin and 
shuttle makers in England and Wales, and felt hat 
makers in Lancashire and Cheshire. The principal 
reduction in January affected lower-paid coal miners in 
South Wales and Monmouthshire, where the subsistence 
allowance was reduced from 8s. 03d. to 7s. 104d. per 
shift. There was also a reduction of $d. per hour in the 
wages of men employed on civil engineering work. 


The number of trade disputes involving stoppages of 
work, reported to the Ministry of Labour as beginning in 
January, was 21. In addition, seven disputes which 
began before January were still in progress at the 
beginning of the month. The number of workpeople 
involved in all disputes in January (including work- 
people thrown out of work at the establishments where 
the disputes occurred, but not themselves parties to the 
disputes) was about 9,700, and the aggregate duration of 
all disputes during January was about 97,000 working 
days. These figures compare with totals of 6,000 
workpeople involved, and 32,000 working days lost, in 
the previous month, and with 10,000 workpeople 
involved, and 50,000 days lost, in January, 1928. 

On February 11, 1929, the number of unemployed 
persons on the registers of Employment Exchanges in 
Great Britain was 1,342,500. Of these, 1,020,000 were 
wholly unemployed, 244,500 were temporarily stopped, 
and 78,000 were persons normally in casual employ- 
ment; 1,048,500 were men, 40,500 boys, 215,100 
women, and 38,400 girls. Of 1,369,475 on the registers on 
February 4, 1929, 1,038,522 were wholly unemployed, 
253,057 were temporarily stopped, and 77,896 were 
persons normally in casual employment; 1,067,275 
were men, 42,765 boys, 219,391 women, and 40,044 
girls. The number of unemployed persons on February 
13, 1928, was 1,159,772, of whom 925,611 were men, 
37,621 boys, 160,046 women, and 36,494 girls. 

A difference which threatened to lead to a strike on 
the Great Southern Railway of Ireland has been 


| adjusted on the basis of a compromise proposed by the 
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Free State Government. The trouble arose over a 


decision of the company to dispense with the service 
of 121 engine drivers, for whom there was no longer 
any work. The men selected for dismissal were the 
oldest men in the service; but the trade unions 
disputed the company’s right under an agreement to 
act as it proposed to do, and took the matter into 
Court. The terms of the proposed compromise were 
that the services of all the engine drivers under 60 
years of age should be retained, and that small pensions 
should be paid to the older men whose services were 
dispensed with. Thirty-seven of the 121 were under 
60, and, in order to make up the original total, that 
number of men were to be dismissed from the lower 
grades, At first the trade unions were disinclined to 
agree to the compromise, but eventually they did so, 
and the trouble came to an end. 

In the latest report of the United Pattern Makers’ 
Association, Mr. Findlay, the General Secretary, states 
that the organisation’s unemployment figure continues 
to show improvement. At the end of October it was 
840. Last month it was 740, and this month it is 672. 
The total membership of the Association is now 10,946. 

At the end of January, 13,838 members of the Boiler 
Makers and Iron and Steel Shipbuilders’ Society were 
“ signing the books,” as compared with 15,448 at the end 
of December. During the month, the number of 
members in receipt of superannuation benefit increased 
from 4,487 to 4,519, and the number in receipt of sick 
benefit from 2,503 to 2,887. The expenses for January 
were 10,5161. 16s. 5d. ; in December they were 10,220/. 
19s. 7d. The indications are, Mr. Hill states, that 
next month’s returns will show a further improvement 
in respect of employment. ; 





In the course of his ** Remarks ” in the February issue 
of the Boilermakers’ Monthly Report, Mr. Hill, the 
general secretary, reminds members of the prolonged 
efforts the Society has made to obtain a new code of 
safety regulations for shipbuilding and ship-repairing. 
‘** It looks,” he goes on to say, ‘‘ as if we must wait for 
a Labour Government to get the ‘ Order’ through 
Parliament. Meantime, we are asking the Home Office 
to increase the number of factory inspectors. Our 
District Delegates have been making some enquiries 
as to how far the present staff of inspectors is adequate, 
and the most common answer from the members in the 
yards is that an inspector has never been seen except at 
an inquest. These inquests are intended to find out if 
every reasonable and statutory safeguard has been 
taken to avoid a fatal accident and thus obviate further 
such accidents ; but in some districts they are looked 
upon as a farce... . We require a new code of safety 
regulations and sufficient inspectors to see that the 
regulations are observed.” 





At the recent congress in Moscow of Soviet Trade 
Unions, Mr. Tolstopialov, Deputy Commissioner of 
Labour, stated that unemployment was the most 
serious of the problems with which they had to deal. 
The latest figures gave an unemployed total of 1,374,000 
—an increase of 330,000 on the figures for the previous 
year. Among the unemployed were 350,000 persons 
who had never worked as wage earners, 200,000 
industrial workers, 250,000 salaried employees, 350,000 
labourers, 100,000 building workers, and 120,000 
workers in sundry occupations. He anticipated an 
increase of unemployment during the coming year, 
owing to the poor harvest and the natural increase in 
the population. 

Alluding to the proceedings at the same meeting of 
Soviet Trade Union delegates, the Jndustrial Review, 
an organ of the British Trades Union Congress General 
Council, says that they ‘‘ do not seem to indicate that 
communism has quite solved all the problems of the 
workers.” ‘‘ When it comes to explaining why the 
millenium is overdue,” the writer says, “ the Russian 
trade union leaders sound more like mere bourgeois 
rhetoricians than dare-devil revolutionaries. Thus, 
Tomsky, in his address from the chair, warned the 
Congress against the formation of groups of workers 
who ‘did not understand that Soviet industry was a 
socialist industry, who were not in a position to realise 
why the worker must suffer, why it was his [i.e., the 
worker’s, not Tomsky’s] duty to make sacrifices, why 
he must put off till to-morrow the satisfaction of 
the most legitimate needs of the working class? Asa 
plea for ‘ peace in our time ’ this is sufficiently eloquent ; 
as an exposition of Marxian miracle-working it falls 
rather flat.” Meee 

The official journal of the German National Trade 
Union Centre announces that at the end of September, 
1928, the total membership of the affiliated unions was 
4,762,601, representing an increase of 346,912 since the 
beginning of the year. It is expected’ that the final 
figures for 1928 will record a still greater increase. 
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TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British Posses- 
sions, and in foreign countries. The closing date of each 
tender is stated below. Details may be obtained on 
application to the Department at the above address, 
the reference number given being quoted in each case. 


Construction of a Dockyard.—The Turkish Naval 
authorities propose to construct a dockyard at Gueuldjuk, 
near Ismidt, on the Gulf of Ismidt. (Ref. No. A.X. 7526.) 


Coal-Tar Products.—A leading firm of San Francisco, 
U.S.A., is anxious to get into touch with United Kingdom 
——— of coal-tar and coal-tar products. (Ref No. 
B.X. 5099.) 


Steel Poles.—The supply of 30-ft. steel poles with 
finial. The City of Johannesburg; March 21, 1929. 
(Ref. No. A.X. 7530.) 

Fire Clay and Silica Bricks.—A Winnipeg firm is 
desirous of being placed in touch with United Kingdom 
manufacturers of fire clay and silica bricks, with a view 
to obtaining supplies. (Ref. No. B.X. 5104.) 

Railway Material.—We now learn that two items of 
a call for tenders by the Colombian Ministry of Public 
Works, namely, for three shovels with petrol motor 
and for a railway turntable for 914-mm. track, mentioned 
on page 106, ante, have been cancelled. (Ref. No. C. 2976.) 


Internal-Combustion Locomotive.—One or more 30-ton, 
standard-gauge, Diesel or petrol-driven locomotives are 
likely to be required by a firm in Toronto, Canada. 
(Ref. No. A.X. 7516.) 


Railway and Shipping Material.—The supply of boiler 
tubes, motor barges, river ice breaker and other vessels, 
floating crane, machine tools, 100-h.p. Diesel engine, 
various tools, metals, rails and accessories, turntables, 
railway bridges, cranes, 25 goods and 20 express locomo- 
tives, 85 passenger coaches, 2,000 goods trucks, 300 
closed goods wagons, refrigerated and other special 
wagons, optical apparatus for lighthouses, lamps for 
marine purposes, dredger, tugs, eight motor boats, 
i4 iron bridges, iron pontoons, and a number of other 
items. The Yugoslav Ministry of Communications, 
Belgrade ; March 10. (Ref. No. C.X. 2982.) 

Steel Cable and Railway Material.—The supply of 90,006 
{t. of steel cable, 75 manganese-steel sheave wheels, 25 
pulley blocks, 50,000 ft. narrow-gauge steel rails with 
frogs and switches, narrow-gauge logging locomotive and 
trucks, and one turntable, for delivery in the Philippine 


Islands. A firm in the United States. (Ref. No. C.X. 
2978.) 
Road and Bridge Construction ——The Esthonian 


National Assembly has passed a law concerning road 
improvements and bridge construction. A memorandum 
on the subject is available. (Ref. No. A.X. 7480.) 

Steel Bridge.—The supply of a steel bridge for the 
River Tatacoa, on the Huila~Tolima-Caqueta Railway. 
The Colombian Ministry of Public Works, Bogota: 
March 6. (Ref. No. A.X. 7548.) 


Water Pipes and Tank.—The supply and erection of a 
complete piping system and elevated wrought-iron water 
tank. The Egyptian Ministry of Public Works, Cairo ; 
March 16. (Ref. No. A.X. 7542.) 


LAUNCHES AND TRIAL TRIPS. 


“* Mopan.”’—Single-screw cargo and passenger steamer ; 
triple-expansion engine. Launch, February 13. Main 
dimensions, 400 ft. by 51 ft. by 32 ft. ll in. Built by 
Messrs. Cammell Laird and Company, Limited, Birken- 
head, for Messrs. Elders and Fyfies, Limited. 

“Toutec ” and “ Azrrc.”’—Single-screw fruit-carrying 
and passenger steamers; four-cylinder triple-expansion 
engines. Trial trip of Toltee and launch of Aztec, Feb- 
ruary 14. Main dimensions, 405 ft. by 53 ft. 2 in. by 
33 ft. 6 in. Built by Messrs. Barclay, Curle and Com- 
pany, Limited, Whiteinch, Glasgow, for Messrs. The 
Cuyamel Fruit Company, New Orleans, U.S.A. 

* AnDUTZ-MENDI.’’—Cargo steamer ;_triple-expansion 
engines. Trial trip, February 18. Main dimensions, 
289 ft. by 39 ft. by 18 ft. 2in Built by Messrs. William 
Gray and Company, Limited, West Hartlepool, to the 
order of La Compafiia Naviera Sota y Aznar, Bilbao, 
Spain. 

* Tere.’’—Oil-tank coasting steamer ; 
sion engines. Trial trip, February 19. Main dimen- 
sions, 180 ft. by 33 ft. by 17 ft. 6 in. Built by Messrs. 
Smith’s Dock Company, Limited, South Bank, Middles- 
brough, for Messrs. Trinidad Leaseholds, Limited. 








triple-expan- 


EXAMINATIONS OF MASTERS ANI) Mates, MERCANTILE 
MARINE.—-A committee under the chairmanship of the 
Right Hon. W. Runciman, M.P., bas recently reviewed 
the system under which candidates are examined for 
masters’ and mates’ certificates, and the qualifications 
required for the various grades. In its report the 
committee recommends important alterations in the | 
system of the examinations, in the syllabus for the | 
various grades, and in the rules as to sea service. | 
Copies of the report may be obtained, price 9d. net, | 
from H.M. Stationery Office, Adastral House, Kingsway, | 
London, W.C.2. Detailed regulations based on the 
report will be issued as soon as possible. In the mean- 








double best bars, 111. 5s. ; 
iron rivets, LIZ. 10s. ; 
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BOOKS RECEIVED. 


Report of the Fourth International Shipping Conference, 
Held in London, June 12 to 15, 1928. London: Offices 
of the Conference. 

Smithsonian Institution Miscellaneous Collections. Vol. 
81, No. 6. A Study of Body Radiation. By L. B.ALDRICH. 
Washington : Smithsonian Institution. 

United States Bureau of Labour Statistics. Bulletin 
No. 466. Settl t for Accidents to American Seamen. 
{Price 20 cents.] Washington: Government Printing 
Office. 

United States Bureau of Mines. 
the United States. 1:2. Bausaite and Aluminium in 
1927. By J. M. Hitx. [Price 5 cents.] IL: 30. Coke 
ani By-Products in 1926. By F. G. Tryon and others 
[Price 15 cents.] Economic Paper No. 1. Summarised 
Data of Copper Production. By C. E. Juin. [Price 
10 cents.| «Washington: Government Printing Office. 

Aeronautical Research Committee. Reports and Memo- 
randa. No. 1174. Wind Tunnel Tests with High Tip 
Speed Airscrews. Some Experiments on an Atrscrew 
of Conventional Blade Section, Aerofoil, R. & M. 322. 
No. 3, at High Speeds. By G. P. Dovatas and W. G. A. 
PERRING. [Price 9d. net.] No. 1175. An Analysis 
of a Rectangular Monoplane with Hinged Tips. By 
8S. B. Gates. [Price ls. net.] No. 1178. The Change 
in Airscrew Characteristics with Height. By A. E. 
Woopwarp Noutt. [Price 9d. net.] London: His 
Majesty’s Stationery Office. 

United States Bureau of Standards. Research Paper 
No. 37. Fire Resistance of Hollow Load-Bearing Wall 
Tie. By S. H. INapera and H. D. Foster. [Price 
75 cents.] Washington. Government Printing Office. 

Low-Temperature Carbonisation (or Distillation) Ez- 
plained. By Murray Stuart. London: Mining Pub- 
lications, Limited. [Price 4s. net. ] 

A Comprehensive Treatise on Inorganic and Theoretical 
Chemistry. Vol. IX. As, Sb, Bi, V, Cb, Ta. By J. W. 
Mellor, D.Se London: Longmans, Green and Com- 
pany, Limited. [Price 63s. net.] 

Druckrohrleitungen. Berechnungs und Konstructionsgrund- 
lagen. By Dnr.-Inc. Fetrx Bunpscuv. Berlin : 
Julius Springer. [Price 6 marks. ] 

Matthew Murray. Pioneer Engineer. Records from 1765 
to 1826. Edited by E. Kizsurn Scorrt. Leeds: 
Edwin Jowett, Limited. [Price 2s. 6d.] 





Mineral Resources of 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Supplies of Cleveland pig 
iron are insufficient to meet requirements. Stocks are 
at a low ebb and are composed chiefly of grades of iron 
in least request, while production is still restricted. 
Producers continue to absorb the bulk of the output 
at their own consuming departments, with the result 
that quantities available for disposal in the open market 
are few and small, and readily realise the recently 
advanced fixed minimum prices. Buyers are quite 
prepared to pay current rates for forward delivery, but 
makers are disinclined to sell heavily ahead on such 
terms. Chief purchasers are local and other home firms, 
but odd lots are selling to customers in Scotland and to 
buyers overseas. There is acute scarcity of locally made 
basic iron, and rather considerable quantities of basic, 
of other home manufacturing centres, are being bought 
for use on Tees-side. No. 1 Cleveland is 69s. 6d.; No. 3, 
g.m.b., 67s.; No. 4 foundry, 66s.; and No. 4 forge, 
65s. 6d. 

Hematite.—East Coast hematite-iron makers are in a 
strong statistical position, and a further rise in quotations 
would cause no surprise, particularly as ruling rates are 
low, in comparison with values of Cleveland pig. Though 
higher terms are asked, and are stated to have been 
realised, customers claim they can still place orders at 
the equivalent of 72s. for ordinary qualities of hematite, 
which is only 5s. above the fixed price for No. 3 Cleveland, 
whereas the normal pre-war difference in values was from 
8s. to 10s. Stocks of hematite have been cleared, and 
production is not only taken up as it becomes available, 
but both home and continental consumers would readily 
take larger supplies if they were obtainable. 

Foreign Ore.—Imported ore prices are inclined to 
stiffen. For best rubio, the minimum merchants will 
accept is 22s. 6d. c.i.f. Tees. 

Blast-Furnace Coke.—-Durham blast-furnace coke is 
selling well. Local users are prepared to buy to the end 
of June, but sellers are not keen to sell forward at current 
rates. Good medium qualities command 18s., delivered 
to works in this district. 

Manufactured Iron and Steel.—Quotations for all 
descriptions of manufactured iron and steel are strong. 
Fairly heavy sales of semi-finished steel have been put 
through, and further substantial transactions in finished 
steel are reported, the improvement in export demand 
being somewhat marked. Spring buying of various 
kinds of sheets has further strengthened the hands of 
producers, who had already heavy orders to execute. 
Specifications for shipbuilding requisities are coming 
forward well, and a fair amount of business is passing in 
railway material. Among the principal market quotations 
are: Common iron bars, 10/. 5s. ; best bars, 101. 15s. ; 
treble best bars, 117. 15s. ; 
packing (parallel), 8/.; packing 


time, however, certain of the recommendations, which (tapered), 101. ; steel billets (soft), 67. 10s. ; steel billets 


are to the advantage of candidates, will come into | (medium), 71. 5s. ; 


15s. ; steel 


steel billets (hard), 7/. 


operation immediately, and are set out in Notice No. 99, | rivets, 111. 5s. ; steel ship plates, 8/. 7s. 6d. ; steel angles, 


issued by the Mercantile Marine Department, Board | 
of Trade. 


keeping service, evidence of duties at sea, and the | and galvanised 
examinations in signalling and on rule of the road. 


These concern qualifying sea service, watch- | steel rails, 8/. 10s. ; 


7l. 17s. 6d. ; steel joints, 7/. 17s. 6d.; heavy sections of 
black sheets (No. 24 gauge), 107. ; 
corrugated sheets (No. 24 gauge), 
131. 15s. 
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NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel Trade.—The steel works in this area 
continue to be fairly well employed and business shows 
signs of expanding. The latter is certainly a slow 
process, but inquiries point to a steady demand coming 
forward and the probability of a satisfactory output 
during the spring months. The severe wintry weather 
experienced since the beginning of the year has been 
all against outside work, and shipbuilding has also 
suffered, with the result that the progress at the yards 
has not been as rapid as it would have been had the 
weather been milder. The general trade conditions 
are slightly better, and in consequence this is bound 
to be felt in the consumption of steel material. Export 
buyers have been rather more prominent of late, and 
some good lines have been fixed up for early shipment. 
Black sheets are quietly steady at the moment, but 
more buying is expected in the near future. Prices 
all round are firm and current quotations are as follow : 
Boiler plates, 101. 10s. per ton; ship plates, 8J. 7s. 6d. 
per ton; sections, 7/. 17s. 6d. per ton; sheets, } in., 
8l. 15s. per ton; and galvanised corrugated sheets 
(No. 24 gauge), 131. 12s. 6d. to 13. 15s. per ton, all 
delivered Glasgow stations. 

Malleable-Iron Trade.—In the West of Scotland 
malleable-iron trade there is not much _ activity 
on account of so many of the works being closed down 
through the dispute over working conditions. Arbi- 
tration has been offered, but it seems that the workers 
do not agree to this, and so the trouble continues. 
Those works not affected are at present being kept 
busy, but the general demand is not excessive. In the 
steel re-rolling branch conditions have improved and 
a better demand exists with prices tending upwards. 
“Crown” bars are given as 10/1. 5s. per ton for home 
delivery and 9/. 15s. per ton for export, and re-rolled 
steel bars are now 7/. 15s. per ton both for home 
and for export delivery. 

Scottish Pig-Iron Trade.—The demand for Scottish 
pig-iron has improved a little during the past week, 
but on the whole, the increase is not of very large 
dimensions. Steel makers are consuming more hematite 
and deliveries have been resumed to the foundries 
now that the strike has been ended. There are good 
stocks of all grades available. Current market quota- 
tions are as follow: Hematite iron, 75s. per ton, 
delivered at the steel works; foundry iron, No. 1, 
73s. 6d. per ton, and No. 3, 71s. per ton, both on 
trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending Saturday last, February 16, amounted to 317 
tons. Of the total, 311 tons went overseas and 6 tons 
coastwise. For the corresponding week of last year 
the figures were 397 tons overseas and 26 tons coastwise, 
making a total shipment of 423 tons. 





Roap VEHICLES IN GREAT Britatn.—A return giving 
particulars of the gross receipts from the taxation of 
road vehicles for the period from December 1, 1927, 
to November 30, 1928, has recently been issued by the 
Ministry of Transport. The gross amount received in 
payment for licences issued during the twelve months 
under review was 25,521,052/., which sum is subject 
to certain deductions, rebates and refunds. The total 
number of motor vehicles on the roads on November 30 
last, excluding tramway cars and various other classes, 
was approximately 1,758,000, including 821,000 cars 
taxed on horse-power, 516,000 motor cycles, 301,000 
motor goods vehicles, and 78,000 motor hackneys. The 
total number of driving licences issued during the year 
ending November 30, 1928, was approximately 2,527,000. 
Copies of the return may be obtained, price Is., from 
H.M. Stationery Office, Adastral House, Kingsway, 
London, W.C.2,0  $_____ 


Conrracts.—Messrs. The Woodall-Duckham Vertical 
Retort and Oven Construction Company (1920), Limited, 
Allington House, Victoria-street, London, S.W.1 
have received an order from the Tokyo Gas Company 
for an installation of continuous vertical retorts, having 
a gas-making capacity of over 8,000,000 cub. ft. per day, 
two waste-heat boilers, and coal- and coke-handling 
plant. The same firm has received an order for two 
further continuous vertical retorts, giving a total daily 
carbonising capacity of 940 tons, from the Compagnie 
Générale de Construction de Fours, for erection at the 
Clichy Gasworks, Paris.—Messrs. The English Electric 
Company, Limited, Queen’s House, Kingsway, London, 
W.C.2, have been awarded a contract by the London 
and North Eastern Railway Company for a Diesel- 
electric locomotive equipment, comprising a 1,000-h.p. 
high-speed Beardmore engine, driving a 675-kw. genera- 
tor and 10-kw. auxiliary generator, with complete control 
equipment. This material will be mounted on an 
electric locomotive, which will be converted to Diesel- 
electric working. The complete locomotive will weigh 
90 tons, and will have a draw-bar pull of 40,000 lb.— 
Messrs. Sir W. G. Armstrong, Whitworth and Company, 
Limited, have received an order from the Indian Store 
Department, London, for the construction of 46 large 
superheated locomotive boilers, also a considerable 
number of locomotive parts for the East Indian Railway 
Company and the Great Indian Peninsula Railway Com- 

any.—Messrs. The Brand Powdered Fuel System, 
Limited, York Mansion, Petty France, London, 8.W.1, 
have received an order to fit their pulverised-fuel system 
to the boilers of a 9,000-ton steamer, which is being built 
by? Messrs. Wm. Gray and Company, Limited, for 
Messrs. Sir R. Ropner and Company, Limited, West 
Hartlepool. An efficiency of from 75 per cent. to 78 per 
cent. has been guaranteed. 
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NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 

Coal Exports Delayed by Frost.—After more than a 
week’s almost complete idleness at the docks, some 
progress is at last being made towards clearing the 
accumulation of tonnage and coal supplies brought about 
by the recent blizzard and subsequent frost. Coal 
became frozen into wagons, even the large varieties, 
for the first time for many years, while many of the 
loading appliances were put out of action for days. 
At the same time ships continued to reach port to take 
cargoes and bunkers. With the speed of shipment 
reduced to about quarter of the normal, vessels, which 
should have sailed, were only partly loaded, and in 
many cases had not even commenced loading. So bad 
were the conditions, especially at the Queen Alexandra 
Docks, Cardiff, which was exposed to the full severity 
of the blizzard, that a special staff was brought from 
Swindon to assist in the necessary repairs, and so get 
loading appliances back into working order as quickly 
as possible. In spite of these efforts about a dozen 
tips were still out of commission at Cardiff to-day, and a 
few at Penarth, with the result that over 100 vessels were 
waiting for tips at the South Wales ports, 70 of which 
were at Cardiff, Barry and Penarth, 24 at Newport, and 
7 at Swansea and Port Talbot. The number of vessels 
waiting for coal was in fact the largest since the post- 
war boom, when the holding up of steamers was unavoid- 
able. The effects of the arctic conditions on shipments 
of coal and coke are illustrated in the following compari- 
son for the last two weeks :— 

Week ended— 


From February 10. February 17. 

Tons. Tons. 

Newport 108,018 48,358 
Cardiff 133,715 46,102 
Penarth 51,671 34,861 
arry ane 179,417 96,908 
Port Talbot 39,043 17,406 
Swansea 67,874 37,741 
Totals 579,738 281,376 


Working at the collieries was suspended in many cases 
owing to the shortage of empties caused by the holding 
up of loaded trucks. As collieries were fully booked up 
with orders over this and next month, and there was a 
large accumulation of arrears for delivery, business was 
rendered very difficult, and prices were fully maintained, 
and in some cases advanced. Best Admiralty large, for 
instance, commanded 19s. 9d., and best Monmouthshires 
19s, 6d., with best smalls up to 14s. 6d. In order to 
meet the emergency and expedite shipments it was 
arranged that the surplus tippers at Cardiff, Barry and 
Penarth, owing to the freezing up of machinery, should 
work during the gap of 4} hours between the end of the 
day shift and the commencement of the night shift, 
while the coal trimmers to meet this arrangement worked 
two shifts and a short shift. In spite of these efforts 
to facilitate shipments it is certain that it will be some 
time before the congestion can be removed and normal 
conditions restored. Meanwhile a strong tone is assured 
to coal prices certainly up till Easter. 


Iron and Steel.—Exports of iron and steel goods 
in the past week totalled 27,204 tons against 16,969 
tons in the previous week. Shipments of tin-plates were 
increased from 7,208 tons to 9,726 tons. 








THE YarRow Home.—The Yarrow Home and Hospi- 
tal for the children of engineers, scientists, medical 
men, and naval and military officers, at Broadstairs, 
Kent, is anxious to secure more applications for places 
in the Home. Full particulars may be obtained from 
the Secretary, 116, Victoria-street, London, S.W.1. 

PreRsoNAL.—The address, in Leeds, of The British 
Reinforced Concrete Engineering Company, Limited, 
Stafford, is now North British Buildings, 29, East- 
parade.—Mr. W. V. Waite, O.B.E., formerly chief engi- 
neer and general works manager of Messrs. R. Heath and 
Low Moor Iron Company, Limited, has been appointed 
general manager of Messrs. Sensible Heat Distillation, 
Limited (“‘L. and N ” Process), York Mansion, Petty 
France, London, S.W.1. 

OVERNIGHT RatLwAy Express Goops SERVICES.— 
The London and North Eastern Railway Company is at 
the present time concentrating upon the development of 
overnight express freight services, between large towns 
and cities, at ordinary goods rates. These trains are 
fitted with automatic vacuum brakes operated from the 
locomotive, and are composed of vehicles suitable for 
running at speeds of 50 miles an hour. These nightly 
non-passenger express trains are of two classes, respec- 
tively designated “A” and “B”. Class “A” trains 
are run chiefly to and from York, Newcastle, Edinburgh, 
Glasgow, Doncaster, Manchester, Sheffield and Grimsby, 
and are worked by 3-cylinder 2-6-0 locomotives. As 
many as 60 loaded wagons are run at average speeds of 
from 40 miles to 50 miles an hour. The “B”’ class 
embraces trains made up of goods vans and wagons, not 
all of which are automatically braked. Hauled by 
mixed-traffic locomotives, these trains average about | 
35 miles an hour. It is now possible to ensure early | 
morning deliveries over such long ‘listances as London 
and Glasgow, Liverpool and London, Carlisle and Dundee, 
and Grimsby and London. One of the fastest of these | 
freight trains is that which brings meat nightly to 





Farringdon-street station, London, for Smithfield Market, | Thursday, ry 
from Aberdeen and stations north. This train covers the | Waterloo-street, Birmingham. 





| Belfast. 


ENGINEERING. 





NOTICES OF MEETINGS. 


INSTITUTION OF ENGINEERING INSPECTION.—To-night, 
5.30 p.m., Royal Society of Arts, John-street, Adelphi, 
W.C.2. ‘Specification Notes and Good Practice 
Relating to Concrete and Reinforced Concrete Work,” 
by Mr. A. S. Grunspan. 





INSTITUTION OF ELECTRICAL ENGINEERS.—London 
Students’ Section : To-night, 6.15 p.m., Victoria-embank- 
ment, W.C.2. Joint Meeting, Students’ Sections, 
Institution of Civil Engineers and Institution of 
Mechanical Engineers. ‘‘ Standardisation,’’ by Mr. W. 
Ford. North-Eastern Centre: Monday, February 25, 
7 p.m., Sopwith’s Lounge, Northumberland-street, 
Newcastle-on-Tyne. Discussion on ‘‘ Rural Supplies,” 
by Mr. R. W. Gregory and Mr. C. W. Salt. North 
Midland Centre: Tuesday, February 26, 7 p.m., Hotel 
Metropole, Leeds. ‘The Modern Use of Pulverised Fuel 
in Power Stations,” by Mr. R. A. Chattock. London : 
Thursday, February 28, 6 p.m., Victoria-embankment, 
W.C.2. Faraday Lecture. ‘‘How Electricity Does 
Things,” by Mr. L. B. Atkinson. Friday, March 1, 
7 p.m. Meter and Instrument Section Meeting. ‘ The 
Rotor Bearings of Electricity Meters,’”’ by Mr. W. 
Lawson. 

[INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 
7 p.m., Storey’s-gate, 5S.W.1 Informal Meeting. 
‘* Electrical Precipitation,”’ introduced by Mr. G. Baker. 
East Midlands Branch : Thursday, February 28, 6.30 p.m. 
University College, Nottingham. ‘‘ Corrosion of Metals 
and its Prevention,’’ by Mr. H. E. Yerbury. WNorth- 
Western Graduates’ Section: Thursday, February 28, 
7.15 p.m., Engineers’ Club, Albert-square, Manchester. 
‘*Micro-Examination of Failures,”” by Mr. J. 8S. G. 
Primrose. 

JuNIoR INSTITUTION OF ENGINEERS.—To-night, 7.30 
p-m., 39, Victoria-street, S.W.1. ‘‘The Application 
of the Heavy-Oil Engine to Yachts and Small Craft,’’ 
by Mr. J. Calderwood. Friday, March 1, 7.30 p.m. 
‘* Notes on the Control of Electric Lifts,’ by Mr. L. 8. 
Atkinson. 


NortH OF ENGLAND INSTITUTE OF MINING AND 
MEcHANICAL ENGINEERS.—Saturday, February 23, 
2.30 p.m., Neweastle-on-Tyne. ‘‘ Roof Control on 


Longwall Faces,’’ by Mr. J. F. C. Friend. ‘‘ Diamond 
Boring Applied to Tapping Drowned Areas Under- 
ground,”’ by Mr. F, E. Smyth. ‘‘ Land Drainage,” 
by Mr. H. C. Pawson. ‘‘The Laws of Motion of 
Particles in a Fluid,’”? by Mr. R. G. Lunnon. 


INSTITUTE OF BRITISH FOUNDRYMEN.—Newcastle and 
District Branch: Saturday, February 23, 6.30 p.m., 
Technical College, Sunderland. Joint Meeting with 
the Middlesbrough Branch. ‘* The Physical Properties 
of Foundry Coke,’’ by Professor H. V. A. Briscoe. 
Lancashire Branch : Saturday, March 2, 4 p.m., College 
of Technology, Sackville-street, Manchester. ‘‘ Some 
Common Misconceptions in Metallurgy and Blast- 
Furnace Practice,” by Mr. H. J. Young. West Riding 
of Yorkshire Branch: Saturday, March 2, 6.30 p.m., 
Technical College, Bradford. ‘‘ Venting and Pressure 
in Moulds,’’ by Mr. W. D. Welford. Wales and Mon- 
mouth Branch : Saturday, March 2, 6.30 p.m., Technical 
College, Bristol. ‘‘ Making Steel by Electric Furnace,” 
by Mr. R. J. Richardson. 


Hutt AssociaTION OF ENGINEERS.—Saturday, Feb- 
ruary 23, 7.15 p.m., Technical College, Park-street, 
Hull. ‘‘ Marine Refrigeration,’’ by Mr. K. G. Tidd. 


Royat Socrety or Arts.—Monday, February 25, 
8 p.m., John-street, Adelphi, W.C.2. Shaw Lecture. 
‘‘Thirty Years’ Experience of Industrial Maladies ”’ 
(Lecture IT), by Sir Thomas M. Legge. Wednesday, 
February 27, 8 p.m. ‘“ Resins,’’ by Mr. A. F. Suter. 


INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScorLanp.—Tuesday, Fébruary 26, 7.30 p.m., 39, Elm- 
bank-crescent, Glasgow. ‘* The Deformation of Metals,” 
by Professor C. H. Desch. 


NORTHAMPTON ENGINEERING COLLEGE ENGINEERING 
Socrety.—Wednesday, February 27, 4.15 p.m., St. 
John-street, E.C.1. Walmsley Memorial Lecture. 
“Some Reminiscences of Engineering Work,’’ by 
Dr. O. Faber. 


INSTITUTION OF CriviL ENGINEERS.——Manchester and 
District Association: Wednesday, February 27, 6.45 
p-m., Manchester Literary and Philosophical Society, 
36, George-street, Manchester. ‘‘ Moving Loads on 
Railway Under-Bridges,’’ by Mr. G. F. Kent. Yorkshire 
Association: Thursday, February 28, 7.30 p.m., Hotel 
Metropole, Leeds. ‘‘ Developmentsin Railway Engineer- 
ing,’ by Dr. J. Miller and Mr. J. T. Thompson. 


AUTOMOBILE ENGINEERS.—Man- 
chester Centre: Wednesday, February 27, 7 p.m., 
Engineers’ Club, Manchester. ‘‘Some Investigations 
into the Performance of Tubular Radiators for Motor 
Vehicles,” by Mr. H. Kerr Thomas. 


INSTITUTION OF WELDING ENGINEERS.—Wednesday, 
February 27, 7 p.m., Birmingham Chamber of Com- 
merce, New-street, Birmingham. ‘‘ Welding and 
Cutting Practice with Low-Pressure Plant,’’ by Mr. C. 8. 
Milne. 

BELFAST ASSOCIATION OF ENGINEERS.—Wednesday, 
February 27, 7.30 p.m., Municipal College of Technology, 

“Navigation and the Gyro-Compass,”’ by 
Mr. F. Clifford. 

INSTITUTE OF METALS.-—Birmingham Local Section : 
February 28, 7 p.m., Engineers’ Club, 
Joint Meeting with the 


INSTITUTION OF 


188 miles from York to King’s Cross in less than four| Birmingham Metallurgical Society and Staffordshire 


hours, stopping only once en route for examination of | lron and 


wagons and for changing the locomotive. 


Steel Institute. ‘‘ Metallurgy and the 
volution of the Balance,’’ by Mr. W. A. Benton. 





INSTITUTE OF QUARRYING.— Midlands Branch : Thurs- 
day, February 28, 2.30 p.m. Birmingham Industries 
Fair, Castle Bromwich. ‘‘The Future of the Road- 
stone Industry,”’ by Mr. H. Bradley. 


Royat Instirution.—Thursday, February 28, 5.15 
p.m., Albemarle-street, W.1. ‘Physics in Relation 
to Oil Finding’ (Lecture II), by Professor A. O. 
Rankine. Friday, March 1, 9 p.m. “Infra-Red 
Spectra,’’ by Sir R. Robertson. Saturday, March 2, 
3 p.m. ‘Molecular Motions in Rarefied Gases” 
(Lecture I), by Sir E. Rutherford. 


InstTITUTION oF LocoMOTIVE ENGINEERS.—Thursday, 
February 28, 6 p.m., Denison House, 296, Vauxhall 


Bridge-road, S.W.1. Annual Meeting. ** Poppet 
Valve Performance,” by Mr. O. Bulleid. 
INSTITUTION OF STRUCTURAL ENGINEERS.——Thursday, 


February 28, 6.30 p.m., 10, Upper Belgrave-street, S.W.1. 
“Erection of Bridges,” by Mr. A, Hunter. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—Though manufacturers generally 
predict improved conditions, the rate of revival in the 
majority of the iron and steel trades is very slow. Indeed, 
in some sections, it is not easy to discern whether there is 
any change in the position from week to week. Gross 
output, while in excess of that of a year ago, yields little 
profit, with the result that many firms are working on a 
hand-to-mouth basis and are merely keeping plant and 
operativesemployed. In the raw and semi-finished steel 
branches, no fresh developments have occurred. Out- 
side basic steel, the demand is on a low level. Forges, 
foundries and rolling mills are in a similar condition and 
complain of a shortage of orders. The prospects of the 
railway rolling-stock departments are clouded. Current 
requirements are not yielding many contracts, especially 
on home account, but overseas users tend to become 
bettercustomers. Inquiries, too, are in increased circula- 
tion. Shipyards in the north are importing bigger 
tonnages of locally-made steel, forgings, and castings. 
Machinery of different kinds is in renewed demand. 
Electrical, agricultural, and roadmaking and quarrying 
plant are active lines. The receipt by a local firm of 
a contract for 10,000,000. for constructional work in 
drainage, housing, and the re-equipment of factories 
in Greece is expected to find 10 years’ work. While the 
labour used will be wholly Greek, directional operations 
will be undertaken by a number of British experts. 
Survey operations will start within the next few months, 
but the actual work of construction will not begin before 
1930. During 1930 and 1931, vast quantities of machin- 
ery and plant, valued at many hundreds of thousands of 
pounds, will be purchased to facilitate the contract. 
Automobile steel-making trades are working at high 
pressure, while a substantial quantity of stainless steel, 
rustless iron, high-speed steel, and other varieties used 
in the aircraft, chemical, and dye trades, continues to go 
into consumption. 

South Yorkshire Coal Trade.—The fuel market, 
generally, has taken on a more heaithy appearance. 
Not only has the call from home users expanded, but 
shipments abroad are becoming more substantial. 
Industrial fuel is steady. The recent cold weather has 
had a stimulating effect on the call for house coal. Prices 
are well maintained. For a similar reason, both gas 
coal and gas coke have hardened. Coke used for central 
heating is also in more active request. Blast-furnace 
varieties are steady, while foundry and furnace sorts 
have improved both on home and export account. 
Quotations :—Best branch hand picked, 26s. to 27s. 6d. ; 
Derbyshire best brights, 22s. 6d. to 24s. ; Derbyshire best 
house, 20s. 6d. to 21s. 6d. ; screened house coal, 17s. to 
18s. ; screened house nuts, 16s. to 18s. ; Yorkshire hards, 
15s. to 16s. ; Derbyshire hards, 15s. to 16s. ; roughslacks, 
8s. 6d. to 9s. 6d.; nutty slacks, 4s. 6d. to 6s. ; smalls, 
3s, 6d. to 4s. 








LINE-THROWING APPLIANCES ON Suips.—The Mercan- 
tile Marine Department of the Board of Trade has issued 
a circular, for the attention of surveyors, dealing with the 
inspection of line-throwing appliances on ships. The 
circular is designated No. 1676, and may be obtained, 

rice ld. net, from H.M. Stationery Office, Adastral 

ouse, Kingsway, London, W.C.2. 


Tue MineRAL WEALTH oF ONTARIO.—The mineral 
production of Ontario, Canada, for 1928, is valued at 
20,000,0001., which figure constitutes a high record. 
The output of gold represents 33 per cent. of this total 
sum, that of nickel 21 per cent., and that of copper 
8 per cent. Ontario is the third largest gold producer 
in the world, and the province supplies 90 per cent. of 
the world’s requirements of nickel. 

Tue Bristot Juprrer AERO ENGINE.—We understand 
that one of the Bristol Jupiter Series VI A.L. aero engines, 
with a 5:1 compression ratio, has recently been sub- 
jected to a type test at the United States Naval Aircraft 
Factory, at Philadelphia. The engine successfully passed 
the calibration and 50-hour endurance tests, the last 
5 hours of the latter being run at full throttle. The 
maximum brake horse-power developed was 460 at 1,765 
r.p.m., and the average fuel consumption, at full throttle, 
was 0-559 1b. per b.h.p.-hour. The best fuel consumption 
figure obtained was, however, 0-484 lb. per b,h.p.-hour, 
at 1,585 r.p.m. Other data obtained from the test were 
as follow: Weight of engine, dry, 1-74 lb. per h.p. ; 
and brake mean-effective pressure, 119-5 lb. per sq. in. 
It may be added that the Bristol Jupiter engine is 
now being manufactured in the United States, under 
.icence, by Messrs. The E. W. Bliss Company, of Brooklyn. 
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Fie. 72. 8-Kw. MurrLe Furnace; Messrs. 








THE GENERAL ELEctTRIc Company, LImIrep. 








Kiq. 73. 


SouTHAMPTON Docks.—Information regarding the 
scheme promoted by the Southern Railway Company, 
for the extension of the docks and town of Southampton 
is contained in the 1929 issue of Southampton Docks, 
an illustrated handbook of rates, charges, and general 
data concerning the port. The scheme involves the 
reclamation of 407 acres of mudiand in the bay on the 
River Test, about two miles long, and extending from the 
Royal Pier upstream to Millbrook Point. The river face 
of the reclaimed ground will be formed, along most of 











30-Kw. MorrLtE Furnace; Messrs. THE GENERAL Evectric Company, LIMIrEp. 


its length, by a quay wall, 7,400 ft. long. The site is 
so arranged that it will be possible, subsequently, to 
construct a jetty about 5,000 ft. long and 400 ft. wide, 
running parallel to the new quay wall and 600 ft. away 
from it. Vessels will be able to berth on both sides 
of the jetty and the scheme, when complete, will give 
16,500 ft. of quay and provide accommodation for some 
20 vessels of the largest size. The work is to be carried 
out in three sections, the first of which has been com- 
menced and is to be completed within four years at a cost 
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Fie. 75. 
Figs. 74 aND 75. FLAME-PRooF SwitcH; MEssrs. 
THE GENERAL ELEcTRIC Company, LIMITED. 


of 3,000,0007. Already some 600,000 tons of soft mud, 
and a further 300,000 tons of harder materials, for use in 
the reclamation, have been dredged. The construction of 
one of the quay walls 3,500 ft. in length, has also been 
put in hand. The above-mentioned handbook has been 
compiled by Mr. H. N. Appleby, in collaboration with the 
Southern Railway Company, and it contains particulars of 
the present accommodation and equipment of the docks, 
tonnage rates, dock tariffs, and other information regarding 
the port and its activities. The book is obtainable from 
the Dock Manager’s Office, Southern Railway Company, 
Southampton. 


PALESTINE ExuipiTion.—The fourth Palestine and 
Near East Exhibition and Fair will be held at Tel Aviv 
in April next. Amongst others, the exhibition will 
contain sections for imported industrial and agricultural 
machinery, builders’ plant, electrical goods, wireless 
apparatus, motor cars and motor cycles, and raw 
materials for local industries. Communications should 
be addressed to the Mischar w’Taasia Company, Limited, 
P.O.B. 21, Tel Aviv, Palestine, or to the London repre- 
sentative, Mr. G. Bradlaw, Palestine Electric Corporation, 
Limited, 3, Bedford-square, London, W.C.1. 
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TWO-STROKE AIRLESS-INJECTION ENGINES AT THE BRITISH 
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Fics. 39 anp 40. Pressure Dir-Castina MAcHINE; 
Messrs. W H. Dorman anp Company, LIMITED. 




















Fic. 42. Stonre-Breaking Macuine; Mzssrs. Goopwin, 
Barsspy AND Company, LIMITED. 
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Ke. 44. Two-Arc StaTIONARY WELDING PLANT; Messrs. G. D. PETERS AND COMPANY, 
LIMITED. 








Fic. 46. 132-Kv. ConpDENSER TYPE 
TERMINAL ; Messrs. MICANITE AND 
INSULATORS COMPANY, LIMITED. 
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VIBRATIONS IN ROADS AND 
STRUCTURES. 

ATTENTION has been forcibly directed to the ques- 
tion of road surfaces in cities by recent events of a 
disturbing nature, more particularly in the London 
district, though these happenings have not been 


similar troubles. 


inquire what has been done in time past which may 
throw light upon the subject, and whether the 
inconveniences and dangers recently experienced 
are due to any specific cause of recent origin, or 


|not possibly be due in part to the present assiduity 
of the daily Press in giving unusual prominence 
to all such incidents. It is not possible to verify 
the latter suggestion. as inquiry shows that what 
information is available to authority is not 
presented in such a way as to give a complete 
answer to the question by statistical record. 
The chief differences to be noted between conditions 
now, and those obtaining say thirty years ago, 
are in methods of road construction, and in the 
volume of traffic, with the greater speed and weight 
of vehicles using the roads. The effect of impactive 
blows upon more or less rigid concrete beds has 
been made subject of inquiry, though this was only 
in the first place with respect to possible damage 
resulting. 

A very laborious experimental investigation was 
indeed undertaken in connection with the type of 
floor proposed to be used on the great Delaware River 
suspension bridge. This floor was to be supported 
by girders about 4 ft. apart, and was of reinforced 
concrete 6 in. thick covered with 23 in. of asphalt, 
and intended to carry anywhere a spot load of 
15,000 Ib. The inquiry is chiefly of interest as 
showing, by the vast amount of labour devoted to 
the study of this case, the great importance attached 
by the engineers to the possible effects of impact, 
the broad result being that the allowance of 50| 
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per cent. contemplated was substantiated. A more 
recent inquiry of a more informing nature was 
carried out by the Division of Tests, of the United 
States Bureau of Public Roads, which body had 
previously dealt with the Delaware River bridge floor, 
to determine the reactions corresponding to blows 
of a heavy wheel dropping from various heights, 
at various speeds, upon roads of various types, 
generally of concrete of thicknesses varying from 
6 in. to 10 in., and with, or without, some sort ot 
covering surface. The resulting reactions observed 
were curiously uniform, being for roads of a rigid 
type, such as concrete, from —13 per cent. to 
+- 3 per cent. below or above the mean of a large 
number of tests. It was, however, observed that 
in the case of water-bound macadam roads the 
impact reactions developed were markedly less than 
for the more resistant concrete roads. These two 
inquiries related to effects directly below, or very 
near to, the point of load application, and do not 
throw any light upon vibration effects either near 
to or far removed from that point. 

Vibration as affecting structures has, however, 
long been suspect, even from the time of building 
the cast-iron Coalbrookdale bridge, 150 vears since, 
when legend says a strolling fiddler being teased 
by men at work upon the structure threatened to 
fiddle it down, and even proceeded to do so, by 
striking such chords on his instrument as to set it 
vibrating in a dangerous manner. No one is asked 
to believe this story, but it is significant of appre- 
hensions entertained long since that such a fairy- 
tale should be current. Nearly thirty years ago Mr. 
Mallock, at the instance of a Board of Trade Com- 
mittee, investigated vibrations induced by traffic 
upon the Central London Railway, and distur- 
bances set up by road vehicles, and subsequently 
drew up a masterly statement upon the matter 
which is still of great value and interest. Mr. 
Mallock concluded that ‘the unsprung load of the 
locomotives running on rails of irregular surface 
was chiefly responsible for the trouble experienced, 
the existence of rail joints, though occasioning 
noise, having little to do with it. A great improve- 
ment in the conditions followed a reduction of the 
unsprung loads, the betterment being in direct 
proportion to this reduction. He remarked upon 
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the smallness of the amplitude of the vibrations 
; commonly observed in houses near the railway, an 
| amplitude of the order of the one-thousandth part 
= an inch being objectionable only when the 
frequencies exceeded 10 per second. In this state- 


confined to the Metropolitan area, while cities; ment, now out of print, a diagram is given 
abroad have been reported to be suffering from | connecting frequencies and amplitude with the 
It becomes therefore pertinent to | tendency to jump of a loose hody resting upon a 
consider the matter in its engineering aspects, to| Vibrating surface, a consideration of importance 


with respect to the possibility of injury to buildings. 
Comparing the values displayed with observed 
results, it appeared that a variation of 1 per cent. 
of gravity is noticeable, and 4 per cent. or 5 percent. 
very unpleasant. 

The report of the Committee included a statement 
that it appeared to be “‘ a matter of chance whether 
a given train caused a slight or a severe vibration.” 
This is a little surprising when itis considered that the 
Committee included Lord Rayleigh among its mem- 
bers. The real meaning of this statement probably is 
that precise causes could not be assigned for the 
differences observed. More recently, the matter has 
been the occasion of further experimental inquiry 
at the National Physical Laboratory, and was 
made the subject of a paper read recently before 
the Institution of Civil Engineers by Messrs. Hydeand 
Lintern. This recorded an arduous set of experiments 
carried out by the use of ingenious instruments applied 
to examine the effects of disturbances caused by falling 
weights, or of traffic on roads, particulars were given 
in much detail. Some directly useful results 
emerge, as, for instance, that vibratory effects of 
wheels having solid rubber tyres are greatly influ- 
enced by the condition of the tyres, and particularly 
by over-load and consequent over-stress, a 65 per 
cent. overload resulting in a four-fold frequency 
and a greater amplitude. This result is the less 
surprising when it is considered that the stress-strain 
curve of rubber rises very abruptly at high’ stresses, 
the material does indeed stiffen in a remarkable 
degree precedent to rupture, so that actually 
under severe usage when elastic yield would be most 
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advantageous, it incontinently fails, and the rubber 
assumes the hardness of a rigid material. With the 
pneumatic tyre this does not occur. Tests having 
been made for the passage of an electric train, it 
was established that for the same distance from the 
origin of disturbance the amplitude of vibration was 
greater for the train than for normal road traffic, 
and further that the effects persisted at a much 
greater distance, high speed greatly increasing 
the results observed. Effects upon structures have 
not yet been dealt with, but it is satisfactory to learn 
that this extension of the inquiry is now in hand. 

Without expressing anything but appreciation of 
the effort made in this recent investigation, it may be 
remarked with respect to the character of the vibra- 
tions, their amplitude and frequencies, that these 
results alone are at present of little more than 
academic interest. There is yet no means of 
connecting them with effects upon materials, 
whether in pipes below ground, or on buildings 
above the ground; with this addition to our 
knowledge we are as yet no wiser with regard to 
actual effects upon structures. That tremor and 
vibration due to road traffic are objectionable 
to the senses we already knew, and have no 
reason to like them either more or less because 
of a wave line record, and it is evident the line 
of inquiry should be extended to determine what 
vibrations are inimical to safety and what may be 
considered harmless. A use for the information as 
yet to hand may later be found; at present, though 
of interest, and possibly of occasional use in courts 
of law, it does not give us any better opinion of 
nuisances as such, the classification of which 
must be left to the arbitrament of the senses. 

There is, perhaps, somewhat too ready a tendency 
to pursue investigation for the sake of applying 
skilled effort to troublesome experiment, to accumu- 
late data as the curio hunter collects curios, to 
secure that which having got we do not quite know 
what to do with; butitis nevertheless of the essence 
of scientific inquiry that knowledge should be sought 
for its own sake, apart from, or in addition te, any 
utility resulting, and it must be conceded with 
respect to any troubles or danger experienced, 
that not till the facts are known is it possible to do 
more than guess at a remedy. Any inquiry must 
have a beginning. When Hooke first made his 
famous statement connecting stress and strain, 
followed by Young’s determination of an elastic 
modulus, it is probable there was little use at that 
time for these pronouncements, yet it is difficult 
to see how we could now do without them. So it 
may be with the teachings of the inquiries which 
have been referred to. But little is yet known 
about the difference between stress in materials as 
commonly understood, and the molecular distress 
which may possibly occur in a material under 
severe vibration—the two are possibly not com- 
parable, and might perhaps be made the subject of 
study with advantage. Vibratory effects may, 
it is true, be felt at a great distance, but the sum 
total of the dispersed energy of a blow, scattered 
in all directions, can never be greater than that 
developed at the point of origin. The only ill- 
effects to be apprehended with respect to buildings 
is perhaps in some cases the creeping of one part 
relative to another part. It is, however, difficult 
to conceive that a blow delivered by a heavy wheel 
dropping through a small height should have any 
other ill-effect upon a building some distance away, 
though the same blow acting immediately over a 
pipe but little below a road surface might prove 
to be a very different matter. Pursuing this con- 
tention with respect to a drop load, it may be stated 
that the amount of energy developed in the parti- 
cular case of a 7,500-Ib. load, dropping through 
one inch, would be sufficient if directly applied at the 
centre without loss to come near to breaking a cast- 
iron beam 7 ft. by 7 in. by 7 in., or an oak beam 
6 ft. by 6 in. by 6 in., but the effect upon a building 
some distance away and a thousand, or many thou- 
sand times the weight of these little beams must 
surely be unimportant with respect to the integrity 
of its parts. 

Mr. H. E. Stilgoe, Chief Engineer to the Metro- 
politan Water Board, expressing his views upon the 
subject of pipe failures in the statement which we 
printed in our issue of Feb. 1 (page 146 anfe), 
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assigns the troubles arising to changes of tempera- 
ture, to interference with the bedding of pipes by 
near excavations, and to modern traftic conditions. 
This statement coming from an engineer who has 
great opportunities of examining the facts of any 
case, is of much importance, and may be studied 
with advantage. 

The above leads up to a statement recently made 
before the Home Office Commission now sitting, 
to the effect that at a certain place pipes were so 
crowded that there was very little cover, and near 
contact of pipes crossing one above another, a 
wholly improper condition. It is matter of surprise 
that in places where there is a limited depth for 
such crossings there should not be used an adapta- 
tion of the Venturi neck, by which it would be 
possible in an extreme case to make a crossing 
of pipes in no greater depth than the diameter of 
one, and with negligible loss of pressure head. The 
Venturi principle is already applied with success 
in the case of valves otherwise of forbidding size, 
and great cost. There is at present some tendency 
to attribute any mishap to the effects of heavy 
traffic vibrations, regardless of the facts. In two 
cases recently of old buildings collapsing this was 
suggested, but other old buildings in the imme- 
diate neighbourhood remained standing, and in the 
two cases cited there had been work going on, in 
the one case of underpinning, and in the other of 
demolition. Commonsense assigns a less doubtful 
explanation of these mishaps. It is reasonable to 
think—vibration being at fault—that buildings 
lining the principal bus routes, or the various narrow 
streets around the docks where there is heavy rigid- 
tyred traffic, would furnish many examples confirming 
damage done; but is this so? There are also 
many structures which for long decades have been 
subject to considerable vibration set up by running 
machinery. We hear more now about vibration 
perhaps because it is now more apparent to “ the 
man in the street.”” That vibration never has any 
ill-effects should not, however, be advanced. There 
may be cases of critical condition in which such 
an influence is definitely prejudicial, but there is 
apt to be a fashion in scares, of which the present 
may be an instance. It is not unlikely in the case 
of gas mains that trouble arising may be less attri- 
butable to road vibrations than to the smaller like- 
lihood of discovering leakages under present-day 
impervious surfaced roads, than was formerly the 
case. With concreted roads any leakage not being 
free to reach the surface is not only less easily 
detected, but, by not being free to escape, is the more 
dangerous, permeating the sub-soil and collecting 
in voids liable to form undetected below such road 
surfaces, with the further risk that what relief for 
the gaseous mixture there may be is the more 
likely to be to the basements of houses. The 
number of leakages known is no measure of the 
number actually occurring, which may be much 
greater. Ventilation of concrete and _asphalt- 
covered roads would therefore seem to be called 
for, both to furnish relief and to aid detection. A 
further safety precaution would be to cause gas as 
supplied to be impregnated with some pungent 
and offensive element, which should make the 
slightest leak at once apparent. 

There would appear on the whole to be no need 
for undue alarm with respect to the various 
matters touched upon. The inconveniences and 
dangers apparent will, it is reasonable to hope, 
submit to skilled treatment in due course, though 
it should be with no undue delay. 








THE ELECTRICITY COMMISSIONERS’ 
REPORT. 


Tue dual problems of reorganisation and genera- 
tion having been partially solved by the passing of 
the Electricity (Supply) Act of 1926 and the estab- 
lishment of the Central Electricity Board, the 
Electricity Commissioners are now wisely giving 
more direct attention to the no less important and 
difficult questions of distribution. There is good 
reason for this reorientation, since experience during 
the past eight years has shown that the centralisation 
of generation will require to be supplemented by 
the co-ordination of distribution, if full advantage 
is to be taken of the opportunities for expansion 
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in the use of electrical energy that will arise. This 
applies particularly to rural areas where, unlike 
the more urban districts, little has been done, at 
any rate until recent years, to develop the use of 
electricity for any purpose. A considerable portion 
of the eighth annual report of the Commissioners 
which has just been published by H.M. Stationery 
Office [3s. net], and covers the year ended March 31, 
1928, is therefore occupied with an analysis of the 
present position of electricity supply in these areas. 
It appears that of the total square mileage in 
Great Britain, 6,796 square miles (or 7-7 per cent.) 
can be classed as urban, and 81,344 square miles as 
rural. On the other hand, taking the 1921 Census as 
a basis, 33,346,250 persons (or 78 per cent. of the 
total) live in towns, and only 9,442,946 in the 
country. Various undertakings have distribution 
powers in over 92 per cent. of the cities and boroughs, 
in 86 per cent. of the urban districts, and in 58 per 
cent. of the rural districts in England and Wales, 
while about 68 per cent. of the cities and burghs 
and 29 per cent. of the civil parishes in Scotland are 
similarly supplied. In other words, about 89 per 
cent. of the urban areas in Great Britain, contain- 
ing about 97 per cent. of the urban population, 
and nearly 42 per cent. of the rural areas, contain- 
ing upwards of 67 per cent. of the rural population, 
are administratively in a position to use a public 
electricity supply. It is therefore evident that 
most areas where the population is dense and 
the prospects for development good, are already 
“occupied.” Indeed, the “ unoccupied” areas, 
though covering 45 per cent. of the total, only 
contain 5 per cent. of the population. Again, an 
analysis of the area of 235 undertakings, which have 
come into being since the war, shows that on Septem- 
ber 30, 1927, nearly 88 per cent. of the scheduled 
compulsory mains had been laid, as well as consider- 
able lengths of other mains, although in certain 
instances the two years allowed for carrying out 
these compulsory works had not expired. A similar 
enquiry into the progress made by 112 undertakers, 
who obtained their orders before the war, is now 
being made, but there is no reason to suppose that 
the position will be found to be worse than that 
just noted. At any rate the information thus 
gained should allow the full implications of the 
problem to be seen, and should be of great assistance 
to the Conference on Rural Supply, which is also 
concerned with such matters as the economic 
aspects of overhead lines and wayleaves, in carrying 
out their task. As it is it cannot be said that 
there is any great backwardness, at least as regards 
availability. When it comes to consumption, it is 
of course another matter. 
That increasing use is, on the whole, being made of 
electricity for all purposes is, however, conclusively 
shown by the figures given in the report.. It appears 
that in 1927-28 9,927,850,630 kw.-hours were genera- 
ted in 570 stations, necessitating the consumption 
of 9,034,323 tons of coal, 149,721 tons of coke breeze 
and 40,107 tons of oil fuel, while, in addition, 
water power, gas, and waste heat were used to a 
small extent. These figures indicate that there 
has been a rapid recovery from the effects of the 
coal strike, the output being no less than 18-7 per 
cent. in excess of that of the previous year, while 
the fuel consumption only increased by 5:4 per 
cent. For the same reason there was a falling 
off in the amount of oil fuel used, the figure for the 
year under review being 40,107 tons, as compared 
with 145,911 tons in 1926-27. It is interesting 
to note that while the output has nearly doubled 
since 1920-21, the amount of electricity produced 
per ton of coal increased by some 54 per cent. 
during the same period, showing important technical 
advance in station plant. It may be added that the 
number of stations dealt with is the same as in the 
previous year, for while 23 were shut down, a similar 
number were opened. Of these 570 stations, 251 
generated less than 1,000,000 kw.-hours in‘ the 
year, while 400 generated ‘ess than 10,000,000 
kw.-hours. The remaining 170 stations, on the 
other hand, accounted for 93-6 per cent. of the 
total electricity generated. The figures given show 
an average consumption of 155 kw.-hours per head 
of population, the distribution of which is in 
the hands of 642 undertakings, a net addition of 
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The aggregate capacity of generating plant for 
new stations and extensions sanctioned during the 
year amounted to 668,357 kw., of which 246,642 kw. 
came under the former heading. This plant is to 
be installed in fifteen stations, of which the principal 
are the Battersea station of the London Power 
Company, the Kearsley station of the Lancashire 
Power Company, and the Kirkstall station of the 
Leeds Corporation. In addition to the application 
of the Central Electricity Board for permission to 
erect a 132,000-volt transmission system in Scot- 
land, 64 other consents were issued for the establish- 
ment of overhead lines. Of these two were for 66,000 
volts, while eighteen were for 33,000 volts. Ninety- 
five applications for special orders were under con- 
sideration at the beginning of the year under review, 
and during that period eighty further applications 
were received. Of the latter 39 related to the 
establishment of new undertakings and 36 to 
extensions of the area of supply, a noteworthy 
feature being the large extent of these areas. No 
less than 24 of the applications were competing. 

A very large portion of the hundred odd‘ pages 
of the report deals with what may be termed the 
routine work of the Commissioners. This covers 
the various duties laid upon them by Parliament 
since 1919 or taken over by them from the Board 
of Trade. Though it may be argued that some of 
this work is unnecessary, it can hardly be contended 
that an industry whose relations with the public 
are so close and monopolistic as that which deals 
with electricity supply is not in need of some 
supervision by an independent body. When, 
moreover, it is stated that the cost of this control 
to the individual undertaking is only 0-0018d. 
per kw.-hour sold, it cannot be said that the 
burden is excessiye, even without taking into 
account the benefits received. We do not believe 
that the rule of the Commissioners is oppressive, 
neither do we consider that it can be dispensed 
with. 








SOUTH AFRICAN RAILWAYS AND 
HARBOURS. 

THE saying that there are as many opinions as 
men might well be illustrated by reference to 
many engineering problems, solved and unsolved. 
Taking electric traction as an example, there are not 
wanting those who hold that its freer employment 
would be of benefit to railway administrations, 
while others think that the steam locomotive will 
be capable for some time of satisfactorily dealing 
with the traffic offering. Whichever of these views 
is right, experience, however, shows that, so far, 
where electric traction has been adopted it has 
usually been successful, both technically and eco- 
nomically. The remarks made in the report on the 
South African Railways and Harbours for the year 
ended March 31, 1928, by the new general manager, 
Mr. J. R. More, are therefore not a little startling, 
especially as they seem to indicate both a complete 
contradiction of the view just expressed and a direct 
criticism of the policy of his immediate predecessor. 
It may be recalled that, after many years of 
consideration, it was decided to convert the Natal 
main line between Glencoe and Pietermaritzburg 
from steam to electric traction. This section is 
about 170 miles long, and abounds in sharp curves 
and steep gradients, about 25 per cent. of the 
mileage having a radius of 1,100 ft. or less. It 
was opened for traffic on the new system during 
1926, and, as a result, a considerable increase in the 
weight of the trains, combined with a tightening 
up of the running schedule, was possible, while the 
ultimate capacity of the lines was raised by some 
50 per cent. On an average, too, it was found that 
the electric locomotives ran some 7,000 miles per 
month, as against the steam locomotives’ 2,700 miles. 
Some of them have, in fact, operated for 75,000 
miles without overhaul, thus comparing favourably 
with the 30,000 miles of the steam engine. It 
should be added that, before the new system was 
set to work, a committee was appointed to consider 
electrification matters, but the figures we have 
just given were considered a sufficient reply to 
their findings, especially as these were mainly 
concerned with the way in which the contracts 
had been let and supervised. There were, how- 
ever, certain general criticisms of the scheme, the 
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chief of which were that electrification would never 
pay its capital charges, that the anticipations of 
increased carrying capacity would not be realised, 
and that the service would be disorganised by 
constant breakdowns. 

Sir William Hoy, before he retired, categorically 
described these views as uninformed, and the cynical 
will therefore read with a considerable degree of 
interest, that the first two of them at least are 
held by his successor. For, though Mr. More remarks 
that the electrified section in Natal is operating 
efficiently, and has proved capable during the year 
under review of meeting traffic requirements, con- 
sidered from the financial standpoint, he regards 
the results as unsatisfactory. The earlier expecta- 
tions of increased traffic have not been realised, 
with the result that, in spite of electrification being 
an extremely efficient means of transport, it has 
not been possible to meet the very heavy additional 
capital charges, which the adoption of the system 
has entailed. 

This may be so, but some of these charges 
arise from expenditure, which cannot be fairly 
ascribed to this electrification scheme, still less 
laid at the door of electrification in general. For 
instance, the transfer of the Colenso Power 
Station to the State Electricity Supply Commission 
has meant an increase in administrative costs 
of 16,000/. per annum. Further contributions of 
60,0007. per annum to the redemption fund and 
of 15,0001. to the reserve fund would also, it is 
considered, have been unnecessary had the station 
remained under the control of the Railway Depart- 
ment. 

This is a serious state of affairs, and Mr. More 
has our full sympathy in dealing with it. It 
seems, in fact, to be one of those cases of doctored 
book-keeping, which shock all those whose con- 
sciences are less flexible than those of politicians. 
Unfortunately, it is impossible from the statistics 
given to ascertain exactly what the electrified 
system is costing to operate, and also what it 
would cost were it freed from these charges. 
Mr. More, is, however, so impressed with the 
position that he definitely rejects the proposal to 
extend electrical working from Pietermaritzburg 
to Durban on the grounds of the heavy capital 
outlay and additional working costs. He com- 
plains, too, that the extra capital charges and 
operation costs entailed by the electrification of 
the Capetown-Simonstown line will result in a 
heavy annual loss, presumably for the same reasons, 
and generally is of opinion that the traffic can best 
be handled by the medium of high tractive power 
locomotives and by doubling the lines. News will 
be awaited with interest of any steps that may be 
taken to turn these opinions into actlon. 

In general, the operation of this widespread and 
important system of railways during the year under 
review was satisfactory. The revenue earned 
amounted to 25,304,821/. and the gross working 
expenditure to 20,200,008/., this being the first 
year during which the revenue had exceeded 
25,000,000/. The net surplus was 379,814]. The 
total earnings derived from working the harbours 
was 1,659,406/. and the gross working expenditure 
714,410/., the net surplus being 424,724/. After 
providing for contributions in reduction of interest- 
bearing capital and to pensions and other funds, the 
combined surplus of the two undertakings was 
47,2171. In view of these financial results, it is not 
surprising that the record train mileage of 47,583,755 
was run, a figure no less than 2,036,131 train-miles 
in excess of that of 1926-27. The volume of both 
passenger and goods traffic also increased. The 
rolling-stock consisted of 2,032 steam locomotives, 
3,607 coaching vehicles, 36,328 goods wagons and 
95 electric units. The staff numbered 81,708, of 
whom 51,366 were Europeans. The mileage in 
operation was 13,103 miles. 

A comparison of the above figures with those of 
1909, which was the year immediately preceding 
the Union, shows that in the intervening period, the 
capital has increased by over 81 per cent., the mile- 
age by the same amount, the staff by 106 per cent., 
the locomotives by 50 per cent., the coaching stock 
by 72 per cent., the goods stock by 62 per cent. 
and the train mileage by 142 per cent. Passenger 
traffic has developed by over 189 per cent., goods 
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traffic by 209 per cent., and coal traffic by 84 per 
cent.—a very interesting record of progress. 

The results of operating the harbours are equally 
satisfactory. During the year, 5,560 vessels called 
at the various ports and landed cargo of 3,314,597 
tons, both of which are record figures. There was 
an increase of over 500,000 tons in the volume of 
cargo (other than coal) shipped, this being largely 
attributable to the greater production of food- 
products and skins. On the other hand, the coal 
shipments fell off by 430,101 tons, a reduction 
which is attributed to increased competition and 
the growing number of oil-burning vessels. It may 
also help to explain the poor results obtained with 
the electrified lines operating in the coal area. 
Imports were valued at 67,482,715/. an increase of 
1,883,739/. over the previous year, and largely 
consisted of machinery and motor vehicles. The 
value of the export trade was 94,133,797/., an 
increase of 10,432,805/. over 1926. 

The South African railways now serve an area 
of 795,000 square miles, approximately equal to the 
united areas of France, Germany, Switzerland, 
Belgium, Austria, Hungary, Holland, Norway and 
Sweden. The organisation has, therefore, been re- 
arranged so that there are nine separate systems, 
each of which is under the control of a manager, 
who is responsible directiy to the general manager. 
Each manager has a civil engineer on his staff, with 
district engineers under him, as well as mechanical, 
operating and commercial officers. At headquarter! 
there are two assistant general managers, who deas 
with technical and commercial matters respectively. 
The chief civil and mechanical engineers are also 
stationed at headquarters. 

As a result of the recommendations of the Rolling 
Stock Committee, a new system of wagon control 
was brought into operation during the year. It had 
been generally recognised that one of the principal 
causes of delay and of wagon shortage was that 
traffic was kept at locomotive changing stations 
meeting connecting trains. Normally the capacity 
of the wagons thus affected is about 40,000 tons. 
The traffic coming forward to any one depot has also 
been uncertain, owing to the absence of telephone 
facilities, and the same lack prevents one depot 
from promptly assisting another. A comprehensive 
telephone programme is therefore being put in hand. 
This will enable depots, stations, offices and 
other strategic points, to communicate easily with 
each other. 

As regards rolling stock, the articulated principle 
is being adopted on twenty-five saloon units, while 
four observation saloons have also been ordered. 
Three 76-ton well wagons carried on six-wheeled 
bogies, with a carrying capacity 20 tons greater 
than that of the largest car so far employed, have 
been placed in service as an experiment, while a 
180-h.p. twin-engined rail-car with a seating capa- 
city for 40 passengers has been constructed in the 
Administration’s workshops at Durban, for service 
between Swakopmund and Walvis. In recent years 
several attempts have been made to use this type 
of vehicle but without much success, so that this 
latest experiment will be watched with interest. 

Having in view the similar steps which are being 
taken in this country, it is interesting to find 
that a good deal is being done to increase the number 
of road motor services as feeders to the railways, 
the opinion being held, doubtless correctly, that 
this form of transport will play a most important 
part in the economic development of the Union. 
The progress that is being made in this direction 
is well indicated by the fact that while at March 31, 
1926, a route mileage of 1,551 miles was being 
worked by this means, the figure had risen to 7,349 
miles at the date of the report now under review. 
During 1927-28 no less than 2,648,754 miles were 
run by these vehicles, the passengers carried being 
947,573. In addition, 62,799 tons of merchandise, 
excluding 390,591 gallons of cream, were conveyed. 
Nevertheless, the deficit on these services was 
11,1117. and the position is rendered more acute 
by the increasing competition from other interests, 
the result of which is that on certain lines fewer 
passengers are being carried. For instance, the 
number of passengers travelling on the Cape Town- 
Wynberg section was 270,000 less per month than 
in the preceding twelve months. To counteract 
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this, cheaper fares and improved services are being 
introduced, while in one case, a line has been closed 
and its place taken by ’buses. This competition is 
also affecting freight traffic, especially in certain 
areas, and here again steps are being taken to meet 
it by adjusting rates and improving the collection, 
transport and delivery of freight. Nevertheless, 
Mr. More not unnaturally, calls attention to 
the need for regulating these services, not so much 
with the idea of stultifying development but in the 
interests of the public, and asks for legislation which 
shall put the State Railways on an equal basis with 
its competitors. The demand is the more worthy 
of attention since the report shows that the Depart- 
ment is performing a difficult task energetically and 
well. 


NOTES. 


Tue Turpo-Evecrric Liner “ Viceroy oF INnp1A.” 


Tur directors and officials of the Peninsula and 
Oriental Steam Navigation Company are to be 
congratulated on the addition to their fleet, which 
has resulted from the completion of the Viceroy of 
India. Equally hearty congratulations are due to 
Messrs. Alexander Stephen and Sons, Ltd., of 
Linthouse, Glasgow, the constructors of the vessel, 
to Messrs. The British Thomson-Houston Co., Ltd., 
of Rugby, who manufactured the main turbo-electric 
propelling equipment, and to the numerous other 
contractors who, in combination, have done so 
much to provide for the corporeal and esthetic 
comfort of the prospective passengers. During the 
course of a short cruise down the Firth of Clyde on 
Tuesday last, the Viceroy of India gave a perform- 
ance which fully realised the expectations of those 
responsible for her design, and, at a speed of 18-5 
knots, exhibited so little sign of movement or 
vibration that it was hard for a passenger below 
decks to believe she was not stationary. In an 
earlier issue* we gave some details of the construc- 
tion and equipment of this latest addition to the 
P. and O. fleet, and later on we hope to be able to 
supplement these. On this occasion it may be 
recalled that her gross tonnage is 19,700 tons, 
her length being 612 ft. and her breadth 78 ft. 
There is accommodation for 415 first-class passengers 
in an equal number of single-berth cabins, and for 
260 second-class passengers in 100 cabins. The 
crew carried will number 420. The public rooms 
are capacious and are well ventilated on the Thermo- 
tank principle, while the decorations have been 
excellently carried out by Messrs Waring and 
Gillow, Limited. The winches, windlass, capstans, 
engine-room pumps, and forced-draught fans are 
operated on the constant current system, devised by 
Messrs. Gilbert Austin, Limited, of Cathcart and the 
whole of the heating and cooking is done electrically. 
Steam for the propelling machinery is supplied by 
six oil-fired Yarrow water-tube boilers. Four of 
these have an output of 33,000 Ib. of steam per 
hour and are of sufficient capacity to enable the 
vessel to steam at 16-5 knots. The other two have 
an output of 20,000 Ib. per hour. The propelling 
plant consists of two 9,000-kw. B.T-H. turbo- 
alternators, which are supplied with steam at 
350 Ib. per square inch and a temperature of 
700 deg. F. These machines supply two 8,500 shaft 
horse-power propeller motors having a maximum 
of speed of 109 r.p.m., one of which is coupled to 
each of the two shafts. In normal service, only one 
alternator is required and can supply up to 11,600 
shaft horse-power, but if the full designed speed of 
19 knots is required the power delivered by both 
alternators will range up to 17,000 shaft horse-power. 
Speed variation is effected from the turbines by 
adjusting a governor which operates directly on six 
admission valves, and any speed, up to the 
maximum of 2,690 r.p.m., can thus be obtained. 
Control is effected from a central control platform 
in the roomy and well-lighted engine room, and 
levers are provided for altering the direction, 
adjusting the field and speed, and attaining dead- 
slow movement. There is complete interlocking, so 
that operation is safe and simple. When running 
at half-speed on the cruise above referred to, 
the alternator pressure was 1,900 volts and the 
current per phase 300 amperes. At full speed, 


* See ENGINEERING, vol. cxxvi, page 372 (1928). 
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viz. 17-5 knots, the alternator pressure was 2,750 In Sir William’s opinion, the most important 
volts and the current per phase 600 amperes with a| event of the past year, from the point of view of the 
power factor of 0-98. Owing to the bad weather | shipping industry, had been the withdrawal of the 
it has not yet been possible to obtain consumption | Australian Government from the shipping business 
results, but there seems no reason to suppose that | and the gradual diminution of the shipping interests 
these will not justify the optimism which was|of the American Shipping Board. Since the com- 
freely expressed on Tuesday. 'mencement of the experiment, the Australian 
5 : Government had sustained a loss of some 12,000,000/., 
HicH-PressuRE BorLerED Locomotive. while that of the United States Government, in 

The development of boilers for very high steam | operation costs alone, had reached the enormous 
pressures seems to be proceeding, broadly speaking, | figure of 56,000,000/. in seven years. Subsidised 





in stationary practice in the direction of the strength- | shipping was unknown in this country. The out- 
ening of existing types, while locomotive practice | standing demand of the British shipping industry 
| appears to be trending towards what may be called | was for fair and free international trading, with as 
| secondary generation, that is, the actual working |few restrictions as possible on ships. The freedom 
high-pressure steam is evaporated by coils con-| of the seas and the freedom of all ports on equal 
taining steam of still higher pressure generated in a| terms to the ships of all nations was one of the 
closed circuit by the combustion of fuel. Such a|watchwords of the Chamber of Shipping. A few 
locomotive was described and illustrated in ENGI- | nations, among whom were Spain, Portugal, Italy, 
NEERING, vol. cxxii, pages 198-200, as developed by | Brazil and Chile, still indulged in varying forms of 
the Schmidt’sche Heissdampf-Gesellschaft, Cassel, | flag discrimination, but it was to be hoped that the 
and it is a fair inference that the new express loco- | harmful effect on their own commerce of legislation 
motive recently ordered for the London, Midland | of this character would eventually induce the 
and Scottish Railway from Messrs. The North British | Governments concerned to change their present 
Locomotive Company, Glasgow, and described as | policy. 
having two working pressures, will be an engine of | The unsatisfactory position of the British coal- 
this type. From the information available at the | exporting industry, as set out in the above-men- 
moment, the high-pressure working steam appears | tioned annual report of the Chamber, constitutes a 
to be at 900 lb. per square inch, and this is supplied | disquieting feature. It is shown that prior to 1914, 
to the high-pressure cylinder, the locomotive being | coal formed 80 per cent. of the volume of British 
of the three-cylindercompound pattern. The exhaust | exports. Although the éxport price of coal is now 
from the high-pressure cylinder is mixed with super- | only 11 per cent., and that of bunker coal but 13 per 
heated steam supplied by a barrel-boiler, of fairly | cent., above the pre-war level, the quantity of coal 
normal design, and working at 250 Ib. per square | exported during 1928 was less than that shipped 
inch, to the low-pressure cylinders. These pressures | during 1925, and was barely two-thirds of the 
are slightly higher than those of the Schmidt boiler | 1913 total. Emphasis is laid on the fact that during 
referred to above, and, as the pressure in the low- la portion of 1928 the cost of carrying coal by sea, 
pressure cylinders alone will be what is now general | as measured by the freight rates of tramp steamers, 
as the boiler pressure itself before expansion in the | was practically identical with that ruling in pre- 
high-pressure cylinder in ordinary compound prac- |war years. It is suggested that exports have 
tice. it follows that in the new locomotive the railway | declined because markets have been lost mainly 
company will have a very powerful engine. That| to European countries. The upward tendency in 
it will show marked running economies also, is | the output of the United Kingdom shipyards, 
almost a foregone conclusion, and we are sure that | which matter has been dealt with in our columns on 
many engineers will await Sir Henry Fowler's an- | several recent occasions, is given some prominence 
nouncement of the test results with interest. We | in the report. The statement is put forward that 
understand that Messrs. The Superheater Company, |t¢the stimulus which was given to shipbuilding 
Limited, Strand, London, W.C.2, are associated with | abroad some years ago was largely due to artificial 
Sir Henry Fowler in the design of the boiler portion | assistance and to currency inequalities. The demand 
of the engine. |for ships in Italy has now declined considerably, 
‘i ee | the large post-war German shipbuilding programmes 
| have been completed, and the existence of some 


THE BRITISH SHIPPING INDUSTRY. siege 
| 3,145,000 gross tons of merchant vessels lying idle 


In spite of the low freight rates and other adverse | in United States ports has effectively prevented the 


conditions which have prevailed during the past |. SEL gai : , 
few years, the efficiency of British shipping has not | revival of shipbuilding in that country. 
only been maintained but is being steadily in- | 
creased. Of the 19°75 million gross tons of mer- | 
chant steamers and motorships owned by shipping 
concerns in the United Kingdom in June last, | 
9-88 million tons, or 50 per cent. of the total, | 








THE ENGINEERING OUTLOOK. 


V.—TEXTILE MACHINERY. 


Last year, after a detailed review of the circum- 








represented vessels built less than 10 years ago, 
and only 3-5 million tons represented vessels of 
20 years of age and over. Moreover, it is encourag- 
ing to find that there is now a_ greater percentage 
of British ships of less than five years of age than 
is the case in any other country with the single 
exception of Norway. 

It is pointed out in the report for 1928-29 presented 
yesterday at the annual meeting, in London, of the 
Chamber of Shipping of the United Kingdom, 
that, at the present time, ships of 5,000 tons are 
being replaced by vessels of from 8,000 tons to 
10,000 tons, which instead of steaming at a speed of 8 
knots at the expense of heavy coal consumption, are 
capable of travelling at a speed of from 9 to 10 knots 
with a relatively lower expenditure of fuel. The 
matter was again referred to by Sir William Currie, 
when delivering his presidential address at the 
meeting. He stated that perhaps never before had 
so much ingenuity and skill been employed in an 
endeavour to achieve more economical motive 
power. It was to be hoped that the experimental 
work at present being carried out would be brought 
to a successful conclusion at no distant date, so as 
to reduce costs of operation. This would prove of 
benefit not only to the shipping industry but also 
to the commerce of the country, for cheap transport 





nation. 


was one of the essentials to the prosperity of the | 


| stances of the textile machinery making industry, it 
| was frankly admitted that it was well nigh impos- 
| sible to hazard a guess of the prospect of this branch 
|during 1928. So many were the favourable and 
| unfavourable factors, and so obscure were they, that 
'to attempt a reliable indication of the direction 
| which the trade would take would have been rash. 
| But even so, we had the temerity to suggest that 
little improvement on 1927 could be hoped for until 
| the end of the year, at the earliest. Restrained, 
| guarded and pessimistic as this statement was, it 
| was a precise forecast of the state of the industry 
|at the end of the year 1928. The export position 
'has been bad—the home position, if anything, 
| worse. 
_ Official employment statistics published by the 
| Ministry of Labour are not available for the textile 
|machine-making industry as an individual unit, 
| and so we must have recourse to a sample of employ- 
'ment in the 10 principal manufacturing districts. 
|This sample is thoroughly representative of the 
|. . 
| industry, and previous experience has demonstrated 
| its complete reliability as a reflection of the general 
| state of employment in the industry, and employ- 
| ment at this stage of the organisation of the industry 
is a trustworthy index of its condition. The figures 
| are given in Table I. 
Employment, on the whole, was not so good in 
928 as in the previous year, so far as actual numbers 
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are concerned, but, in considering this table, there is 
an important qualification to be borne in mind, 
which gives still less cause for satisfaction, and that 





TaBLE I.—-Employment in the Textile Machinery 
Industry. 
= | Numbers Employed Index 
ae: | in Ten Districts. | 1914 = 100. 
| 
1914 4 29,393* 100-0 
1918 re 16,582 56-4 
1920— | 
May <l 25,326 86-2 
1923— | | 
Ist half year.. | 20,492* 68-9 
2nd 4 | 22,362 | 76°1 
1924— | 
Ist half vear.. 19,308* | 65-8 
2nd 17,632 | 60-1 
1925— | 
Ist half year.. 21,266 | 72-4 
2nd 21,869 74-4 
1926- | 
Ist half year.. 19,534 665 
21 18,867 | 64-2 
1927— 
Ist half year.. 20,286 69-1 
2nd 21,151 72-0 
1928-— | 
Ist half year.. wat 20,801 | 70-8 
2nd pa ee sah 19,404 66-0 


| | 
* Partly estimated. 
is the volume of short-time worked. Its amount 
cannot be gauged, but it is known that it has been 
considerable, and if it were possible to measure it 
in terms of numbers of workpeople employed, the 
actual employment figures for 1928 would be lower 
than shown in Table I. 

It is generally understood, and was proved last 
year, on the authority of the Census of Production 
1924 findings, that the textile machinery industry 
is primarily an export industry, over 77 per cent. 
of production in 1924 being sold overseas, and 
therefore consideration of export statistics for 1928, 
compared with previous years, as shown in Table II, 
will serve to give a good indication of the position 
of the industry. 


TaBLE II.—Exports of Textile Machinery manufactured 
in the United Kingdom. 


| = 




















Volume. Value per ton. 
Monthly 
Average. Spr | a 
| Tons. | Index. | £ | Index. 
oo | * 
| 
1913 .. | 14,840 100-0 46°5 100-0 
1922— 
Ist Qr. | 16,706 | 112-6 141-8 | 304-9 
2nd ,, | 6,317 42-6 166-5 | 358-0 
Sed, 12,987 | 87:5 139-1 | 299-1 
4th ,, 15,455 | - 104-1 124-3 | 267-3 
1923— | 
Ist Qr. 13,901 93°7 122-0 | 262-4 
2nd ,, 11,768 79-3 116-4 | 250-3 
Srd_,, 10,554 71-1 105°5 | 226-9 
4th ,, 10,045 67-7 106-2 | 228-3 
1924— 
Ist Qr 8,257 | 55-6 105-2 | 226-2 
2nd ,, 8,800 | 59-3 105-1 | 226-0 
Sid. 8,532 57°5 102-8 221-1 
4th 8,957 60-4 105-0 | 225-8 
1925— | 
Ist Qr 9,358 63-1 103-7 | 223-0 
2nd ,, 10,055 67°7 101-2 217-6 
3rd, 10,569 71:2 ' 97-4 209°5 
4th ,, 11,054 74-5 | 93-6 201-4 
1926— | 
Ist Qr 9,390 63-3 95-5 | 205-4 
2nd ,, 7,536 50-8 98-8 | 212-3 
3rd). 8.174 | 55-1 97-3. | 209-5 
4th 2 | 8.747 58-9 | 100-9 | 217-4 
1927— | | | 
Ist. Qr. 8,996 60-6 | 98-8 | 212-5 
2nd ,, 10,082 67:9 | 97-3 | 209-5 
Sed ,, 9,734 65:6 | 99-0 | 213-0 
4th ,, 10,970 73:9 | 98-6 | 212-1 
1928— | | 
Ist Qr 10,524 71-0 | 96-8 | 208-3 
2nd ,, 10,424 70-2 94-7 | 203-8 
3rd, 10,143 68-3 91-4 | 196-8 
4th ,, 10,645 71:7 88-4 | 190-2 
{ 











In actual volume, exports have improved slightly | Taste IV, 


on the 1927 level, but, despite this increase in total 
volume, there is an actual, not a relative, decline | 
in total value; that is to say, the income of the, 
industry was smaller in 1928, although volume of | 
exports slightly improved. 

This position is probably best reflected in the 
short statement in the next column, giving from 1925 
to 1928 inclusive, the total annual volume and value | 


of textile machinery exports. From these figures it | _____ 


will be seen that whilst, in volume, the exports for | 
1928 are the highest recorded during the past four | 


years, the decline in value per ton, comparing 1928} to improve, but unfortunately this country’s share, 
with 1925, is 8/., and an increase in volume of roughly | as already shown in the consideration of our exports, 
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| British India continues to be our biggest individual 
customer, and shows a satisfactory advance on 1927 
|of not much short of 500,0001. This market has 


Volume. Value. | 


£ 
| 12,157,000 





1925 | 

1926 | 9,957,000 
1927 | 11,739,000 
1928 | 


| 11,623,000 


improved since 1926 by almost 800,000/. Japan 
|also shows a satisfactory advance, but Russian, 
| Netherland, American and Australian demands for 
British textile machinery have fallen away greatly. 
The home market has not been satisfactory. 


























TaBLe IIl.—-Retained Imports of Textile Machinery 
of United Kingdom, 
| Volume. Value per ton. 
Monthly 
| Average. 
| ‘Tons. | Index. £ Index. | 
| Z 
| 1913 a3 «| 40 100-0 | 71-6 100-0 | 
| 1922— | 
| 1st Qr 19% 46-5 162-8 227-4 
| 2nd, 189 46-0 | 197-6 276-0 
| Srd ,, 163 39-7 | 230-0 321-2 
4th ,, 168 40-9 204-8 286-0 
1923— 
Ist. Qr 208 50° 199-0 278-0 
2nd, 154 37° 192-0 268-2 
3rd 192 46 190-8 266-5 
4th 194 47 189°5 264-7 
1924— | 
Ist Qr | 253 61-6 | 193-5 270-3 
2nd ,, | 256 62-3 | 239-9 335-0 
3rd 310 75-4 | 236-4 330-1 
4th 344 83-7 | 261-3 | 364-9 
1925— 
Ist. Qr. 301 73-2 | 243-2 | 339-7 
2nd ,, 257 62-5 | 233-7 | 326-4 
3rd 331 80-5 192-6 | 269-0 
4th 351 85-4 | 231-1 | 323-0 
1926— | 
Ist Qr 401 97-5 | 215-0 300-3 
2nd ,, 485 118-0 | 162-4 226-8 
3rd_,, 413 100-6 | 145-4 203-2 
4th ,, 569 138-6 | 158-3 221-1 
1927— 
Ist. Qr. 407 99-0 | 224-6 313-8 
2nd _,, 566 137-9 | 172-6 241-2 
3rd 505 122-9 | 166-4 232-6 
4th 614 149-5 188-1 262-9 
1928— 
Ist Qr 779 189-6 | 197-8 276-3 
2nd _,, 731 178-0 186-2 260-1 
3rd, 672 163-6 | 178-7 249-7 
4th ,, 552 134-4 196-2 274-1 
| 
Table III shows the trend of textile machinery 
imports during recent years, as compared with 1913. 
The steadily-increasing volume of imports has 
repeatedly been the subject of comment. Even so, 
comment must again be made, for this importation 
is assuming such alarming proportions, that it 
seems well worth while for textile machinery makers 
to consider this position seriously. In 1928 it 
represents a loss of 1,500,000/. to the home producer. 


| It is quite true that the imports are very small when 
| compared with exports, but when compared with 
pre-war imports, they show an increase of over 
50 per cent. The value per ton of imports in 1928 is 
| about 190/., or more than double the value per ton 
| of British exports in the same year. 

| The importations of 1928 represent a new high- 
| level record, and represent machinery required by 
| industries well established in this country. Surely 
| it cannot be beyond the ingenuity of British textile 
|engineers to produce machinery of the required 
| type at the apparently very generous price. This 
| 


country cannot afford to spend 1,500,000/. a year 
| abroad for machinery for the type of which it is 
| world famous, and of which there are no better 
makers. 

International Exports of Textile Machinery. 


| | 
j 








Country. ee | 1924. | 1925. | 1926. | 1927. 1928.* 
United Value in £000 
Kingdom | 8,282. | 10,831 | 12,157 ; 9,957 | 11,739 | 11,623 
France 90 921 799 740 1,095 | 1,024* 
Germany ..| 5,255 | 5,566 | 6,593 | 6,937 | 7,510 | 9,950* 
Switzerland 564 | 1,446 |} 1,642 | 1,382 | 1,653 | 2,202* 
U.S.A. 404 | 1,981 | 2,380 j 2,142 2,360 | 2,635* 





| 14,595 | 20,745 [23,571 | 21,158 


| 24,357 | 27,434 





* Estimated on incomplete returns. 


World demand for textile machinery has continued 





2,000 tons is counterbalanced by a decline in income | is far from proportionate or adequate. 


of 534,0007. This does not look like prosperity. 


Table IV gives in pounds sterling at the average 
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rate of exchange for each year, the value of the 
exports of the five main producing countries. In 
value British and French exports have declined ; 
United States, Swiss and German exports have forged 
ahead ; particularly is this so in the case of German, 


| which country has always challenged our supremacy 
|in the textile machinery world. 


Before the war we 
shared to the extent of 56 per cent. in the world 
exports, whilst Germany’s share was rather more 
than 33 per cent. Germany has regained her pre- 
war position; the United States moves up from 
2-8 per cent. to 9-6 per cent., whilst Great Britain 
has fallen from 56 per cent. to 42-3 percent. There 
can be no question of the intense competition which 
this table reveals and of the momentum behind the 
rapid strides of the German industry. 

It is not possible to consider the international 
position from the point of view of volume for these 
five countries as statistics of volume are not 
published by the United States, but it may be worth 
while to consider the volume factor in relation to 


| the remaining four countries, as shown in Table V. 


















| TABLE V.—-International Exports of Textile Machinery. 
Volume-—Lony Tons. 
Country. | 1913. | 1924. | 1925. | 1926. | 1927. | 1928. 
waneeenresee ! : oni 
United | | | | 
Kingdom | 178,074) 103,618 123,107 | 101,541) 119,299) 125,211 
France ..) _1,942| 10,530) 12,290 | 15,020) 19,100) 17,880* 
Germany ..| 72,600) 45,000) 52,680 | 52,000) 54,900) 73,100* 
Switzerland | 10,050 9,625} 12,220 17,790} 14,340) 18,870* 
'200,297 | 180,351) 207,639, 235,061 


Totals ..| 262,666) 168,77: 


* Estimated on incom plete returns. 

This table of volumes indicates perhaps more 
clearly the facts which have already been deduced, 
and is in itself an eloquent statement of the unhappy 
position of the industry of this country to-day. 

So much then for past facts ; what of the future ? 
There are a variety of factors which have a bearing 
on any attempted forecast. First, the effect of 
de-rating on the combined textile and textile 
machinery industries may be beneficial, but hardly 
so in 1929. Secondly, safeguarding, if and when 
introduced in the woollen textile industry, may have 
a considerable influence on textile engineering. 
This, again, cannot be effective in 1929, and so 
these two considerations may be left out of account. 

The more immediate indicators are the cotton and 
woollen textile industries. In the cotton trade 
there are signs that the cotton masters are realising 
their serious plight, and practical steps are being 
taken towards the reorganisation of the industry. 
One hopes that this move is not too late. There is 
little time to spare ; it is the industry’s only chance 
of salvation, and if it is pushed on apace and on 
sound lines, its good influence should be felt in the 
course of the present year. The industry has just 
come through a bad year, but, apart entirely from 
considerations of internal reorganisation, there are 
signs that 1929 will witness better trade. The 
Eastern demand is almost certain to improve as a 
result of the Treaty with China, and this market 
should be better than it has been for a number of 
years past. Further, according to current informa- 
tion enquiries have been better and more numerous 
during the past few weeks, than they have been for 
some time. On the other hand, industrial strife is 
far from impossible. At the time of writing there 
are threats of a cotton lock-out—a disastrous under- 
taking indeed, calculated to benefit no one. If there 
is one thing needed more than any other at ‘this 
stage of the cotton industry, it is industrial stability, 
and it is profoundly to be hoped that the existing 
differences between employers and workpeople will 
be amicably settled. 

The woollen textile industry is not in a happy 
position. It has succeeded during 1928 in main- 
taining the recent level of the value of its exports, 
but the value of imports continues to climb steadily 
and the industry is seeking the assumed security of 
safeguarding. Its prospects for the year cannot 
be regarded as good. 

Artificial silk continues to forge ahead. It is a 
modern industry, well equipped, with barely explored 
potentialities, and it appears to have a bright future. 

It does not follow that the rationalisation of the 
cotton industry, be it ever so intensive, will create 
an immediate demand for new machinery, but it 
seems reasonable to expect, taking all the circum- 
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stances of the industry into account, an improvement | 
in machinery requirements in due course. Nothing 
much in the way of betterment can be looked for | 
from the woollen textiles, but the artificial silk, | 
hosiery and lace industries should provide a market | 
the exploration and exploitation of which should 
prove lucrative. 

Efforts are again being made to interest British 
manufacturers in the Russian market. It is to be 
hoped that they meet with success, for Russia is | 
thirsting for British machinery, including textile | 
machinery, and the re-opening of this country for | 
direct trading could result in nothing but good for 
makers of textile machinery. 

As Tables IV and V show, the world demand for 
textile machinery continues to expand. The 
superiority of the British product is unchallenged ; 
price and the need for our specialities are the factors 
controlling the outlook. If a quickening of output | 
can be achieved, its momentum will help the industry | 
to re-establish itself, and it may be said with some | 
assurance that, taken over all, the outlook is | 
improving, and on balance the year 1929 will show | 
rather better results than the year which has just | 


closed. | 
* THE LATE MR. A. H. ALLEN. | 
Ir is with a feeling of keen regret, that we| 
record the death of Mr. Arthur Hinton Allen, 
technical editor of our contemporary the Electrical 
teview, which occurred on February 13, after a short 
illness due to pneumonia. Combined with a wide | 
technical knowledge and sound judgment, Mr. | 
Allen possessed a vein of deep philosophy regard- | 
ing things material and a placid outlook, which made | 
him many friends, in spite of his reserved manner, | 
and quietness in general company. At the same 
time he could, when occasion required, attack, and | 
his attitude to any movement which might do harm | 
to his profession was always fearless. A technical | 
journal to be worth anything must be a guide as 
well as a record, and the success which our contem- 
porary has achieved in the first of these respects is 
a worthy monument to his memory. At the time 
of the death of Mr. T. E. Gatehouse, Mr. Allen’s 
predecessor, in 1921, we paid a tribute to his in- 
dependence of attitude which expressed itcelf in 
his journal, speaking of the fearlessness of his ex- 
pression of opinion and his enmity of all kinds of 
fraud and imposture, and referring to the sense of 
duty to the public which led him to involve his 
journal in the long and costly *‘ electropathic belt ” 
libel action. The attitude of mind for which Mr. | 
Gatehouse stood was not lost to the Electrical | 
Review on his death, and Mr. Allen well carried on | 
its tradition and has left his paper with unimpaired | 
reputation. 
Mr. Allen was born in 1872, and turned his | 
attention to engineering at an early age, when family 
circumstances led to his career at school being 
prematurely cut short. He served his apprentice- 
ship with Messrs. Norman and Son, electrical 
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we may mention that while he fought with whole- 
hearted enthusiasm the policy which has since been 
embodied in the Electricity (Supply) Act of 1919, 
when that measure became law he realised that 
those whose duty it was to administer it must be 
supported. From that realisation arose the Overhead 
Lines Association, in whose formation he played a 
leading part and of which he was the first chairman. 
For some years he was a member of the Committee 
of the Electrical Trades’ Benevolent Association, and 
he joined the Institution of Electrical Engineers in 
1894, becoming a full member in 1913. 





PROGRESS IN CRYSTAL ANALYSIS. 


In the first Royal Institution discourse of the 
season, on Progress in Crystal Analysis, delivered 
in January, Sir William Bragg dealt chiefly with 
X-ray studies of alloys. Pure metals like copper, 
he pointed out, were too soft for most purposes. 
Copper coins contained a comparatively small per- 


‘centage of tin, but in gun metal, bell metal, and 


speculum metal the percentage of tin increased in that 
order, and with it the hardness, speculum metal being 
very hard. Other alloys showed similar relations, and 
the influence of minute quantities of further consti- 
tuents was very remarkable. Metallurgists had 
learnt to prepare alloys of definite desired properties ; 
chrome steel, manganese steel, Duralumin, &c., were 
the results of such systematic studies. The reasons 
for the variety of the properties were, however, 
still obscure. The equilibrium diagrams of systems 
like Cu-Sn, Cu-Zn, Au-Ag, &c., showed in what 
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proportions metals could co-exist in the different 


phases of compounds, alloys, solid solutions, mixed 
crystals, &c., and X-rays gave further help. 


engineers of Glasgow, and at the same time studied | {X-ray investigations of alloys were generally 
at the Glasgow and West of Scotland Technical | made by the Debye-Scherrer method, a pencil of 
College, where he became the first Pender Gold | X-rays being made to fall normally on a slightly- 
Medallist. In 1889 he was appointed electrical | compressed thin rod of the powdered alloys, sur- 


assistant to Professor Andrew Jamieson at this | 
college, and twelve months later joined the firm | 
of Messrs. J. H. Holmes and Company, of Newcastle- | 
on-Tyne, where he remained for four years. In| 
1894, he became demonstrator and lecturer on | 
electrical design at the Central Technical College, | 
London, under Professor Ayrton, and here for the first 
time began to take an interest in the work, with which 
he was afterwards so closely connected. Realising 
that the primary object of a teacher is to stimulate 
thought, he wrote many papers and articles for sub- 
mission to societies and technical journals. His 
success in this field was such that, five years later, 
he was invited to join the staff of the Electrical | 
Review as technical sub-editor under Mr. Gatehouse. | 
He occupied this position until the death of his | 


rounded, at a distance of a few centimetres, by a 
cylindrical photographic film, which was lying flat 
against the circumference of the vertical wall of the 
camera. All the small crystallites which had their 
atomic planes equally oriented with respect to the 
central spot struck by the rays, would reflect the rays 


| at the same angle, in a cone of a definite apex angle. 
| Ordinary light would, indeed, show reflection at all 


angles, but, with X-rays, the reflection, or rather | 


| diffraction, was sufficiently strong to give aspectrum 


line only if a sufficient number of planes, dotted with 
atoms in fairly close packing, supported one another. 
In a two-dimensional diagram, a spectrum line 
would correspond to a number of atoms in align- 
ment. If some atoms were missing, or replaced by 
others of different configuration, that line would 


chief in 1921. | become faint or disappear, while foreign atoms in 

For the past eight years Mr. Allen has been | alignment would give rise to a new line. When the 
technical editor of the Electrical Review, his col-| photographic film was unrolled, the central spot, 
league on the commercial side being Mr. A. H. | struck by the direct rays, would be very dark unless 
Bridge. These years have not been less im- | it were covered with lead or otherwise protected, as 


portant to the electrical industry than those which | it was in the photograph reproduced herewith. 
preceded them. As an example of his character, | Any cone striking the cylindrical film would give a 
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nearly straight, but really curved, spectrum line on 
both sides of the central spot. . 

The photograph reproduced€was one of several 
exhibited by Sir William, and due to Westgren and 
Phragmén, of Stockholm. The photograph shows 
the changes observed in the X-ray spectrum as more 
and more zinc is added to copper, and these 
changes conform to the different phases which 
metallurgists distinguish in brasses of different 
compositions. Copper with up to 32 per cent. of 
zinc, Sir William remarked, was known as « brass ; 
on addition of more zinc ( brass appeared, 
first together with «a, then alone. Near 48 per 
cent. of zinc y brass made its appearance, again 
first together with § brass, and then alone; 
afterwards ¢, and finally n brass were distinguished, 
the latter when the brass was nearly all zinc. 
These changes could be traced by X-rays. In the 
different phases, Sir William remarked, the 
atoms were put together according to different 
patterns, and the properties of the alloys were 
obviously connected with the pattern. In pure 
copper, the atoms were piled up in close packing, like 
spherical shot ; each sphere touched twelve neigh- 
bours. When a few atoms of zinc were added to the 
copper, they distributed themselves at random, 
without greatly disturbing the pattern, although the 
zine atom was slightly larger than the copper atom. 

The X-ray diagram of a 20 per cent. zinc alloy 
differed little from that of pure copper, but when the 
pattern was so changed that each atom of copper had 
only 8 neighbours, the X-ray diagram also changed. 
This was still more striking on adding more zinc, 
and the pattern unit—that is to say, the group of 
atoms that had to be enclosed to make an imaginary 
brick which, by repetition, would yield a crystallite— 
was now very large and enclosed 52 atoms. This was 
the hardest brittle brass known, of composition 
Cu;Zn,. The crystal types changed correspondingly 
from face-centred to body-centred cubes, and to 
hexagonal forms. Now, metallurgists distinguished 
similar «, 8, &c., phases, though of different com- 
position and temperature ranges, in copper-alu- 
minium and in copper-tin alloys, and it was inter- 
esting that the three alloys Cu; Zn,, Cu, Al,, and 
Cu,, Sn, contained either 13 atoms (5 + 8 and 9 + 4) 
or3 X< 13 atoms (31+8). A further curious relation 
held for the outermost electrons, which a metal could 
shed freely ; a zinc atom could shed two, aluminium 
three, and tin four free electrons. In the three 
alloys mentioned, there were either 21 such electrons 
[(2 x 8 + 5) in Cu;Zn, and (3 x 4 + 9) in Cu,Al,] 
or 3 X 21=63 (4x 8+31) in Cu,,Sn,. Sir 
William Bragg did not explain these relations further, 
but referred to recent investigations of the natural 
silicates and of organic compounds, remarking, in 
conclusion, that we were getting farther away from 
the conception that the molecule of liquids and 
gases was generally to be found in all solids. 
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Modern Steam Boilers : Their Construction, Management 
and Use. By E. Putt. Second edition, revised and 
=— London: Ernest Benn, Limited. [Price 25s. 
net. 

THE second edition of the work, which is the 
subject of the present review, has not, like most 
second editions of technical works, been enlarged 
as regards its contents only, but has undergone 
a complete transformation in its appearance, 
It has larger pages and wider margins, more 
highly glazed paper, a heavier cover, and larger 
type. There is an increasing tendency to do this 
sort of thing with engineering books, of which we 
do not altogether approve, as it often detracts 
from their handiness and certainly increases their 
cost. These changes, however, could have been borne 


|if equal care had been taken with the matter of 


the text and the illustrations. In the present 
instance, for some reason, it has been decided to 
alter some of the half-tone illustrations of the first 
edition into line blocks, which seem to have been 
done by merely drawing the outlines. The result 
is, beyond question, unsatisfactory, as the extra- 
ordinary view of a Ramsbottom safety-valve in 
Fig. 199 witnesses. Fig. 78, of a manhole door for 
a Lancashire boiler, is almost equally misleading. 








Good honest sections of both details would have 
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been preferable, though, in our opinion, these and 
many other figures, e.g., Fig. 185, could have been 
omitted, or at least set alongside complementary 
figures, so as to provide more room for the text. 
Fig. 83, illustrating a marine type boiler, is also poor, 
and compares very badly with the excellent example 
of the same subject in Plate III. A still worse 
fault occurs in Fig. 126, which the title states 
is of a Cradley vertical boiler. Immediately under 
this the text states that the combustion chamber 
does not require stays, the figure meanwhile 
showing them as closely spaced as in a locomotive 
firebox. 

These instances could be multiplied, but enough 
has been said to show that greater care in revising 
the figures would have improved the book. The 
newer illustrations showing modern high-pressure 
boilers, pulverised fuel furnaces and the like, are, 
for the most part, quite adequate, and some are 
very good. Another feature of the work which 
could have stood drastic reduction with advantage 
is that of the very lengthy tables of the sizes and 
ratings of different types of boiler. These only 
take up room unnecessarily, for they are to be found 
in the respective maker’s catalogues, which would 
be consulted by an engineer in search of a suit- 
able size of boiler for a particular rate of evaporation. 
The most that need have been given are the figures 
relative to the smallest and largest boilers of the 
several types, so that the limits of capacity either 
way could be seen. On the other hand, the particulars 
of authenticated evaporative tests, of which there 
are a number of cases in the book, could be 
expanded usefully, for, even if the author did 
not deal in a critical fashion with the performance 
characteristics of the various boilers described, 
such figures would assist the reader in arriving at 
his own conclusions, which, we take it, from the 
sub-title of the work, “‘ A Practical Handbook,”’ is 
ohe of its functions. 

Further, some more graphs illustrating the 
temperatures of the furnace gases in the various 
parts of a boiler, similar to that for the Yarrow 
boiler on page 212, would be interesting. These 
exist in various papers, for example, in one read 
by Mr. Maurice 8. Gibb on the Scotch marine type 
boiler made by Messrs. The Central Marine Engine 
Works, West Hartlepool, of which type several good 
examples made by this firm are illustrated in the 
book. The section on extra-high-pressure boilers 
of various types is up to date, but such branches of 
modern boiler practice as oil burning, and the firing 
of pulverised fuel, while dealing with modern 
types, are not broad enough in their treatment. 
Again, mechanical stoking is barely touched upon. 
We believe that the author is quite capable of 
producing a better balanced book than the one 
before us, which seems to show evidences of haste, 
and venture to hope that he will make a thorough 
revision of the older matter and an expansion of 
the newer, in preparation for the next edition of 
the work. He would be wise, by the way, if he 
controlled the publisher’s use of heavy type sub- 
headings, which in many cases break up the text 
in an unnecessary and irritating manner. 


Distribution of Electricity by Overhead Lines. By 
Wit11aM T. Taytor, M.Inst.C.E., M.I.E.E. London : 
Charles Griffinand Company, Limited. [Price 25s. net. ] 

TxE volume follows in general upon the lines of the 

author’s larger treatise, Overhead Electrical Power 

Transmission Engineering. It is advanced by its 

author as a corollary to the latter book for those 

‘who stand in need of what is essentially the 

latest, best, and broadest of practical experience.” 

The author then gives his experience of a “ life-time 

spent in the erection, maintenance and supervision 

of some of the largest electrical power and lighting 
undertakings in the world,” accompanied by his 
portrait as the frontispiece to the book. 

Though comparisons are odious, they are some- 
times thrust upon us. The literature of this branch 
of electrical engineering is remarkably rich in 
informative, practical, and up-to-date treatises, 
even if every book more than five years old be 
ignored. The book under examination suffers, in 
many important respects, by a comparison with its 
contemporaries dealing with the same subject. 
Even a cursory examination reveals an almost 
complete lack of ordered sequence in the presenta- 
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tion of the main items of the thesis, and an intoler- 
able amount of verbiage in which nothing but 
generalisations are involved. We have searched 
in vain for a plain technical distinction between 
transmission systems and distribution systems. 
In the latter, with which the book is supposed to 
deal exclusively, the basis of comparison for 
weight of copper between the various systems is, 
for a given power distributed, the same copper loss, 
and the same voltage on the consumer’s terminals. 
We have here too much general talk of the “ aspect ” 
of this or the “aspect” of that, for the book to be 
popular among engineers of the type we have in 
mind. 

Under the heading of “ Distribution Systems and 
Development,” an historical summary is attempted, 
beginning with the statement that “ the interaction 
of the waves of electricity sent off from both primary 
and secondary coils was disclosed in Faraday’s 
paper in the Philosophical Magazine in 1831.” 
We are quickly introduced to methods of phase 
transformation, four of which the author ascribes 
to himself. Then follows a _ re-statement of 
certain points of comparison as between direct and 
alternating current, generalisations upon way- 
leaves, &c., and a rhapsody upon the perfectly 
obvious advantages of the three-phase four-wire 
system. A better impression would be created if the 
advantages of the latter system were proved by a 
little arithmetical calculation, instead of by so many 
words. The author waxes eloquent over the 
virtues and beauties of this system, though it is 
fairly evident that the ordinary low-voltage distribu- 
tion network, for which the system is pre-eminently 
the most suitable, is not in his mind. His idea of 
“* distribution ” through the whole book seems to be 
largely confined to overhead lines operating at per- 
haps 33,000 volts. The three-phase four-wire 
system will not obtain for such lines because they 
are essentially a transmission problem. The four- 
wire system is the most advantageous for the low- 
voltage distribution network, in which consumers 
are connected between a phase and the neutral, and 
is common enough, 

Under “ Aspects of Location and Design of Dis- 
tribution Lines ”’ we have the following statement : 
“It is poor practice to load up a wooden pole or 
frame with metal work : it is still worse to bond all 
the metal work, because any defective insulator 
makes the whole of the pole or frame ironwork alive 
and a danger as viewed from many standpoints.” 
The Rules of the Electricity Commissioners for 
Overhead Lines have indeed been formulated none 
too soon! Some of the tables of data given require 
more adequate explanation, being too ambiguous 
to be of much value. 

The calculations for design of distribution lines 
follow the procedure for transmission lines ; loading 
tables for copper conductors, including windage and 
ice loading, loads on self-supporting wood poles, 
calculations for stays, &c., receive standard treat- 
ment, and electrical calculation for voltage drop are 
of the simplest character: standard tables are 
included. 

“Aspects of Distribution Line Construction,” 
Chapter IV, gives good advice, most of it common 
sense, and repeated several times in the two following 
chapters on the “ Distribution System” and 
“ Aspects of Distribution Maintenance.” It is 
neither good advice nor common sense that we are 
given on page 196, however, where it is stated that 





| maintained at all other parts. 
| follow his fancy and earth the neutral “at other 





we may earth the neutral at the supply end and at 
other convenient points. The Electricity Com- 
missioners regulate that the earth must be at one 
point only on each distinct circuit, viz., at the 
generating station, substation or transformer, and 
that the insulation of the circuit must be efficiently 
The author would 


convenient points.” It is fortunate for the public 
that the Electricity Commissioners’ Regulations 
have legal sanction. 





Matthew Murray. Pioneer Engineer. Records from 1765 
to 1826. Edited by E. Krtrurn Scorr. Leeds: 
Edwin Jowett, Limited. [Price 2s. 6d. net.] 

Ir was a saying of Emerson that ‘‘ The knowledge 

that in the city is a man who invented the railroad 

raises the credit of all the citizens.” The significance 
of the remark is obvious, for many a town enjoys 
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an enhanced reputation because it gave birth to, 
or was the home of, some famous man. The homes 
of Shakespeare, Johnson, Goethe, and Dante are 
objects of many a pilgrimage, and the inhabitants 
of Lichfield, no less than those of Weimar, feel a 
just pride in their heritage of fame. Commemora- 
tions of the great increase in number year by year, 
and, happily, with the growing consciousness of 
engineers of their mission of service, to every calling 
and profession has come the realisation of the 
duty of perpetuating the memories of the pioneers 
who laid the foundations on which we build to-day. 
The performance of this duty is not only a matter 
of satisfaction, but it is also a source of inspiration, 
for there are few who do not feel like Emerson, who, 
to quote again, said, “‘ I cannot even hear of personal 
vigour of any kind, great power of performance, 
without fresh resolution.” 

Of Watt there are memorials in Westminster 
Abbey, at Birmingham, Glasgow, and Greenock ; of 
Stephenson there are statues at Newcastle, Liver- 
pool and Euston; here and there are commemo- 
rated Telford, Trevithick, Baker, Brunel, Siemens, 
Elder, and many others ; while around the halls of 
our institutions are the names and portraits of 
many men of eminence. But there are others to 
whom, as yet, no such memorial has been erected, 
and among these is Matthew Murray, whose work 
at Leeds was of far-reaching importance when mech- 
anical engineering was yet in its infancy. Born 
in 1765, the year Watt made his great discovery 
of the separate condenser, Murray, like Rennie, 
Stephenson and Fairbairn, began life at the foot 
of the ladder. His immediate contemporaries 
were such as Henry Maudslay, William Symington, 
Trevithick, Aaron Manby, Bentham, and Murdock, 
and, like them, he contributed to the extension of 
iron construction, the improvement of machine 
tools, the building of steam engines, and the develop- 
ment of the locomotive. A native of Newcastle, 
he was apprenticed to a smith; at 21, he was 
working as a mechanic at Stockton-on-Tees, and 
two years later removed to Leeds, which hence- 
forth became his home. His first important 
contributions to improvements in machinery were 
inventions connected with the textile industry, but, 
in 1795, he entered into partnership with David 
Wood, and later with James Fenton, and as Messrs. 
Fenton, Murray and Wood, the firm enjoyed a 
world-wide reputation, second only to that of 
Boulton and Watt. Writing about 1816, Farey 
said of their works, ‘“‘ the engines they send out 
cannot be excelled in beauty and perfection of 
workmanship. Their factory at Leeds is very 
extensive, and provided with every convenience 
for making all the parts of the engine in the best 
manner, and with the least labour.” Of these 
works Murray was the mechanical genius, and 
“nothing pleased him more than to exhibit the 
great stores of his rich mechanical mind to a kindred 
spirit. For clever tools and implements, and 
especially for the forgings of lobate-iron work, such 
as parallel motions and the like, he was far in 
advance of others.” Of his four locomotives—the 
first to be commercially successful—which he built 
for John Blenkinsop, every locomotive engineer 
has heard. The Salamanca, Prince Regent, Lord 
Wellington and Marquis Wellington, built in 1812 
and 1813, worked for years on a wagon way laid 
with cast-iron rails, which connected Middleton 
and Hunslet. It was these engines that Stephenson 
inspected on September 23, 1813, the year before he 
built the Blucher. 

Murray died at the age of 60, on February 20, 
1826, and was buried in Holbeck Churchyard, 
where his grave is marked by a plain cast-iron 
obelisk made by his workmen. Three years ago, 
the centenary of his death was commemorated at 
Leeds, and from that sprang the movement which 
has for its object the erection of bronze memorial 
tablets to Murray’s memory, on the site of the 
“Round Foundry ” at Holbeck, which he made so 
famous ; in a central position in the City of Leeds, 
for which he did so much ; and also at the Institution 
of Mechanical Engineers, London, the members of 
which are the direct descendants of the pioneer 
engineers, of whom Murray was one of the greatest. 
To further this project, this booklet on Matthew 
Murray has been prepared, containing a reprint 
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of a paper on Murray, by Mr. Tyas, read to the 
Newcomen Society, a series of letters between Murray 
and Simon Goodrich, the well-known engineer of 
Portsmouth Dockyard, correspondence between the 
sons of both Boulton and Watt referring to the 
foundry at Holbeck, and much information about 
Murray’s inventions and patents, the business he 
founded, and the work of contemporary engineers. 
Four years ago, a tablet was placed in Leeds Town 
Hall to commemorate the invention, by Joseph 
Aspdin, the Leeds stonemason, of Portland cement. 
This tablet was the gift of America. In Leeds are 
also to be found monuments to Watt and to Priest- 
ley, and it is only fitting that a suitable memorial 
should be erected to the memory of the one who 
was “‘ the Father of Leeds Engineering.” 


By C. E. P. Brooks, D.Sce., 


British Floods and Droughts. 
London: Ernest 


and J. GLASSPOOLE, M.Se., Ph.D., 

Benn, Limited. [Price 10s. 6d. net.] 
For the last seventy years, an intensive study has 
been made of the rainfall of the British Isles, and 
the results have been recorded in Symond’s Meteoro- 
logical Magazine, founded in 1866, British Rainfall, 
and the Meteorological Magazine. The maps and 
tables of the Monthly Weather Report issued by 
the Meteorological Office, and the Proceedings of 
the Royal Meteorological Society also contain the 
results of observation and record. The study has 
been quantitative and descriptive, and one of the 
results of the authors’ enquiry into causes is the 
issue of this book. What are the causes of per- 
sistent rain, or drought, and are there cycles of 
weather? One of the direct causes influencing | 
rainfall is the fact that the British Isles are in one | 
of the storm tracks of the globe ; not on the main 
track, but on a branch line. The main track, being 
south and west of us, gives us our prevailing south- 
west winds, but seldom brings heavy rains. “ They 
(the Icelandic depressions) are generally accom- 
panied on their southern fiank by one or more 
outriders in the shape of secondary depressions, 
and those secondaries often bring an inch or more 
of rain in a day, but the worst of our visitors from 
the Atiantic are the fussy little fellows which 
pass, sometimes rapidly along the English Channel, 
sometimes across the heart of England. These 
depressions which cross England bring some of 
our heaviest falls of rain or snow.” The “ centres | 
of action,” the ‘‘ Icelandic low”’ in the north-west | 
and the “ Azores anticyclone”’ in the south-west, 
are the important features for our weather, and 
between them lies a neutral region of west and south- | 
west winds. 

The authors recognise three types of rainfall: the 
cyclonic, due to barometric depressions ; orographic, 
caused by the winds rising over mountains; and 
thunderstorms. These together make up practically 
the whole amount of the water which falls on the 
British Isles in the form of rain, snow and hail. 
the distribution of the annual totals depending to 
a very large extent on the distribution of the causes 
which give rise to them. 

In the very interesting first chapter, the causes of 
persistent rain are discussed, and prominent among 
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alone or the last of a series, there comes a year 
wetter than the average, the odds are rather more 
than two to one in favour of the third year being 
dry, but if this third year should turn out to be 
| wet, then the betting is slightly in favour of the 
|fourth year being wet also. If a wet spell has 
|already lasted for two or more years, it is rather 
|more probable that the coming year will be wet 
| than that it will be dry. The rules about 
|dry years are different. If one or more wet years 
|have been followed by a dry year, the odds are 
| three to two in favour of the following year being 
idry also, but after two successive dry years the 
|odds are that the third year will be wet. . After 
|three or more dry years, the chances of the next 
| year being wet or dry are about even.” And then 
|we have a guarded expectation submitted tous 
| “since the late spell of six wet years has only once 
| been exceeded, it is reasonable to expect a return 
|to more normal conditions within the next few 
| years.” 

| The summer of 1924 was distinguished by one of 
the heaviest falls of rain ever recorded in one day 
in the British Isles. The fall of 9-40in., measured 
at Brymore House near Cannington, to the east 
of the Quantocks, on the morning of August 19, 
is the second largest daily measurement on record. 
Curiously, the largest also occurred in Somersetshire, 
at Bruton, on June 28, 1917, when 9-56 in. was 
recorded. 

Is the weather getting worse? It is difficult to 
believe it after reading the gloomy record of the 
‘seventies in Chapter V. ‘‘ After the occurrence 
of the disastrous floods of January, 1928, in London, 
it was recalled that, with the single exception of 
1894, the last occurrences of severe flooding in the 
Thames were in the ’seventies and early ’eighties.” 
The chapter on historic rains carries the record 
back to the Thames flood of a.p.9. The earliest 
known rain record in this country is in 1677, and 
soon after the beginning of observations a pro- 
longed period of unusually dry weather set in. 
The Thames flood of 1928, and other floods, are very 
fully discussed, and three chapters on the Causes 
of Drought, the Drought of 1921, and other dry 
years, concludes this section with the very interest- 
ing chapter on Historic Droughts of the Middle 
Ages. 

Are there cycles of weather? After giving re- 
markable series of wet years and dry years, the 
authors make the pronouncement that ‘ The 
whole thing has a curious air of design, if we could 
only find the hidden key, but it may equally well 
be some freak of chance.” . “the _ two- 
year periodicity at least seems to be real ; moreover, 
two, three and five-year periodicities have all been 
found in the rainfall of other parts of the world. 
It is also curious that the decreasing intervals 
between the recurrences of wet years in Britain have 
run closely parallel with the intervals between 
successive outbursts of solar prominences.” This 
chapter will intrigue most readers, the different 
theories and their authority being ably presented. 

In this work there is a breadth and originality 
in treatment of the subject, which, together with 
the record maps and other statistics, will do much 











these are the shift of the Azores anticyclone and 
the Icelandic low. “If the whole system moves 
northward, the British Isles come under anticy- 
clonic conditions, depressions are very rare, and a 
period of fine dry weather results. 
hand, the whole system moves southward, the 
main track of the barometric depressions passes 
close to, or even directly across, these islands, and 
we are in for a period of wet, stormy weather.” 
But, besides the question of the world circulation 
of the air, which results from the difference of 
temperature of the Equatorial regions and the 


Polar regions, combined with the rotation of the | 
earth on its axis, the varying temperature of the | 


Gulf Stream and ice to the north, there are other 
factors. What is the relationship between a good 
Nile flood and high-pressure to the north of the 
British Isles, and why should deep, persistent snow- 
cover over Northern Europe be followed by abnor- 
mally high pressure over the Continent of Europe 
during the following summer and autumn ? 

In the next chapter—‘‘ The Wet Year 1927— 
the Turn of the Tide’’—we are given some nice 
prices. “If after a dry vear, either standing 


If, on the other | 


| to stimulate interest. The book will be of special 
| value to the civil engineer interested in the hydro- 
| logy of the country. 








| British ENGINEERING STANDARDS ASSOCIATION LRON- 

| Pree Commirrer.—Mr. E. E. Finch, Engineer to the 

| Corporation of the City of London, and Fellow of the 
Surveyors’ Institution, has been appointed represen- 
tative of that Institution on a committee of the British 
Kngineering Standards Association which is to consider 
the preparation of a specification for cast-iron pipes 

| for ventilation, heating, and house drainage. 

: 


Le MontreurR DES TRAvAUX PuBLICS.—A_ special 
| issue dealing with ancient and modern bridges, and with 
| future developments in bridge engineering, has been pub- 
| lished by Le Moniteur des Travaux Publics, in connec- 
| tion with the second International Congress on Bridges 
| held last autumn in Vienna. Illustrated descriptions are 
| given of primitive and ancient wooden and masonry 
| bridges, of cast- and wrought-iron structures, of various 
| types of suspension and girder bridges, and of modern 
suspension and reinforced-concrete structures. Further 
developments in long-span suspension bridges and in 
| the use of reinforced concrete in bridge construction 
| are foreshadowed. The prices of the special issue are 

20 frances in France and 25 francs abroad, and the offices 
of the Journal are at 23, rue de Chateaudun, Paris, 9e. 











(FEB. 22, 1929. 


THE MULTI-BIAX FLEXIBLE-DRIVE 
GRINDING MACHINE. 


THE accompanying illustration shows a compactly 
arranged portable machine suitable for a variety of 
such bench operations as filing, recessing, grinding 
and polishing, all of which are tedious and expensive 
unless they are carried out at high speeds such as 
those provided by a power drive. It is known as 
the Multi-Biax flexible-drive machine, and is distri- 
buted in this country by Messrs. The Flexible Drive 
and Tool Company, 35, Bloomsbury-square, W.C.1. 
As will be seen from the figure, the driving unit is 
designed to swivel in both vertical and horizontal 
planes, this arrangement allowing the flexible shaft 
to take up positions which permit it to be easily 
handled. The drive is electric and consists of a 
}-h.p.. motor with its spindle running in ball-bearings 
at 2,800 r.p.m. The power is transmitted from the 
motor to the flexible shaft by a pair of three-step 
pulleys with belt drive. This gives shaft speeds of 
950 r.p.m., 2,200 r.p.m., and 4,500 r.p.m., when the 
ordinary tool-holder is used. For higher speeds the 
tool-holder is a special one, of right-angle pattern, 














containing a multiplying gear by means of which speeds 
of 2,375 r.p.m., 5,500 r.p.m., and 11,000 r.p.m. can 
be reached. 

The speed-changing mechanism is simple and effec- 
tive, as the change can be made with one hand. The 
countershaft is mounted eccentrically, the amount of 
eccentricity being such as to permit the belt to be 
moved from one pair of pullzys to another without 
straining it. The belt is also kept at the requisite 
degree of tension by this means, adjustment being 
made by the notched quadrant and spring stop seen in 
the figure. The position of the pulleys on the opposite 
side of the machine to the flexible shaft makes for better 
balance and keeps the external revolving parts away 
from the operator. It may be noted that, in the tool- 
holder, no revolving part is exposed except the actual 
tool itself. For straight filing, a separate tool-holder 
is used, which converts the rotary motion of the shaft 
into a reciprocating one of 1-in. stroke. The action 
is positive, no springs being used, and files, saw blades 
and square abrasive sticks with -j,-in. shanks may be 
used. The clip, visible in the illustration a few inches 
above the base of the machine stand, is provided for 
gripping the rotary tool-holder whilst grinding tools or 
re-dressing abrasive wheels. A case of tools forms a 
useful complement to the machine. It contains a 
varied selection of some 50 tools, including rotary 
files, both mill cut and cross cut, and profile grinding 
wheels. Both grnding wheels and rotary files have 
a wide range of contour, conical, ellipsoidal, spherical, 
and so forth, and it is difficult to imagine any corner 
in the most complicated die or other piece of work 
which could not be reached by them. 








LECTURES ON TOWN PLANNING.—Two public lectures 
on some special aspects of town planning are to be de- 
livered at University of London, University College. 
Gower-street, London, W.C.1. The first lecture, entitled 
‘* Estate Development,’”’ by Mr. W. G. Tarrant, will be 
given on February 28, and the second, on ‘ Concrete 
Roads,”’ by Mr. 8. A. Hill-Willis, will be delivered on 
March 7. The lectures are open to the public, without 
fee or ticket. 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS. 
§ Tue annual general meeting of the Institution 
of Mechanical Engineers was held on Friday, Febru- 
ary 15, at Storey’s-gate, Westminster. The chair 
was occupied during the early part of the proceed- 
ings by the retiring president, Mr. Richard W. 
Allen and later by the new president, Mr. Daniel 
Adamson. 
AnnuaL Report. 

The ordinary formal business having been 
despatched, Mr. R. W. Allen moved, and Mr. C. 
Dresser seconded, the adoption of the annual 
report. The motion, on being put to the meeting. 
was carried unanimously. The following is a 
summary of the report :— 


The eighty-second anual report showed a net increase 
on the roll of membership of 210 names, the total now 
having reached 10,466. The additions during the year 
numbered 828, and comprised 1 honorary member, 119 


members, 291 associate members, 1 companion, 17 
associates, 206 graduates, and 193 students. Of the 


deductions from the roll, a total of 618, transfers ac- 
counted for 258, the remainder being due to deaths and 
resignations. All the grades showed an increase, except 
those of honorary members and companions, in which 
there were net decreases of 1 member each. The number 
of students was almost the same as last year, and the 
largest net increase was shown in the associate member- 
ship. Among the losses by death the following names 
appeared: Mr. Henry Davey, Mr. T. Bernard Hall, Sir 
Alexander B. W. Kennedy, Mr. Michael Longridge, 
Mr. E. C. R. Marks, Sir John I. Thornycroft. Mr. Davey 
was elected a Vice-President in 1908, and retired from 
the Council in 1921 as Past-Vice-President, Mr. Hall 
founded, in 1917, the Prize Fund bearing his name. 
Sir Alexander Kennedy was President in 1894-1895 
and was made an Honorary Life member in 1883. Mr. 
Longridge was President in 1917-1918, and remained 
on the Council as Past-President until 1922. Mr. Marks 
was the first Chairman of the Midland Branch. Sir 
John Thornycroft was a member of Council from 1897 
till 1911, and was made an Honorary Life member in 
1926. The accounts for the year showed a balance of 
revenue over expenditure of 3,181/., as compared with 
7111. of the previous year, although the total revenue 
of the two years was almost identical, being 31,942. 
for the year under review, and 31,924/. for the preceding 
one. Mr. Harold Robinson, manager of the Charing 
Cross branch of the National Provincial Bank, had been 
appointed Honorary Treasurer in place of Mr. F. H. 
Norwood, retired. The memorial to George Stephenson 
presented to the Institution by the Argentine Railway- 
men had been unveiled by His Excellency the: Argentine 
Ambassador, Sefior Don José Evaristo Uriburu. Research 
work for the Alloys of Iron Research Committee had 
continued at the National Physical Laboratory under 
Dr. Walter Rosenhain, and considerable progress had 
been made with the study of the iron-silicon alloys and 
those of iron-beryllium. The Cutting Tools Research 
Committee, under Sir John Dewrance, had presented a 
report by Mr. E, G. Herbert. The investigations under- 
taken by Professor Dempster Smith and Sir Thomas E. 
Stanton had both been completed. Research work 
for the Steam-Nozzles Research Committee, under the 
chairmanship of Mr. W. H. Patchell, in preparation for 
the finai report, had been continued. The Wire Ropes 
Researck Committee, under the chairmanship of Mr. 
Daniel Adamson, had issued a third report by Dr. W. A. 
Scoble. The preliminary work of the researches in 
University laboratories on boosting in high-speed 
petrol engines had been practically completed. The 
research on hardening distortion of steel had been con- 
tinued, and part of it had been submitted in the form 
of areport. A grant of 5001. had been made to the British 
Engineering Standards Association. A new branch of 
the Institution for the East Midlands area had been 
inaugurated at Nottingham. 


PRESENTATION OF PRIZES. 

The prizes awarded during the past year were 
then presented to the various recipients, as follows : 
The Thomas Hawksley Gold Medal was awarded to 
Dr. H. W. Swift ; Starley Premium, to Mr. H. Kerr 
Thomas. Graduates’ Prizes: Mr. J. B. Fortune, 
Mr. H. Heywood, and Mr. F. Dransfield. Associate 
Members’ Examination Prizes: Mr. E. J. Brett and 
Mr. H. C. Smith. Students’ Examination Prize : 
Mr. H. Masterman, Junior. 


APPOINTMENT OF AUDITOR. 

J. Cowan proposed and Mr. W. P. F. 
Fanghanel seconded, that Mr. Raymond Crane, 
F.C.A., be reappointed to audit the accounts of 
the Institution for the coming year, which motion 
was carried unanimously. 


Major P. 


ELECTION OF OFFICERS, &C. 

The result of the ballot for the election of officers 
was as follows :—President, Mr. Daniel Adamson. 
Vice-Presidents : Mr. F. H. Livens and Mr. Lough- 
nan St. L. Pendred. Members of Council: Pro- 
fessor G. F. Charnock, Engineer Vice-Admiral Sir 
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Robert B. Dixon, Sir Ernest W. Petter, Mr. R. W. 
Reid, Sir Archibald J. C. Ross, Mr. Roy J. Glinn | 
(Associate member), and Engineer Vice-Admiral | 
R. W. Skelton. The following past-presidents and 
past vice-presidents were also appointed to see | 
upon the Council: Mr. R. W. Allen, Sir John Dew- | 
rance, Sir Henry Fowler, Dr. Hele-Shaw, Mr. W. H. | 
Patchell, Sir Vincent Raven, and Mr. William | 
Reavell, and the chairmen of the local branches | 
were co-opted in the same capacity. 

Mr. R. W. Allen then vacated the chair in favour | 
of Mr. Daniel Adamson the new President, and in | 
doing so pointed out that Mr. Adamson had been | 
a member of the Institution since 1897, a member of | 
Council since 1918, and a Vice-President from 1924. 
He was chairman of the Wire Ropes Research | 
Committee, and a member of the Cutting Tools. 
Research Committee. He felt the Institution would | 
have a real leader in Mr. Adamson and was sure | 
the members would have, in the forthcoming 
summer meeting at Manchester under the guidance , 
of Mr. Adamson, a very successful gathering. 

Mr. Daniel Adamson, having taken the chair, 
said that he felt his elevation to the presidency 
was really a form of recognition of the great engi- 
neering district from which he came. 

Sir John Dewrance said it was his pleasant duty, 
owing to the absence of the two past-presidents 
senior to him, to propose a vote of thanks to the | 
retiring president. Mr. Allen had proved a very | 
hard-working and able president. His work during 
the war period was well-known and had been of | 
great usefulness to the State. He had left his | 
mark in the matter of the education of engineers | 
at his Bedford works, and the welfare department 
of that works left very little to be desired. 

Mr. W. H. Patchell seconded the motion, and 
said that Mr. Allen carried with him on retirement 
the thanks and affection of the Institution. The | 
motion was then put to the meeting and was 
carried with acclamation. 

The President, in conveying the vote of thanks to 
Mr. Allen, alluded to his services in connection with | 
the Benevolent Fund of the Institution. Mr. Allen | 
had helped and encouraged the Committee greatly, | 
and it was hoped that the interest of members would 
not now decrease. The Committee, as a matter 
of fact, would be issuing a further reminder shortly, 
and had changed its policy in the last few years in 
the direction of stimulating annual subscriptions 
rather than donations of capital sums. Mr. Allen | 
had also done much to encourage meetings with | 
head masters and professors, which had increased 
the prestige of the Institution amongst the various 
educational authorities of the country. He had! 
further been active in promoting the movement 
for a Royal Charter for the Institution, which would | 
add to its status and which it had that day been 
decided in the Council to proceed with. He added | 
his personal thanks to those of the members. 

Mr. R. W. Allen, in acknowledgment, said his 
year of office seemed to have passed quickly, and he | 
was pleased that the report just presented indicated 
the steady growth of the Institution. This he 
attributed to a very active Council, every member 
of which applied his mind to the improvement of 
the Institution. He would like to refer particu- 
larly to Dr. Hele-Shaw, the founder of the National | 
Certificate scheme. The real value of these certifi- 
cates, bearing the stamp of the Institution, was 
becoming increasingly recognised, as he himself 
had found during his visits to technical schools. 
The financial side of the report was satisfactory, 
as it meant that more assistance would be available 
towards the investigations of the newer problems 
in engineering. The local branches were doing | 
excellent work, and it was a pleasure to note the 
usefulness of the Institution in parts remote from 
headquarters. He could not retire from office 
without a sincere tribute of praise to the permanent 
staff of the Institution, particularly to General 
Mowat. To Mr. Montgomery, Mr. Ford, Mr. White, 
he tendered his thanks, as well as to the other 
members of the staff. He might say, in reference | 
to the matter of the Royal Charter, that this was | 
first brought up during the presidency of Sir John 
Dewrance. In view: of what other Institutions 
such as the Civil Engineers, the Naval Architects, 
and the Electrical Engineers had aceomplished in 


| 


| horse-power under tropical conditions. 


| no account of big working clearances. 
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| this direction, he hoped that members would pass 


the proposals to apply for this charter when the Coun- 
cil presented them, as he felt that incorporation by 
Royal Charter would constitute a recognition of the 
position attained by the Institution owing to its 
representative and varied activities over a long 
period, and would enable it to increase its usefulness 
to the engineering profession. 


TRANSPORT REFRIGERATION. 

A paper bearing the title “ Refrigeration on 
Shipboard ” was then read by Mr.. H. J. Ward, 
M.A., in outline. We reprint an abridgement of 
this paper on page 248 of the present issue. 

The discussion was opened by Mr. Henry Brier, 
who said his first acquaintance with refrigerating 


machines was made 52 years ago, so that he had 


| had an opportunity of watching the progress of the 


different processes. There was not, in those early 


| days, much knowledge of the principles of refrigera- 
ition, and practical experience was almost the only 


means of obtaining knowledge. Sir William Fair- 
bairn had given some information about the behaviour 
of air when compressed, cooled, and expanded in a 
separate cylinder, and this was the principle on which 
the Bell-Coleman machine was built. Experi- 
ments on pre-cooling before expansion soon showed 
that it was possible in this way to reduce by half the 
time required for the machine to operate efficiently, 
and to save about one-third of the horse-power. After 
this development came the Linde machine, and the 
CO, machine followed. Ammonia proved more easy 
to handle than CO,, but the latter became more popu- 
lar on shipboard owing to its comparative innocuous- 
ness. It was, however, considered at one time to be 
dangerous, and he remembered a test being made 
in which the contents of all the reserve cylinders on 
board a ship had been discharged into the engine 
room. Lighted candles were placed here and there, 
but he believed that only one was extinguished, and 
that because it was blown out. The use of CO. 
had extended greatly, but, though he had been 
working with that gas under ordinary compression 
for very many years, he felt that a change was 
impending. This seemed to be in the direction of 
an increase of speed, pre-cooling, and multiple com- 
pression, which might allow machines to be built 
of half their present size with a reduction of horse- 
power. The shipowner was demanding cheaper 
machines, with the result that engineers were in- 
creasing working speeds. This, however, was only 
one way of solving the problem, and necessarily 
increased horse-power. But a multiple-effect com- 
pression machine of half the size of the simple 
machine, and running at the same speed, could be 
made to effect as much as 50 per cent. saving in 
For other 
conditions, the saving would vary with the 
temperature. 

In the matter of compressors, however, theory 
did not tally with practice. Thus, valves had to 
be fitted in CO, machines for sea-going vessels, 
and accidents from them had to be guarded against. 


| If the valves were broken, they must not get into the 


cylinder, a condition which necessitated clearances 
sufficiently large to trap any small portion of a 
broken valve or spring. In the double-acting coin- 
pressor, this meant that the clearances were so 
large that one-third of the stroke had to be completed 


| before the introduction of any gas from the evapora- 


tor. The conditions were different on a land machine. 
He had found that, in converting a machine from 
ordinary compression to multiple-effect compression, 
he could get two-thirds, or even double, the amount 
of work that theory would allow, theory taking 
Such points 
as these would have to be considered to provide the 


| cheaper machines demanded. 


Mr. A. R. T. Woods thought the paper gave 


| perhaps undue prominence to the CO, machine, 
|and he was of opinion that ammonia and CO, were 
‘equally efficient mediums. 


In connection with 
the reference in the paper to the Board of Trade 
regulations on the use of ammonia in passenger 
vessels, he would say that his firm had been using 
ammonia machines for twenty-six years under these 
regulations, and had met with no difficulties. The 
advantages. of one system against the other were 
open to discussion. He agreed’ with Mr. Ward’s 
comments on the more modern machines in large 
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installations. These installations were very complex,, Mr. W. H. Patchell, commenting on Mr. Tyler’s 
and those who ran them deserved great credit for the | reference to high-pressure joints, said that the Pipe 
efficient manner in which cargoes of perishables were | Flange Committee were drawing up standards for 
delivered in this country, especially when the work- | high-pressure steam pipes. Those interested in 
ing margins of temperature were so small. The |ammonia-compression machines were using very 
engineer had to be very vigilant. There might be|much simpler pipes and joints than the Flange 
as many as 32 chambers with four thermometers |Committee would venture to use for steam pipes. 
in each chamber, on which a watch had to be kept | This type of joint had only two bolts per flange. 
day and night for perhaps 20 days. | Perhaps the Committee might consider something 
The twin-compressor horizontal ammonia ma- | of this nature, and he suggested that those having 
chine directly coupled to an oil-engine, to which the | experience of it might communicate their knowledge 
author had referred, showed a departure from | to the Committee. 
hitherto accepted practice for which his own firm| The President, in calling upon Mr. Ward to reply, 
had had some difficulty in obtaining support | said that the paper had referred to the area of cooling 
from manufacturers. It was breaking fresh ground | surface of the ships described. It would be of 
and vibration had been feared, both on the driving | interest to those who were concerned, not with 
and refrigerator sides. The venture had, however, | cooling but with heating, if Mr. Ward could give 
proved a great success and vibration was practically |an idea of the gas and liquid velocities on the 


absent. 
Mr. David Thom considered the paper gave an 


| surfaces involved in the apparatus described. 
| Mr. Ward, in reply, said that with reference to 


excellent outline of refrigeration at sea. He might Mr. Brier’s remarks, he had only intended to give 
mention that the first machines for refrigeration a general account of refrigeration, and had designedly 
were made for use in ships, the principle being | 2°t touched on technical details and minor improve- 
afterwards applied to land purposes; one of the | ments. Mr. Woods thought the paper dealt too 
first uses on land was in the solidification of | €X¢lusively with CO, machines. Perhaps that was 
paraffin wax. The paper indicated that machinef because of the reference to the 80 per cent. of 
were now getting smaller for the same duty, and | vessels mentioned as using CO,, but his firm was 
were running faster. This seemed to him but much interested in ammonia also, and he had 
another example of general practice with the | referred only to the Board of Trade regulations as 
steam engine—for example, in dynamo driving— to the use of ammonia strictly in connection with 





and it was not unlikely that the parallel would be 
carried further, and turbines might be found doing 
the work of compression. 

Mr. A. H. Tyler thought the author had not 
stressed any preference for ammonia, although 
his firm tended to favour ammonia rather than 
CO, as a refrigerant. In his own opinion, CO, 
had many practical advantages, and possibly one 
reason why it had not been even more extensively 
adopted on board ship was because it entailed the 


use of high pressures which rather alarmed the | 
former generation of engineers. Early experience | 


as an hydraulic engineer had familiarised him with 
pressures up to 1,500 lb. per square inch, and he 
still retained a preference for high pressures from 
the point of view of running economy. In steam 


practice, high pressures were becoming daily more | 
common, and the pressures used with CO, really | 


presented no practical difficulty. 
joints were considered to be a serious problem, but 
the use of joint rings of copper, or sometimes of 
mild steel, had solved it. With reasonable care, 
and if tight when first put together, there were no 
failures, and he had been responsible for millions 
of such joints. 

Among the advantages of CO, was the neutral 


character of that gas, which gave a wide free- | 


dom of choice of metals for the construction of 
machinery for dealing with it. Another advantage 
in the use of high pressures with CO, lay in the 
fact that the compressors could be made smaller, 
viz., about one-quarter the size of those required for 
ammonia. Again, as the compressors were small 
and the passages large, in case of accidental 
flooding the liquid could be discharged without 
damage. In the ammonia compressor, on the other 


hand, many accidents had occurred from flooding. | 


There was a tendency to use refrigerating machinery 
in an increasing number of industries, and often 
with only semi-skilled attendance. He was for- 
merly directly engaged in the industry, and had 
formed the opinion that the CO, machine, as 
made for marine use, was too substantial in design, 
and too well-finished to compete, in land installa- 
tions, with the cheaper ammoni machines offered. 
He had therefore introduced an experimental type 
consisting of a single-acting, vertical enclosed type of 
CO, compressor, which had proved successful. 
The clearance had been cut down to less than 
0-25 per cent. of the cylinder volume. A few 
weeks ago he had had occasion to take out a small 
compressor—under 1 ton capacity—which had 


been in constant use for over seven years, working, 
on an average, 20 hours a day, Sundays included. 
This machine had been run by cooks and had 
received no attention, yet had functioned well. 
was designed for a speed of 375 r.p.m. 
there was room for the development of inexpensive 
CO, machines on these lines. 


At one time, the | 


It | 
He thought | 


the design of the vessel itself. There were good 
reasons for Mr. Woods’ preference, but CO,, on 
the other hand, permitted the use of copper coils, 
although it must be admitted that troubles arising 
from the corrosion of ammonia condenser coils were 
fewer than might have been expected. Regarding 
Mr. Woods’ reference to the oil-engine-driven 
ammonia machine, he might say that he had been 
closely associated with Mr. Woods in working out 
that gentleman’s original ideas. At the same time, 
the combination had been considered earlier, though 
| circumstances had prevented it from being developed. 

Continuing, Mr. Ward said Mr. Thom had referred 
to the possibility of turbine compressors, and he 
himself felt it was legitimate to expect the use of tur- 
| bine compressors for high pressures ; in fact, his firm 
| were considering it for moderate pressures with 
He might mention that the horizontal 
| open-motion machines, shown in the early part of 
| the paper, worked at a speed, depending on size, 
|of from 135 r.p.m. to 150 r.p.m. Many engineers 
|had been rather alarmed at the increase from the 
|older speed of about 70 rp.m., and it had 
| been somewhat difficult to get them to see that 
|there was no danger, and that the higher speed 
machines would prove perfectly satisfactory. He 
|did not feel that he was an advocate of ammonia 





| ammonia. 


as against CO,, as Mr. Tyler seemed to imply, and 
| agreed with that speaker that the CO, machine had 
/not yet become obsolescent. At the same time, he 
|thought that Mr. Tyler was rather wide of the 
| paper, as he was referring generally to land machines. 
| He agreed there was nothing to be alarmed about in | 
|the use of high pressures. Copper jointing could 
not be improved upon in CO, practice, and it would 
be an advance if it could be usefully employed in the 

| case of ammonia. | 
The President then announced that there would | 
be an informal meeting to-night at 7 p.m., the | 
subject being “ Electrical Precipitation,” to be | 
introduced by Mr. George Baker. An informal | 
meeting would also be held on Friday, March 8, at | 
7 p.m., when there would be an exhibition of | 
industrial cinematograph films. The next general | 
meeting would be held on Friday, March 15, at 
6 p.m., when a paper entitled “‘ Research in Mech- | 
anical Engineering by Small-Scale Apparatus ”’ | 
would be read by Mr. F. C. Johansen. 











British Propuction or Pig IRON AND StTEEL.— | 
The number of blast furnaces in operation at the end of 
January was 139, a net increase of seven since the begin- 
ning of the month. The production of pig iron during 

| January amounted to 563,900 tons, compared with 
540,400 tons during December, and 560,500 tons during 
January, 1928. The output of steel ingots and castings, 
during January, amounted to 761,600 tons, against 
683,100 tons during December, and 626,200 tons during 
January, 1928. The figures mentioned are from the monthly 
| report of the National Federation of Iron and Steel 
| Manufacturers, Caxton House (East), Tothill-street, 
' London, S.W.1. 
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| THE EINSTEIN PROCESS OF 

METALLISING NON-CONDUCTORS, 

Tue deposition from a salt solution of a layer of 
one metal upon another was one of the earliest indus- 
trial applications of electricity, and was used for the 
production of electrotypes in the thirties of last 
century. In 1840, Murray discovered that similar 
deposits could be made on almost any material, if its 
surface were rendered conducting by a thin coating of 
graphite. Attention has recently been directed to 
a modern development in this direction, viz., 
|the Einstein process of metallising or electro- 
| plating non-conductors, by means of which it is 
| claimed that materials such as wood, asbestos, silk, 
| porcelain and paper, as well as aluminium and Duralu- 

min, can be covered with a surface of non-corrosive 
|metal. Though a wide variety of metals can be used 
for this purpose, in practice the best and most economic 
results seem to be obtained by using a layer of copper 
on which a protecting coating of nickel or chromium is 
superimposed. We understand that the results obtained 
with the latter metal are specially good. 

Although it is not possible to give details of the 
process, we may say that its success depends on the 
use of a bath of special construction, the solution in 
which is kept constantly in motion, and on the preli- 
minary treatment of the basic material. Important 
points are that the deposit is smooth and requires no 
subsequent polishing, unless a polished surface is de- 
sired, while it is said to be possible to obtain various 
thicknesses of coating on the same article without 
difficulty. For instance, we were shown a wooden aero- 
plane propeller coated with a chrome-copper sheath, the 
thickness of which varied from 0-8 mm. at the hub to 
0-4mm. at the tips. Another interesting specimen was 
a plywood box having the exterior and interior coated 
with 0-3 mm. of copper, a covering so thin as to enable 
the graining to be seen through the metal. This grain- 
ing is also visible when the coating is as thick as 0:1 in. 
A ply of metals can readily be made, and experiments 
are being conducted with a view to obtaining a product, 
which shall combine strength and lightness in this way. 
Scrap metal can be utilised to make copper sheet from 
0:2 mm. in thickness upwards, and these sheets can 
subsequently be coated with another metal. When 
nickel is being deposited, the thickness obtainable is 
sufficient to enable pipes of this material to be drawn. 
It is also said to be possible to produce lettering on 
patterns on the metal as part of the deposition process, 
and another important claim made for it is that no 
disintegration, even of the thickest layers used, occurs 
with time. Finally, the properties of copper can be 
utilised to give a coloured finish, so that a pleasing 
appearance and protection are simultaneously obtained. 

In reporting on some tests made on wood struts 
which had been metallised by this process, Mr. C. E. 
Larard, head of the civil, mechanical and aeronautical 
departments of the Northampton Polytechnic, London, 
said that the addition of the coating was sufficient to 
increase the crushing load by nearly 65 per cent., as 
compared with the corresponding struts when untreated, 
while the increase in tenacity and the mean modulus 
of elasticity were 42 per cent. and 50 per cent., 
respectively. After three days’ immersion, less than 
0-5 per cent. of water and less than 0-16 per cent. 
of petrol were absorbed. Fabric metallised in this way 
had an ultimate tensile strength from three to four 
times that of the untreated material. The coating 
remained unimpaired during spinning tests at high speed , 
while a propeller treated by this method was half the 
weight of a similar screw made of steel. No splintering 
occurred when a bullet was fired through the material. 
Mr. James Swinburne reported in a similar sense as to 





| the value of the process for a great variety of work. 


The process is being operated by the Einstein Electro- 
chemical Process, Limited, of 36, St. Helen’s-place, 
London, E.C., and it is proposed shortly to establish 
a factory in this country. 








THE British CORPORATION REGISTER Book.—The 
1929 issue of the Register of Ships of The British Cor- 
poration Register of Shipping and Aircraft has just been 
published. The volume contains detailed tabulated 
information regarding all ships classed in this Registry, 
together with lists of members of the committee of 
management, the Liverpool committee, the aviation 
committee, the executive committee in London and 
the surveyors stationed at home, colonial and foreign 


| ports. The Register is under the control of the committee 
| of management, which is composed of ship owners, 


shipbuilders, marine engineers, and designers of ships, 
together with representatives of underwriting and other 
associations. The volume is issued to subscribers only, 
the subscription for individuals and firms being three 
guineas per copy, and for underwriting and marine- 
insurance companies, four guineas per copy. In 1927 
the constitution of the British corporation was altered 
so as to include aircraft within its sphere of operation, 
and it is stated in the Register of Ships that the terms 
of subscription for the Aircraft International Register are 
five guineas per copy. The head offices of the British 
Corporation Register of Shipping and Aircraft are at 
14, Blythswood-square, Glasgow. 
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THE HAGAN SYSTEM OF AUTOMATIC 
THE HAGAN SYSTEM OF AUTOMATIC BOILER CONTROL. aa 


In the issue of Enerngrertne for March 30, 1928, 
vol. cxxv, page 382, we referred briefly to automatic 
boiler control installation on the Hagan system at the 
Radcliffe Paper Mills, near Manchester, and the works 
of Messrs. The British Xylonite Company, Limited, 
Hale End, E.C.4._ By the courtesy of the latter firm 
we are now able to give some of the principal results 
of the change-over to automatic control. These are 
abstracted from a very complete log supplied by the 
firm’s power engineer, Mr. T. R. Alexander, and are 
set out in the table on this page, while Figs. 1 and 2 
serve to illustrate the arrangement of the apparatus 
by which the results were obtained and the lay out of 
the boiler plant concerned. 

It will be well at the outset to give a brief description 
of the Hagan boiler-control system, which was supplied 
by Messrs. James Gordon and Company, Limited, 
Windsor House, Kingsway, W.C.2. The principle upon 
which the system is based is that of automatically 
regulating the speed of the mechanical stokers and 
induced-draught fan, and the amount of opening of the 
dampers, by mechanism actuated by changes in the 
rate of flow arising from a fluctuating steam demand. 
The apparatus, therefore, acts with more promptitude 
in adjusting combustion to the required rate than do 
similar appliances operated by an alteration in static 
pressure set up by a change in the demand for steam. 
For a fuller exposition of the application of the 
principles, reference may be made to an article on the 
system on page 325 of vol. cxxiv of ENGINEERING. 
The main element of the system may be said to be the 
master regulator, which is seen at the extreme right 
hand of Fig. 1. It is operated by changes of pressure 
resulting from an alteration in velocity across the open 
end of a pipe, which open end is situated in the main 
steam pipe, and the regulator is so sensitive that it 
Fic. 1. will respond to as small a difference of pressure as a 
few ounces per sq. in. 
ia =] | The motion of the spindle of the master regulator is 

1 : | reciprocating, and this is transmitted by ordinary levers 

> [> Economiser y and shafts to two valves which control the supply of 
yet o steam to the stoker engine and the induced-draught 


Fig. 2. a or cad : : ’ 
Fan end) | fan engine, respectively, as well as the boiler dampers. 
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The valves are of the piston type and have a partial 

rotatory movement, as well as the normal reciprocating 

(— F F F »-Damper one, from which the former is derived. The recipro- 
= i Pe — 7 F F 

4 rT | | cating motion is received from the master regulator 











shaft by a lever, as shown at the left hand of Fig. 1, 
where the roto-valve controlling the speed of the stoker 
engine is seen alongside the stoker engine itself. A 
second shaft, parallel to the master regulator shaft and 
worked from it, runs along the front of the boilers, as 
shown at E in Fig. 2, and operates, by means of levers, 
| Pre, aa ai = the roto-reciprocating valve on the fan-engine steam 


Steam to FarvE ngu Le 
RotoValre for 


| 
Speed Operation 
of Fan Engine | 


Fg We 


Steam to Works . 














pipe, the outlet damper on each boiler, and a dial indicat- 
ing the position of all the ra omg gl The instruments, 
= = = some of which are shown in Fig. 1 between the master 

ez N°d Nez Nid / regulator and the pre sec control valve, include 
/ gauges and recording meters for steam pressure and 
Operations} iia Macias ; / temperature, feed-water temperature before and after 
ndicator} Ree Pe anne Enai Shaft and leaving the economiser, the temperature of theue fi 
' —— ringme)| Levers gases at the entrance of and after passing through 

| , 6 of the economiser, and the percentage of CO, at the 

Master Regulator, 5 dampers and at the base of the chimney. The feed 

(1177.8) “ENGINEERING water is measured by a Lea Recorder, and 1 per cent. 
is deducted for blow-down losses. The weight of coal 

ComPARATIVE RESULTS oF BorLeR PLANT with AUTOMATIC CONTROL. is ascertained from the invoiced truck weights, and its 
. _______ | ealorific value is obtained from samples which are 


ia mek ast eae Tecnens:| ee secaaes tb gathered from each furnace hopper twice in each shift 
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tare sae th | Calorific S itecetcol att Saving Due a ‘ 
Coal | ——. Pi, ya Value of | — lture of Feed |ture of Gases|_ to Improved and tested weekly by a Wild bomb calorimeter. 
Month, 1928 | —* | Lb. per sq. | Water per — | Boiler. | 5; bos po esling mae = The boiler plant illustrated in Fig. 2 is one of the 
fin, Ib, of Fuel. | tng, Percent. | "Deg F. | Deg. . | pee sany * | boiler houses of the British Xylonite Company which 
: Re Laan Bre | | x supplies steam for process work through back-pressure 
ee | = e | | | | ~~ | turbines used for power purposes. Careful regulation 
January... sal 670 171 7°23 ; 11,004 | 77:6 207 250 | . of pressure is, therefore, doubly important, for a fall 
February 605 | 162 7-3 | 11,070 | 77-7 204 | 251) ms in the initial pressure not only affects the power con- 
— fa) ve: trol but upsets the economic balance between power 
mon ‘oa eT | ee Le |__246 es and process steam. ‘There are four Babcock and 
Average ..| 644-3 | 165 — | 7°3 | 11,059 77-8 205 | 248-6 ~~ | Wilcox boilers, each of 13,000 lb. per hour evaporative 
|__| — —____|_______|________|___________ | capacity. These have chain-grate stokers driven by a 
| 9 tons coal. team engine, and have independent dampers at the 
ae A sf a [Re ee a ee phils boiler pon "The flues F pray a Cane which 
| | | 13 tons coal. 7 x - 2 ’ 
May se --| 473 | 169 =| 7:4 | 10,726 =| 80-5 195 | 212 131. 15s. 0d. | communicates with the — — a a 
10 tons coal. | large economiser or directly. The induced-draught fan 
June a ss 398 166 | 7-5 10,919 | 80-2 209 | 948 101. 48. Od. ae , . - 
| : a | see | | 11-4 tons coal. at the base of the chimney is driven by a direct- 
July “ ee 258 =| (178 75 10,755 | 80:7 224 | 214 | 102.16s.0d. | coupled steam engine. The control apparatus was 
August 951 | 170 7-5 | 10.770 | 89-2 cc. 1+ ie “. og ae erected by the boiler-house staff in a few days. An 
ss ens: ™ ; a al La Fin Pes: 1e-Baaeees. adjustment is necessary every time an alteration is 
September .. : 352 172 7-5 | 10,666 | 80-8 212 214 112. 5s. 0d. | made in the rap seam ED of boilers on ey one to the 
ls = | 17-5 tons coal. | fact that the draught is greater on the boiler nearest 
wees ts ™ ‘poll Cid 10,745 | 81-8 200 | «225,164. 188.04. | the chimney which is boiler No. 4. For example, if 
| | | | |17-75 tons coal. ‘ oe a ' age hi 
November .. i 538 | 720 | 0 74 | 10,776 | 81d | 203 | ‘171. 108. 84. | boilers a . 3 and 4 are on — = ——— 
| |18-25 tons coal. ires less damper opening than No. 3. Similarly, 
Deceinber .. | 690 | 175 | 72 | 10,518 de Ts |__ 282 — shea Wee. 2 po 3 a online No 3 damper will 
———— | ie , ee {— icimabtel Pak . — , b < 2? + ° 
Average... 450 | 170-6 | 74 10,747 | = 80-6 208 «=| 217-3) | require its opening reduced to give equal draught on 
No. land2. Such adjustment takes only about five 








* The price of the coal used varied from month to month. minutes ; otherwise the setting of the apparatus does not 
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require any alteration after the original correct setting. 
The precise steam pressure required is determined by the 
weights seen on the lever of the master regulator, and 
when once these are adjusted there is no need to alter 
them, unless the steam pressure itself is to be altered. 

Referring now to the results given in the table which 
it will be seen is divided into two portions, each of 
which is summed up by a set of average figures. The first 
three months represent the performance of the boilers 
before the apparatus was fitted ; the remaining nine that 
due to its operation. The difference in coal consumption 
is very marked, and, to emphasise this, the actual coal 
saved is given, both in weight and cost for each month, 
in the last column. At the same time, there are other 
factors in the reduction of running costs than the de- 
crease in coal burned. Thus, in addition to the reduction 
in the loss of heat in the flue gases, due to the better 
regulation of the air supply which follows the regulation 
of the fan speed, there is a distinct saving in the steam 
consumption of the fan. Manual control of the fan 
almost invariably erred on the side of excess speed, 
and, as the power consumption of a fan varies as the 
square of the speed, the loss possible from this source 
cannot be neglected. From careful observation, it was 
estimated that the saving due to automatic regulation 
amounted to 0-5 per cent. of the total fuel. Again, the 
apparatus has materially reduced the work of the 
attendant, and it has been possible to give him addi- 
tional duties in the boiler-house, and to employ 
another man on other duties. A definite saving of 5 man- 
hours a day has been made in this way, without any 
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| : a 
| * | F.R.S., whose treatise The Mechanical Production of 
REFRIG pete ene | Cold remains, after many years, the best textbook on 


| mechanical refrigeration extant. 
| REFRIGERATION, which is now definitely pacers rg | The greatest of the various trading interests which 
| as anecessary adjunct to healthy life ashore and afloat, | depend upon refrigeration on shipboard is that for 
‘solar epmomi factor of he ft importance, my | wiih wan St developed the importation of met 
: ‘oad. To convey an impres- 
generally agreed that the sailing, in 1879, of the steamer eri ta pissy ye this trade, a he rt ro be 
|Strathleven, fitted with a Bell-Coleman cold-air quoted from Messrs. Weddel’s Review of the Chilled 
machine, from Australian ports for London, with @ | gnd Frozen Meat Trade for 1927. In 1880, the number 
scien’ at Sie tdeiey Seg aemciopeces (ca. tees arate ee ae ee 

“ <be 3 | the Unt ingdom was . ee lo i " 
— — pre a = —— opps carcases reached these shores, the record eeargge 
ened ) Cenvury Iater, + arnamen ~| being 16,179,770 in 1921. The world’s output o: 
song urn eK wi Se ee F — P ogy | frozen and chilled meat exported in 1927 was 1,256,900 
ion Regulations. would seem, therefore, that @ | tons, 

survey of the field on its marine side is particularly | See : ’ 
justified at this time. The subject may be defined as ,, yes? cargoes have been cartied in vessels of, the 
‘the mechanical production of relatively low-tempera- Fries endl hae pr TT The ar eae pe A 
tures for the preservation of perishables during transit | Britis  aiaheien:. aaa the aaa ‘ a J sale a 
by sea.” This definition is probably sufficiently wide to | jh000 emeloved in the chilled-boef. trade _ 
cover all existing examples of refrigeration on shipboard. | South Fy i she end tie Ulelind Miasiem The 
| The subject is far too wide, however, to allow of a full | desi a ie sie nani ales iadonaes de le Pr 
discussion of mechanical details in such a survey, and it | toeet cece Wendell ‘dinaril aaa Walid ans lek: dae 
is proposed, therefore, to summarise the various distinc- | eats diiiiied toe sevennt roan geo a whlch re = ihe 
tive trades into which refrigerated tonnage has been | | in tes nines dn ailete tikes dekeehianeen abt saiebhie 
grouped, with some general description of the leading | en catataaeie: * Me poke dita a6 aoe - by the 
types of vessels which are to-day employed in those | sabia z RR STE ; 
| # : s : greed upon between the meat shippers and the 
| — of oe — oquipment, re of _ | shipowners. Upon the skill with which the structural 
| aoe lo eg. | “ naps eg sie Se se d ‘features of the ship are disposed relatively to the 
Sa ee years nas proceee’e’| clear stowage within the insulation largely depends 











to be a good return on the outlay. 

It will be noted that the coal consumption was con- 
siderably less during the summer months. Thisis due to 
a seasonal decrease in the steam demands of the factory. 
Of the figures for the steam pressure, it is only necessary 
to say that no difficulty is experienced in maintaining 
pressure within 2 lb. per sq. in. plus or minus, when 
the steam demand fluctuates plus or minus 25 per cent. 


It is stated that a variation of demand imperceptible | 


on the pressure gauge is sufficient to set the controls 
in motion. The increase in the evaporation per Ib. 
of fuel given in column 4 should be considered in 
connection with the calorific value of the fuel, which was 
lower in the nine months with the apparatus installed 
than in the three months without it. The increase of 
temperature in the feed water leaving the economiser is 
significant though the complementary decrease in the 
temperature of the flue gases at the base of the chimney 
is more marked. The increase in the percentage 
boiler efficiency is, however, the most important figure. 
This, on the average, is 2-8 per cent. for nine months, 
and this follows an overall improvement of 0:8 per 
cent. in the CO, figures. The CO, percentage may be 
said at once to be rather low, being 10-6 per cent. on 


the average, but it should be borne in mind that this | 


represents a 24 hours’ average and includes night 
periods when the load on the boilers was less than 
60 percent.of the normal. The efficiency calculations 
were based on the heat in B.Th.U. absorbed in the 


economiser, the boiler and the superheater, and were | 
worked out with the aid of the Callendar steam tables. | 


In addition to the installations above mentioned, there 


is now a third at the Stoke-on-Trent Power Station. | 


Figures from this latter plant will be of interest in 
view of the different character of the load. 


HOLLAND ‘TUNNEL-WALL CLEANING MACHINE.—It 
will be remembered that we gave a detailed illustrated 
description of the Holland vehicular tunnel 
the Hudson River, between New York City and New 
Jersey, U.S.A., commencing on page 601 of vol. exxiv. 
(1927). Mention was made therein that the walls of the 
tunnel are faced with 350,000 sq. ft., of white glazed 
vitreous tiles, According to a recent issue of Engineering 
News-Record, these tiles become covered with a black 
carbonaceous deposit emanating from the exhaust gases 
of passing motor vehicles, and, in consequence, a special 
wall-cleaning machine has been devised by the tunnel 
engineers, in collaboration with Messrs. Howald, Klingel- 
fuss and Kenny, of Brooklyn, N.Y. It consists of a 2}-ton 


motor lorry carrying an Ingersoll-Rand compressor with | 


«x capacity of 200 cu. ft. per min. A trailer, on which 
are mounted two 700-gallon tanks, one containing water 
and the other a solution of sodium orthophosphate, which 


has been found to loosen the deposit satisfactorily. is | 


attached to the lorry. A number of nozzles supported 


by short crane arms, suitably balanced, are disposed | 


The 


at various heights along the sides of the trailer. 
which 


nozzles discharge into soft horse-hair brushes, 


are operated by men standing on platforms on the trailer. 
The machine is driven through the tunnel at a rate of 
about 200 yards a minute and, during its passage, each | 
| Engineers, on Friday, February 15, 1929. 


man cleans a section of the wall 2 ft. in width. 


under | 


| being the comparatively harmless character of carbon 
dioxide and the necessarily stringent regulations 
of the Board of Trade regarding the installation 
of ammonia machines in passenger vessels. The 
attention given to cargo installations by Lloyds’ 
Register, both in respect of the mechanical construc- 
| tion and the insulation of the chambers, reflects the 
| great importance of the insurance interests to which 
reference will be made again later. 

The reliability in service of the modern marine 
refrigerating plant has reached a very high standard ; 
it is rarely that any failure to maintain the required 
temperature occurs, and the claims-which reach owners 
in respect of damaged cargoes involve, for the most 
part, questions of handling rather than of tempera- 
/ture. When one considers the immensity and value of 
the cargoes, which are transported over thousands of 
miles of ocean and through temperature conditions in | 
the atmosphere and in the sea which often vary 
greatly within a few hours, the losses sustained by the | 
commercial interests seem indeed small. There is 
undoubtedy still need for improvement in the technique 
of handling refrigerated cargoes, and it is none too soon 
that systematic research has been instituted. All who 
are interested in refrigeration welcome the research | 
work which is being done by the Food Investigation | 

Board under Sir William Hardy, and by the Low- 
| Temperature Station for Research established recently | 
at Cambridge, under a scheme of collaboration between | 
the Government and the University. 
| In connection with the educational side of refrigera- | 
| tion, the author would like to pay tribute to the value 
| of the work done by his old teacher, Sir Alfred Ewing, 
eee _ 

* Paper read before the Institution of Mechanical | 
Abridged. ' 





ture balance can be obtained in this way. 
|is now frequently the case, there are more than two 


reduction in safety or efficiency. The total savings | steadily, and comparatively uneventfully. From time | : : : - 

may be calculated as amounting to 2-8 per cent. of fuel to time, the type of machine in most general use has | the earning power of the ship. Most of the insulated 
due to higher combustion efficiency, plus 0-5 per cent. | been threatened with rapid obsolescence by some new 
of fuel due to saving on fan power, and five man-hours | System or mechanical innovation, but on the whole 
a day, at Is. 6d. per hour, due to reduction in operating | there have been no startling changes, and the commer- 
costs. These items total approximately 2911. per annum | cial interests concerned, directly and indirectly, have 
on a consumption of 6,000 tons at an average price of | not suffered unduly from the pioneer work of engineers. 
ll. per ton. This is round about the prime cost of the | It has been, on the whole, a healthy and sound evolution 
whole automatic installation, and may therefore be said | in which British names stand out creditably, as might, 
|indeed, be expected, in view of our preponderance as 
| shipowners and our dependence upon overseas supplies | 
|of foodstuffs. The most marked change took place 
| about 1890, when the air-compression machine yielded 
| supremacy to that using a liquefiable gas as the refri- 
| gerating agent ; since this important step, the improve- 


|ments have been, for the most part, matters of detail 


| so far as the compressor itself and its essentials, the gas 
| condenser and evaporator, are concerned. 

Of the various types of modern refrigerating machines 
such as carbon dioxide (COg), ammonia (NH3) com- 
pression, ammonia absorption, dense air, and water- 
| vapour machines, only the two first-named have met 
| with any lasting success on board ship. Analysis of 
| the lists published in the latest issue of Lloyds’ Register 
| shows that by far the greater proportion of the refri- 
| gerating machines installed for eargo. purposes operate 
|upon the gas-compression system. Of these, 80 per 
}cent. use carbon dioxide as the working medium, 
}and 18 per cent. use ammonia; air-compression now 
/ accounts for only 0-8 per cent., and other systems for 
| 1-2 per cent. These proportions indicate, as between 
{carbon dioxide and ammonia, the special conditions | 
| under which marine practice has been developed (on | 
|land the relation is quite otherwise), the chief factors 


capacity is made available for chilled beef in quarters, 


| which are carried by suspension from the deck above, 


or for frozen cargo stowed on the decks or tank tops. 


| The intermediate decks may therefore have to support 


a double load, and nice problems of strength and 
stability have to be solved by the naval architect, for 


| whom limitations of draught in the River Plate entail 
, additional considerations of trim. 


These vessels are 
necessarily of expensive construction, and every 


| cubic foot of insulated space must be utilised econom1- 


cally. Consequently, the designer of the refrigerating 
equipment must dispose his cooling surface in the 
chambers so as to encroach as little as possible upon 
the useful capacity. The higher up in the cold chamber 
the cooling surface can be placed the more effective is 
the convection. The brine pipes are therefore mostly 
secured in pairs to the overhead structure, between, 
and in the same plane with, the galvanised-steel tubes 
which carry the meat-hooks and chains. Additional 
brine pipes are fixed to the walls, and the whole of the 
cooling surface is arranged upon a number of separate 
circuits of moderate length, so disposed that the acci- 
dental stoppage of one circuit would not seriously 
affect the distribution of the cooling in any chamber. 
Chambers may at times be used for produce carried at 
temperatures above freezing-point, when drip of con- 
densed moisture from overhead pipes would be objec- 


| tionable, so provision is made for cutting out those 
| pipes from circulation and using only those on the 


walls of the chamber. On a large vessel of the latest 
type, there may be as many as 32 chambers, in addition 
to the hatch trunks which form separate spaces between 
decks. The total insulated capacity may be in the 
neighbourhood of 600,000 cub. ft., and the number of 
brine circuits 200; yet the whole brine system, con- 
sisting of the repetition of simple units, can be concen- 
trated conveniently for control by the refrigerating 
engineer on watch. 

Frozen meat is usually carried at about 15 deg. F., 
whereas chilled beef requires a temperature of 293 
deg. F., say 1 deg. F. above the freezing point of the 
juices of the muscular tissue. Some shippers require 
slightly different temperatures for their consignments, 
and these can be provided in practice, with negligible 
variability, by means of the “ brine mixing” system. 
The brine leaves the machine at a temperature suitable 
for the coldest chamber, but the portion which is 
delivered to the chambers containing chilled beef is 
that which has previously returned from the chilled- 
beef circuits moderated in temperature by an injection 
of the low-temperature brine, and the displaced brine 
is returned to the evaporator. A very exact tempera- 
Where, as 


evaporators, with a large mixed cargo of chilled and 
frozen meat, and perhaps some fruit, one or more 


| refrigerating units may be regulated to deliver brine 


at the chilling temperature while one is on freezing 
duty, but refinement of adjustment is still performed by 
low-temperature injection. The brine system generally 
may be either on the open or closed systems. Both 
have their advantages and their advocates, and both 
produce good results. 

The high value of the cargoes entrusted to the 
refrigerating plant necessitates duplication of the units 
and the provision of ample spare equipment. The 
surveyors of Lloyd’s Register have compiled rules relat- 
ing to this provision and to the survey of installations 
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while ander construction and periodically in service, on 
behalf of the insurance and other interests involved. 
One”unit must be capable of maintaining the required 
temperatures at sea when run for not more than 18 
hours per day. In practice, owners have generally 
specified margins in excess of Lloyd’s requirements, 
and the growing size of cargoes has led to the addi- 
tional precaution of providing complete independence 
of the units. For cargoes of up to say 4,000 tons, 
one duplex machine with twin compressors driven by 
a cross-compound steam-engine having a two-throw 
crankshaft with two fly-wheels and coupled at the 
centre, either side being able to run separately, was 
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running is obtained, a very important consideration 
when passengers are carried. 

Fig. 1 in which the thick lines indicate insulation, 
shows in outline the arrangement of a large motor- 
vessel, such as has been described above. This is fairly 
typical of the modern chilled-beef carrier. The arrange- 
ment of the electrically-driven COs refrigerating 
machinery is also shown, and some indication is given 
of the method by which the brine is circulated on the 
open system at temperatures to meet the requirements 
of the meat shippers with efficiency and reliability. 

A notable departure from usual practice has been 
made by the owners who introduced the triple-com- 





generally used and found to give ample security. But! pressor machines mentioned above. In the case of 






Fig.7. 
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for larger’ cargoes, a pair of single-line machines, each | a group of five motor vessels for the South American 
driven by tandem-compound engines, has often been | chilled-beef trade, which are now being delivered by 
installed. A number of triple-compressor machines, | their builders, a pair of twin-compressor horizontal 
driven by triple-expansion steam-engines, were installed | ammonia machines, each directly coupled to a four- 
some years ago by a progressive shipping company | cylinder four-cycle heavy oil-engine, is installed, the 
in the South American trade. Although these were a | cylinders being in pairs opposed. This machinery is 
step forward, they were not more generally adopted, | placed high in the ship and forms a self-contained power 
probably because the twin compressors were found to | unit capably of being run even if the main engine-room 
give ample security with reasonable economy. Within | be flooded, as the emergency generators can supply 
the last few years, the use of oil-engines for main pro- | sufficient current for the brine and water pumps to 
pulsion and the increasing practice of driving auxiliaries |meet the requirements of the refrigerated cargo. 
electrically, have led to the adoption of higher com- | Notwithstanding the position in the ship there has been 
pressor speeds. The motors drive through gearing or | a noteworthy absence of vibration or noise with this 
directly through a slightly flexible coupling at speeds | method of drive. Had the compressors been electrically 
up to 150 r.p.m. for compressors with open motion | driven, the increased size of the main generators would 
work. As a further step in the direction of economy, | have entailed a considerable increase of the main 
compressors may be mounted vertically on totally- | engine room. The brine system is enclosed. 

enclosed frames with the motion parts oiled by forced; Fig. 2 shows a large oil-engine mail and passenger 
lubrication; in this case, the motor is directly coupled ship in the South American service, having large cargo 
and may run at a speed of 350 r.p.m. or thereabouts. | chambers for chilled meat and other produce; the 
Such machines effect considerable saving of space and | COzg refrigerating machinery is electrically driven and 


attention, and, by eliminating gearing, almost noiseless | in two units. The letters, A, B,C and D indicate various 
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cooling accessories, such as cupboards and water 
coolers. An interesting feature of this vessel is the 
very wide range of speed control of the compressors, 
by means of a “ negative booster,” from 150 r.p.m. to 
about 30 r.p.m. 

For the Australian and New Zealand trade, a fine 
type of carrier has been developed. The cargoes 
consist of frozen beef and mutton, and, at seasonal 
times, partly of fruit, mainly apples, for which a 
considerable proportion of the insulated space is 
specially arranged. The temperature for apples may 
be as low as 33 deg. F. Cheese, at 40 deg. to 45 deg. F. 
and butter at 15 deg. F. or less, are also carried at times 
as part cargoes. For fruit and cheese, air circulation 























N° 2 HOLD Not HOLD 


_- TwWERMO 


BQIWE 2ETURN SITTING 


- BQINE RETURN va. ve 
Cures 


FREEZING. CHING 
& THAWING TOOUGHS 


-" Tearing 
SUCTION 


CHAMBERS |: 


CHAMBERS 
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cooling surfaces, is provided, with arrangements for 
air changing from time to time. 

Fig. 3 shows a recent example of such a vessel, driven 
by oil engines through twin screws. The CO, refrigerat- 
ing machinery, in two electrically-driven units, affords 
complete facilities for temperature regulation, according 
to the distribution of a mixed cargo of fruit, dairy 
produce and meat, by means of fan circulation on a 
new system. The mail and passenger steamers in the 
Australian trade also carry large refrigerated cargoes 
by the most up-to-date methods. The great length 
of the voyage between New Zealand and United 
Kingdom ports is, of course, an important factor in 
the design of the vessels, but, from the refrigerating 
point of view, the number of ports at which cargo is 
taken in is of greater importance, and it is to be hoped 
that, in course of time, improved methods of handling 
the fruit up to the time of closing the hatches will be 
evolved, which will include the pre-cooling of the fruit. 
Rather too much is sometimes expected of the ship’s 
refrigerating plant, which should not, strictly speaking, 
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be called upon to do much more than maintain tem- 
peratures. 

There is a rapidly growing trade in citrous and other 
fruits from South African ports which is handled by 
@ fine class of mail and passenger steamers and motor- 
ships. There are also a number of intermediate pas- 
senger steamers which have excellent provision for 
fruit cargoes. Fig. 4 illustrates this type. The CO, 
refrigerating machinery has hitherto been generally 
steam-driven, and air circulation on a new and highly 
effective system, specially suitable for the more 
delicate kinds of fruit such as plums, peaches, and 
grapes, is being adopted with improved results. The 
South African Government has taken great interest 
in aiding the development of the fruit-growing industry 
in its territory, and has installed large cold stores at 
the}ports for pre-cooling the fruit.* 


Fig. 4. 
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pipes are arranged in deck houses, over which the air 
is first passed by powerful fans. A large volume of 
air is delivered, and provision is made for continuous 
or intermittent freshening of the air. 

A smaller type of trader is that which brings produce 
from Continental ports to the United Kingdom. The 
example shown in Fig. 6 has two insulated holds cooled 
by a single steam-driven CO, compressor. The power 
provided and the cooling surface must be ample, as 
the cargo received is seldom pre-cooled and the time 
during which the cooling has to be performed is com- 
paratively short. 

The cooling of provisions for passengers and crew 
on a modern liner requires an elaborate equipment and 
considerable power, usually provided by two units. 
In addition to the separate rooms for meat, poultry, 
fish, vegetables, milk, &c., in which the required tem- 
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tion, although its advantages would seem obvious. 
This is partly due to the prejudice against a dry skin, 
market appearance being of first importance. The 
long distances which trawlers have now to go to their 
grounds is leading, however, to a reconsideration of the 
problem of landing the fish in good condition, and 
vessels are being fitted with fish holds insulated and 
cooled by refrigerating plants. The usual practice is 
to maintain a temperature which will allow of the slow 
melting of the crushed ice, which is sprinkled among 
the fish, and so preserve the wet appearance while 
reducing the ice consumption. A trawler so fitted 
is shown in Fig. 7. 

A development of recent years is slowly gaining 
ground and may eventually help to solve the problem 
of the landing of frozen beef from the Antipodes in 
a market condition comparable with that of Argentine 





/ 
f = 


Fauit 







Crameces 








A unique example of a great trade developing from | peratures have to be maintained, there are detached | chilled beef. This consists of freezing by immersion 
cupboards (for the use of the pastrycook and others)|in dense brine of common salt (sodium chloride) 


small beginnings in a comparatively short time and 
in the same hands as a direct result of refrigeration, is 
that of banana importation from the tropics. It 
began in 1900, through the enterprise of a Liverpool 
shipowner who sought to aid a British colony at the 

of a great Colonial Secretary. Some idea of the 
importance of the European part of this great business 
will be afforded by mentioning that the number of 
bunches of bananas brought to the United Kingdom 
and Continental ports from the Gulf ports in 1927 was 
18,109,000, while the maximum number of bunches 
carried in one vessel was 110,000. 

Fig. 5 shows the latest type of banana carrier. It 
is a vessel of the highest class, carrying a number of 
saloon passengers and having a good speed. The 
steam-driven CO, refrigerating machinery is accom- 
modated between the tunnel shafting; the fruit, 
which is stowed unpacked in insulated chambers 
of the ordinary height between decks, is cooled by the 
circulation of air across the ship. Close nests of brine 


* See page 93 ante. 








ice-making tanks, water coolers, a milk cooler for the 
“iron cow,” and, still more widely spread, bottle 
coolers in the various bars, the whole forming a brine 
circulating system of considerable elaboration. This 
is, to some extent, indicated in Figs. 2 and 4. Quite 
recently the practice of installing small electrically- 
driven compressors has been growing. These work 
with a low-pressure gas, such as methyl chloride, and 
cool individual cupboards at points too remote from 
the main plant to be conveniently connected to it. 
Cooling is effected by direct expansion, and automatic 
starting and stopping of the plant is controlled by a 
thermostat. 

On many cargo vessels to-day, small refrigerating 
machines, using CO, or ammonia, have been installed 
to take the place of the old ice-box. These have been 
found to effect substantial economy in catering, as 
purchases of frozen meat can be made at ports where 
it is cheapest and best. 

The fishing industry has been slow to adopt refrigera- 





at very low temperature. Exhaustive research was 
carried out on this system by Committees of the 
Food Investigation Board during the war and 
subsequently, and did much to establish its advantages. 
The principle involved is that the rapidity of heat 
abstraction ensures that the crystals forming in the 
muscular tissues shall be of very fine grain, so as not 
to cause the rupture and subsequent escape of the 
juices of the flesh on thawing which results from the 
coarse crystallisation formed by the much slower 
freezing by air. Contrary to what might be expected, 
the penetration of the salt is so slight as to have 
negligible effect upon palatability. 

A number of land installations for fish are working 
on this system on the Continent, and several fishing 
vessels have been similarly equipped there. The most 
important. enterprise based on brine freezing, however, 
is that of a British firm which has fitted out two 
large steamers for the halibut fishery off the coast 
of Greenland. The fish are caught on lines from 
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motor dories working from the parent ship on which 
there is a powerful CO, refrigerating plant with brine 
freezing tanks and glazing rooms. The fish, which 
are of large size and fine quality, are first frozen in 
theYbrine bath and afterwards glazed by immersion 
in fresh water, as soon as possible after being brought 
on board, and are then stored in the large insulated 
holds at low temperature. The frost is carefully 
removed from the fish at the port of discharge, so 
that the original appearance is restored and they 
obtain good prices. 

All the larger naval vessels are equipped with 
electrically-driven refrigerating plants, usually on the 

O, compression system, and embodying a number 
of units of moderate size. These are employed for 
cooling the gun charges, thereby maintaining their 
ballistic properties, and for the preservation of food 
for the crew. Certain classes of submarines intended 
for service in hot waters have been fitted with specially 
designed and very compact CO, machines, for the 
main purpose of keeping the storage batteries at 
temperatures low enough to retain their capacity 
and to extend their life, which otherwise is short 
in the tropics. Advantage is taken of the presence 
of the plant, as an alternative duty, to cool and dry 
the air used for ventilation, thereby rendering the 
conditions more tolerable for the crew. A small 
old store is also provided for provisions. 








THE PHYSICAL SOCIETY. 


At the meeting of the Physical Society, held on 
December 14, 1928, Dr. W. H. Eccles, the President, 
being in the chair, Dr. Ezer Griffiths, F.R.S., delivered 
a lecture entitled “A Survey of Heat Conduction 
Problems.” 

In it several forms of thermal conductivity apparatus 
were described, which had been devised for the study 
of diverse materials ranging from a sheet of mica to 
a wall section weighing half a ton. The materials 
were broadly classified into four groups: (1) Materials 
of very low thermal conductivity, such as cold storage 
insulators. (2)‘’Materials supplied in the form of thin 
sheets and those employed in building construction. 
(3) Refractories and materials employed in furnace 
construction. (4) Pure metals and alloys. Samples 
of baked slab cork were shown with a conductivity as 
low as 0-00007 c.g.s. unit.* The insulating value of 
such materials was due to the fact that they subdivide 
the air space into a large number of minute air cells. 
The theory of heat conduction through granular material 
was an interesting problem. An attempt to work it 
out mathematically had been made by M. Smolu- 
chowski.t The wide divergence between the results 
obtained by experiment and those calculated from theo- 
retical considerations indicated that the mechanism 
of the heat transfer from solid to gas was one which 
required further study. 

In the testing of materials of low thermal conduc- 
tivity by the hot plate method, attention had to be 
given to heat leakage from edges and corners. The 
simplest procedure was to eliminate the effect by the 
use of a guard plate, but it was also possible to calculate 
an approximate correction for the “edge effect ” 
when using the simple hot plate method. A mathe- 
matical problem awaiting solution, with numerous 
practical applications, was the adaptation of the 
method of conformal representation to three-dimen- 
sional problems. Sixty years had elapsed since the 
publication of the important papers by Schwarz 
and Christoffel, and in this interval numerous papers 
had appeared demonstrating what a powerful tool 
conformal representation was for the solution of two- 
dimensional problems. Substances in the form of 
thin discs could be tested by the divided bar method, 
the correction for the thermal resistivity of the two 
mercury films being obtained by independent experi- 
ments using a thin disc of iron instead of the specimen. 
This apparatus was not well adapted for the study of 
poor heat-conductors, owing to the fact that the tempera- 
ture drop across the specimen was then large, and 
the gradient along the two bars small. The electrically- 
heated plate, sandwiched between two discs of the 
material with water-cooled plates on either side, was 
an apparatus which could be adapted to various sub- 
stances obtainable in sheet form. A form of this 
apparatus devised for the study of the effect of pressure 
on the flow of heat through a pile of paper-covered 
iron stampings was illustrated. In this test the thermal 
resistance across the laminations was measured. For 
the determination of the heat flow along the laminated 
material, a bar about 15 in. long of square section, 
and 2-in. sides, was built up. One end was electrically 
heated, while the other dipped into a pot of mercury 
carrying a cooling coil. From the temperature 
gradient and the heat flow, the conductivity could 
be calculated. 


* The conductivity of air is 0 -00006. 
ntern. Acad. Sciences, Cracovie, 5A, 129 


+ Bull. I 
(1910) and 8 A, 548 (1911). 
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The apparatus for the study of refractories consisted 
of a furnace made up of “ slit ” rod heaters which could 
raise one face of the slab under test to any temperature 
up to 1,000 deg. C. On the top of the slab was a water- 
flow calorimeter fitted with a guard ring. The calori- 
meter and guard ring were made of thick slab brass 
with grooves milled in the back surfaces for water 
circulation. To reduce heat transfer between the calori- 
meter and guard ring, the edges of the plates were cham- 
fered off so that the edges on the brick were near 
together, whilst the rear parts were well separated. 
For the study of metal and alloys, the guard tube 
method for the elimination of heat loss sideways, was 
to be recommended in preference to Forbes’ procedure. 





The space between guard tube and specimen was 
| packed with a powder of low thermal conductivity. 
| Both specimen and guard tube could be attached to a 
| cylindrical block containing a heating coil. The heat 
| flow was determined with a cooling coil fixed to the 
other end of the specimen. Water flowed round the 
end of the specimen and the guard ring so that the 
same gradient was maintained automatically in the 
specimen and guard tube. In some experiments, the 
guard tube was dispensed with, and the heat leakage 
through the lagging material calculated approximately. 

In the study of two groups of alloys—aluminium 
alloys and bronzes—it had been found that the two 
groups gave values of the Lorentz coefficient approxi- 
mating to the values for the pure metals which formed 
the principal constituents of the alloys, namely, 
5-5 for the aluminium alloys and 5-9 for the copper 
| alloys. 
| In the discussion, Dr. G. W. C. Kaye supported 
| Dr. Griffith’s plea that methods, which were primarily 
of historical importance, should not be given the premier 
place, when teaching the principles underlying the 
measurement of thermal conductivity. As regards 
the electrically-heated plate method, it had the addi- 
tional advantage of being convenient for exploring 
the variation of thermal conductivity with temperature. 
The true conductivity was obtained by jacketing the 
entire apparatus in a constant temperature enclosure, 
and working with only small differences of temperature 
between the hot and cold plates. 

Mr. F. H. Schofield dealt with the application of the 
method of conformal representation to a problem men- 
tioned by Dr. Griffiths, namely, the heat flow from 
a thin plate embedded in a mass of poorly conducting 
material, which is contained within a rectangular 
isothermal boundary. He gave an expression for 
the ‘‘ edge correction” for such a plate and showed 
a diagram of the calculated distribution of flow lines 
and isothermals within the material. 

Mr. J. H. Awbery thought the date far distant when 
the theory of conformal representation would be cap- 
able of generalisation for solving problems in three 
dimensions. This was not to say that such problems 
were at present insoluble, but the method referred to, 
which was merely one form ‘of the method of con- 
jugate functions, was hardly likely to be applicable to 
them. We were accustomed to the idea of conformal 
[ephere, was app in which one surface, say that of a 








sphere, was applied to another. In using the method 
for potential problems, we applied a polygon or other 
| figure to a square, so that there was a one-one corres- 
| pondence between points in the two figures. For a 
| spatial problem, it would be necessary to transform a 
| solid figure to a cube. 

| Turning to the questions suggested by the lecturer 
in regard to the Lorentz function, Mr. Awbery asked 
whether we had real grounds for expecting a constant 
at all? Mica, sulphur and other non-metals had a 
thermal conductivity which was not infinitely small 
compared with metals, and this suggested that the 
atoms, as opposed to the electrons, must play some 
part in the thermal conductivity, although not in the 
electrical. After all, theory discussed only the rela- 
tion between the electrical conductivity and the thermal 
conductivity due to the electrons, considered in the 
old theory as a perfect gas, and in the new one as a 
degenerate gas, whilst experiment gave the total con- 
ductivity. The idea that the metallic part (A m) and 
non-metallic part (A 7%) of the thermal conductivity 
could be separated occurred to Gruneisen and Goens,* 
but, apparently, they made a curious error in the 
treatment of the very valuable data which they gave. 
They considered that the thermal resistance was 
additive, so that the total resistance was made up of 
that due to the electrons, and that due to the atoms 
With the substitution of conductivity for resistance, 
their method would be very valuable They gave 
data for a number of specimens of differing purity, 
and if the thermal conductivity was plotted against 
the electrical conductivity, the various specimens gave 
points along a curve. This curve could be extra- 
polated to the point where the electrical conductivity 
was zero, and it would be found that this point was 
not at the origin. When the electrical conductivity 








* Ze. fiir Phys., 44, 615 (1927). 
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ceased, so that electrons were presumably taking no 
part in the phenomena, there was still a finite thermal 
conductivity. Mr. Awbery suggested that this resi- 
duum was \; and that if it were subtracted from each 
observed \ So as to give \ we should find that \/oT 
was much more nearly constant. On this view, the 
constancy of the Lorentz coefficient for a series, say 
the aluminium series, of alloys was comprehensible. 
Whilst the alloy remains rich in aluminium, \i was 
small compared with \m, so that the coefficient was 
nearly the theoretical one. 

All the above argument really supposed a homo- 
geneous medium. In the case of a metal made up of 
separate crystals, it might be that there were tempera- 
ture discontinuities at the faces, although this was not 
certain. It was also possible that in alloys there was 
a counter E.M.F. proportional to the current, and, 
therefore, indistinguishable from a resistance. There 
would be no counterpart to this in the thermal con- 
ductivity, so that Lorentz’ coefficient would again be 





altered. This idea was worked out by Rayleigh.* 

| Mr. R. W. Powell was pleased to hear Dr. Griffiths 
| refer to some of the variations found in the values of 
| the Lorentz constant for different metals, and, in view 
of the theoretical interest attached to this function, 
emphasised the importance of combining a measure- 
ment of electrical conductivity with that of thermal 
conductivity. Dr Griffiths had shown an example in 
which the thermal conductivity of the metal under test 
varied according to its previous heat treatment, from 
which it could be seen that the two conductivities 
should be measured simultaneously in order to give the 
correct value for the Lorentz constant. 

Mr. Powell mentioned that Worthingt had deter- 
mined the Lorentz constant for carbon, in the form of an 
electrically-heated filament, and had found that the 
value decreased from 2+8 x 10-* ohm-calorie units at 
1,700 deg. absolute to 2-1 x 10-* ohm-calorie units 
at 2,100 deg. absolute. The Lorentz constant for carbon 
thus appeared to have a value of about four times that 
of the metals, and to decrease with increasing tempera- 
| ture, whereas the opposite change appeared to be 
indicated with metallic conductors. 

Mr. S. Skinner thought we now had accurate values 
of the thermal conductivity and of the temperature 
coefficients for many materials used in the arts, for heat 
insulators and other purposes. This was badly re- 
quired, as anyone might see who examined the older 
text-books. It was a feature of the methods described 
that great pains had been taken to make the condi- 
tions thoroughly definite, which was not the case with 
many of the older methods. The analogy between 
heat conduction and the flow of electrical currents was 
of great use. 

Dr. Allan Ferguson said he would like to take up the 
cudgels in defence of Forbes’ memory. His method, 
perhaps unduly exalted in the past, was liable to 2 
period of undue depreciation. But it stood as a highly 
ingenious attempt to obtain absolute values for K at 
different particular temperatures quite independent 
of any assumptions concerning the variation of con- 
| ductivity with temperature. If we considered any 
jaeponien at a temperature @ on a long bar, the 
conductivity K at that temperature was unambiguously 
determined if we knew the sectional area and tempera- 
ture at the point in question and the rate of flow of 
heat across the isothermal surface at a point, assumed 
plane. The last quantity was obtained from the 
| ‘‘ dynamical” experiment, which might not be above 
| criticism. A propos of such experiments, it would be 
| very helpful to have Dr. Griffiths’ opinion of the 
** five-fourths ” power law of radiation, inasmuch as 
this law enabled one to obtain a solution of certain 
of the conductivity equations which was valid over a 
range considerably wider than was usually assumed 
possible. In Dr. Ferguson’s experience, a plot of 
6—-} against the time gave a curve which was recti- 
linear over a surprisingly wide range. A number of 
the methods described eliminated side losses as much 
as possible, and remarks from Dr. Griffiths dealing 
with the relative merits of methods which sought to 
eliminate these losses and of those methods which sought 
to determine these losses on the basis of the §ths or 
some other suitable law of radiation, would be welcome. 














THE PEND ORIELLE Hypro-ELectric PLant, Brrrisu 
CotumB1a.—The Government of British Columbia has 
notified the West Kootenay Power and Light Company, 
Limited, that the plans for the 80,000-h.p. hydro-electric 
plant on the Pend Oreille river, at a point near the inter- 
national boundary due south of Trail, have been approved. 
The official order gives the company until November 25 
next, to commence the actual construction of the plant. 
The project was mentioned on page 10 ante. It is antici- 
pated, that between four and six million dollars will be 
expended on the undertaking, which will rank as one of 
the oe hydro-electric development in Western 
Canada. 





* Nature, 54, 154 (1896.) 
t Phys. Rev. 4, 535 (1914). 
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THE SAXONIA SELF-DISCHARGING CONCRETE-MIXING MACHINE. 


CONSTRUCTED BY MESSRS. DEUTSCHE BAUMASCHINEN-GESELLSCHAFT RAMMER AND 
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Fie. 3. 


THE SAXONIA SELF-DISCHARGING | 
CONCRETE-MIXING MACHINE. 


THE rapidly extending use of concrete is characterised 
quite as much by its employment in greater quantities 
than hitherto as by the variety of purposes to which it 
is pat. It is in the former direction in which certain 
drawbacks of the most generally used types of concrete 
mixers are more readily realised. As a rule the 
aggregate, sand, cement, ard water are loaded into 
the mixer from separate sources, an operation which 
takes an appreciable time, and when the mix is | 
complete the concrete is poured into other receptacles 
for transport to the site on which it is being employed, 
with the result that further time is consumed. ‘Time | 
must necessarily be spent in charging and discharging, | 
but the prolonged cessation of the proper function of 
the mixer, which is that of mixing only, should be | 
avoided. A consideration of the apparatus illustrated | 
in Figs. 1 to 6 annexed, will show how this is secured | 
in a German mixer. The Saxonia concrete-mixing | 
machine has the advantage from the time-saving | 
point of view that the materials are brought to it 
assembled ready for mixing in a receptacle, which is 
thereupon attached to the mixer and rotated. When 
mixing is effected, the receptacle, charged with the 
concrete ready for pouring, is detached and removed. | 
The action of the machine is therefore practically con- | 
tinuous, less the short time required to attach and 
detach the receptacles, and, providing these are kept 
coming and going in a steady stream, charging, mixing, | 
and pouring can be carried on simultaneously. | 


VIEW SHOWING HOPPER ATTACHED TO Matin Drum. 








Fia. 4. 


outlining the apparatus in general terms, but to 
describe it more precisely and referring to Fig. 4, the 


receptacle will be seen to be a hopper trolley, while | 


from Fig. 2 it will be recognised that the hopper is 
detachable from the underframe. An essential feature 
of this type of plant is a number of these special trolleys, 
which are supplied as part of it, and to suit any required 
gauge of track. The general structure of the mixer is, 
perhaps, best seen in Fig. 1. The sides consist of two 
angle-iron frames of triangular outline. A platform at 
the rear carries the power unit, which may be either a 
petrol, benzol, or crude-oil engine, or an electric motor. 


At the apex of the frames is carried the mixing drum, | 
This is supported on | 


or, more correctly, half drum. 
trunnions, and vertical angles at one side provide a 
seating for the water tank, which discharges into the 
drum through one of the trunnions. Immediately 
below the drum and extending to the front of the 
frame is a skeleton platform to which are fixed rails 
carrying the hopper trolley. 

The driving arrangements hardly call for comment. 
The power is transmitted to the drum-rotating 
mechanism by belt from the motor or engine, as the 
case may be, to a secondary shaft from which a chain 
drive to a small pinion, or a pair of gear wheels, 
communicates motion to the drum, by means of a large 


spur wheel with internal teeth. The large wheel | 


below the engine flywheel in Fig. 1 is that of a geared 


winch which is driven from the secondary shaft by a | 


chain. This winch is used, if necessary, for hauling 
the trolleys into position under the drum should there 


CO., MUGELN. 











VIEW SHOWING TROLLEY DETACHED. 


| We have used the word, receptacle, above as we were | being carried on a pair of fixed road wheels and the 


front on a swivelling fore-carriage, not shown in the 
figures. The forecarriage is removed at the site, and the 
rails on the platform are then at a suitable height to 
| couple up to the rails of the transport system, allowing 
| for sleepers. A machine thus erccted is shown in 
| Fig. 3, complete with an electric motor and drive. 
| If desired, however, the back wheels may be removed 
| also, as shown in Fig. 4, which, incidentally, shows how 
the power unit may be omitted so that the drive 
may be taken from any source that may already exist 
on the site. The overall length of the largest of the 
three standard machines, namely, that of 12 cub. ft. 
capacity, is 10 ft. 9 in., measured from the outside 
edge of the back wheel to the front end of the rails, 
and the overall outside width is 7 ft. 3 in. across the 
back wheels. The two smaller sizes are of 5 cub. ft. 
and 84 cub. ft. capacity, respectively. 

The action of the machine, which involves some 
account of the construction of the hopper trolley, 
may now be described. The hopper is of simple enough 
| design, but of special contour, as seen in Fig. 2. It is, 
| as already stated, detachable from its underframe 
| when lifted directly, but this does not prevent it 
| being tipped sideways when discharging as illustrated 
in Fig. 5. The upper part of the under frame is 
| made to swivel for discharging. The layout suggested 
for the plant is a straight light-railway line for the 
| wagons from the raw material supplies to the discharging 
site, with a loop for returned empties. A short branch 
| at right angles to the line and furnished with a turn- 

table leads to the mixer. The wagons are first charged 


The mixer is manufactured by the Deutsche Bauma- | be an incline, but more usually for another purpose | with the aggregate, then the cement, and on top of this 
schinen-Gesellschaft Rammer and Co., Miigeln, near | 
Leipzig, and the sole selling agent for this country is 
Mr. W. Hadfield, 1, Garthwaite Avenue, Oldham. 


mentioned later. It is not an integral part of the 
mixer. The machine as a whole is transportable on 
wheels by horse or other power, the back of the frame 


the sand, an arrangement which prevents the cement 
| from being blown about in a high wind, a frequent 
| source of loss and annoyance when the ordinary type 
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Fie. 5. Hopper TRoLLEy in TIPpIne CR 
Position. \\ 
o \ 
of mixer is charged in such weather. A charged wagon | SRNR Y yy 
is then wheeled under the drum, a position it is shown | yg¢) or Yy 
on the point of reaching in Fig. 4. Spring catches | ; \ WW 
operated by lever cams are used to attach the hopper | Va ENGINEERING 


to the drum. The wagon, when finally pushed into | 
position, engages with one lip inside the mixing drum | 
as seen in Fig. 2. The other lips are then brought | 
into dust-tight connection with the drum by locking | 
the spring catches shown open in Fig. 4 and closed in | 
Fig. 3. | te 


NOTES ON NEW BOOKS. 


Tne interest which many boys, and some older non- 
| technical people, take in engineering matters is to-day 

The machine is then ready for starting up. A single | ¢atered for in very different fashion from the practice 
movement of the starting lever sets the drum rotating, | Of @ generation ago. The main difficulty now is not to 
the hopper being lifted from the underframe, which | find books dealing with engineering matters in a popular 
meanwhile is held stationary by acatch. The operation | W@Y; but to make a selection from the endless stream 
of mixing and the cascading plates are shown in Fig. 2, of those which appear. It is to be feared that many of 
as is also the manner in which the water is introduced, these are examples of book-making for the market, or 
The water tank has a graduated gauge glass so that | supposed market, and have few merits beyond the re- 
correct amounts of water may be provided for the | production of photographs of striking engineering struc- 
mixture in hand. When mixing is completed the | tures or machines. Among the mass of publications of 
starting lever is reversed, on which the drum stops, and | this kind, however, a work of quite a different order 
the hopper is returned to its frame. The release of the | @t times appears—a book the author of which has 
spring catches follows, and the filled hopper is wheeled | Something to say and knows how to say it. To this 
away to be replaced immediately by another which | select class Engines, by Professor E. N. da C. Andrade, 
has in the meantine received its correct charge. | Cettainly belongs. The book, which is published by 











Rapidity of operation is thus assured, while the Messrs. G. Bell and Sons at 7s. 6d. net, is founded on 

the course of Christmas lectures which Dr. Andrade 
delivered at the Royal Institution last winter. It 
is of quite exceptional merit as a book on an important 
sphere of engineering directed to the lay public, and 
more particularly to the intelligent young. The 
scheme of the work, which is carried through with 
much success, is to establish some of the basic principles 
of machines and engines, and to illustrate their applica- 
tion in practice. The whole field of prime movers 
is covered in a general way, although naturally the 
subject and its treatment lead to the entrance of 
many by-ways which cannot be explored. It is difficult 
to signalise the treatment of any part of the subject 
as better than another, but it is impossible not speci- 
fically to praise the section on turbines. Any intelli- 
gent schoolboy who takes the trouble to read this 
with care will understand once and for all the funda- 
mental difference between impulse and_ reaction- 
turbines. This section may, indeed, be cordially 
recommended to some who are no longer school- 
boys. 


cleanliness of the drum may be easily maintained 
as the interior is wholly exposed when no trolley is in 
place. Reference was earlier made to the use of the 
winch shown on the mixer frame in Fig. 1. This is 
primarily intended for use in building operations. A 
rope from it can be carried over suitable guide pulleys 
to a hoist, under which the trolleys of mixed concrete 
can be run. The hoppers can then be lifted off, hoisted 
up the side of the building concerned, and caused to 
tip automatically into a chute. 

It must not be thought, however, that the machine | 
is only suitable for mixing concrete or mortar. On| 
the contrary, it is extensively used in several industries | 
for thoroughly mixing various chemicals before feeding | 
them into stills, furnaces, &c. Such an application is | 
shown in Fig. 6, which moreover illustrates an ingenious | 
method of tipping the material into a relatively 
high orifice from a low level. The loaded trolley, on | 
arrival from the mixer, is attached by spring catches, | 
in much the same manner as with the drum, to a| 
long funnel or chute. The hopper and chute are 
then lifted by a hand-winch in the manner shown in 
the figure, and, the nose of the chute resting on a 
bar which acts as a fulcrum, the whole arrangement is 
tilted up and complete discharge is effected. In| 
addition to the three sizes of machine mentioned above, | 
a smaller size of 34 cub. ft. capacity is manufactured. | 
This, while conforming to the larger machines in| 
principle, has certain distinctive features. The most | 
outstanding of these is that the hopper trolley is 








Some years ago our contemporary, the Deutsche 


| Motoren- Zeitschrift, periodically published information 


in tabular form, relating to the construction of road 
motor vehicles, tractors and aircraft. This information 
consisted of an illustration of the equipment, together 
with the principal details of its design and construction. 
The interest roused by this method of presentation 
was so great that it was decided to reprint the infor- 
mation in book form, in volumes covering aircraft and 


replaced by a two-wheeled hand-barrow having a de- | I n € : 
tachable hopper, while the whole structure is so light | #TO-engines, omnibuses, commercial vehicles and 
that it may be wheeled about on the same pair of | tractors, and passenger vehicles and motor-cycles, 
wheels. In this case the drive is assumed to be | Tespectively. The first of these was noticed recently 
from a separate unit. | in these columns, and we have now received a copy of 
the fourth, which, like its predecessor, is edited by 

| Dr. Erich Meyer and published by the Verlag Deutsche 
Auctioneers’ Press Guide is obtainable, price 2s., from ay age G.m.b.H., Dresden Al9, Miiller- 
the publishers at 5, Clement’s-inn, London, W.C.2.  Thic | erset- tr. 17, at the price of 2 marks. The arrange- 
publication comprises lists of over 1,000 newspapers | ment outlined above has not, however, been followed, 
issued in Great Britain, with particulars of scales for the | Since omnibuses are included, the presumption being 
that they are really more passenger than commercial 








AUCTIONEERS’ PRESS GuipE.—The fifth edition of the 


insertion of notices relating to property, &c. 
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vehicles. The total number of cars thus dealt with is 
85, and it is claimed that practically the whole field 
has been covered, the only important exception being 
that a few firms who are revising their designs are 
omitted. Among the ‘buses the most interesting is the 
Bussing six-wheel vehicle with rigid back axles, the 
Henschel sunk-frame omnibus with mechanical brakes, 
and the two new vehicles produced by the Diirkopp 
firm. Illustrations are given of the Hansa six and 
eight-cylinder cars, while other luxury motors dealt 
with are the Audi and the Daimler-Benz. As regard 
the tables, a surprisingly large amount of data has been 
compressed into a small space, and the illustrations 
are excellent. The low price of the book will surprise 
British publishers. 





Certain statisticians and economists have recently 
been attempting to make our flesh creep with lurid 
stories of an impending slump in the electrical industry. 
But whatever the future may hold, and we are not 
over-pessimistic, Garcke’s Manual of Electrical Under- 
takings, the thirty-first edition of which has just been 
published by the Electrical Press, Limited, of London 
(price 35s. net), shows that, in the immediate past. 
there has been quite a satisfactory degree of prosperity. 
The financial analysis given in this useful publication 
reveals that the capital account of 1,631 electrical 
undertakings amounts to 870,063,846/., which shows 
an increase of upwards of 59,250,000/. on the 
previous year’s figure. On this amount, an average 
rate of interest of 5-85 per cent. was earned, again 
a slight excess over the return of the preceding twelve 
months and the highest so far recorded. Rather 
more than half this new capital was invested 
in the supply branch, while manufacturing accounted 
for just over 12,000,000/., and telephones for 
9,533,0007. As usual, the accounts of the various 
electricity supply undertakings are analysed, the result 
showing that the average revenue per kilowatt-hour 
sold was 1-7ld. in the case of the company concerns, 
and 1-68d. in the case of the local authorities. The 
corresponding figures for average working costs were 
1-Old. and 1-03d., respectively. In the case of the 
companies, this represented a decrease of 0:06d. per 
kilowatt-hour in working costs, and an increase of 
0-03d. per kilowatt-hour in revenue over the previous 
year’s results, while, in the case of the municipalities, 
there was a rise of 0-17d. and 0-09d. per kilowatt-hour, 
respectively. The total load of 587 undertakings 
was 8,701,043 kw., and the number of consumers of 
584 undertakings 2,345,008, representing an increase 
of 301,894 over the previous year. For the rest, 
very complete statistical information is given of indi- 
vidual electrical concerns of all kinds, and a check 
goes to show that this is not only accurate, but as 
correct as can be expected when the enormous 
amount of work involved in its arrangment and cor- 
rection isremembered. ‘‘ Garcke,”’ in fact, will be as 
valuable this year as it has been during the preceding 
thirty years of its existence. 





Mr. Emil Hatschek has earned the warm thanks, not 
only of his students at the Sir John Cass Technical 
Institute, E.C., who asked him to recommend a book 
on viscosity, but of all engaged in research work, by 
compiling his volume on The Viscosity of Lijuids 
[London: Bell and Sons, Limited; price 15s. net}. 
The volume fits well into the series of International 
Textbooks of Exact Science, edited by Professor 
E. N. da ©. Andrade. The enquirer is frequently 
referred to some general text-book on physics, which 
will not tell him much, or to some special paper, which 
presumes too much. Mr. Hatschek has endeavoured to 
present the fundamental principles and a general view 
of the subject, not a review of the very large number 
of papers on viscosity. He starts with Newton’s 
hypothesis on the magnitude of the force required to 
overcome viscous resistance, explains the funda- 
mental concepts and historical developments, discusses 
the mathematical theory, and describes viscometers. 
He then devotes special chapters to the influence on 
viscosity of temperature and pressure ; to the relations 
between viscosity, electrical conductivity and constitu- 
tion ; and to the viscosity of solutions, liquid mixtures 
and colloids. Mr. Hatschek is an original investigator 
of colloids, and it is to him of particular interest that 
the simple relations which hold for the flow in capillaries 
and the moment in the concentric-cylinder viscometer 
(he has modified the Couette apparatus of 1890 of this 
type) do not hold for colloids, nor even in cases of 
suspensions of microscopic particles. He also dwells 
particularly on the high-pressure work of Bridgman. 
Up to pressures of 2,000 or 3,000 atmospheres, the 
increase of viscosity with rising pressure follows a 
nearly linear law, though above these figures the 
increase is much more rapid. Substances differ, how- 
ever, very much in this respect. The increase of 
viscosity cannot be merely a function of the volume, 
and water behaves quite anomalously. These anomalies 
can be ascribed partly to the association of molecules. 








254 


Many of the phenomena remain unexplained, and there 
is no formula available for connecting the viscosity, 
even of ideal mixtures, with the viscosity of its con- 
stituents. ea 

Marine engineers are exceptionally well catered for 
in the literature provided for their instruction, but 
while, no doubt, some of the books on marine practice 
have only an ephemeral value, others have run into 
many editions. One of the best known books in 
this class is ‘‘ Verbal Notes and Sketches for Marine 
Engineers,” by Mr. J. W. M. Sothern, and it would 
appear that the companion volume by the same author 
‘Verbal Notes and Sketches on Marine Diesel Oil 
Engines,” of which the title has now been shortened 
to Marine Diesel Oil Engines, is likely to prove equally 
popular. The second edition of this work was reviewed 
in our columns in 1926, but it has already been found 
necessary to prepare a third edition. As stated by 
the author in his preface, quite a number of improve- 
ments in Diesel-engine practice have taken place even 
in the short period which has elapsed between the two 
editions, but it is somewhat unusual for the contents of 
text books to synchronise so commendably with 
current practice. The general arrangement of the 
work has been retained, the main contents forming a 
general survey of Diesel-engine practice, while examin- 


ation questions and answers are given in the appendix. | 
It is not uncommon for the whole subject to be dealt | 


with in the form of question and answer in books of this 


class, but we confess to a preference for the author’s | 


method of presentation. The work has been generally 
revised and corrected, where necessary, throughout 
the 760 odd pages, and nearly 200 additional pages 
have been added. An entirely new feature has been 
introduced in the form of a series of isometric views, | 
accompanied by the corresponding drawings, of | 
various engine components. It would appear from | 
the titles on the isometric views that this method of | 
presentation is customary in the examination, but | 
its value would seem to be somewhat doubtful, as the | 
marine engineer does not, so far as we are aware, | 
come into contact with this form of drawing in the | 
shops. Apart from this innovation, the main addition | 
to the contents consists of a much fuller treatment of 
double-acting engines than has _ previously been 
attempted, the author truly remarking that confi- 
dence in the reliability and economy of this type is 
now assured. The Beardmore-Tosi, Worthington, 
Richardsons-Westgarth, and M.A.N. double-acting 
engines are described in considerable detail, and a very 
complete series of notes is also given on the Doxford 
opposed-piston engine. Other new sections deal with 
such specialities as the Clarkson exhaust-gas_ boiler, 
the Hele-Shaw pump, and the Heenan-Froude dynamo- 
meter. Altogether, the work can now be regarded as a 
very complete treatise on marine oil-engine practice, 
and, as it is clearly written and contains a very large 
number of explanatory line drawings and reproductions 
of photographs, it should prove of the greatest practical 
value to sea-going engineers. It is published by 
Messrs. Crosby Lockwood and Son, of Stationers’ Hall 
Court, Ludgate Hill, E.C.4, at 45s. net. 


In problems concerning the dielectric strength of 
solids, moisture is considered in the first instance, 
because moisture is always apt to be present and is 
most difficult to remove. The case of liquids is not 
very different, because liquids absorb moisture and 
then ionise any dissolved impurities. In the first chap- 
ter of his Dielectric Phenomena: JI. Electrical Dis- 
charges in Liquids (London: Ernest Benn, Limited ; 
price 12s. 6d. net) however, Mr. S. Whitehead, M.A., 
refers to solid impurities, soluble and insoluble, and 
to tine colloidal suspensions, before he comes to 
moisture. The point is not important, but the separa- 
tion of suspensions and emulsions, subsequently dis- 
cussed, appears to be a little inconsistent. The volume 
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prominent in ‘their case. Although the book seems 
rather like a scientific paper, theory and practice are 
not separated. There is a short appendix on the 
standard methods of various countries for dielectric 
testing. That the modifiation sign is omitted from 


names Ilike Giintherschulze and Oelschliger perhaps | 


does not matter mucn, but Schroter, printed instead 
of Schréter, makes the hunting-up of a reference rather 
difficult. 


An idea of what chemical research signifies to a 
scholar like Dr. J. W. Mellor might be deduced from 
the fact that Vol. VIII of his Comprehensive Treatise of 


Inorganic and Theoretical Chemistry (Longmans, Green | 


and Company, Limited, price 63s. net), a book of 1,100 
pages, deals only with two elements, nitrogen and 
phosphorus. The first subject, nitrogen, would 
naturally claim much space, as it comprises ammonia 


tion. But fixation only occupies 17 pages, including 
four pages of closely-printed literature references, 
and ammonium sulphate and coal gas are hardly 
mentioned at all. The objects of the treatise, one 
must bear in mind, are not technical. The compilation 
is invaluable to the research chemist and also to the 
historian, but contains little for the chemical engineer. 
Thus we find a good many references to the still some- 
what uncertain history of Brand’s discovery of phos- 
phorus, in 1669, and to the history of matches, but no- 
thing about the development of the match industry. 
As regards this phosphorus, Dr. Mellor inclines to the 


species, but rather a transitional product formed during 
the passage of yellow phosphorus into the violet phos- 
phorus of Hittorf. The long subject-index does not 
contain any reference to the luminescence of nitrogen 
under certain conditions of electric discharge: these 
problems are, however, discussed under activated 





is the second of a series prepared by the Electrical 
Research Association in order to obtain “a critical 
résumé of available information on dielectric pheno- 
mena with particular attention to the theoretical 
basis and particular reference to the failure of insulation 
in service.” These words are quoved from the preface 
to the volume by Mr. E. B. Wedmore, director of the 
British Electrical and .Allied Industries Research 
Association. The first volume of the series, on Elec- 
trical Discharge in Gases, was also compiled by Mr. 
Whitehead. Gases and liquids are fluids, and the 
actual spark or flash is in both preceded by a glow 
or corona and by preliminary sparks or high-voltage 
streamers. If, however, the phenomenon in gases 
can be discussed from the standpoint of ionisation by 
collision, matters are less simple in liquids, and Mr. 
Whitehead has, in fact, reversed the sequence of 
treatment, corona and preliminary sparking being 
considered last. The breakdown strength of a liquid 
frequently depends more upon the nature of the im- 
purities than upon the nature of the material. This 
peculiarity is not confined to dielectrics, but is very 





nitrogen. 


ELECTRIC HEAVY-DUTY QUARRY 
SHOVEL. 

THE leading features of the Marion excavator, 
; manufactured in this country by Messrs. Ransomes 
|and Rapier, Limited, Waterside Iron Works, Ipswich, 
| have already been dealt with in our columns, a petrol- 
| electric excavator made bythe Maricn Company, of Ohio, 
| U.S.A., having been described on page 462 of vol. cxiii 
| (1922). As will be clear by comparing the illustrations 
|then given with that annexed, which shows the latest 
| model made by Messrs. Ransomes and Rapier, Limited, 
the new machine has many of the characteristics of 
the earlicr model, and attention may therefore be 
confined to its special features. The shovel illustrated 
has a bucket capacity of 2 cub. yards when filled 
level, and 2? cub. yards when heaped. The bail pull 
is 20 tons, and the working ranges, with the boom at 














and the fixation of atmospheric nitrogen by oxida- | 


view that the red variety is not a single homogeneous | 


474 deg., are as follows :—Radius of cut, 35 ft. 8 in. ; | 
radius of dump, 31 ft. 8 in. ; height of cut, 26 ft. 10 in. ; 
and height of dump, 19 ft. 3in. The radius of clean- 
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| up at floor level is 23 ft. 10 in., the clearance radius of 
| the cab is 12 ft. 9 in., and the height of the top of the 
| cab from ground level is 15 ft. 6 in. 
| The machine is fitted with an exceptionally powerful 
| motor installation in relation to its capacity, with a 
view to giving a high operating speed, and special 
|attention has therefore been given to ensure that the 
| various parts are of adequate strength to stand up to 
'the high loading. The lower truck frame, the upper 
revolving frame, and the two caterpillar beams each 
|consist of a single heat-treated alloy-steel casting, 
|and no riveted joints are used in connection with 
these parts. The bearings, which are bronze-bushed, 
are cast integral with each part, resulting in a high 
degree of rigidity, and an absence of wear due to 
distortion. The centre post is removable without 
lifting the upper platform, and is fitted with an adjust- 
| ing nut for taking up slack. 
| The electrical equipment has been made as simple 
|as possible, there being no contact or starting panels. 
| It is proof against misuse, and the latest field-control 
| system is employed. The motors are very flexible with 
| this system, speeding up under light load, and slowing 
| down when the load is excessive. The maximum torque 
|is definitely limited, and the motors can be stalled 
| without damage. The torque is applied gradually, 
| irrespective of the skill of the operator, and without 
| the use of automatic relays. It is claimed that up to 
|40 per cent. of the power normally consumed by a 
|shovel fitted with an alternating-current motor is 
| saved by the system, while the shock associated with 


|the direct use of such motors is eliminated. The 
| motors are of steel construction, with fireproof mica 
| and asbestos insulation. 

| The caterpillar tracks are of the enclosed self-cleaning 
type. The belt is supported on eight small rollers, 
and cannot jamb on uneven ground. The drive is 
| by alloy-steel spur gearing, no chains being employed. 
The boom is of composite oak and steel, bolted to- 
gether, and the two side members are supported in 
cupped sockets in the upper main steel casting. The 
bucket arm passes through the boom, and is supported 
laterally by the inside faces of the two main members, 
thus relieving the pinions of all abnormal loads. The 
| boom width is not limited by the width of the bucket, 
and can therefore be made to give any lateral strength 
required. The machine is of British manufacture 
throughout, and can be equipped in a few hours with 
| either drag line or grabbing gear. 








ELECTRIC CRANES AT THE PORT OF SUNDERLAND.— 
| In order to cope with increases in the traffic at the 
, Port of Sunderland, four new’ 5-ton electric cranes, 
manufactured by Messrs. Babcock and Wilcox, Limited, 
| were brought into operation on the East Quay in the 
| Hudson Dock, in November last. The cranes have a 
| radius of 47 ft., and are fitted with the makers’ level- 
| luffing jib. Three 3-ton electric cranes have also been 
| installed on the East Quay at Hendon Dock, to supple- 
| ment the four hydraulic cranes already in operation. 
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IRRIGATION WORKS IN THE BOMBAY 
_ DECCAN AND THE BHANDARDARA 
, AND BHATGAR DAMS.—I, 
By E. Coprtanp SNELGROVE, F.R.G.S., M.Soc.C.E. 
: (France), M.I.Struct.E. 
»‘ AS an introduction to more detailed descriptions 
of the. two recently constructed reservoirs in the 
Bombay Deccan, it may be desirable to outline the 
history and purpose of the scheme in which they 
are the most prominent and latest features. 
Bombay, the industrial and shipping centre, a 


people. Such an area can only yield sufficient 
support to this multitude if well watered. 

The great drought of 1396-1408, of twelve years’ 
duration, produced the terrible Durga Devi; 
Damajipant’s Famine occurred fifty-two years later, 
in the year 1460. The next recorded famine was in 
1629 and 1630, the next in 1789-1794; after this 
the average interval between droughts shrank 
considerably. 

Towards the end of the Nineteenth Century, engi- 
neers and administrators began to give attention to 
drought and famine problems, and in April of the 





preceding years almost wherever observations were 
taken, and in some places exceeding the heaviest 
fall recorded during the preceding ten years. 

“The succeeding year of 1862 was marked by 
absence or extraordinary scarcity of rain at the usual 
season, and a famine was believed to be at hand. 
After the usual monsoon period had passed, however, 
very abundant rain fell, and in several places the total 
fall during the year was thus brought up to beyond 
the average fall. Whether this evident climatic 
disturbance will terminate in a drought and famine 





remains to be seen.” 
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city with a population of a million, is distinct in 
character from the remainder of the Presidency 
outside the city bounds. The Presidency is mainly 
an agricultural, not an industrial, province, and in 
it agricultural problems are the most important, 
and of these the key problem is irrigation. Irriga- 
tion is the art of averaging the flood with the 
drought, both as to time and place ; in the case of 
the Bombay Deccan, frequent gentle waterings over 
a large area are now secured in a country whose 
natural rainfall is heavy, short, localised and uncer- 
tain, and it is well to recall how this land has 
suffered periodically in the past, when dependent 
only upon the uncontrolled product of the south- 
west monsoon. The Presidency has, roughly, an 
area under cultivation equal to that of England and 
Wales, and supports a population of twenty million 





year 1863, we find Captain J. G. Fife (who was 
later to give his name to the lake impounded by the 
Khadakwasla Dam, on the Musa River, near Poona) 
writing to C. K. Colston (Acting Civil Surgeon, 
Dhoolia) for rainfall records of the years 1861-1862. 
His letter runs :—‘‘ The late Colonel Baird-Smith, 
in his Famine Report, has recorded the fact that 
previous to famines there is nearly always more or 
less climatic disturbance, and as far as my limited 
knowledge of the subject goes, it appears to me 
that such climatic disturbance has been experienced 
on this side of India during the past two years, 
and that it is not unlikely that this may terminate 
in a famine during the present year. 

“* As far as I can ascertain from the registers, it 
appears that the rainfall of 1861 was unusually 





heavy, considerably exceeding the average fall of 


The information asked for was supplied to Captain 
Fife who, at this time, also communicated with 
T. E. P. Martin, who wrote in reply :—“‘ The subject 
of your letter is so interesting and it would be of 
such vast importance if it were possible to deter- 
mine the approach of a famine season by the 
observation of climatic changes, that I very 
much regret my want of experience prevents my 
adding anything to the meteorological facts you 
have recorded.” 

This marks the awakening of intelligent observa- 
tion. Dr. Henry Cook had likewise been asked for 
rainfall information by Captain Fife, but he appears 
inclined to be sceptical. The main portion of his 
reply reads :—‘‘ Colonel Baird-Smith, in the passage 
quoted by you, would seem to point out that the 
climatic disturbances could be traced ‘back for four 
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or more years before they resulted in the dreaded 
climax. 

“Tt may be that the sum of nine years is too 
small a period from which to deduce a fair average, 
and that therefore the data I have to give may be 
of little or no moment. 

“‘It would be very far from my wish or intention 
to try to prove that the result you deem likely to be 
imminent is not in the least foreshadowed by the 
climatic disturbances to which you have called 
attention, but on consideration of the data (meagre 
as they are) at my disposal, it does not appear to me 
that such a conclusion is altogether warranted.” 

The close of this correspondence is the beginning 








during the latter half of the Nineteenth Century and 
have continued to do so until the present day. 

It should be noted that the total quantity of rain 
falling in the province every year is ample to meet 
the requirements of cultivation, if it were only 
properly distributed in time and place, and from 
what we have now reviewed, the main outline of the 
Deccan Problem may be seen to emerge, namely, 
how to control this water and make it available at 
economic rates to the cultivator. 

Before our history opens, small interests and 
wealthy individuals had undertaken works, limited 
alike by their means and ideas, with a view to 
providing against years of deficient rainfall. These 
works included wells, small tanks and low weirs 








of our present theme. Colonel Gore Munbee, the 
then Chief Engineer of the Presidency, reported|or bandharas. The bandharas raised the level 
to the secretary of the Public Works Department, | of the river water, which then was conducted 
for consideration of Government, on June 24, 1863| by channels to the neighbouring arable land. 
—‘ The south-west monsoon has set in favourably, | Government works, started as famine works, came 


possibility of constructing storage works throughout 
the Deccan. Mr. Beale reported in 1909, and many 
of his proposals have now been carried out. For 
a successful canal with Ghat storage, the essential 
conditions are, firstly, that the river on which the 
storage works are to be constructed must flow east- 
wards, as in that direction lies the land mostly in 
need of water; and, secondly, the country lying 
between the outlet and the point of delivery must 
be practicable for a canal line. The latter condition 
has unfortunately prevented the abundant waters 
of the Krishna River from being brought to the 
service of agriculture. The New Bhatgar or Lloyd 
Dam, together with the Nira River Canal scheme, 
and the Bhandardara or Wilson Dam, together with 
the Pravara River scheme, had been considered 
prior to the inauguration of Mr. Beale’s surveys. 
From time to time various writers have made us 





familiar with the irrigation works of Egypt, Meso- 
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and not too early, which is a great advantage: I} next, but only proceeded spasmodically ; merely 
hope that the gloomy anticipation of Captain Fife | the fringe of the question was touched, and it was 
may not be realised, but it will be better that he | not until the Irrigation Commission of 1901-1903, 
should sketch out one or more large works in each | that a comprehensive study of India’s vital problem 
of the collectorates (particularly in the eastern ones | was made. 
where drought is more apt to cause distress), so| In Gujarat, it was found that owing to the 
that famine relief works may be commenced if neces- | configuration of the country, irrigation was only 
sary, to the advantage of Government, as well as to | feasible from small tanks, unnecessary in good 
the relief of the starving poor.” This was followed | seasons, and of little avail in times of drought, but, 
by Resolution of Government No. 1342, dated | on the Deccan, irrigation was considered to be of 
July 11, 1863—“ Government are of opinion that | advantage every year, particularly for growing 
it would be advisable that Captain Fife should be! sugar-cane, a most valuable crop. Furthermore, 
prepared with famine work: in case of need.” | several excellent storage sites, fed by the Ghats, 
It is now a matter of history that the famine did | were available. At this time, also, there was avail- 
not arrive until the year 1876, or 13 years later | able the successful experience of the working of the 
than Captain Fife expected it, but 1862 is recorded! Mutha and Nira left bank canals, fed from the 
as a lesser famine year. The mean lapse of time | water impounded by the Khadakwasla dam and 
between famines for six occurrences from the year| the (old) Bhatgar dam. The positions of these 
1789 to the year 1876 was 14% years, a measure | works are indicated in the south of the map, shown 
which does not leave Captain Fife’s prediction in Fig. 1, on page 255, in the neighbourhood of the 
without reason, particularly when it is considered | 74th meridian. 
that the conditions for a drought require two, three} The cultivators enjoying the supplies from these 
or four years to brew. | reservoirs were in a relatively affluent condition, 


Such matters as these formed the subject of|even in bad famine years. Upon the conclusions 
anxious meditation, observation, and spirited attack | of the Irrigation Commission, the Bombay Govern- 
of those entrusted with the welfare of the Presidency | ment deputed Mr. H. F. Beale to report on the 


| potamia, Sind and the Punjab. In such regions 
wide alluvial plains have been formed by great 
deltaic rivers whose flow, though greatly varying 
in quantity, in the main is perennial. 

| There is a fundamental difference from these 
in the case of the Bombay Deccan. Here a sloping 
tableland runs eastward from the Western Ghats, 
which form a ridge running parallel to the seacoast 
at a distance of from 50 to 100 miles. On the 
western side the fall is precipitous; eastwards 
the slope is more gradual. The heaviest rainfall, 
anything up to 250 in., strikes the peaks of the 
Ghat ridge and is confined to the four monsoon 
months. There is a swift decline in the rainfall in- 
tensity in an easterly direction, and at a distance 
of 150 miles from the ridge the rainfall is no more 
than one-tenth of the maximum recorded on the 
peak of this watershed. The rivers traverse the 
tableland in an easterly direction, having risen near 
| the ridge ; as would be expected, they are dry for 
two-thirds of each year. The Ghats ridge is 
sharply defined and divides the rainfall into a major 
and a minor portion. It is the major portion which 
feeds the eastward-flowing rivers, which, after tor- 
tuous courses, pour their streams into the sea on 
the south-eastern coast. The minor part of the 
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rainfall drains into the Indian Ocean on the west. 
In the absence of artificial conservation hardly 
any of this water is able to bestow benefit upon 
the land through which it flows. The pronounced 
character of the country naturally tends towards 
a characteristic form of system or works. 

The irrigation systems of the Deccan consist of: 
Firstly, storage lakes at the heads of river valleys 
where sufficient water for the valleys for the year 
is collected during the monsoon. Secondly, a 
“* pick-up-weir ”’ is built across the river bed some 
miles below the storage lake. This diverts the 
water into works of a third class, namely, canals 
which taking off at either end of the weir pursue 
courses much flatter than that of the river and 
so, diverging on either hand, embrace long tracts 


nullahs during the monsoon have also to be guarded 
against, both with respect to the main canals, as 
well as for their smaller distributing branches. Such 
considerations -as these render canal engineering in 
the Deccan a very different problem from canal 
making in the Valley of the Nile, and seriously 
more costly. 

The Deccan irrigation schemes are remarkable for 
their great masonry dams, by tbe construction of 
which large storage lakes or reservoirs have been 
formed. The Khadakwasla Dam, near Poona, was 
completed in the year 1879, then the first of its kind. 
Subsequently, other large dams have been con- 
structed. Of these the Bhandardara Dam, near 
Nasik, took fourteen years to build, and was com- 
pleted in the year 1926. The cost was 560,0001. 





of land which flank the river. The areas between 


sterling. The dam rises 282 ft. above the river bed, 





Irrigation Division. The Nasik Irrigation Division 
has headquarters at Nasik, the Pravara Canals 
Division at Ahmednagar, the Lake Whiting 
Division at Bhatgar and the Malsiras Division 
headquarters are at Malsiras. 

Each division has its own executive engineer. 
The Lake Whiting Division is concerned solely 
with the New Bhatgar (or Lloyd) Dam, whilst the 
experimental and research work, for the whole of 
the Circle, into rainfall, the drainage of water-logged 
ground, surveys, &c., is handled by the Special 
Irrigation Division, whose work is illustrated by 
means of Fig. 2. This is a simplified plan of a 
portion of irrigated land in the heart of the 
Pravara River Area, between the Ojhar Right 
and Left Bank Canals. The complete plan 
shows areas cultivated, salt lands, water-logged 
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the canals and the rivers are the portions of territory | 
irrigated. 

In the case of Lake Fife, at Khadakwasla, near 
Poona, the canals flow directly from the ends of 
the dam itself, and the river is not later intercepted 
by the “ pick-up-weir.”’ | 

The routine provides for the water stored during | 
the rains to be let out, in accordance with require- | 
ments, during the dry months of the year, but the 
conducting of these waters is here associated with 
peculiar difficulties. The valleys of the Deccan 
are bordered by hills and ridges, and the general 
surface is made irregular by numbers of water 
courses and nullahs which carry the rainfall 
into the rivers. The construction of canals in 
this country entails many costly works ; cuttings 
and aqueducts, culverts and falls, syphons and 
bridges, are all represented, as the task of providing 
a gentle gradient over the undulating country 
is prosecuted, and efforts to avoid unduly tortuous 
lengths frequently lead to long stretches of high 
banks. Sudden and violent floods in the numerous 
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and is designed to hold a maximum depth of water 
of 270 ft. The New Bhatgar Dam, near Poona, is 
notable for the quantity of material used in its con- 
struction. In this respect it is the largest dam in 
the world, and contains one-fifth more mason 
than the Assouan Dam. The cost was 1,170,000I. 
sterling. 

A comparison of the relative costs of these three 
great dams is interesting. When all charges are 
considered, the cost of 100 cubic ft. of masonry in 
the Bhandardara Dam was 4/.; in the case of the 
New Bhatgar Dam the cost was nearly 53/. sterling, 
whilst 12/. 17s. 4d. was required for the same unit of 
volume of masonry in the Assouan Dam. 
| As would be expected, the finance and administra- 
| tion of these schemes are big matters. The main 
canals are under the control of the Superintending 
Engineer of the Deccan Irrigation Circle, whose 
headquarters are at Poona. The whole of this area is 
subdivided into seven divisions. At Poona are the 
headquarters of the Mutha Canals Division, the 
Nira Left Bank Canal Division and the Special 
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Fia. 4. AN IRRIGATION CHANNEL SHOWING THE METHOD OF DISTRIBUTION. 


areas, well levels, iso-baths, contours, ridge lines, 
etc. 

The total annual expenditure in the Circle in the 
year 1926, was 275,000/. sterling. This was made 
up of 126,667/. for construction, 76,6671. for the engi- 
neering establishment, 21,6671. for revenue establish- 
ment, 33,333/. for maintenance, and an amount 
equal to about half the last-named sum for “ other 
works.” The gross revenue is 156,666/., the work- 
ing expenses are 81,666/., giving a net-revenue of 
75,000/. 

The schemes completed and working may now 
be briefly summarised.. The first scheme, com- 
pleted in 1879, was the Mutha River Valley scheme, 
near Poona. This comprised the Khadakwasla Dam 
impounding Lake Fife and the right and left bank 
Mutha canals. The Ojhar canal and the Ojhar weir 
were completed in the year 1893, and they now 
form part of the Pravara extended scheme. Next 
came the old Bhatgar dam, 32 miles south of Poona, 
and the Nira left-bank canal in the year 1896. In 
1916, the Godavari Valley scheme was completed, 
this comprised the Darna dam (forming Lake Beale), 
shown in Fig. 5, the Nandur-Madhmeshwar weir and 
the right and left bank Godavari canals. The right 
and left bank Pravara canals came into operation 
in the year 1910, and their scheme, known as the 
Final Pravara River Project, is now developed. 
Their extensions have been for the purpose of 
utilising the water impounded by the Bhandardara 
dam (Lake Arthur Hill). In addition to those 


TY | above-mentioned there are also works on the Kadwa 


river built in the year 1908 and the Girna left bank 
canal, fed by the Chankapur Tank, in 1924. 

There is still also quite a large programme of 
projected schemes, the chief of which are, the Girna 
River project, the Mula River project in the Ahmed- 
nagar district, the Kukadi River project, the Bhima 
River project, and the Indiayani project. The 
Ghatprabha River scheme for the southern section 
of the Circle has been abandoned. 

The working schemes already mentioned provide 
water for arable land, extending to 1,875 square 
miles, The largest member of the group is the Nira 
Valley system, which will be responsible for 1,055 
square miles when working at full capacity. The next 
in magnitude as individual schemes are the Godavari 
and Pravara projects, each commanding an area of 
360 square miles. About one-third of the irrigable 





258 


ENGINEERING. 





[MARCH I, 1929. 








area is watered annually, so that the area of annual 
irrigation is about 625 square miles. The most 
valuable crop in this area is sugar-cane. In the 
year 1926, 36,000 acres of sugar-cane were watered 
by the Deccan Canal systems, but more than double 
this acreage will be served when the Nira and 
Pravara areas are completely developed. The 
revenue from sugar-cane more than equals that 
from all other crops, the gross total being as-already 
mentioned, about 156,000/. sterling in the year 
1926. Ascene in the sugar-cane growing area is 
shown in Fig. 3. 

The kind of crop that can be carried is almost 
as much dependent upon the character of the soil 
as upon water supply. The soils of the Bombay 
Deccan are derived from the weathering of black 
basalt and volcanic rocks. They range from porous 
red murum, to clay and black cotton soil, and in 
many respects resemble the soils found in Central 
Africa, north of Victoria Nyanza, and in the High- 
lands of Kenya Colony. They differ entirely from 
the alluvial soils of Northern India and the Nile 
Valley. 

Salt-efflorescence and water-logging have pre- 
sented the greatest of the difficulties encountered, 
and for years were insurmountable. It is due to 
Mr. C. C. Inglis, Executive Engineer of the Special 
Irrigation Division, that a successful procedure 
emerged from extensive experiments carried out 
during the years from 1915 to 1922. The subsoil 
water level is an important factor in water-logging 
and salt-efflorescence. Physical examination of the 
soil, chemical analyses, the incidence of certain index 
weeds, water levels in numerous wells and _ bore- 
holes have all been placed under tribute in this 
work. The results arrived at are now utilised for 
the selection of soils for the various crops, and for 
deciding where sugar-cane should be restricted, or 
where special drainage is required. 

In concluding this introduction, we may note, 
with considerable satisfaction, to what extent the 
people of the Presidency have benefited and the 
progress that has been made, particularly during the 
40 years 1880 to 1920. When irrigation was first 
introduced on a large scale, there was a tendency 
amongst cultivators to await the failure of the 
Monsoon and then clamour for water. This pre- 
vented any reasonable programme from being laid 
down, and resulted in the cultivator failing to 
obtain the full benefit available. The people in the 
Deccan have now come to realise that judicious 
irrigation is a benefit to any crop, and that without 
it the growth of the more valuable garden products 
and sugar cane is impossible. It is estimated that 
protecting the land by irrigation increases its value 
by 200 per cent., and that while the charges for 
water have increased by less than 40 per cent., the 
value of the irrigated crops has increased by about 
85 per cent. Fig. 4 illustrates the method of 
distributing water from an irrigation channel. 





THE DOCKYARD SCHOOLS AND THE 
SECOND SCHOOL OF NAVAL ARCHI- 
TECTURE. 

By A. W. Jouns, C.B.E., R.C.N.C., M.LN.A. 

(Continued jrom page 156.) 

On October 1, 1853, Dr. Joseph Woolley was 
appointed Inspector of Dockyard schools, and his 
appointment as Principal of the Central Mathe- 
matical School officially came to a close. The 
school, however, remained open until the four 
pupils entered in 1851 had completed a course of 
three years, the records showing that Henry 
Morgan left the school in October, 1854, and Samuel 
Willcocks in February, 185:. Willcocks was the 
last pupil, and with his departure the Second 
British School of Naval Architecture came to an end. 

Fortunately Sir James Graham refrained from 
any interference with the Dockyard schools, and 
with Dr. Woolley as Inspector, these improved both 
in method and efficiency. The keen incentive to 
study which the competition for entry into the 
Central Mathematical School had encouraged was 
removed by the closing of that school, but Woolley 
endeavoured, and with some success, to restore it 
by increasing the number and value of the prizes 
awarded to the most industrious of the scholars. 
Since 1857, all candidates for entry as apprentices 








into the Royal Dockyards have been examined by 
the Civil Service Commissioners, and entered 
strictly in accordance with their positions on the 
examination lists at each Yard. The standard of 
the examination has gradually advanced and is 
now a relatively high one for boys of the age of 
entry, i.e., fifteen to seventeen. The curriculum of 
the Dockyard schools has also been extended and 
raised, and the present standard is far in advance 
of earlier times, technical subjects having been 
added at an earlier stage of the studies. All 
apprentices attend school for the first twelve months 
of their service, but they are then weeded out and 
also at the end of the second and third years, only 
the best remaining for the complete four years’ 
course. The Dockyard schools may be placed 
amongst the most efficient technical institutions in 
the country. As a result, and as predicted by 
Moseley, the workmen of the Royal Dockyards 
are generally recognised as being in advance in 
education and intelligence of any other class else- 
where. Many ex-pupils of the schools hold im- 
portant and responsible positions in nearly all 
branches of the State service, and not a few are 
to be found in prominent positions in educational 
and other public institutions, and in the great 
industrial organisations of the country. The wise 
and sound decision of the Board of Admiralty of 
1842 in establishing the Dockyard schools has been 
completely justified by the results. 

The Rev. Henry Moseley also examined and 
reported annually on the Central Mathematical 
School, but only the 1849 and 1851 reports are now 
available. In the former he reported that the 
Principal, Dr. Woolley, instructed the pupils in 
religious and mathematical subjects, whilst their 
professional activities were supervised by Mr. 
Herbert, a dockyard draughtsman attached to the 
school. Lectures in chemistry were given by Mr 
Hay, the Admiralty Chemist. The pupils rose at 
6 a.m. and lights were turned out at 10.30 p.m. ; 
the hours of study being from 6.45 to 7.30, 8.30 
to 11.30, and 2 to 4.30, the library remaining open 
until 10.15 for private study. The rules of conduct 
were framed’ by the Principal, and enforced by 
two of the pupils acting as prefects. Three days 
a week were alloted to academic subjects, and alter- 
nate days to practical work in the Dockyard. At 
the first examination, Moseley set papers on Euclid, 
algebra, trigonometry, descriptive geometry, geo- 
metrical conic section, plane co-ordinate geometry, 
mechanics and hydrostatics, and examined the 
students orally in religious subjects. He reported 
that some of the pupils had considerable mathe- 
matical ability, and none was altogether without it. 
In bookwork most of the pupils were excellent, 
but their power of applying theoretical principles 
to the problems set them in the examinations was 
generally weak. Barnes, Barnaby and Abethell 
were especially mentioned as having acquitted 
themselves best in the examinations. 

The Inspector stated that he understood from the 
Principal that it was the latter’s intention to proceed 
in the second year of the course to the application 
of those principles taught in.the first year to the 
solution of practical problems. Moseley considered 
this branch of educatiou, generally neglected at the 
time, to be an extremely important one especially 
to naval architects, since a large number of problems 
must present themselves daily in a dockyard, and 
could only be correctly solved by a good grounding 
in theoretical knowledge. As an example, he 
referred to the book on Descriptive Geometry, 
written by Dr. Woolley, and then in the press, 
which taught the pupils the principles upon which 
many problems in the laying-off of ships could be 
solved correctly, and for this reason should lead to 
improvement in this important section of shipyard 
work. 

In the second report—that of 185l—he reverts 
to the same matter, and mentions that on the Conti- 
nent, special schools of application had of late years 
been opened for the sole purpose of teaching the 
application of theory to practice. In this report he 
gives a list of the books studied by the pupils of the 
Central Mathematical School during the previous 
twelve months. Amongst these are Butler’s 
Analogy and Pearson on the Creed, an indication 
that religious instruction was not being neglected, 





whilst technical books include De Pambour’s, 
Main and Brown’s, and Ham’s treatises on the 
steam engine, Moseley’s strength of materials, and a 
manuscript volume on the stability and oscillation 
of ships by Dr. Woolley. The results of this 
examination, stated the Inspector, showed that 
Barnaby and Barnes of the first division, and 
Crossland, Bannister and Elliot of the second, 
** possessed the power of using mathematical investi- 
gation in practical questions with certainty and 
precision.” The examination lists which Moseley 
forwarded with his reports are missing. This is 
unfortunate, for now, with the careers of all the 
pupils available, some interesting deductions might 
have been drawn. 

Of the 21 students who entered the Central 
Mathematical School, Coombe died in his first year, 
three left in August, 1852, after four years’ residence, 
nine at the same time after three years, whilst the 
four entered in 1851 left in 1854 and 1855. Nearly 
all returned to the Dockyards from which they came, 
and were re-entered as supernumerary draughtsmen. 
Their position was not an enviable one, for the 
Admiralty had broken the promises made to them, 
and had classed them all as incompetent in their 
knowledge of practical shipbuilding ; the subordinate 
officers and workmen, jealous of them, termed them 
‘Euclid chaps” as indicative of their academic 
qualifications ; whilst the superior officers were, 
with very few exceptions, wholly unsympathetic. 
At this time Isaac Watts was the senior assistant 
Surveyor of the Navy, and Laire, Reed, Abethell and 
Rice, all of the First School of Naval Architecture, 
were master shipwrights at the Dockyards, and after 
their own early experiences it might have been 
expected more consideration would have been shown 
by them to the ex-pupils of the Second School. The 
latter had, however, to fight their own way against 
these prejudices, and attend all examinations for 
promotion against others who were given every 
encouragement by the Yard officers. Fortunately 
they won through in the end, but entirely by their 
own merits and exertions. 

Two of the ex-pupils of the Central Mathematical 
School, disappointed at the treatment they had 
received, and dissatisfied with the nature of the 
work upon which they had been placed on rejoining 
the Yards, and also with the general outlook, soon 
severed their connection with the Dockyard Service. 
In 1853, Richard Abethell left to become a ship 
surveyor of Lloyd’s Register, and remained in this 
position until 1856, when he resigned. His subse- 
quent career cannot be traced, but he either died or 
left the profession, his name not being amongst 
those of the early members of the Institution of 
Naval Architects, of which his father was a Vice- 
President, and nearly all his schoolmates members. 
The second was E. J. Reed who also left in 1853 
to become editor of the Mechanics Magazine. A 
third ex-student John A. B. Harry, of Devonport, 
one of the four entered in 1851, left in 1854 shortly 
after passing out of the school. He was accepted as 
a candidate for the Wesleyan Ministry, spent three 
years at the Didsbury Theological Institution and 
was then appointed a Minister at Manchester. He 
subsequently ministered at many other large towns, 
and died whilst at Doncaster in 1896. He is stated 
to have been a very efficient preacher, the conscien- 
tious perseverance and love of exactitude which 
characterised his work, being tributes to his early 
training, and indicating that if he had remained in 
his earlier profession he would have done well. 
A fourth ex-pupil John Sowden, of Devonport, 
returned to that Yard in 1851, but died in 1856, 
whilst acting as an assistant to a foreman of the 
Yard. 

Those who remained in the Dockyards passed 
many competitive examinations successfully, 
gradually rose in rank, and within 10 or 12 years 
of their departure from the Central Mathematical 
School the majority were foremen of the Yard. 
F. K. Barnes was the first to be employed at the 
Admiralty, being appointed there as a third-class 
draughtsman in July, 1853. He was followed by 
Barnaby and Crossland in similar positions in 
October, 1859. 

By a reorganisation of the Admiralty office in 
1860, the post of Surveyor of the Navy—created by 
Henry VIII in 1544—was abolished, and that of 
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Controller—a distinct office from that of Comptroller, 
which vanished with the Navy Board in June, 1832 
—established. Isaac Watts, of the First School of 
Naval Architecture, appointed Assistant Surveyor 
on May 4, 1848, was, on March 20, 1860, promoted 
to the new post of Chief Constructor of the Navy, and 
a few days later, Thomas Lloyd, his former school- 
fellow, became the first Engineer-in-Chief. On 
April 18, 1863, Watts, then 64 years of age, retired, 
and was succeeded by E. J. Reed, 31 years his 
junior. There was at least one protest in the 
House of Commons over the appointment of Reed 
to this important post, and the passing over of more 
experienced officers in the Government service, but 
subsequent events fully justified the selection. For 
the first 12 months, Reed had as his chief assistants, 
Richard Abethell and Joseph Large—the first and 
last entrants to the First School—who were termed 
constructors. Both retired in 1864. The rank of 
Constructor was then abolished for a time, and on 
July 19, 1864, Barnes, Barnaby, and Crossland were 
promoted from Third-Class Draughtsmen to a new 
rank of Assistant Constructor, becoming the 
principal assistants of Reed. 


(To be continued.) 








THE PARIS AGRICULTURAL 
MACHINERY EXHIBITION. 


Tae eighth Paris “Salon” of agricultural 
machinery was held from January 19 to 27, at 
the show ground outside the Porte de Versailles. 
The Salon which was started in 1920, rapidly 
outgrew the space available in the Grand-Palais 
of the Champs Elysées, and this year took up 
three main blocks, of exhibition buildings, made up 
of 24 halls, the number of exhibitors exceeding 600. 
The arrangement of the exhibits was very convenient; 
they were segregated in 80 classes, as far as possible 
each building containing certain types of plant ; for 
example, thrashing machines, drills, tractor culti- 
vators, and agricultural products preparing appli- 
ances such as grinders, and root cutters, were 
arranged in the largest block of buildings ; winnow- 
ing machines, electric motors, petrol and oil engines, 
pumps, presses, dairy plant, cooperage, and handling 
apparatus in a second block, while a smaller block 
covered ploughs and harrows. Such an arrange- 
ment, rather than one in which each maker shows 
all his separate types of manufacture on one stand, 
makes it easier for those interested in special sections 
to concentrate on them, and the features of the differ- 
ent competing makes can be easily compared. There 
is little doubt that the Paris Salon has become the 
most important annual agricultural machinery show 
in Europe. 

During the war when the North Eastern areas 
were invaded, many war industries were started in 
the Centre and South of France; this development 
coupled with the loss of manhood in the war, has 
resulted in a shortage of agricultural labour, which 
has encouraged the use of labour saving appliances. 
This process has been facilitated by the fact 
that the men who served during the war, and those 
who have done military training since, have come 
more closely into contact with mechanical appli- 
ances than agricultural workers in the past, and 
thus take the more kindly to innovations on the 
farm. Although large numbers have been attracted 
to the big towns by industry since the war, the bulk 
of the population still lives close to the land and 
wheat growing is still one of the important branches 
of agriculture. This was illustrated by the fact that 
56 makers of thrashing machines were exhibiting, 
the influence of the small holder being shown by 
the fact that many were of a type taking only 3 h.p. 
to5h.p. On the other hand the numerous multiple 
ploughs and wide cultivators are evidence of the 
existence of many large farms. Among French 
agriculturalists as a whole, there is a considerable 
spirit of genuine co-operation through co-operative 
societies, and by independent small groups of 
farmers, who form limited companies to buy and 
operate expensive plant. It was satisfactory to note 
that, among foreign exhibitors, British makers 
seemed to be as well represented as any, although 
with us as compared with most other countries, 
agriculture is the Cinderella among industries. 





The general mechanisation of farming is tending 
to give a new life to the village smithy, as was 
shown by the various small cam-operated power 
hammers, small electric welding sets and appliances 
for mechanical repair work to be seen at the exhibi- 
tion. At present about 20,000 villages and small 
towns in France have electricity supplies, as have 
also a number of isolated farms. This condition 
was sufficient to explain the number of the appliances 
arranged for electric drive, which were shown. The 
competition between the electric motor and oil 
engine is keen, and makers of internal combustion 
engines have made great efforts to render their plant 
more robust and self contained, and also more port- 
able. Several types of small engines using cheap 
heavy oils are now being made. There were about 
50 stands of makers of oil engines, most of the 
engines being of the single cylinder vertical type, 
with honeycomb type radiators and fans. There 
is a tendency to set engine speeds lower than was 
at one time common, thus following the lead 
regarding vertical engines given by Lister in 
England. 

The widespread supplies of electricity have led 
electrical manufacturers to the design of motors 
and other appliances specially intended for farm 
purposes. The fact that the normal distributing 
system is three-phase with 110 volts to neutral, 
makes the use of portable motors safer than where 
230 volts is used. There has been a tendency 
towards the framing of electricity tariffs on a basis 
of so much per kilowatt installed plus so much per 
unit used, and as many farming appliances are 
operated for a comparatively few hours per year, 
the use of portable motors which can be wheeled 
or carried round from machine to machine has 
been greatly encouraged, as against the use of one 
motor per machine. A number of arrangements 
have been put on the French market, by which 
portable motors on barrows or stretchers, from 
4 h.p. to about 8 h.p., can be coupled up through 
variable-speed gear boxes, cone pulleys, or with 
electrical variable-speed arrangements, with final 
drives by belt, adjustable coupling or cardan shaft, 
to machines having primary shafts running at a 
series of widely different speeds. One popular 
type of motor with speed-reducing gear is made by 
Messrs. L. A. Wisler, of Senlis; it is made in 
sizes from 2 h.p. to 8 h.p., the motor runs at 
1,500 revolutions, and a direct-driving pulley is 
arranged at one end of the shaft and a multiple 
gear-box inside the end shield at the other. 
There are projecting spindles running at six speeds 
which can be connected up by a cardan shaft to 
chaff cutters, saws, grindstones and so on, as 
required. The motor is on a two-wheeled hand 
barrow and is arranged with a combined starter 
and controller, which, by combinations of stator 
windings, enable light loads to be handled with a 
high power factor and good efficiency. A cable 
drum is added, so that the motor can be wheeled 
about the farm and coupled up to any machine within 
the cable-range of a wall plug. The same maker 
has developed a }-h.p. portable motor on an adjust- 
able tripod, the motor being of a variable-speed type 
fitted with a speed-reduction gear in the end shield. 
By turning a hand wheel at the tail-end, the motor 
can be started and run, at any speed in either direc- 
tion, up to 200 revolutions. This appliance is 
intended for the driving of any machine of a type 
usually driven by hand. It has been found to be useful 
for dairy work where it isemployed for driving cream 
separators twice a day, and various odd machines at 
othertimes. Anew type of portable motor, made by 
Messrs. Eve and Noizet, of Paris, which was shown, 
was also of interest. The motor, with a gear-box, is 
fitted inside a five-step cone pulley and supported 
by two wheels placed one at each end of the motor 
axis, the whole forming a very low two-wheeled 
barrow. The connecting cable is placed on a small 
drum carried by one of the wheels, the whole arrange- 
ment being very ingenious. Another interesting 
arrangement, known as the ‘“‘ Record,” is made by 
Messrs. Drouard and Gillot, of Paris, by which 
a motor is arranged under a portable bench. It 
drives by means of a belt on to a multiple-speed 
gear-box arranged with various projecting spindles, 
through which machinescan bedriven by aremovable 
pulley anda belt or by acardan shaft. A circular-saw 








bench with canting table and swinging cross-cut 
frame for firewood logs is arranged at one end, 
and a centrifugal pump for irrigation or liquid 
manure is arranged below. The two arms used for 
moving the barrow can be folded out of the way, 
and two small extra wheels are arranged so that 
short steps can be negotiated. 

There were indications of a movement which 
may have important developments; this is in the 
use of light-weight petrol engines for the driving 
of implements forming part of horse-drawn 
appliances. This was illustrated on a mowing 
machine. In such a machine the tractive effort 
which has to be used to operate the machine with 
the drive depending on the friction of the ground, 
must in most cases be materially greater than the 
effort required to pull any extra weight, due to the 
petrol engine and gear, especially when the ribbed- 
tyred wheels can be replaced by light smooth- 
tyred ones, and, further, it must be easier to work 
with when the ground is in aslippery state. The 
same principle is being applied to a potato digger. 

A feature of the Salon was the number of centri- 
fugal, rotary, and plunger pumps on view, many 
of them motor driven, for all sorts of purposes from 
wine- and cyder-making to well pumps for potable 
water; many of the pumping appliances were on 
barrows. The success of the chaine-helice and 
cotton belt pumps during the war has led to a 
revival of various kinds of chain pump. These types 
of pump have the advantage that they lead to the 
covering in of wells, a matter of importance from 
the sanitary point of view. With one type of belt 
pump, the Caruelle, a band of brass alloy is used 
with a zigzag brass face. It is also interesting to 
note that the old Egyptian earthenware pot wheel, 
worked by oxen, is being revived in the form of 
wheels for deepish wells, one attraction being the 
absence of glands which might require packing down 
below. One make of well pump, the Dragor, 
is arranged with a narrow belt made of Ramie fibre 
surrounded with compressed vulcanized rubber, the 
belt carrying a series of deep galvanised cups each 
of about half a pint capacity, the deep cup leads 
to the carrying of air down to the point where it 
passes under the drowned suspended guide pulley, 
thus giving good aeration to the water. The 
tubber surface band adheres well to the driving wheel 
at the top, and the makers claim a long life for it. 
This form of pump is worked by hand or small 
electric motor. A number of small automatically 
regulated pumps for house and farm services were 
on view. An interesting electric pump shown is 
the Rotorax, made in Grenoble. It is but very 
little larger than a normal electric motor, the inlet 
and outlet flanges are in the same axis. as. the 
spindle, and the moving parts are built into the 
spider of the squirrel cage rotor. The stator windings 
are so insulated that the pump can be drowned out 
down a well for indefinite periods. ° 

There is a general idea that wine making in France 
is carried on with very crude appliances, but the 
exhibition makes it evident that the wine and 
cyder industries are being mechanised; the old 
French aristocracy apparently has been a material 
factor in this development. Considerable improve- 
ments have been made in screw-presses of recent 
years. One press made by Messrs. Simon and Com- 
pany, of Cherbourg, when operated by electric motor 
is automatic in action, the greater the pressure 
the slower the travel of the screw, when a pre- 
determined pressure is reached, a series of squeezes 
and rests are given, followed by an automatic release, 
so that a charge can be pressed after the workmen 
have finished. Both for wine and cyder, hydraulic 
presses seem to be coming into vogue, and annular 
rams are made for fitting to existing screw presses. 
Several of the big presses on view were on wheels. so 
that they could be taken from point to point. One, 
portable press had an apple washer, an elevator, and 
a cutter, and was fitted with electric motor drive. 
For cyder, the apples are wrapped in a very coarse 
canvas and placed on wood grids in layers. 

France is a country with extensive forests, 
many of which belong to Communes. Much of the 
wood is cut up for fuel, and therefore portable saw-. 
benches, many equipped with petrol engine. or 
electric motor drives, were a feature of the exhibi- 
tion. In many cases the circular-saw table could be 
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tipped up and a swing frame used for cutting up logs 
for firewood. One exhibit showed that even the 
old business of charcoal burning has been improved 
by the use of cylindrical tank-retorts, made up in 
sections easily portable by one man and quickly 
put together on the ground. As is well known, the 
French Government has been encouraging the use 
of charcoal-generated suction-gas for lorry engines. 
A simple device for clearing land of surface stones 
and depositing them in heaps, and thus in many 
cases turning a nuisance into a saleable commodity, 
was shown by M. G. Geoffroy of Faverolles. It is 
something like an inverted trawl, and it can be 
arranged to dump the stones automatically. 

There were about 36 different makes of motor 
tractors. One of the smallest patterns, the Simplex, 
has a single-cylinder air-cooled engine and an over- 
all width of under 20 in. It is made specially for 
vineyards. Another, of the caterpillar type, for the 
same class of work, made by Messrs. De Diétrich of 
Lunéville, about 3 feet wide overall, was shown with 
a triple plough for cultivating to a depth of 8 in. 
The Centaur, another of the light type, has a 
12-h.p. motor; it weighs a little over half a ton 
and has a tractive effort to 1,320 lb. It is arranged 
so that the tail end can be supported on mowers or 
other appliances. The Sadag Company exhibited 
pivoted tractor shoes made on the Guerrini system. 
These can be bolted individually on to a tractor 
driving-wheel rim or fixed with the aid of a link belt 
whick can be attached or detached in a few minutes. 
The same type of shoe can be used for heavy lorries 
over bad ground, the belt being placed around the 
rubber tyres. Visitors to the Alps and Pyrenees 
have at times been astonished at the steep slopes 
often kept under cultivation by small holders. 
As the war greatly decreased the world’s supply 
of light horses which used to be available for culti- 
vating fields of this kind, and the attractions of the 
towns have tended to draw labour away from high 
altitudes, a light haulage winch driven by a 3 h.p. 
petrol engine, made by Messrs. Gloppe of Lyons, has 
been introduced for this work. It is intended for use 
with light ploughs and cultivators which are hauled 
up hill to prevent the tendency of the soil to work 
down, the appliance used being drawn down again 
by man-power. The winch is on four wheels, the 
frame being made narrow to pass along ledges, its 
weight is about 8 cwt. and it can progress at 0°9 
and 1-8 miles per hour. 

It is a commonplace that every improvement in 
cultivation tends to exhaust the useful chemical 
constituents in the soil and to encourage microbic, 
vegetable and animal pests. This was prominently 
brought out by the number of makers of drills 
for use with chemical manures, and by the variety 
of arrangements for spraying vines, fruit trees and 
arable land in general, which were shown. The 
vine is so liable to attack that but for spraying the 
industry would almost cease to exist. Due largely 
to the researches of M. Rabaté, a great development 
has taken place in France regarding the use of dilute 
sulphuric acid in the form of a fine spray, for the 
elimination of certain weeds on arable land, and 
recently a solution containing nitrate of copper has 
been used for the elimination of charlock. For 
such purposes horse sprayers were on view with as 
many as 16 atomising jets, fixed on tabular arms 
which open out to a reach of 16 ft. 8 in. Com- 
pressed air is used to give the spraying pressure, 
obtained either from an axle-driven air pump or 
from compressed air cylinders, arrangements for the 
charging of the latter being often available at 
garages. 

With regard to ploughing tackle, the most 
popular horse-plough is undoubtedly of the Brabant 
pattern, which turns over at the end of the furrow 
for the return without going right round. This 
system has now been adapted for tractor-hauled 
ploughs and for what might be termed tractor tail 
ploughs, where the plough is carried on a trailing 
bar of some kind. Numbers of multiple ploughs, 
scarifiers, harrows and other tackle for use with 


large tractors were on view. ‘Two firms, Messrs, | P 


Bedu, of Groslay, and Bajac, of Liancourt, showed 
heavy single-furrow ploughs for wire-rope haulage 
by steam engines or electric motors, operating on 
the Fowler system, to plough furrows to 30 in. deep 
and 20 in. to 30 in. in width. These are being used 


| 


for the breaking up of land for vineyards in Algeria 
and Morocco. As a contrast, it is interesting to 
note that the firm of Bajac also make harness for 
oxen at the plough. On going through the exhibi- 
tion and noting the number of machines from all 
parts of the country, and realising the amount of 
money which must be available to enable so many 
makers to exist, and noting also the remarkable Gallic 
ingenuity and co-operative effort brought out by 
a policy of placing agriculture in the front rank, 
one was induced to wonder whether the system we 
adopt at home, strategically dangerous as it must be, 
and based as it admittedly is on political expediency, 
with over a million unemployed to support, is the 
best one we could adopt in regard to agriculture and 
the public weal generally. 








THE FATIGUE LIMIT OF TURBINE 
BLADING. 


DIRECT measurements of the endurance limits of 
turbine blading are described in a paper due to Messrs. 
H. F. Moore, 8. W. Lyon, and N. J. Alleman, which has 
been published as Bulletin No. 183 of the Engineering 
Experiment Station of the University of Illinois, Ur- 
bana. The work dealt with in this Bulletin was carried 
out in conjunction with the Allis-Chalmers Manufac- 
turing Company, standard ?-in. and 1 in. reaction 
blading being used. Three materials were tried, viz., 
monel metal, containing about 27 per cent. of copper, 
684 per cent. of nickel, with a little iron and manganese. 
Cupro-nickel containing about 80 per cent. of copper 
and 20 per cent. of nickel; and “‘ Cyclops metal,” 
an alloy steel, containing about 19 per cent. of nickel, 
7% per cent. of chromium, about 0-47 per cent. of 
| carbon, together with about 1 per cent. of silicon, 
and a little manganese. The experiments were 
made by the rotating bar method, the blades being 
clamped in special chucks and weighted at the 
protruding end. Preliminary estimates of the 
probable endurance were made by hardness tests, 
from which the Brinell numbers were deduced, the 
material being too thin for a direct determination. 

The close correlation which has been found to 
exist between the Brinell number and the endurance 
limit is well shown by the results tabulated below. 


Comparison of Estimated Endurance Limit of Material 


Drawn Blading. 








Average | 
Hat nate 
Average Limit fair Limit for 
Equiva- Material Tests of Ratio 
Material lent (A) Blading 
Brinell (B) —(B) = (A) 
Number | 


Lb. per Sq. In. | 





Monel Metal ae 212 40 200 37 000 0-92 
Cupro-Nickel Alloy 117 19 400 20 000 1-03 
Cyclops Metal Ae 171 42 800 42 500 0-99 




















The blades generally began to fail at the thicker 
tip. It will be seen that in every case more than 
90 per cent. of the estimated endurance limit was 
reached, and the authors’ conclude that steam 
turbine blades carefully socketed may be expected 
to develop nearly the full fatigue strength of the 
material from which they are made. 








THE GAS LIGHT AND COKE COM- 
PANY’S EXPERIMENTAL CARBONI- 
SATION PLANT AT FULHAM. 


In our issue of Aug. 3, 1928 (page 142), we drew 
attention to the opening of the Gas Light and Coke Com- 
pany’s new research laboratories at Fulham. The work 
of these laboratories includes not only general chemical 
research and the chemical control of the operations 
carried out in the Fulham Gas Works, but also optical 
work, the testing of calorimeters, and investigations 
on a technical and semi-technical scale. The equip- 
ment for these purposes is singularly complete and 
convenient. The services with which they are furnished 
include high- and low-pressure gas, coal gas for testing 
urposes as distinct from the mixture of coal gas and 
carburetted water gas, compressed air, vacuum, 
water, steam, and electric power at 220 volts, and at 
2 to 15 volts direct-current. The service pipes are 
painted in differert colours and fitted with cocks of 
different designs, and all the main benches in the 
laboratory are so constructed that half of them may 





with Endurance Limit Developed in Fatigue Tests of 


be pulled away to expose all the service pipes and 
drains. In these and other respects, in fact, the labo- 
ratories represent the most effective arrangements 
that experience until the present time has been able to 
suggest. The most important feature, however, is 
the experimental carbonising plant, which is so 
designed and laid out as to permit quantitative work 
to be carried out on a full works scale, as for some years 
past has been done at the Fuel Research Station of 
the Department of Scientific and Industrial Research. 
The large size and comprehensive equipment of this 
plant make its layout and details of speciai interest, and 
by the courtesy of the Company and its chief gas 
chemist, Mr. H. Hollings, we are able to give an 
account of both. 

The layout of the plant may be followed without difti- 
culty by reference to Figs. 1 to 4, Plate XX VIII, showing 
the general arrangement, respectively, in sectional plan, 
longitudinal section, and cross sections. The Fulham 
station, when in full operation, is now treating 500 tons 
of coal a day, brought from northern coalfields by some 
of the Company’s 1,750-ton colliers, which have been 
specially designed for up-river work. These vessels 
are unloaded at a riverside wharf by cranes with 4-ton 
— which in five hours unload the cargo into a rein- 

orced concrete bunker holding 2,000 tons. From this 
bunker the coal is transported nearly half a mile 
across the storage ground to a central crushing station 
at the rate of 250 tons per hour by a system of rubber 
belt conveyors similar to that used at the Beckton 
gas works.* Coal not required for immediate use 
is discharged on to the storage ground, whence it is 
returned to the belt as required by a large traveliing 
crane, which deals with it at the rate of 150 tons per 
hour. The stock of coal maintained is usually 40,000 
tons. From the crushers, coal is delivered into over- 
head bunkers in the retort houses, which hold 30 to 
48 hours’ supply. The carbonising plant is fed by a 
rubber belt conveyor, which, as seen in Fig. 3, is sup- 
plied from an adjacent retort house to which the main 
distributing belt delivers. By these arrangements, 
either a representative sample can be obtained from a 
shipload while it is being unloaded at the wharf, or coal 
can be supplied from any heap on the storage ground, 
where the crane mentioned above, with a 4-ton grab 
is available for loading storage coal on to the main belt. 

The experimental plant is dealing with four different 
designs of full-size carbonising units. Fig. 5 is a view 
of the horizontal retort house, part of the equipment 
of which is seen in Figs. 1 to 3. It contains two hori- 
zontal retorts, 24 in. by 16 in. by 20 ft., in a Drake’s 
setting, each retort fitted with an Arkon pressure 
recorder. The throughput is 28 cwt per day, delivered 
in two charges, and the working temperature is 1,300 deg. 
C. It is provided with a coal storage-hopper of 10 tons 
capacity, from which coal is passed to an automatic 
weighing machine by Messrs. Richard Simon and Son, 
of Nottingham, and is delivered thence in 2-cwt. 
batches to the hopper of a Guest-Gibbons charging 
machine, which will deliver level charges varying from 
10 to 15 ewt. into a retort. The retorts deliver into 
four ascension pipes, which lead to four separate hydrau- 
lic mains, fitted with adjustable liquor overflow pipes. 
These communicate with two separate foul mains, 
which lead to two water-cooled tubular condensers. 
By this arrangement, either or both retorts can be run 
under test conditions. The setting includes a full-size 
bar-grate producer somewhat in excess of its require- 
ments, so as to enable the temperature in the combustion 
chamber to be varied by 100 deg. C. in an hour. The 
coke discharged from the retort is received and removed 
in two barrows of open structure, in which it is quenched 
by water from a hose. 

Other retort houses contain settings of Glover-West 
and Woodall-Duckham vertical retorts, respectively 
in each of which one retort is isolated by means of a 
separate coal hopper, weighing machine, coke dis- 
charge, hydraulic mains and foul mains, so that, 
like the horizontal retort, it works under controlled 
conditions. Finally, there is an experimental low 
temperature plant on the Salermo principle of con- 
tinuous carbonisation, working at about 450 deg. C. 
with a carbonising capacity of 20 tons per day. A 
system of valves enables the gas passing through the 
exhauster to the purifiers and the meters, to be drawn 
from whichever of the four carbonising units is under 
investigation. The exhauster is a Bryan-Donkin 
motor-driven machine with a capacity of 5,000 cub. ft. 
of gas per hour, fitted with exhaust bye-pass governor 
quadrant valve, and Arkon pressure or vacuum 
recorder. For circulating the hot ammoniacal liquor 
through the hydraulic mains, through the Livesey 
washer, and cooling water through the condensers, 
three motor-driven Rotoplunge reciprocating plunger 
pumps are provided. 

The whole of the gas under examination passes from 
the exhauster to the purifier yard, shown in Figs. 7 and 
8, in which it is led through a chain of condensers, 
washers and purifiers on its road to the meter room, 








* See ENGINEERING, vol. cxxii, page 589, 650 (1926 
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Fie. 7. Gas HotpEer AND PURIFIERS. 


The purifying plant consists of two water-cooled | 
tubular condensers, a small Livesey washer for removing 
tar fog and ammonia, an ammonia acid scrubber for 
completely removing the last traces of ammonia, and 
three oxide purifiers 10 ft. by 10 ft., with overhead 
runway and gears for lifting covers, for recharging 
with oxide as required. A test box is also provided, 
which has an apparatus for estimating ammonia and 
tar fog in the gas stream. This part of the plant also 
includes a 1,000 cub. ft. gasholder. The tar and 
liquor from the hydraulic main is led into a 150-gallon 
circular separating tank with conical bottom, as 
shown in Figs. 1, 2 and 4, and the tar and liquor from 
all other sources, including condensers and seal pots, 
are led into a similar 400 gallon tank. From these | 
collecting and separating tanks the tar and the liquor | 
flow respectively into 100-gallon and 250-gallon rect- 
angular tanks below, from which they are sampled 
and analysed, so as to give data from which the 
exact yield of tar and liquor per ton of coal carbonised 
under the conditions of working can be calculated. 





From the purifier plant the gas is led to the meter 
room (Fig. 6), where the whole of it passes through a 
Parkinson meter, so.geared to a smaller meter as to pass 
on to it a definite fraction of the make, amounting to 
from 1 to 5 per cent. of the whole, which is received in 
a small gas holder. The outlets of the meters are so 
governed as to keep the outlet pressures constantly 
equal, the outlet of the small meter being specially 
governed so as to maintain its pressure constant, 
whether the gas is passing on to the holders or to the 
vacuum main. As.a rule the large meter discharges 
to the works exhaust main and the small meter to 
the sample holder, but sometimes it is necessary to 
discharge the gas from both meters into the works 
exhaust main. By these arrangements the meter 
readings measure the make with the necessary accuracy. 
A quantity recorder is likewise connected to the spindle 
of the large meter, with achart showing time and volume, 
and thus recording the amount of the make continu- 
ously. The same result is obtained independently by 
means of a speedometer connected to the spindle of the 











Fie. 6. Meter Room. 





Fie. 8. Purifier YARD. 


small meter. The gas is examined from time to time 
for calorific vaJues, composition, light spirit contents, 
&c., and benches are provided with calorimeters, 
gas analysis apparatus, charcoal scrubbers, and meters. 
The supply of gas for this purpose passes through a 
combination of quantity orifice and pressure governors, 
so as to secure accurately representative samples. The 
calorific value of the gas is recorded continuously and 
independently by the Fairweather, Thomas or Boys 
recording calorimeters. In a separate still room a 
10-gallon gas-heated experimental tar still, fitted 
with steam-coil, condenser, and receivers, is arranged 
so as to obtain complete control over distillation 
conditions. In thisstill the tars from various processes 
of carbonisation are distilled under standard conditions, 
the fractions being examined in the laboratory. Special 
attention is being given to the examination of products 
from the low temperature plant. It is intended also to 
install a small briquetting plant for the purpose of 
the quantitative study of the influence of blending and 
briquetting coal before carbonisation.. 
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EXHIBITS AT THE BRITISH INDUSTRIES FAIR, 


BIRMINGHAM, 











Fic. 76. ELecTRICALLY-DRIVEN GARAGE COMPRESSOR; 
Messrs. REAVELL AND CoMPANyY, LIMITED. 


THE BRITISH INDUSTRIES FAIR AT 
BIRMINGHAM. 
(Concluded from page 232.) 

IN our opening account of the Fair, we referred 
to the fact that further extensions to the buildings | 
have been made, giving a total area of about 
11 acres. The extensions which have been made | 
from year to year have been carried out with| 
considerable foresight, so that a series of separate | 
buildings connected by narrow passages has | 
gradually undergone a metamorphosis to a single | 
rectangular structure of imposing proportions. | 
This year it has been found possible, for the first | 
time, to letter the rows in regular order from one | 
end of the building to the other, with the result | 
that any stand can be found without difficulty. | 
Certain of the stands are in the open air at one side | 
of the main structure. In one case, this is probably | 
accounted for by the size of the exhibit, which 
could not well have been housed in the main hall, 
but in others it is presumably due to lack of accom- | 
modation under cover. If this is the case, it} 
suggests that still further extensions will be neces- | 
sary next year. We certainly trust that the practice | 
of exhibiting in the open air will not become a/| 
permanent feature of the Fair, as the normal} 
weather at the time at which it is held renders| 
such a practice very undesirable. 


Continuing our account of the exhibits, we may | 
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Bic... 77. 


Two-StaGe SineaLe-Actinc AIR COMPRESSOR ; 
Messrs. REAVELL AND Company, LIMITED. 














Fig..78.. PrtTrou-PARAFFIN AGRICULTURAL TRacTOR; Messrs. RusHton Tractors, LIMITED. 


the motor, the latter being wound for any standard 
direct-current or alternating-current supply. An 


point out that descriptions of many of the com- | automatic switch is provided to stop the motor when 
pressors made by Messrs. Reavell and Company, | the pressure reaches a maximum of 160 lb. per square 
Limited, Ranelagh Works, Ipswich, have already | inch, and to re-start it when the pressure falls to 
appeared in our columns. Of these we may mention | about 130 Ib. per square inch, thus ensuring an 
the rotary compressor, direct-coupled to a motor,| ample supply of high-pressure air to the receiver. 
described on page 222 of vol. cxxv, and the two-stage | The pressure limits may be varied to suit any par- 
double-acting machine described on page 674 of/| ticular requirements. The set is provided with 
vol. exxiv ; both these compressors are being shown | a pressure gauge, relief valve, drain cock, air-supply 
at the Fair. | 

shown by Messrs. Reavell, are illustrated in Figs. 76| tion. It can be supplied with wheels to form a 
and 77, above. The first of these is a garage} portable unit, if required. 

compressor, and, as will be clear from the illus-| The second set, illustrated in Fig. 77, is a two- 
tration, it consists of a self-contained electrically | stage single-acting compressor, suitable for pressures 
driven set. It is suitable for tyre inflation or other; up to 1,000 Ib. per square inch. It has been 
purposes in garages and service stations. The} primarily designed for charging the starting bottles 
compressed air is passed through an after cooler | of Diesel engines, and has a maximum displacement 
before entering the receiver, means being provided | of 59 cub. ft. per minute. It is fitted with an inter- 
to drain away any traces of oil which may pass over, | cooler between the two stages, and also with an 
thus ensuring that cold dry air is delivered to the| after cooler. The latter is contained in the same 
tyres. The after cooler and the compressor cylinder | casing as the intercooler, this casing being cast in- 
are cooled by a fan mounted on the compressor} tegral with the crankcase. The machine has two 
crankshaft, as shown. The rim of the fan forms a/ cranks with separate low and high-pressure cylinders, 
belt pulley, to which the drive is transmitted from | and is provided with splash lubrication. The 





Two new models, which are also being | cock, and 25 ft. of rubber hose with a tyre connec- | 


cylinders are made of close-grained cast-iron,- and 
the connecting rods are drop forgings. The pistons 
are very light, and provision is made on the big-end 
bearings for taking up wear. The details of the 
compressor, such as the valves, are similar to those 
|on the machines of this make which we have 
| previously described. In addition to compressors, 
Messrs. Reavell are showing a regulator for control- 


a range of pneumatic tools. 
| Although the market for agricultural tractors in 
ithis country is somewhat limited, there is a wide 





|and increasing field of application for them in the | 


Colonies. It is essential, however, that a machine 
designed for the Colonial market should be capable 
of utilising fuels other than petrol. 
of tractors on the world’s markets are designed’ to 
run on paraffin as an alternative to the lighter 
fuel, and a limited number of them are suitable for 
running on heavy oil or producer gas. We imagine 


by the designers of the new machine shown at the 
Fair, Messrs. Rushton Tractors, Limited, Feltham, 
Middlesex, since a model incorporating a Parker 
producer is available in addition to the standard 





ling the flow and temperature of gases, and. also ' 


The majority ' 


that these facts have received due consideration. 
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petrol-paraffin unit, and we are informed by the | and the fuel consumption is 1} gallons per hour at 
makers that promising results have been obtained | the normal working speed, on either paraffin or petrol. 
with heavier fuels, although a machine specifically | A number of small electric-lighting sets are being 
designed to utilise heavy oil is not included in the | shown at the Fair by various makers, but most of 
makers’ range. The tractor is marketed as aj|these sets have already been described in our 
standard agricultural model, as a roadless unit|columns. A new set of this type is, however, being 
with caterpillar track, or as a pneumatic-tyred | exhibited by Messrs. The Heatly-Gresham Engin- 
tractor for drawing one or more trailers on the road, | eering Company, Limited, of the Gresham Iron 
the latter application being one which is rapidly | Works, Letchworth, Herts. This firm are the 
increasing in popularity. | manufacturers of the ‘“‘ Rational” engines, examples 


We illustrate the standard agricultural model in | of which are shown varying from 2 to,28 brake horse- | atmospheric conditions. 
power. The new dynamo set, which is illustrated in | a8 the result of prolonged research by the British 
Fig. 79, above, is equipped with a”2-brake horse- | Research Association for the woollen and worsted 


Fig. 78, on the opposite page, which shows that it 
is of conventional appearance. In a sense, it may 
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small high-speed vertical engines. These engines 


|are designed to work on residual oil, and although, 
probably, their widest application will be for tractor 


or heavy-lorry work, they are also suitable for 
factory or other stationary power units. Two, 
four and six-cylinder models are shown at the Fair, 
the powers developed by the three models, at 
1,000 r.p.m., being 173, 35, and 524 brake horse- 
power. The engines will, however, operate satis- 
factorily at any speed from 500 r.p.m. to 1,500 r.p.m. 
The two-cylinder model is shown coupled to a Bull 
dynamo, and the four-cylinder model is fitted in a 
Garratt tractor. In addition to this new engine. 
Messrs. Blackstone are exhibiting a very complete 
range of their larger engines, together with the 
10-h.p. hopper-cooled engine described on page 41 
of vol. exxvi of ENGINEERING, and the lighting set 


| described on page 742 of the same volume. 


Amongst other exhibits that we have previously 
described may be mentioned the Avery-Linley 
balancing machine, with which we dealt on page 25 
of vol. cxxiv. This machine is being shown on 
the stand of Messrs. W. and T. Avery, Limited, 
Soho Foundry, Birmingham, in addition to a wide 
selection of the firm’s balances and weighing machines 
for all classes of goods. Balances are also being 
shown by Messrs. George Salter and Company, 
Limited, of West Bromwich, including the 100-ton 


| spring balance which we described in our account of 


the 1928 Fair. On the same occasion, we described 


\the mercury-in-steel dial recording thermometer, 


which is being shown, with other instruments, by 
Messrs. Negretti and Zambra, 38, Holborn Viaduct, 
E.C.1. The Steam Gauge Manufacturing Company, 
Sam’s Lane, West Bromwich, are showing gauges 
for steam, gas, air, and water, for low and high 


| pressures, together with fittings of various types 
for oxy-acetylene regulators, and for pressure and 


;vacuum tests, A useful automatic numbering 


machine is exhibited by Messrs. H. B. Sale, Limited, 
Summer Lane, Birmingham. This is intended for 
numbering metal parts automatically, and gives 
accurate alignment of the figuring, in addition to 
being much more rapid than the usual method of 
hand stamping with separate punches. 

The Fugitometer, which is being shown by Messrs. 
Kelvin, Bottomley and Baird, Limited, of 18, Cam- 
bridge-street, Glasgow, is an instrument for rapidly 
testing the fastness of dyed and coloured materials 





to the influence of light under definitely controlled 
It has been developed 


be said that the construction is also conventional, | power engine, and has been designed to meet the de- industries. The samples for test are placed in the 


but we were impressed by the careful attention | mand foralow-priced simple set, without the sacrifice 
which had been given to the design with a view to/ of reliability. The engine cylinder and crank-case 
the elimination of unhecessary weight, while| are a one-piece casting, on which all bearing and 
leaving the machine capable of really heavy work. | supporting brackets are also formed. The casing is 
Such a policy postulates high-class workmanship | completed by the detachable head, and by a single 
and material, and in both these points the tractor | inspection cover, of large size, on the crank-case. 
appears to leave little to be desired. Our only |The camshaft and magneto are driven by a shaft 
criticism, in fact, is with regard to the name|at right angles to the crankshaft, the two shafts 
“Rushton tractor,” as this is likely to lead to con-| being connected by skew gearing. The valves, 
fusion with the products of another firm. The| although totally enclosed, are readily accessible. 
engine is a four-cylinder model, with a cylinder|The governor is mounted on one end of the cross- 





bore of 41 in., and a piston stroke of 5 in. The /| shaft, and controls the speed variation within 2} per | 


normal crankshaft speed is 1,200 r.p.m., at which | cent. Thermo-syphon water-cooling is employed, 
speed the engine develops about 30 b.h.p., sufficient | but as the units are primarily designed for use in 
to draw a three-furrow plough through heavy soils. | hot climates, a hopper arrangement is not adopted, a 
It is unnecessary to describe the engine in detail, as | separate water tank being employed instead. The 
it is generally in conformity with the latest practice. | makers state that, in these circumstances, no fan is 
The pistons are of cast iron and a particularly heavy | necessary. The engine is designed to start on petrol, 
three-bearing crankshaft is employed. Cooling | a change over being afterwards made to paraffin by 
is on the thermo-syphon system, assisted by a water | the movement of a single three-way cock. As will 
impeller, and it is stated that the engine does not| be clear from the illustration, a distinctive appear- 
overheat in hot climates. Ignition is by high-| ance is given to the set by mounting the fuel tank on 
tension magneto, fitted with an impulse starter. | a column bolted to the bed plate. The tank is of 
An air cleaner is fitted as standard. The trans- | cast-iron and is, of course, divided into two compart- 
mission is of the orthodox selective type. There|ments for petrol and paraffin by an internal 
are three forward speeds, giving road speeds of| wall. The paraffin is vaporised by the usual 
1}, 23 and 44 m.p.h. at the normal engine speed. The | exhaust-heated manifold. The output of the dynamo 
second gear is usually employed for ploughing, | is approximately 1 kw., and it can be supplied for 
the draw-bar pull on this gear being over 3,250 lb. | any of the usual voltages up to 230. 

The gear-box incorporates the usual reverse gear,| The spring-injection principle, on which the 
and is of very substantial construction. The final | engines manufactured by Messrs. Blackstone and 
drive is by overhead worm, with a bevel-type | Company, Limited, of Stamford, operate, has been 
differential. Provision is made for a belt drive for | described in our columns on several occasions, but 
operating binders or other machines. The unladen | we note with interest that the firm are embodying 


weight of the machine is approximately 2 tons, | this method of injecting the fuel in a new range of | at 450 cycles. 


| 


| closed swatch boxes, illustrated in Fig. 80, on 
| page 264, which are symmetrically arranged round 
a special form of carbon-arc lamp of intense actinic 
power. A humidifying chamber and fan motor are 
built into the apparatus, and are used for circulating 
a constant current of humidified air through the 
swatch boxes. The latter are hinged, so that the 
samples may be inspected during a test without 
disturbing or interrupting the flow of humid air. 
The Fugitometer can also be used for testing 
leathers, papers, lithographic colours and printing 
inks, and can be operated from either a direct-current 
or alternating-current supply. 

The same firm are exhibiting a fluorescence cabinet, 
the object of which is to provide the chemist, 
physicist and biologist with a means of rapidly 
analysing materials in a beam of ultra-violet rays. 
This is illustrated in Fig. 81. The light source 
is a mercury-vapour quartz lamp, the emission from 
which is filtered through a special glass screen, so 
that only the ultra-violet rays fall on the sample 
under test. The characteristic fluorescence thus 
excited renders defects and adulterations easily 
visible to the eye. Shadowless operating lamps for 
surgeons, and mercury-vapour lamps, as well as the 
Econometer CO, tester, a smoke-warning indicator 
and the Pneumercator distant water gauge are also 
being shown. 

Messrs. Bull Motors, Limited, of Ipswich, are show- 
ing a number of special machines, in addition to 
examples of their standard direct and alternating-cur- 
rent motors, and a self-contained electrically-driven 
pump. Mention may be made of a motor-driven 
high-frequency alternator, which supplies 2 kv.-a. 
This machine, which is illustrated 
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in Fig. 82, is typical of the plant which is being 
supplied to the Post Office and telegraph companies , 
for wireless purposes, and in its design, special atten- 
tion has been paid to the question of speed regulation, 
in order that the frequency shall be maintained con- 
stant. In addition, is shown a series motor and air 
compressor, in one unit, of the kind of which a large 
number have been supplied to an important tramway 
undertaking, while in the vertical-type pump motor, 

‘ also exhibited, special attention has been paid to the 
question of efficient ventilation. 

Among the firms who are showing for the first 
time at this year’s Fair, mention may be made of 
Messrs. Birmingham Electric Furnaces, Limited, 
of 55, George-street, Birmingham. Their display 
includes one of their box type Birlec furnaces, with 
a hearth measuring 6 ft. 6 in. long by 3 ft. 9 in. wide. 
This furnace, which is illustrated in Fig. 83, on 
page 270, is arranged for mechanical charging, and is 
intended for carburising purposes. The refractory 
lining is of specially shaped firebricks, which are 
interlocked with tongues and grooves. This lining is 
surrounded with protective bricks and powder of 
varying thickness, and is supported by the outer steel 
shell, special care being taken that the insulation 
is maintained effectively as possible. The door is 
counter-balanced and swings open with a parallel 
motion, so that the hot face is kept away from the 
operator. Its inner half fits closely into the furnace 
opening, while the remainder makes an equally good 
fit on the frame. The inner surface is made of 
nickel-chromium alloy, while the space between 
the latter and the outer face is unusually wide and 
is filled with insulating material. A brick arch is 
used for the interior of the furnace. 

The heating elements consist of nickel-chromium 
strips, and are mounted on the inner surfaces of the 
refractory lining. An interesting feature is that 
the elements are carried on nickel-chromium, and 
not on refractory, supports, an arrangement which, 
it is claimed, prevents hot-spots and allows a high 
rate of heating to be obtained. When the elements | 
are mounted on the walls, they are protected from | 
the charge by cast nickel-chromium guards. Auto- 
matic temperature control is effected by a thermo- 
couple, or a regulator working on the expansion 
principle can be fitted, both devices enabling the 
temperature to be maintained constant within a 
few degrees. The furnace is started up and shut | 
down by means of a time switch. 

The same firm are also showing two portable-type | 
furnaces, one of which we illustrate in Fig. 84. This | 
is designed to operate on either a single-phase or a | 
two-phase circuit, and has a hearth 30 in. long by | 
16 in. wide. It consists essentially of a welded-steel 
cylinder lined with refractory and Sil-o-Cel insulating | 
material, 44 in. to9in. thick. The hearth is flat, and | 

is covered with nickel-chromium plate. The heat- | 
ing elements, which consist of strips of the same 
material, are mounted in the roof, at the sides, and | 
on the hearth, so that a very even distribution of | 
heat is obtained. The door is of a pattern similar 
to that described above, and closes tightly, without | 
clamping. Any desired temperature, up to 1,000 | 
deg. C., can be maintained by automatic control. | 
The current is cut off automatically when the door | 
is opened, and all connections are enclosed in a} 
false back. 

The most novel exhibit of Messrs. The Incandes- | 
cent Heat Company, Limited, Cornwall-road, 
Smethwick, is an annealing furnace for non-ferrous | 
metal components. This furnace is of the conveyor | 
type, and the operation is practically automatic. | 
It comprises a charging table, a gas-fired radiant- 
heat annealing chamber, and a cooling chamber. | 
The whole of the working chamber space is purged 
with an inert gas, which excludes all free oxygen, to 
prevent oxidation during annealing. The inert 
gas is produced in a generator constructed as an | 
integral part of the plant, which is therefore 
entirely self-contained. The furnace can be, 
heated by town or producer gas, oil, coal, 
coke or electricity. The same firm are showing 
a variety of other furnaces, some of which were 
described on page 307 of vol. cxxi of ENGINEERING. 

Messrs. The Electric Furnace Company, Limited, 
17, Victoria Street, London, S.W.1, are exhibiting 
photographs of the various types of furnaces 
installed by them, but as these furnaces are 


jalloys. As is well known, the high-frequency) A;reRnaror: 
Y| ALTERN: ; 
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generally too large to enable them to be shown in | 
operation at an exhibition, they are only displaying | 
a7 kv.-a. unit of the Ajax-Northrup type to demon- | 
strate the principle of high-frequency melting. | 
These small furnaces are suitable for use where only | 
small melts are required, and are being commer- | 
cially employed in America for making dental | 














Motor-DrRIVEN HIGH-FREQUENCY 
Messrs. Butt Motors, Limrrep. 


Fig. 82. 


currents used in these furnaces for generating the 

necessary heat are obtained from a converter, | tower, which is being shown just outside the entrance 
which consists of a special oil-cooled transformer | to the Fair, by Messrs. Braithwaite and Company 
to step the supply voltage up to that required for| (Engineers), Limited, of West Bromwich. An 
charging a bank of condensers, the condensers | illustration of this tower with its insulators, which 
themselves, and the necessary control gear. The! have been supplied by Messrs. Steatite and Porce- 
whole of this equipment is enclosed in a metal cage, | lain Products, Limited, of 56, Victoria-street, 
with the exception of the main switch control! London, 8.W.1, in place, is given in Fig. 85, page 
handle and the wattmeter and fuses, which are | 270, which also shows two full-sized railway wagons, 
mounted on a slate panel. The furnace, the| weighing nearly 15 tons, supported from one of the 
diameter of which varies according to the loading, | insulators to indicate the high margin of safety 
from 2 in. to 10 in., consists of a water-cooled coil) possible. The special feature of these insulators 
surrounding a tube of electrical insulating material. |is that the pins are fixed by purely mechanical 
The crucible, which is surrounded with heat-| means, so that great strength is obtained. The 
insulating material, is placed in this tube. If the | arcing ring is also fixed in the same way. 








material to be melted is a conductor, a non-conduct- | 


ing crucible can be used; otherwise, the latter 
must be made of graphite. 

Among the other exhibits is a metal liner which 
is used in the Efco process of formed linings. 


This process enables the linings to be baked in situ, 


and thus greatly reduces the cost of the refractories. | 
In addition, the body of a 1-ton Ajax-Northrup | 
This is identical with | 


furnace is being shown. 
one now being erected in France, and, we understand, 


is considerably larger than any similar plant in | 
operation. 
Those who believe that the construction of the | 


national transmission system by the Central 
Electricity Board will inevitably 
amenities of a countryside which has successfully 
withstood the shocks of petrol pumps, advertisement 


disturb the | 


The overall height of the tower above the ground 
is 78 ft. 3 in., the distance between the legs forming 
| the base being 18 ft. 6 in. It has been designed to 
| withstand a vertical load made up of the weight 
of the conductors, insulators and fittings together 
| with a coating of ice of }-in. radial thickness, and 
|a transverse load made up of a wind pressure of 
8 lb. per square foot on the whole projected area 
of all the conductors when coated with ice, the 
horizontal resultant of the conductor tensions, and 
a wind pressure of 25 lb. per square foot on 1} times 
| the projected area of the members of one face of the 
tower. It is further assumed that the tower 
may be subjected to additional stress owing to the 
conductors breaking. The factor of safety against 
| tower or foundation failure is 2-5, when the stresses 
| correspond to the maximum loading conditions 


hoardings and post-war cottages, may have their| with unbroken conductors, but under maximum 


opinions confirmed, or contradicted, by the standard 


| loading and broken-conductor conditions the factor 
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of safety is 1-5. The tower material is of mild steel 
to the requirements of British Standard Specification 
No. 15. The minimum thickness of the main struc- 
tural members is ¥-in., and of the other members 
%s-in. The design is such as to reduce the number 
of different sections used to a minimum, and great 
care has been taken to ensure accuracy in manu- 
facture. The steel is galvanised by the hot process, 
the zinc coating being applied at the rate of 2 oz. 
per square foot of surface. 

As regards the insulators, their strength is such as 
to give a factor of safety of 2} when the string is 
supporting its maximum working load of 4,000 Ib. 
The arrangement of the arcing rings and horns is 
sufficient to give a minimum net flash-over voltage 
of 340 kv., the normal voltage to earth being 
76 kv. The factor of safety is therefore 4-5. 
The weight of each string of insulators is 
128-75 Ib. 

Messrs. The Rapid Magnetting Machine Company, 
Limited, of Lombard-street, Birmingham, are 
exhibiting a separator with jig-shaker feed. This 
embodies a rotary separator with stationary magnets, 
about which the drum revolves. A totally-enclosed 
pattern of clutch, 20 in. in diameter, and intended 
for use on line shafting, is also exhibited. An 


interesting equipment is the new chute-type separa- | 


tor, in which the electro-magnetic device is inter- 


locked with the switchgear so that, should the | 
current fail, not only does a collapsible bridge | 


divert any iron that may be adhering to the poles, 
but the feed is automatically cut off and an alarm 
bel! rings. 


In concluding our review of the electrical equip- | 
| manufactured products. nt ’ e : 
| purpose to include a full list in our description of | projecting pipes with matting does not make for a 


ment shown atBirmingham, we may say that it has 
not been possible for us to give any detailed 
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! 
|ciple. The vortex action, already referred to» - too well known to require detailed description ; 
|occurs due to the brisk circulation set up in|the same remark applies to the Cochran boiler 
the liquid passing from the front false bottom | shown by Messrs. Cochran and Company (Annan), 
| to the flame chamber, and returning by the upper | Limited, of Annan. The “Little Giant” tools, 
| connection to the rear false bottom, which termi- | shown by Messrs. The Consolidated Pneumatic Tool 
| nates at the top in an open lip. The unit is provided Company, Limited, 170, Piccadilly, London, W.1, 
| with a thermostat, mounted horizontally in the | will be equally familiar to our readers, but it may 
front false bottom, and with a drain-cock for draw- | be mentioned that the same firm are showing an 
ing off the liquor. ‘automatic straight-lift hoist. This hoist is made 
Messrs. Broom and Wade, Limited, High | in a range having capacities, at a pressure of 80 Ib. 
Wycombe, are showing two portable petrol-driven | pet square inch, from 1 ewt. to 40 ewt. They can 
| compressor sets, two stationary compressors, and a_ be supplied with either steel or cast-iron cylinders, 
selection of pneumatic tools. The compressors | and are fitted with a regulator safety valve which 
| have already been described in our columns, but we | operates automatically, preventing the load from 
|have not previously referred to the sand rammer, | falling in case of an interruption of the air supply. 
|shown in Fig. 86, page 270. This tool is designed; The exhibition closes this evening, and while it 
| especially for use where extremely heavy ramming is | is, of course, too early to give the official attend- 
required, and it is claimed that the work is done | ance figures, we understand that those of previous 
|in one-fifth of the time taken by hand, although, | years are likely to be exceeded. This, if true, is 
|at the same time, the sand. is compressed quite | particularly satisfactory in view of the exception- 
| uniformly. The valve is of the Clement-Stevens | ally unfavourable weather ruling during the past 
| plate type, and is similar to that employed on Messrs. | fortnight, which will tend to strengthen the feeling 
| Broom and Wade’s well-known road breakers. The | already existing that February is hardly the best 
| packing gland for the plunger is kept in position by a| month for holding an exhibition of the import - 
| spring, and will not work loose. It is so arranged | anc of the Fair. No blame can be attached to the 
| that the operator can tighten the gland while the | authorities for the fact that the buildings were not 
rammer is in use, by turning the cap which can be | adequately heated, particularly in the first week, 
seen at the lower end of the rammer body in the/as the low temperature was yuite abnormal. 
illustration. The overall length of the rammer is | There can, in fact, be very little criticism of the 
4 ft. 8in., the weight 35 Ib., and the air consumption | organisers by any impartial visitor, as the Fair, as 
| 35 cub. ft. of free air per minute at 100 Ib. per|a whole, reflects the greatest credit upon everyone 
| square inch pressure. | concerned with the manifold details of its imple- 
In our previous issue we referred to the displays | mentation. If one criticism may be offered, in 
of various metals in the form of sheet, bars, and semi- | conclusion, it is that the flooring of the alleyways 
It would serve no useful| might be improved, as the practice of covering 








description of the large amount of heating and | firms exhibiting such products, but, in addition to | comfortable or safe foothold. 


cooling apparatus that is on view. 
of firms exhibiting this class of product is, however, 


larger than last year, and the equipment itself is | 
more substantial and better calculated to perform | 
The same | 


efficiently the work it is designed to do. 
may be said of the lighting fittings. 
Various applications of the Hammond system of 
submerged combustion are shown on the stand of 
Messrs. Submerged Combustion. Limited, 28, 
Victoria-street, Westminster, S.W.1. These consist 
of a unit for melting lead, with an output of 1,000 lb. 
per hour, combustion units having capacities up to 
375,000 B.Th.U. per hour, and a Vortex dyeing drum 
for use in the dyeing and cleaning trades for dyeing 


The number | those already mentioned, we may perhaps refer | 
| to Messrs. British Rolling Mills, Limited, of Tipton. 








We described an automobile case-hardening steel, THE PROPERTIES OF STEAM. 


manufactured by this firm, on page 796 of vol.cxxiv| THE important work now in progress in America 
of Enerneerine. This steel is being shown at | on the properties of steam is dealt with in a number 
the Fair with other well-known “ Brymill” steels,| of papers published in the February issue of 
in addition to two new products of the firm. One| Mechanical Engineering, the official journal of the 
of these, known as Brymill CH2, is a free-cutting | American Society of Mechanical Engineers. So 
case-hardening steel, while the other, known as| far as the properties of steam at the higher pressures 
| Brymill X, is a steel suitable for difficult pressings, | are concerned, most of this work will require recon- 
‘and is claimed to render the usual intermediate | sideration in the light of Professor Callendar’s 
‘annealing of such pressings unnecessary. In| Royal Society paper which was reprinted in our 
concluding our description of this class of exhibit, | issues of October 26 and November 7 last, pages 
it may be mentioned that a particularly interesting 530 and 567. It was there shown that, in the 


made-up goods such as hats, shirts, or hosiery. This | range of malleable castings is being shown by 
unit, which is constructed throughout of Monel | Messrs. Ley’s Malleable Castings Company, Limited, 
metal, is illustrated in Fig. 87, page 270. Inaddition | Vulean Ironworks, Derby. These castings are of 





to heating the dye liquor, a vortex is created by 
the action of the flame, rendering it possible to 


dispense with a paddle or other mechanical apparatus | 


for turning over the goods in the liquor, an operation 
which is essential to obtain uniform dyeing results. 
As will be clear from the illustration, the body of 
the apparatus consists of a steel drum mounted on 
three substantial tubular standards. The goods are 
introduced through an opening at the top, covered 
by a hinged lid, and, as in some of the processes 
for which the unit is suitable the liquid must be 


the highest quality, and are suitable for all uses 
| where the material is subjected to stress. As they 
| are free from hard spots, they are also suitable for 
| cases where the castings have to be machined. 
Among the exhibits which are too well known to 
‘require detailed description may be mentioned a 
| multi-stage turbo exhauster shown by Messrs. 
| Sturtevant Engineering Company, Limited, 147, 
| Queen Victoria-street, E.C.4. This machine is 
| direct-coupled to a 10-h.p. electric motor, both 
| units being mounted on a common cast-iron base. 


under pressure, a seal is provided on the inside|The same firm are showing a portable turbine 
face of the lid and the latter is held down by a Cleaner, driven by belt from a 4-h.p. motor, and 
catch drawn tight by a cam The catch is locked complete with a dust separator. This set is intended 
in position by a safety device, which, on release, | for workshop and industrial vacuum cleaning ; 
opens a relief valve to the atmosphere. It is| two smaller sets for the same purpose are also 
therefore impossible for the operator to open the | exhibited, one being driven by a 2-h.p., and the 
lid while the drum is under pressure. The burner, | other by a }-h.p. motor. Another exhibit of a 
which cannot be seen in the illustration, is mounted | well-known product is that of Messrs. Robt. Warner 
vertically behind-the drum with the nozzle projecting |(Pumps), Limited, of Newcastle-on-Tyne. The 
downwards. Combustion actually takes place in| pumps made by this firm, which, in the past, were 
the liquid in the lower part of the tube or casing | manufactured by Messrs. Robert Warner and Com- 
surrounding the burner. This tube can be seen in | pany, will be familiar to the majority of our older 
the figure, and it will be noticed that it is connected | readers, and we understand that these pumps have 
to the drum by an inclined pipe. This pipe enters | again been put into full production. 

a false bottom at the front of the drum, and there is| Messrs. Boulton and Paul, Limited, Norwich, 
a second pipe connected tothe burner casing at a| are exhibiting examples of their “ Electolite” 
higher point, and entering a second false bottom at | automatic lighting sets, portable fire pumps, and 
the rear of the drum. The front false bottom is | water elevators, all of which we have previously 
perforated to allow a free flow of liquid from the | described in our columns. Messrs. The Crosthwaite 
drum proper to the lower space. The flame is | Engineering and Furnace Company, Limited, York- 
formed in a tube of refractory material in the | street, Leeds, are showing their mechanical stoker 
lower part of the burner casing, and, as already | and self-cleaning furnace installation, and a second 
stated, the combustion takes place within the liquid, | self-cleaning furnace specially designed for the econo- 


‘neighbourhood of the critical point, the form of 


border curve differed fundamentally from what had 
hitherto been assumed, and that, though the 
meniscus disappeared at 374 deg. C., the respective 
specific volumes of steam and water did not coincide 
till a temperature of 380-5 deg. C. was attained. 
Fortunately, the properties of steam in this region 
have little practical importance from the engineering 
standpoint, since extra-high pressure steam, to be 
used in a turbine, must be given a substantial super- 
heat in order to avoid excessive wetness in the 
low-pressure section. Hence the revised Mollier 
Chart described in the paper submitted by Mr. J. H. 
Keenan, though necessarily inaccurate in the neigh- 
bourhood of the saturation line at high pressures, is 
probably adequate for the needs of the practical 
designer. The one objection that might be made is 
that graphic extrapolation has been resorted to, and 
all extrapolations which are not based on physical 
theories necessarily involve some element of danger. 
A paper on “ A General Steam Equation ” has been 
contributed by Professor R. C. H. Heck, but, as 
Callendar’s recent discoveries were unknown to 
the author, his work was unavoidably based upon 
the old conceptions as to the character of the 
critical region. It is therefore not surprising that 
the author feels himself unable to take “ an opti- 
mistic view as to the probability of a close fitting 
general equation for steam.”” A progress report sub- 
mitted on the work undertaken at the Massachu- 
setts Institute of Technology, by Messrs. Frederick 
G. Keyes and Leighton B. Smith, records mainly 
disappointed hopes, due to the failure of the nickel 
container used. The new one is to be of chrome- 
vanadium steel. Presumably the resistance of this 
to the action of water at high temperatures will 
be carefully studied, since very small gaseous 





on the well-known submerged combustion prin-! mical burning of waste fuels. Both these exhibits 


contaminations may lead to material errors. 
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Fig. 35 .ANTI-VACUUM VALVE AT CHANGE 
F PIPE GRADIENT. 

















Fig. 4. VALVES IN OPEN AND CLOSED PosrTIons. 


Water at times seems, indeed, to come near to| 
realising the alchemists’ dream of a universal solvent. | 


approaches shown in Fig. 1 on this page, may be taken. 
The hydraulic gradients, at normal pressure, under 
Another progress report, drawn up by Messrs. such conditions as those referred to above, and under 
N. 8S. Osborne, H. F. Stimson, and E. T. Fiock | free discharge, are shown in the figure. It will be 

describes the work done at the Bureau of Standards | Ag that, in the second ~~ the gradient falls below | moving parts completely F enclosed. The Glenfield 
on the total heat of water between 0 deg. C. and | ihe Seni of the. gigs: San, et oe ~— column | anti-vacuum valve, shown in Figs. 2, 3 and 4, above, 
mde = - met eer gu. | may, therefore, sever at one or more points along | fulfils these conditions, while having ample capacity 
270 deg. C. ; A paper by Professor Jaroslav |}its length, or may collapse throughout the greater | for passing very large quantities of air. It is manu- 
Havliéek describes experiments on the properties | part of its length simultaneously. The determination | factured by Messrs. Glenfield and Kennedy, Limited, 
of steam, made at the Marsyk Academy of Work, | of the correct positions for anti-vacuum valves is|of Kilmarnock, and the valves shown were installed 
and compares the results with those obtained by| thus a matter for careful consideration. Means for|on the Maentwrog scheme, described on page 496 
American workers; the| the influx of air may be required at each change of | of vol. exxvi of ENGINEERING. We understand that 
| gradient along the pipe, as shown in Fig. 5, or, in| similar valves are being supplied by the same firm 
the case of a single steep pipe line, protection may | for the new Lochaber power scheme. It will be seen 





Callendar and by the 
author announces that, in view of Callendar’s recent 
discoveries, further work is to be undertaken by | 
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him. 

In a highly interesting introductory note, Mr. 
G. A. Orrok gives particulars of the amount 
expended, up to date, on the American research. 
The figure is 72,270-76 dols., and covers 7 years’ 
work. In addition to the above, a further sum of 
some 20,000 dols. has been spent by the Massa- 
chusetts Institute of Technology, and another 
15,000 dols. by Harvard. Mr. Orrok states, that 


| be needed only at the top. On the other hand, an| 
| anti-vacuum valve may be necessary on a practically | 
| horizontal pipe on the downstream side immediately 


| adjacent to a shut-down valve, as shown in Fig. 6, | 
| to supply air to the evacuated pipe when the valve | 
|is closed. 

| The estimation of the correct ventilation for any 
|given situation is always somewhat problematical. | 
| Given the pipe dimensions and the line profile, how- 
| ever, there is usually no great difficulty in determining | 
| the extreme maximum quantity of air which would | 


from the figures that the design is very compact, 
particularly when compared with a long open vent 
pipe or with groups of small multiple valves. The 
moving parts are completely enclosed, giving effective 
protection against dust, rain, or snow, thus avoiding 
any danger of the valve sticking from such causes. 
The valve orifice is completely shrouded by an annu- 
lar cowl protecting the seating ring, and also serving 
to provide a passage of large area for the incoming 
air. A cross section through the pipe and valve, with 
the latter in the open position, is given in Fig. 7. 


during his recent visit to Europe, he found a general | be required under the worst possible conditions. | 


The air enters at a low speed, and gradually accelerates to 


feeling that no final publication should be made) A certain degree of vacuum is necessary to set up the full orifice velocity within the valve passage, resulting 
until an international understiunding concerning|the air flow from the atmosphere to the interior | in a relatively slight air disturbance in the neighbour- 
| of the pipe, and provision should be made to pass| hood of the apparatus, and minimising the tendency 
|the maximum quantity of air through the anti-|of the air to entrain loose material. The passages 
/vacuum valve without necessitating a vacuum high | are smooth and are formed with a view to eliminating 
ANTI-VACUUM VALVES FOR PIPE &"°ugh_ to endanger the pipe. Certain empirical | pulsations and turbulence. Protected drains are 
LINES |ratios between the air-valve orifice and the pipe) provided for moisture condensing within the enclosed 
. |area are often employed. Ratios of this type,| housing; the valve orifice is self-draining and the 
Tue formation of a vacuum in water conduits | however, can only be misleading, because the deter-| valve seats are designed with a view to preventing 
may lead to the collapse of the pipe, with serious | mining factor must be the rate of separation of the | their freezing up. All the moving parts are of non- 
consequences, and effective protection against such | water column from the pipe wall. The air requirements | corrodible material. except those constantly immersed 
a contingency is essential if the pipes are of large | must, therefore. be calculated in each individual case | in the oil in the dashpot. The more important bushes 
A vacuum will be formed whenever the water | from considerations of the pipe profile and of the| are of the type which do not require 'ubrication. 


the data had been reached. 


size. 


column is broken, and may be caused by the shutting 
of a valve, by a sudden change in the load on the pipe, 
by a burst in some other part of the line, or by turbine 
a typical 


failure. As illustration, the penstock 


accelerating forces on the water. 

Turning now to the design of the anti-vacuum 
valve itself, the chief considerations are that it should 
be compact. immune from freezing, and have all 


The valve-contro"ling mechanism mav be either of the 
completely-automatic or semi-automatic type, as 
required The completely-automatic type is shown in 
F'g.3. Due tothe heavy weight of large valve discs, and 
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Fig. 7. ANTI-VACUUM VALVE ON 
PENSTOCK SHOWING AIR INFLOW 


Fig. 6 .ANTI-VACUUM VALVE ON DOWNSTREAM 
SIDE OF SHUT DOWN VALVE. 
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Valve Travel -vxcmeennc: 


(1075.4) 


Valve Travel -wanessmc 


the necessity for sensitive balancing, the counterpoising | and the quantity of water escaping through the orifice, | 


(1075.F) 


mechanism must be both robust and responsive. This | before closure is finally completed, is negligible. 
applies to both types of valve, but more particularly'| The semi-automatic type of valve is very similar to 


with the full-automatic type. Referring to Fig. 3, the | that already described, but the controlling mechanism | 


valve and its balancing counterweight are suspended | is arranged for automatic opening only. The type is 
from opposite ends of a cranked lever pivoting on a | sometimes preferred in cases where the pipe line is ill- 
pin, the parts being so designed that, by adjusting the | adapted to resist excess external pressures, as for 
sliding weight, the valve may be balancec at any desired | example, when the line is made up of large diameter 
point of its stroke. Thus, when swinging freely, the | thin steel tubing. In such a case, the counterweight is 
valve may be balanced in a partially-opened position, | designed to balance the valve in approximately the 
rendering it self-opening whea closed by hand, or, if | shut position, so that it is held lightly on to its seat. 
opened more widely, causing it to return to the position | The pressure of the water is then sufficient to retain a 
of equilibrium. In Fig. 8, the turning moment is/| tight seating, and should the pressure fall below that 
plotted against the valve travel for the counterweight | of the atmosphere, the valve opens immediately to its 
and valve, respectively, the position of equilibrium | full extent. Such valves are usually re-set by hand, 


corresponding to the point at which the resultant | after the plant has been reconditioned for normal | 


turning moment passes through the zero line. To| working, although if this operation is neglected, the 


the left of this position, a restoring couple exists rising water will reset the valves automatically when | 


in one direction, and to the right, in the opposite | overflow occurs through the orifice. The curves 


direction. Movement of the counterweight, as already | corresponding to this type of valve are plotted in! 


mentioned, provides an adjustment for the neutral | Fig. 10. 

position, so that different degrees of self-opening, from; With either type of valve, a dash pot is fitted to 
about one-quarter stroke to zero, are available. On/ avoid the possibility of the heavy moving parts being 
account of friction, the mechanism is necessarily inert set in oscillation. The dashpot permits free move- 
for a small portion of its travel, but this inactive | ment in the downward, or opening, direction, but offers 
region is reduced to negligible proportions by the rapid | a resistance in the opposite direction. By this means, 
change of movement near the neutral position. Data | air pulsations set up by the surging of the water in the 
taken from an actual 18-in. valve are plotted in Fig. 11.| pipe, or by other causes, cannot be communicated to 


The moving masses, in this case, exceed 2} cwt., but | the valve, which simply opens wider under the influence | 





the automatic action is shown to be effective over 80 per | 
cent. of the valve travel. As will be clear from the 
diagram, the valve opens to its full extent with a vacuum 
of approximately }-lb. per square inch in the pipe. 
During the normal operation of the plant, the valve 
is held shut by the water pressure in the pipe acting | 
on the underside of the valve head. Should this pressure 
fall below that of the atmosphere, the valve auto- 


of the pulsations. For many purposes, a dashpot 
which offers uniform retardation meets all require- 
ments. Such a dashpot is shown in Fig. 9, but by a 


| simple modification, effected, as shown in Fig. 2, by | 
the introduction of a tapered needle, the degree of | 


cushioning may be made to vary with the travel. 
With the completely automatic type of valve, the 


combination of a dashpot having constant retardation | 


matically opens, and a vacuum equal to ] in. of mercury | with the varying closing movement of the counter- 


causes it to open to its full extent, when a very wide | weight, gives a smooth variation in the closing move- | 


11. TEST OF 18” ANTI-VACUUM VALVE. 
Counterweight at 


7: 
2: 
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Valve Travel in Inches i 
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gradually-increasing retardation towards final closure, 
| the graduation being controlled by the form of the 
needle. With the partially-automatic type of valve, a 
| varying rate of retardation is an advantage, increased 
| cushioning being obtained as the valve approaches its 
|seat. The needle type of dashpot is therefore fitted in 
| this case. 

It will be observed, from Fig. 4, that a small auxiliary 
air escape valve is provided on the shroud. This acts 
as a safeguard, and is of special convenience when 
| filling the pipe line. During this operation, the enter- 
ing water is naturally turbulent, and entrained air 
continues to rise after the main valve has closed. The 
auxiliary valve provides a vent for such air. In 
addition, during specially-rapid filling with the full- 
| automatic type of valve in use, if the latter is balanced 
at small partial openings there is a slight possibility 
that the escaping air may blow the valve on to its 
|seat. The auxiliary valve eliminates the possibility of 

such an occurrence, and finally, when fitted to the 
semi-automatic type, permits the main valve to be 
;reclosed by hand, if desired, before the pipe line is 
| filled. 


STANDARDISATION OF CHINESE MEASURES.—Some 
time ago the National Government of the Republic of 
China issued a proclamation in which it was stated that. 

| as from January 1, 1929, the unit of measurement was 
| to be the metre (3-2808 English feet). Unfortunately, 
however, a needless complication has been introduced 
by calling the new unit. the “‘ Standard Foot.’’ More- 
over, one-third of the standard foot is to be called the 
‘Market Foot,” and this, coupled with the fact that 
an older measure entitled the “Construction Foot,” 
shorter than the market foot, but longer than the 
| English foot, is apparently to be retained, will almost 
certainly cause additional confusion. 


ACTIVITIES OF THE CZECHOSLOVAKIAN Post Orrice, 
—Figures issued by the Czechoslovakian Bureau of 
Statistics, show that the profits of the National Posts, 
Telegraphs and Telephones Department amounted to 
783,187/. during 1927, an increase of no less than 
309,144/. over the previous year’s figure. The larger 
profit realised is ascribed to improved commercial con- 
ditions, to the raising of telephone charges, and to the 
increased participation of the postal administration in 
broadcasting fees. The pos omnibus service was 
improved during 1927, passenger transport routes were 
increased from 112, having a total length of 2,484 kilo- 
| metres, in 1926, to 119, aggregating 2,651 kilometres 
in 1927. The passengers carried increased from 
3,523,000 to 4,464,000 and the goods transported from 
385,166 tons to 440,344 tons. During the period under 
review, a substantial increase was recorded in air-trans- 
port receipts. On the inland routes 390,585 kilometres 


In these circumstances, the valves comes | were flown during 1927 as against 181,882 during the 


passage is offered for the flow of air. On the air ceasing | ment. } ; ; I 
previous year. On international lines the total distance 


to flow, the valve returns to its position of equilibrium, | to rest gradually at the neutral point, and adjustment. B Turina 1987, was 978.102 kilomet : " 
when sufficient free opening remains for the escape of | of the rate of retardation is provided by regulating the | ee Seen ee ee ee 

: 5 ° * : : : with 336,880 kilometres during the preceding twelve 
air during the refilling of the pipe. Finally, when the | oil throttle valve. A dashpot of the variable-retarda- |) onths. ‘The number of telephones rose from 114,94:; 
water comes into contact with the valve head, the valve | tion type may also be used, however, with the full} j,, 1926 to 119,822 in 1927; expressed as units per 
is again closed. Owing to the large area of the head, | automatic valve, in which case the cushioning is | 10,000 of population these figures become 80-4 and 83-2 
a very small water pressure suffices to close the valve, | graduated to allow rapid initial self-closing with ' respectively. 
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THE RECONSTRUCTION OF THE. 
CHARING CROSS UNDERGROUND | 
STATION. 

THE increasing number of passengers who, year 
by year, use the Underground railways of London, 
has imposed upon the management the necessity of 
rearranging and expanding the station accommo- 
dation, especially at places where interchange facilities 
between two Tube railways or between a Tube railway 
and a trunk system are provided. Examples of this 
reconstruction are to be found at Oxford-circus, 
Tottenham Court-road and the Bank, to mention 
only three, and more recently at Waterloo and 
Piccadilly-circus, the works in connection with both 
of which have been fully described in ENGINEERING. 
The latest example of this important type of improve- 
ment is to be found at Charing Cross, where one | 
booking hali and upper circulating area serves the | 
shallow level District Railway and the deeper 
Bakerloo and Hampstead Railways. This station | 
has always been the centre of considerable traffic, | 
especially at rush hours, and its importance in this | 
respect was greatly increased when the connection | 
of the last-mentioned line with the railway to Morden | 
increased the number using the station by 26,000} 
passengers a day, making the total number no less | 
than 100,000 passengers in the twenty-four hours. | 
It was, therefore, decided to add considerably to the | 
facilities for rapid interchange and entirely to remodel | 
the whole station. 

The work necessary for this purpose was begun in 
January, 1926, and is now completed, apart from a 
few minor details. The first stage was the recon- 
struction of a new circulating area beneath the 
District Railway tracks, so as to provide a convenient 
centre of interchange between that railway and the 
two Tube railways below. At the same time a stair- 
case was built to connect this circulating area with | 
the west-bound platform of the District Railway. | 
The second stage was to drive two new escalator | 
tunnels between the circulating area and the new south- | 
bound platform of the Hampstead Tube. Thirdly, 
two escalators were constructed between the street | 
level and the circulating area, thus increasing the 
number of escalators available at this station from | 
four to eight. Finally a new booking hall, cover- 
ing the site of the original arcade structure but: 
of three times the area, was built. This hall now 
extends practically the whole length of the District 
Railway platforms, being 112 ft. long, 83 ft. wide, 
and having a superficial area of 10,000 sq. ft. It is 
13 ft. high with a central clerestory of 18 ft., and is 
supported on steel columns cased with glazed terra- 
cotta tiles. The floor is paved with Durus tiles, and 
artificial illumination is provided from lamps placed | 
outside the windows of the clerestory roof. The civil | 
engineering methods adopted for driving the escalator | 
tunnels and subways were similar to those employed 
at the other stations of which we have given full | 
descriptions. The work below the level of the District | 
Railway and the escalator tunnels leading from the | 
lower circulating area to the street was carried out | 
under the supervision of Mr. H. H. Dalrymple Hay, 
M.Inst.C.E., while the design of the booking hall and 
new buildings was the work of Mr. A. RK. Cooper, 
M.Inst.C.E., the chief engineer of the London Electric | 
Railways. The joint engineering contractors were | 
Messrs. John Cochrane and Sons, Limited, and 
Messrs. John Mowlem and Company, Limited. 

The new booking office will be equipped with 
twenty self-printing ticket machines, while in addition | 
there will be an ordinary booking office, change-giving | 
office and inquiry office. To facilitate the circulation of 
passengers through the subways coloured route signs | 
are provided for indicating the three routes over which 
experience shows 70 per cent. of the passengers travel. 





Tue WetsH Trn-PLrate INpustry.—A matter of | 


to users of the material, is the gradual whittling down | 
of the amount of tin used in coating tinplates, especially 
by the American makers. In the annual report, | 
entitled ‘Welsh Tin-Plate Market, 1928,”’ published | 
by Messrs. Sim and Coventry 110, Cannon-street, | 
London, E.C.4, it is stated that United States official | 
statistics have shown that whereas 24,874 tons of tin 
were used in that country during 1925 for the manu- | 
facture of 1,544,007 tons of tinplates, only 22,806 tons | 
of the metal were used for making 1,568,525 tons of 
tinplates during 1927. No statistics on this question | 
are available, in the case of the Welsh industry, but it | 
is probable that the relative tin-consumption figures | 
have not greatly declined. 
the United Kingdom have increased from 472,016 tons | 
in 1927 to 532,442 tons in 1928. The value of the | 
1928 exports was 10,483,699/., an increase of 445,379/. | 
over the corresponding figure for the previous year. | 
Australia was the largest purchaser, taking 50,358 tons, | 
next came the Netherlands with 49,203 tons, Italy | 


i 


Exports of tinplate from | 


interest and importance, both to manufacturers and | 


selling extensively to local consumers. 
| export sales have been made, and some business with | 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 
The Cleveland Jron Trade——Further rise in prices 
of Cleveland pig-iron would cause little surprise. Stocks 
are extremely low, and consist of qualities in least 
demand, while output is not fully satisfying needs. 


| Inadequate output of Teeside basic iron is necessitating 


substantial buying of basic varieties from other home 
producing districts, though local output has been in- 
creased by a furnace being changed from the make of 
foundry to the production of basic. Shortage of supply 
of foundry iron is much complained of, and No. 3 grade 
cannot now be bought for delivery within six weeks. 
Merchants’ holdings of Cleveland pig were larger than 
they have been of late, but they are not heavy, and their 
terms of purchase from ironmasters prohibit them 


| Seotland may be put through shortly, though Midland 
ironmasters continue to compete keenly for orders from 
tirms beyond the Tweed. Makers’ fixed minimum prices 
stand :—No. 1, Cleveland, 69s. 6d.; No. 3 g.m.b., 67s. ; 
No. 4, foundry, 66s. ; and No. 4, forge, 65s. 6d. 


Hematite.—Producers of East Coast hematite are not 


with 32,309 tons, Spain with 28,491 tons, and China bound by any arrangement for fixing prices. Terms of 
Among the smaller purchasers stood | sale are agreed upon after individual bargaining, and they 
now vary considerably, the tendency being markedly 


with 26,901 tons. 
the United States with 833 tons. 





A few small | 
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upward. There are no saleabe stocks, and output 
falls a good deal short of satisfying the combined re- 
quirements of home and overseas consumers. Buyers 
are anxious to place orders at the equivaleat of 72s. 6d. 
for ordinary qualities, and some contracts for iron, made 
to specified analysis, have been concluded on those terms, 
but makers are asking more. 

Foreign Ore.—Transactions in foreign ore are not 
numerous or heavy, but values are inclined to stiffen. 
tecognised market rates are, however, still ruled by 
best rubio at 22s. 6d. c.i.f. Tees. 

Blast-Furnace Coke.—Durham blast-furnace coke is 
selling fairly well. Contracts for local use have been 
arranged to the end of June, and there are inquiries 
for delivery over the second half of the year. Buyers 
are prepared to pay 18s. for good average qualities 
delivered to works in this area. 

Manufactured Iron and Steel.—-Continued steady ex- 
pansion of business in manufactured iron and steel is 
reported. Producers of shipbuilding requisites, of 
railway material, and of all kinds of sheets are well 
placed as regards orders, and manufacturers of most 
other commodities are turning out a good deal of work. 
Principal market quotations stand :—Common iron bars, 
101. 5s. ; best bars, 101. 15s. ; double best bars, 111. 5s. ; 
treble best bars, 111. 15s. ; iron rivets, 111. 10s. ; packing 
(parallel), 8/.; packing (tapered), 101. ; 
(soft), 6/. 10s.; steel bilk ts (medium), 7/1. 5s8.; steel 
billets (hard), 7J. 15s.; steel rivets, 111. 5s.; steel ship 
plates, 8/. 7s. 6d.; steel angles, 71. 17s. 6d. ; steel joists, 
7l. 17s. 6d.; heavy sections of steel rails, 8/. 10s. ; 
black sheets (No. 24 gauge), 101.; and galvanised 
corrugated sheets (No. 24 gauge), 13d. 15s. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel—An improvement in the finished 
branches is indicated by the almost general hardening of 
prices in raw and semi-finished materials. There is 
quite a run on certain types of steel scrap. Basic 
qualities are in strong demand, and sales are being 
effected at an advance of 10s. per ton on the quotation 
ruling six months ago. Contracts placed for hematite 
pig iron cover larger tonnages, and it is likely that 
districts supplying this kind of material will shortly 
put additional furnaces into operation as stocks at 
many works are low. ‘Though users of foundry pig iron 
are buying as cautiously as possible, producers are 
insisting on the advance recently notified, and the 
arrangement of an increased number of contracts on this 
basis is anticipated. This district is sharing substan- 
tially in the improvement in soft basic steel. One of the 
largest plants is running nearly to full capacity. Lincoln- 
shire manufacturers are preparing to supply increased 
tonnages of tin-plate bars to South Wales works. Addi- 
tional furnaces have been put into commission. Quota- 
tions are as follow :—Siemens acid-steel billets, 87, 15s. 
to 9l.; hard basie-steel billets, 7/. 5s. to 71. 15s., and 
8l. 15s. ; soft basic-steel billets, 71. ; Derbyshire foundry 
pig iron, 62s. 6d. ; Derbyshire forge iron, 59s. to 59s. 6d. ; 
Lincolnshire foundry iron, 62s. 6d.; Lincolnshire basic 
iron, 62s.; Crown iron bars, 101. 10s.; iron hoops, 
121. 10s. ; steel hoops, 91. 5s. to 102. 10s. There are still 
widespread complaints of the paucity of railway work 
on inland account, though makers of high-pressure 
boilers have benefited from the latest contracts. Export 
orders are arriving somewhat more freely. The manu- 
facture of bogie wagons for the Central Argentine Rail- 
ways will provide a lot of work at related steel-producing 
sections in Sheffield, Heavy supplies of automobile 
steel and of machinery parts and fittings for electrical 
engineers are going to works in the Midlands and else- 
where. Modern heat-resisting steels comprise an 
outstanding feature of all types of high-temperature 
engineering practice—ad evelopment from which Sheffield, 
which has rendered pioneer service, is benefiting. These 
materials are being applied in increased measure to the 
needs of the glass industry for the manufacture of moulds 
and appliances for shaping purposes. The outlook in 
the file trade has slightly improved by the placing of an 
Admiralty contract which is to be spread over half o 
dozen firms. 

South Yorkshire Coal Trade.—There is a heavy run on 
house coal. Best qualities are difficult to obtain in 
adequate tonnages. Users are having to draw on inferior 
grades to an increased extent. Railway delay is reported 
to be largely responsible for delivery difficulties. Wagon 
shortage owing to the weather, is impeding arrangements 
between collieries and depots. Though collieries are 
working full time, a ready outlet is being found for all 
classes of industrial fuel. ‘he export demand has 
developed considerably, and inland needs are at a some- 
what higher level. Electricity works are taking large 
supplies of washed slack, and full deliveries are being 
made of: gas coal. Quotations :—Best branch hand- 
picked, 27s. to 288, 6d. ; Derbyshire best brights, 23s. 6d. 
to 25s.; Derbyshire best house, 21s. to 22s.; screened 
house coal, 18s. to 19s.; sereened house nuts, 17s. to 
19s. ; Yorkshire hards, 15s. 6d. to 16s. 6d. ; Derbyshire 
hards, 15s. 6d. to 16s. 6d. ; rouzh slacks, 8s. 6d. to 9s. 6d. ; 
nutty slacks, 6s. to 7s.; smalls, 3s. 6d. to 4s. 








Personat.—Mr. Thomas J. Stobart is now conducting 
his business under the style of Messrs. Stobart and Son, 
at the following central premises: Cathedral House, 
8-11, Paternoster-row, London, E.C.4.—Mr. A. Dunbar, 
of the Elswick Works of Messrs. Vickers-Armstrongs, 
Limited, has been appointed a special director of that 
works,—Sir James Donald, C.S.1L, O.LE., has joined the 
Board of the Calcutta Electric Supply Corporation, 
Limited, in the vacancy caused by the death of the late 
Mr. P. V. Luke, C.I.E. 
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NOTES FROM THE NORTH. 


Giascow, Wednesday. 


Scottish Steel Trade—-Inthe Scottish steel trade, | 


conditions continue to show some improvement, as a 
fair demand exists. Home consumers have been doing 
tolerably well recently, and producers are looking for- 
ward to an increase in output during the next month or 
two. Export is also rather better of late, and inquiries 
from abroad are much more satisfactory than they have 
been for some time. In the black-sheet trade, there 
is a certain amount of dullness, although a fair tonnage is 
going through in the lighter gauges of galvanised sorts. 
The steady advance in raw materials has caused makers 
to stiffen up their prices, and this may have the effect 
of making business a little quieter at the moment. 
The following are the current market quotations :— 
Boiler plates, 107. 10s. per ton; ship plates, 8/7. 7s. 6d. 
per ton; sections, 7/. 17s. 6d. per ton; sheets, } in., 
8l. 15s. per ton: and _ galvanised-corrugated sheets 
(No. 24 gauge), 13/. 15s. per ton, all delivered at Glasgow 
stations. 

Malleable-Iron. Trade.—No change of any kind can be 
reported in the state of the malleable-iron trade of the 
West of Scotland. The dispute still continues at the 
majority of the works. and renewed efforts are being 
made to bring both sides together again. The works in 
operation are being kept going fully, and have quite a 
number of orders on hand. In the steel re-rolling 
branches, a certain amount of activity is now noticeable. 
Orders have been coming in rather better lately, and 
plant is being kept running more steadily. Current prices 
are as; follow :—Crown bars, 10/. 5s. per ton for home 
delivery, and 9J. 15s. per ton for export; and re-rolled 
steel bars, 7/. 15s. per ton, both for home delivery and 
export. 

Scottish Pig-Iron Trade.—-A quiet tone prevails in the 
Scottish pig-iron trade at present, and business is 
generally of a restricted nature. The demand from over- 
seas has not expanded to any extent. although ship- 
ments were rather better last week. The following are 
the market quotations :—-Hematite, 75/. per ton, de- 
livered at the steel works ; foundry iron, No. 1, 73s. 6d. 
per ton; and No. 3, 7ls. per ton, both on trucks at 
makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scot- 
tish pig-iron from Glasgow Harbour for the week ending 
last Saturday, February 23, amounted to 1,359 tons. 
Of that total, 1,042 tons went overseas, and 317 tons 
went coastwise. For the corresponding week of last 
year, the figures were 822 tons overseas and 654 tons 
coastwise, making a total shipment of 1,476 tons. 

Shipbuilding.—The Grangemouth Dockyard Company, 
Limited, have contracted to build a twin-screw passen- 
ger and cargo steamer for owners operating at Lourengo 
Marques, Delagoa Bay, East Africa. The Ailsa Ship- 
building Company, Limited, Troon and Ayr, ‘have 
obtained a contract for a single-screw cargo steamer 
for British owners. This vessel is intended for Conti- 
nental trade, and will be built at the firm’s Troon 
yard. The builders will supply the necessary pro- 
pelling machinery. Messrs. William Beardmore and 
Company, Limited, Dalmuir, have been successful in 
obtaining a part of the Admiralty order for submarines. 
Intimation is made that Messrs. Beardmore have secured 
the contract to build one of the five which have been 
placed. 





New York Moror-Car SHow.—aA report on the 
twenty-ninth annual automobile show held in New York 
in January, has been prepared by H.M. Consul in New 
York. Firms desirous of securing a copy of the report 


should communicate with the Department of Overseas | 


Trade, 35, Old Queen-street, London, 8.W.1, quoting 
Reference A.X. 7539. 

Contracts.—Filtrators, made by Messrs. Filtrators, 
Limited, Astor House. Aldwych, London, W.C.2, were 


specified in the case of six steam rollers manufactured by | 
Messrs. Marshall, Sons and Company, Limited, Gains- | 
borough, Lincolnshire, for the Gwalior Government, | 


India. The rollers were delivered in Gwalior in January, 
1928, since which time they have been in continual use 
and have given complete satisfaction.—Messrs. Yarrow 
and Company. Limited, Scotstoun, Glasgow, have 
received an order from Messrs. Brown and Adam, 


Limited, Pollokshaws, Glasgow, for one Yarrow boiler | 
having a normal evaporative capacity of 50,000 Ib. | 


per hour and fitted with a mechanical stoker. Messrs. 
Yarrow are also supplying a complete boiler-house 
installation, including three Yarrow boilers each having a 
normal hourly evaporative capacity of 40,000 Ib., super- 
heaters and chain-grate stokers, to Messrs. India Rubber, 
Gutta Percha and Telegraph Works Company, Limited, 
Silvertown, London, E.16, A third complete boiler-house 


plant, comprising two Yarrow boilers, each having a} 


normal output of 50,000 Ib. per hour, is being supplied 
by Messrs. Yarrow to the Harrogate Corporation.— 
Messrs. The Woodall-Duckham Vertical Retort and Oven 
Construction Company (1920), Limited, have received an 
order from the Tredegar Council Gas and Water Depart- 
ment for a complete installation of vertical retorts having 
a daily gas-making capacity of about 430,000 cub. ft. 
An installation of Woodall-Duckham vertical retorts, 
having a daily carbonising capacity of 252 tons a day, 
is to be erected. for the Turin Gas Company by the 
Compagnie Générale de Construction de Fours.—Messrs. 
The Parsons Oil Engine Company, Limited, Town 
Quay Works, Southampton, have received an order 
from Messrs. John Brown and Company, Limited, 
Clydebank, for two 750-kw. emergency generating sets, 
for the 8.8. Empress of Britain. Each set comprises a 
six-cylinder Parsons high-power paraffin engine coupled 
to an Allen generator. 


ENGINEERING. 


| NOTICES OF MEETINGS. 





| JUNIOR INSTITUTION OF ENGINEERS.—To-night, 7.30 
| p.m., 39, Victoria-street, S.W.1. ‘* Notes on the Control 
| of Electric Lifts,” by Mr. L. 8. Atkinson. Friday, March 8, 
| 7.30 p.m. Chairman’s Address: ‘‘ Road Transport,” 
by Mr. S. H. Hole, 

Royat InstiruTion.—To-night, 9 p.m., Albemarle- 
street, W.1. ‘‘ Infra-Red Spectra,” by Sir R. Robertson. 


Rarefied Gases” (Lecture I), by Sir E. Rutherford. 
Monday, March 4, 5 p.m., General Meeting. Saturday, 
March 9, 3 p.m., Molecular Motions in Rarefield Gases ” 
(Lecture IT), by Sir E. Rutherford. 


Branch: Saturday, March 2, 4 p.m., College of Tech- 
nology, Sackville-street, Manchester. ‘‘ Some Common 
Misconceptions in Metallurgy and Blast Furnace Prac- 
tice,” by Mr. H. J. Young. Junior Section: 7 p.m. 
“Some Interesting Moulding Jobs,” by Mr. E. 
Longden. West Riding of Yorkshire Branch: Satur- 
day, March 2, 6.20 p.m., Technical College, Brad- 
ford. ‘Venting and Pressure in Moulds,” by Mr. 
W. YD. Welford. Wales and Monmouth Branch : 
Saturday, March 2, 6.30 p.m., Technical College, Bristol. 
“Making Steel by Electric Furnace,” by Mr. R. J. 
Richardson. Birmingham Branch : Thursday, March 7, 
7.30 p.m., Engineers’ Club, Waterloo-street, Birming- 
ham. “‘ History of Ironfounding in the Midlands,” by 
Mr. D. H. Wood. Scottish Branch : Saturday, March 9, 
4 p.m., Royal Technical College, Glasgow. “‘ Salvage of 
Defective Castings,” by Mr. E. Longden. 

Society OF ENGINEERS.—Monday, March 4, 6 p.m.; 
Geological Society, Burlington House, Piccadilly, W.1- 
“The Waterproofing of Concrete Structures,” by Mr. 
H. R. Lordly. 

Royat AERONAUTICAL SocieTy.—Monday, March 4, 
6.30 p.m., Institution of Electrical Engineers, Victoria 
Embankment, W.C.2. “The Royal Air Force Far 
East Flight,” by Capt. H. M. Cave-Browne-Cave. 

BRADFORD ENGINEERING Socrety.—Monday, March 4. 
7.30 p.m., Technical College, Great Horton-road, Brad- 
ford. “ Boiler Design and Operation,” by Mr. J. N. 
Waite. 

Roya Socrety or Arts.—Monday, March 4, 8 p.m., 
John-street, Adelphi, W.C.2, Shaw Lecture: ‘ Thirty 


mercial Art: its Value in Business and Art,’”’ by Mr. T. 
Purvis. 


Report,”” by Mr. W. H. Moreland. 


6 p.m., Great George-street, S.W.1. “‘ Impact in Railway 
bridges, with Particular Reference to the Report of the 
Bridge Stress Committee,’’ by Mr. C. Gribble. Yorkshire 
Association: Wednesday, March 6, Grand Hotel, Shef- 
field. Institution Lecture: ‘“ Development of the Genera- 
tion and Distribution of Electrical Power in the British 
Isles,” by Mr. A. Page. Birmingham and District Associa- 
tion: Thursday, March 7, 6 p.m., Birmingham Chamber 
of Commerce, New-street, Birmingham. ‘ Experimental 
Solution of Practical Hydraulic Problems with Special 
Reference to the Use of Models,” by Capt. H. W. 
Coultas. 

SHEFFIELD METALLURGICAL ASSOCIATION.—Tuesday, 
March 5, 7.30 p.m., 198, West-street, Sheffield. ‘“‘ Some 
Aspects of the Wire-Drawing Process,’’ by Dr. F. C. 
Thompson. 








March 5, 7.45 p.m., Royal Society of Arts, John-street, 
Adelphi, W.C.2, ‘‘ The Heavy-Oil Engine on Road and 
; Rail,” by Mr. A. E. L. Chorlton. 

NEWCOMEN Socrety.—Wednesday, March 6, 5.30 p.m., 
Science Museum, 8.W.7. ‘‘A Comparison Between 
French and English Windmills,” by Mr. H. O. Clark. 

INSTITUTION OF SANITARY ENGINEERS.—-Wednesday, 
March 6, 7 p.m., Denison House, 296, Vauxhall Bridge- 
road, S.W.1. ‘‘ Researches on Aggregates used in 
Road Work from the View-point of a Sanitary Engineer,” 
by Mr. B. H. Knight. ‘ Preparation of Sections of 
Road Aggregates, with Special Reference to the Softer 
Types.” by Mr. W. J. Pickering. 


NEERS.—Wednesday, March 6, 7 p.m., Caxton Hall, 
Broadway, S.W.1. ‘The Desiccation of Vegetable 
Material,” by Dr. B. J. Owen. 

WOLVERHAMPTON AND ODistRIcT ENGINEERING 
Socrety.—Wednesday, March 6, 7.30 p.m., Star and 


Garter Hotel, Wolverhampton. ‘Electricity Meters,” 


| by Mr. G. H. Sammons. 
| Instrrution or MeEcHANICAL EnGIneers.—North 
| Western Graduates’ Section: Thursday, March 7, 7.15 
p.m., Engineers’ Club, Albert-square, Manchester. 
“Heat Insulation,” by Mr. A. B. Winterbottom. 
| Glasgow and West of Scotland Branch : Thursday, March 7, 
7.30 p.m., Royal Technical College, Glasgow. ‘‘ Modern 
| Feed-Water Circuits,” by Mr. J. G. Weir. London: 


| Friday, March 8, 7 p.m., Storey’s Gate, S.W.1. Informal | 


Meeting. Exhibition of Industrial Kinematograph Films. 
Institute oF Merats.—London Local Section: 
| Thursday, March 7, 7.30 p.m., Society of Motor Manu- 
facturers and Traders, Limited, 83, Pall Mall, S.W.1. 
‘*« Theory,’ ‘ Practice’ and Nickel,” by Mr. W. T. Griffiths. 
| Sheffield Local Section: Friday, March 8, 7.30 p.m., 
The University, Sheffield. ‘‘ Progress in Electric Fur- 
naces,” by Mr. D. F. Campbell. 
| MANCHESTER ASSOCIATION OF ENGINEERS.—Friday, 
‘March 8, 7.15 p.m., Engineers’ Club, Albert-square, 


Saturday, March 2, 3 p.m., ‘“‘ Molecular Motions in | 


INsTITUTE OF British FounpRYMEN.—Lancashire | 


Years’ Experience of Industrial Maladies ”’ (Lecture ITI), | 
by Sir T. M. Legge. Wednesday, March 6, 8 p.m., “‘ Com- | 


Friday, March 8, 4.30 p.m., ‘“‘ The Indian | 
Peasant in History: an Introduction to the Linlithgow | 
| 


| 
INSTITUTION OF CIvIL ENGINEERS.—Tuesday, March 5, 


INSTITUTION OF AUTOMORILE ENGINEERS,—Tuesday, | 


INSTITUTION OF HEATING AND VENTILATING ENGI- 
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Manchester. ‘ Improvements in Driving Textile Mil!s,” 
| by Mr. F. B. Holt. 

| Instrrute oF TRANSPORT.—Newcastle-on-Tyne and 
| District Section: Friday, March 8, 7.30 p.m., Y.M.C.A. 
| Hall, Blackett-street, Newcastle-on-Tyne. ‘‘ Some Aspects 
of Selling Rail Travel,” by Mr. E. McClelland. 

KEIGHLEY AssoctATION OF ENGINEERS.—-Friday, 
| March 8, 7.30 p.m. Temperance Institute, Keighley. 
“ Centrifugal Castings.” by Mr. H. G. Springfield. 

INSTITUTION OF MuNIcIPAL AND County ENGINEERS. 
—Yorkshire District: Saturday, March 9, 3 p.m., 
Town Hall, Sheffield, “‘ The Local Government Act and 
the Municipal Engineer,”’ by Mr. W. J. Hadfield. 


NOTES FROM THE SOUTH-WEST. 
CarpirF, Wednesday. 

| The Coal Trade.—The Welsh steam-coal trade remains 
in a stronger position than has been the case for some 
years. Practically all the collieries are booked up with 
orders which will keep them busy for the next two 
months, while inquiries are also circulating for deliveries 
to take place over the next six months. With an accumu- 
lation of deliveries in arrear, new business is very difficult, 
with prices at higher levels than has been touched for at 
least twelve months. At the same time, the production of 
pits which have been re-opened is being readiiy absorbed, 
and the difficulty of shippers is to get sufficient coal to 
meet their requirements. Best Admiralty large coal now 
commands from 19s. 9d. to 20s., with Monmouthshire 
large from i9s. to 19s. 6d., dry large from 18s. 6d. to 
19s, 6d., and smalls from 12s. 6d. to 14s. 6d., while sized 
products are practically unobtainable, with dry nuts 
nominally from 22s, to 25s. The effects of the snow- 
storm and frost have not yet been removed, but con- 
siderable progress has been made towards clearing the 
accumulation of supplies which were on the docks and 
the colliery sidings. The energy with which the position 
has been tackled will be evident from the following 
statement of coal and coke shipments in the past two 
weeks :-— 





Week ending 
February 17. February 24 








Tons. ‘Tons. 
From- 

Newport 48,358 82,036 
Cardiff 46,102 114,678 
Penarth ... 34,861 53,165 
Barry... 96,908 182,111 

| Port Talbot 17,406 44,813 
Swansea... 37,741 62,563 
Totals 281,376 539,366 


It is confidently anticipated that the past week's 
figures will be augmented this week, as the Cardiff, 
Penarth and Barry coal trimmers and tippers have agreed 
to work two hours’ overtime at the end of each shift in 
order to clear the accumulation of supplies and to load 
the large number of ships which have been compelled to 
wait for tips in consequence of a number of the appliances 
having been temporarily put out of commission. 

Shipping Prospects.-At the annual meeting of the 
Cardiff and Bristol Channel Shipowners’ Association on 
Monday, Mr. A. J. Popham, secretary and director of 
Sir W. R. Smith and Sons and associated companies, who 
was elected chairman for the ensuing year, said he shared 
| the belief that gradual and steady progress was being 
| made by the shipping industry, which, given fair compe- 

tition, without Government interference, would again 
| show such reasonable profits as would enable them to 
| provide for depreciation and make some return to share- 
holders. Owners who had had the courage to build 
new ships would eventually find that their action had been 
justified by the increased profits resulting from reduced 
running costs and less time wasted through repairs 
and delays. The tendency to-day was for faster, larger 
and more efficient vessels, the average size having in- 
creased from 7,000 tons d.w. pre-war to 8,000 tons, giving 
a loaded service speed of 9 to 10 knots on a lower 
coal consumption than the smaller 1914 boats. This 
tended to make tonnage more effective, and enabled 
such vessels to compete successfully with the slower boats 
which were still being operated. 








THE VIENNA SprING Farr.—In connection with the 
Vienna Spring Fair, to be held from March 10 to March 
17 next, special through tickets at reduced rates will be 
available, for the first time, from travel offices in Great 
Britain and other countries. 





| 





Merat-Prick Cuart.—A large wall chart, which gives, 
| in the form of curves, the extreme monthly fluctuations 
in the prices of copper, tin, lead, and spelter from 1918 
to 1928, has recently been issued by Messrs. Henry Gardner 
and Company, Limited, 2, Metal Exchange Buildings, 
London, E.C.3. A table, in which are set out the monthly 
average prices of the four metals, is also included. The 
chart and table are neatly printed and may be read with 
ease. 


Roya AGRICULTURAL Socrety’s SHow.—tThe eighty- 
eighth annual show of the Royal Agricultural Society 
will be held at Harrogate from July 9 to 13 next. An 
exhibition of agricultural implements and machinery will 
take place in connection with the show. Applications for 
space should be made to the secretary of the Society, 
16, Bedford-square, London, W.C.1, and those intend- 
ing to participate are reminded that certificates of entry, 
filled in on the prescribed form, should be returned to the 
ecretary not later than March 20 next. 
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Fic. 85. TRANsMisston-LIngE TOWER; MEssrs. 
BRAITHWAITE AND Co. (ENGINEERS), LIMITED. 




















Fig. 86. PNEUMATIC Sanp RamMMER; 
Messrs. BROOM AND WADE, LinwITep. 


PoRTABLE-TyPE KURNACE: MEssRs. BIRMINGHAM 
Evectric FURNACES, LIMITED. 
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Fig. 87. Vortex Dyxersae DRUM FoR 
TEXTILES ; MEssrs. SUBMERGED ComM- 
BUSTION, LIMITED. 


PRIZES IN THE SCIENCE OF NAVIGATION.—Under the 
Thomas Gray Memorial Trust, a prize of 1501. is offered 
to the author of an improvement in the science or 
practice of navigation, proposed or invented by the com- 
petitor during the years 1928 and 1929. Furthermore, 
a prize of 501. is offered for an essay on the handling 
of a low-powered steamer in a revolving storm. Claims 
to the first prize, or essays, must be submitted not later 





than December 31 next, to the Secretary of the Royal 
Society of Arts, John-street, Adelphi, London, W,C.2. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London,W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, | 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 

TELEGRAPHIC } “ ENGINEERING,” WESTRAND, 


ADDRESS LONDON. 
TrLePHongs NumMBers—3663 and 8598 GERRARD. 








‘SUBSCRIPTIONS, HOME AND FOREIGN. 


“ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post | 
free, at the following rates, for twelve months, payable | 
in advance :— 





For the United Kingdom _.................... £3 5 0 
For Canada— 
Thin paper copies .................00-+ £2 18 6 
Thick paper copies _.................... £3 3 0 
For all other places abroad— 
Thin paper copies ...................0.0+ £3 3 0 
Thick paper copies. .................+.- £3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to: 
communicate the fact to the Publisher, together with 
the agent’s name and address. 


When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, | 
or under, and one shilling per line up to one inch. | 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single ; 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. | 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 

















Advertisements intended for insertion in the, 
current week’s issue must be delivered not | 
later than First Post on Thursday. In con-| 
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CONTENTS. | both its relation to past practice and its suggestions 
PAGE | for the future. It is therefore of more than mere 
Irrigation Works in the Bombay Deccan and the ' interest to engineers generally, that in these lectures. 
Bhandardara and Bhatgar Dams (JIlus.) 255| Dr. Lander has given what appears to be the 
The Dockyard Schools and the Second School of _.| clearest and most succinct account yet published 
, Naval Architecture Peete ssseensesen eosssnnsnssasssnnncesnst 258 lof the lines on which the more important recent 
The Fae Sgereneal Saiinus Renin, ..... po | advances in the treatment of coal have been obtained, 
= and has indicated some of the directions in which 
260 | further progress should be sought. 
262, The first lecture dealt mainly with the use of 
265 | coal in its crude state, and began by tracing the 
“66 ' relation of the many methods by which it is 
268 | examined, to the practical purposes they may serve. 
268 | In the mere selling of coal, for instance, it is becoming 
268 | increasingly necessary to supply material of which 
268 the composition is uniform to an extent varying 
. 269; with the purpose for which it is to be used. Foreign 
269 exporters of a coal which overall is inferior to 
. 269| British have sometimes been able, nevertheless, to 
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274 | the best thermal advantage, but for other reasons, ali 
275 | increasing demand is arising for uniform grading 
275!and if necessary pre-treatment. More uniform 
,methods of analysis and of sampling are needed 
for all purposes. The more intimate examinations 
of the physical contents of the coal by microscopic, 
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LO hin CR Tie a aL, oe 278 correlated as they pass through the coalfields, and 
the coal to be graded with more ease and certainty 

279, than is now possible. The study of the constituents 
Sub-Station Equipment , of coal by solvent and other methods are a necessary 
(Jilus.)............ 282) preliminary to the more rational application of coals 

British Trade with East Africa ...0.0...00000000.. ........... 284 | to processes in which they are not used raw, such as 
Catalogues ..... eS -: 284) carbonisation and hydrogenation. The develop- 
One Two-Page Plate—EXPERIMENTAL CARBON- | ment of assay methods promises to be a valuable 
ISATION PLANT AT THE FULHAM WORKS | aid to the practical study of the behaviour of 

OF THE GAS LIGHT AND COKE COMPANY, | single and blended coals on carbonisation. Methods 
LIMITED. ‘for all these purposes have been devised and are 


still under active development, and more than 
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‘heretofore the work of different experimenters 
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is being co-ordinated, and producing results of 
}tangible importance. Progress of this kind 
gives these laboratory methods of examination a 
practical significance which should not be overlooked. 
aos er wees Similarly in regard to combustion, much has been 
: done and still more is to be expected, from looking 

THE TREATMENT OF COAL. at its practical problems in the light of the funda- 
THE value of research upon fuel has now attained | mental facts, that limit their solutions. In this 
the dignity of a platitude, and in thus becoming an | way Dr. Lander described some difficulties which have 
idol of the market-place it has marked, as the! to be overcome in most kinds of combustion, and 
Advisory Council of the Research Department | by a new and ingenious explanation suggested 
recently pointed out, a definite stage in the indus- | lines, already to some extent verified in practice, 
evolution of the nation. Its promotion | along which further improvement may be expected. 





trial 





jindeed has been almost inconveniently sudden. 
The importance of making the most of the supplies 
| of fuel, and in particular of coal, was just as great | 
}as it is now before the circumstances of recent | 
| years impressed it on the public imagination, but 
| the fact that it has become recognised created so 
| urgent a demand for results as to strain the resources 
|of those who had to provide them. The strain, 
| moreover, has been the greater because many of the 
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The simplest type of combustion is that of hydro- 
gen or carbon monoxide, in which the mere mixture 
of the fuel’gas with air will give the conditions of 
perfect combustion. A more complex gas, such as 
methane, burns in stages, in which probably 
methyl alcohol, some unstable compound, and 
formaldehyde are formed in_ succession, ulti- 
mately splitting up into carbon monoxide and hy- 
drogen. On each of these decompositions, except 
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' Industrial Research, Dr. Lander is placed exception- 


the last, mere mixture of a combustible molecule 


results most wanted cannot be had for the mere 
with air may leave a local shortage of oxygen, 


asking. Much patient investigation has had and 
still has to be made in order to fill up the gaps in | and give rise to smoke if a sufficient excess of air is 
knowledge which separate existing practice from | not present. To avoid this it is necessary that the 
the desired improvements, and many attempts to air shall not only be mixed with the combustible 
ignore the known or possible existence of these | gas, but that its molecules shall have a sufficient 
gaps have landed the capital of the adventurers in | velocity, relative to those of the gas, to complete 
a crevasse. By now costly experience has made the | what amounts to the combustion before cracking 
danger of such proceedings more evident than it| takes place, or to supply the oxygen molecules 
was before. The necessary work of investigation is | where they are wanted if the cracking has occurred. 
being organised more systematically than it was,} A similar need, still more pronounced, exists in 
and the time is ripe for an overall stocktaking of | the combustion of oil sprays or vapours, and is 
the position in which the treatment of coal stands. seen more strikingly still in the combustion of 

The outline of such a stocktaking has been | pulverised coal, in which the air required for the 
sketched recently in the three Cantor lectures | combustion of each solid particle is some forty 
delivered to the Royal Society of Arts by Dr. C. H.| times its volume. The problem of burning pul- 
Lander. In his official position as Director of | verised fuel to the best advantage lies essentially 


Fuel Research to the Department of Scientific and|in using the minimum of air and requiring the 
minimum furnace space, and on the above hypo- 


| thesis Dr. Lander explained what has been done to 
shorten the flame, and suggested a method by which 
probably it may be made shorter still. He dis- 





ally for receiving the latest and most complete 
information. Experience shows, however, that 
such an advantage does not carry with it necessarily 
the ability to digest the voluminous material of | tinguished, in fact, between the effect of mere 
which account has to be taken, and still less to | mixture and that of the relative motion of combus- 
assemble it in such a perspective as will exhibit | tible and air with definite velocities, and definite or 
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indefinite directions. Some years ago it was shown | 
at the Fuel Research Station how by the use of a! 
simple turbulent furnace the flame could be greatly | 
shortened, and over three times the heat that had 
previously been thought possible could be developed 
in a*given space. Subsequently in an experimental 
American circular furnace, with an action simulating 
that of the tornado, over 1,000,000 B.Th.U. were 
generated per cubic foot per hour. The resistance 
of available refractories to erosion at high tempera- 
tures would prevent anything like this figure from 
being obtained in present practice. In_ principle, 
however, Dr. Lander anticipates that the results 
obtained by turbulent combustion, to which the 
present probability of the commercial use of pul- 
verised fuel at sea is largely or entirely due, are 
likely to be improved when means are found to 
substitute for turbulent flow the systematic passage 
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at once. From a success, for instance, whether | 
complete or partial, on one type of coal, they were | 
led to assume that their system was applicable | 
to many other types. Faced, again, with some | 
defects in the details of their design, they altered | 
them without first ascertaining the scientific or | 
technical facts to which the defects were due, and | 
sometimes they exaggerated the waste of capital 
involved in these speculative changes by making 
them on large batteries before the operation of a_ 
single full-size unit had been properly tried out. | 
The result was, in fact, such as might have been | 
expected from proceedings based so much more | 
on assumption than was necessary or justifiable. | 
An advantage of basing the search for technical | 
improvements on a view in which the situation was | 
looked at in a correct perspective would have been | 
to avoid the loss and delay involved in disregarding | 


of particles between orderly stream-lines. The | this view, or more likely in neglecting to form it at | 
ultimate limit seems to be set by the resistance of | all. The need for a similar perspective from the | 
the furnace materials to erosion at high tempera- | commercial point of view is, if anything, still more | 
tures. important, and appears now to have become recog- | 
In the high-temperature carbonisation industries | nised more generally than it was. At present, as | 
of gas and coke making, too much has been done | Dr. Lander said, there are several large-scale plants 
on the technique during the last hundred years | Tunning, and more are being erected. The process 
to make the introduction of any revolutionary | of low-temperature carbonisation is at last very | 
change or discovery likely. It is remarkable, never- | definitely launched, and before long reliable com- | 
theless, that something like such a change was made | mercial data should be available, even if they have | 








described in ENGINEERING some months ago.* A 
large scheme is being undertaken by the Bridge River 
Power Company on the Seton Lake. This will in- 
clude two 28,000-h.p. sets, the ultimate capacity 
of the site being upwards of 300,000-h.p. Another 
automatically-operated plant is to be built as an 
extension of the Jordan River station. 

In Alberta, the Calgary Power Company com- 
menced the construction of a 36,000-h.p. station 
on the Bow River, where a dam will provide a head 
of 105 ft. and a reservoir with a capacity of 45,000 
acre-feet. For the first time in history, activities in 
the province of Saskatchewan find a place in the 
report, the Churchill River Power Company having 
secured a licence to develop the Island Falls site 
on the Churchill River. Six 14,000-h.p. units will be 
erected, three of which will, it is expected, be in 
operation before the end of 1930. It is also interest- 
ing to learn that in this province Government 
ownership of power utilities is favoured, and that 
steps are to be taken to purchase existing municipal 
plants. 

In Manitoba, the Great Falls station of the 
Manitoba Power Company was extended by the 
erection of two 28,000-h.p. sets, thus bringing 
it up to its designed capacity of 168,000-h.p. 
The Winnipeg Electric Company is developing 
the Seven Sisters’ site, on the Winnipeg River, 





by the introduction of the sale of gas by thermal 
value. As the result of experimental work it was 
shown that for all usual requirements a given 
quantity of heat has the same value to the con- 
sumer, whatever, within certain wide limits, may be 
‘ts calorific value. The latitude in methods of 
manufacture, and the consequent economies in 
cost, resulting from the change are responsible 
for some of the reduction in the price of gas since 
the change. The development, too, of continuous 
vertical retorts during the last twenty years—for 
now they are producing about half the total gas 
made—is a notable change in practice, with some 
considerable advantages. In general, however, 
the prospects of improvement in the practice of 
high-temperature carbonisation seem to lie rather 


' not been attained up to the present. 
The study of the hydrogenation and other pro- 
cesses is being continued, and though as yet they have 
| shown no encouraging commercial prospect for the 
| production of oil, they are disclosing results of con- 
| siderable interest, some of which may be of great 
, importance. In experiments, for instance, at the 
| Fuel Research Station, interrupted at various stages 
| of hydrogenation with the object of investigating 
| the mechanism of the process, it was found that the 
'combination of an extremely small proportion of 
| hydrogen with the coal at the temperature and pres- 


‘through a subsidiary concern, the power station 
being designed for a total capacity of 225,000-h.p. 
'The City of Winnipeg hydro-electric undertaking 
| has begun work on the Slave Falls station, which is 
‘about six miles below its present station at Point 
‘du Bois on the Winnipeg River. This will have an 
| ultimate capacity of 100,000-h.p. The regulation 
| of the Manitoba reach of this river is to be effected 
| by building a storage dam at the outlet of Lac Seul, 
| 80 as to give a continuous flow of 20,000 cub. ft. per 

| second. 
In our last account of the activities of the Ontario 


| sure of experiment, gave a product with very high | Power Commission’s activities, mention was made 
'caking properties when made from non-caking coal, | of the construction of a 220 kv. line between the 
and greatly enhanced caking properties when made | Ottawa River and Toronto, over which power was 


' from a caking coal. 


in detail than in principle, but Dr. Lander gave 
reasons for thinking that the aggregate gain from 
the consideration of such details would be well 
worth making. The scrubbing of gas for benzol, CANADA. 
the heating of retorts normally by a centralised IN a paper presented to the First World Power 
supply of clean producer gas, the use for the same | Conference, which was held at Wembley in 1924, 
purpose of manufactured coal gas during off-peak | Mr. J. B. Challies stated that more than 40,000,000- 
hours either mixed with producer gas or by itself, | h.p. of water power was available in the Dominion 
are examples of measures which various considera- | of Canada at minimum flow, of which over 3,500,000- 
tions and some experience at the Fuel Research | h.p. had been developed. The steps that have been 
Station recommend. In the coke-oven industry | taken during the past twelve months to reduce the 
there are still major problems unsolved, owing to | gap between the possible and the actual are interest- 
the absence of an experimental large-scale plant. | ingly set out in a report on Hydro-Electric Progress 
The possibilities, for instance, of blending in respect |in Canada during 1928, which has been issued by 
to quality of product, the effect on carbonisation | the Dominion Water Power and Reclamation Service 
times produced by blending with low-temperature | of the Department of the Interior. Perhaps the 
coke, and other questions of large economic import- | enterprise of that great country might be illus- 
ance, are as yet imperfectly known, and the|trated by pointing out that a Government 
situation of the coke-oven industries in this respect | Department has been able to publish a document 
was cited as a good example of the practice in this | of this kind within a few days of the end of the period 
country of looking at the aggregate cost of a re-|to which it relates, though it is also borne out by 
search instead of the ratio of the cost to the amount! more technical evidence. It appears that at the 
at stake. An analogous suggestion was that the | end of the year under review the total water-power 
scheme, if it were found practicable, for closer co- | in use in the Dominion was 5,328,000-h.p., of which 
operation between the yas works and the coke | rather more than 550,000-h.p. was brought into 
ovens in some defined area should serve to clear | commission in 1928. In addition, installations under 
up many uncertainties and controversies. construction will account for a plant capacity of 
The last lecture summed up the very different | 1,200,000-h.p., and other large developments 
situations in regard to low-temperature carboni- | undoubtedly be undertaken during the present 
sation, and to the production of oils by hydro- | year. 


HYDRO-ELECTRIC PROGRESS IN 





| during the year, 


will | 


genation and by synthesis from water gas. The 
broad claims made for low-temperature processes 
are, as Dr. Lander pointed out, quite justifi- | 
able. On the one hand they offer the means 
of providing for our open grates a fuel which | 


Taking the provinces in turn, new plant, 
with an aggregate capacity of 79,560-h.p., was 
installed during the year in British Columbia, 
and no less than 350,000-h.p. is under construction. 
Recent developments include the 75,000-h.p. station 





might abolish a very large proportion of the | of the West Kootenay Power and Light Company, 
smoke nuisance, and to that extent make the/| at South Slocan, on the Kootenay River, while the 
whole country cleaner. On the other hand, they | same concern has applied for powers to erect a 


offer a possible source of oil and light motor spirit, | 80,000-h.p. station on the Pend d’Oreille River, 
which should reduce the amount of those products | and is investigating the possibilities of developing 
to be imported. The admitted validity of these | 15,000-h.p. at Phillip’s Canyon on the Elk River. 
claims, and the economic value of any process in| The Burrard Power Company started up a 12,500- 
which they could be realised commercially, has led, | h.p. plant on the Alouette River. This is interesting 
however, to premature and misconceived endeavours. | in that it is automatically operated from the Stave 
As Dr. Lander said, inventors tried to do too much | Falls station some 10$ miles away. It was fully | 





to be obtained from the Gatineau Power Company in 
Quebec, to supplement the supply from the Niagara 
Falls. This line has now been completed and carries 
an initial load of 80,000-h.p., though 260,000-h.p. 
will ultimately be required. A line, operating at 
110 kv., was also constructed from near Ottawa 
to Smith’s Falls and Brockville to supply eastern 
Ontario. It has an initial load of 60,000-h.p. and 
jalso derives its supply from the Gatineau Power 
'Company. It is expected that the Ontario Power 
| Commission will shortly instal a tenth 58,000-h.p. 
unit in the Queenston station and resume work on 
‘the plant at Alexander Landing on the Nipigon 
| River. At Smoky Falls, on the Mattagami River, 
the Spruce Falls Company put a 56,250-h.p. plant 
‘into operation, while the International Nickel 
'Company began the construction of a 28,200-h.p. 


| station at the Big Eddy dam on the Spanish River. 


Considerable development took place in Quebec 
more than 300,000 h.p. of plant 
|being put in operation. Of this, 204,000 h.p. 
‘was in the Paugan station of the Gatineau Power 
|Company, the ultimate capacity of which is 
| 272,000 h.p. The same company has in prospect 
-an 80,000 h.p. development on the Gatineau 
‘River at Nigger Rapids, where the head is 
|68 ft. The supply of water to all the stations 
|on this river is regulated by the Mercier dam, 
iso that a storage capacity of 110 billion cub. ft. 
| is obtained, while the minimum flow in the river is 
not less than 9,000 second-feet. Plans have been 
| prepared for two additional reservoirs in the Gat- 
| ineau watershed. One of these will be in Cabonga 
| lake at the head of the Gens-de-terre River, and will 
impound 45 billion cub. ft., while the other will be 
in Desert Lake in the Desert River watershed, which 
drains into the Gatineau at Maniwaki. The 
Gatineau Power Company is installing a 25,000-h.p. 
unit in its Bryson station on the Ottawa River, 
and during 1928 constructed a 220-kv. line from 
Paugan Falls to connect at Chats Falls with the 
line to Toronto. 

In the same province the Shawinigan Water and 
Power Company added a 43,000-h.p. set to its 





* See ENGINEERING, vol. exxvi, page 185, 1928. 
¢ See ENGINEERING, vol. exxvi, page 418, 1928. 
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No. 2 station and is erecting one of similar output. | White City may contain some points of interest. 
The present capacity of this station is 178,500 h.p., | Important sections of the exhibits, as our readers 
while no less than 700,000 h.p. is operated by the | are probably aware, are devoted to pottery and 
company. An important project is to be under- | glassware, leather and fancy goods, silver and 
taken on the St. Maurice River, where the total | cutlery, chemicals and drugs, musical instruments, 
head is nearly 650 ft., and where 1,000,000 h.p.| and sports goods, but among the latter we noticed 
will be installed on three or four sites. On the! that motor boats are now included. Mr. R. C. J. 
Saguenay River, the Isle Maligne station of the| Hervey, of Isleworth, Middlesex, is showing in 
Duke-Price Power Company has been extended this section an attractive cabin cruiser having an 
by a 45,000 h.p. set, and at Chute-a-Caron, on} overall length of 30 ft., a beam of 8 ft., and a 
the same river, the Alcoa Power Company is erecting draught of approximately 2 ft. 9 in., accommoda- 
four 65,000 h.p. units, which will operate under a/| tion being provided for four persons. She is fitted 
head of 150 ft., while a second station with an with a 10-16-h.p. four-cylinder petrol motor having 
ultimate capacity of 1,000,000 h.p. will operate | a combined reversing and reducing gear and an 
under a head of 205 ft. A large number of smaller | electric starter, the propelling machinery, which 
stations have been built or are in course of erection | gives a speed of 8 knots, having been constructed 
in other parts of the Province. The Quebec Streams | by Messrs. Ailsa Craig Motor Company, Limited, 
Commission is doing useful work in encouraging | Chiswick, W.4. The motor, which is also shown 
water-power development, and is building a number | separately by the makers, is one of their latest 
of storage reservoirs and flood protection works. |“ Kid” engines, having four cylinders of 23-in. 
In New Brunswick, the Grand Falls station of the | bore, with a piston stroke of 4 in., and running at 
St. John River Power Company was put into opera- from 900 to 1,100 r.p.m. The reversing gear is of the 
tion. It will eventually contain four 20,000-h.p. | balanced epicyclic type, with an adjustable multi- 
sets operating under a head of 130 ft., while in Nova | plate clutch and single-lever control. Reduction 
Scotia a number of small extensions took place. | gearing is not a standard fitting, but, when supplied, 

The almost stupendous development, to which | it is of the helical type, giving a reduction ratio of 
we have called attention in the preceding para-| 2:1. The crankshaft runs in three ball bearings, 
graphs, indicate the presence in Canada of industries | and the valves are operated by an overhead cam- 
requiring power at alow price. This is borne out! shaft, the whole of the working parts being com- 


by the contents of another document, which we | pletely enclosed. Coil ignition is employed, and 


have received from the Department of the Interior, |the two-unit electric lighting and starting equip- 
giving some figures relating to the pulp and | ment now fitted is, we understand, a new feature. 


fi : : See ; 
paper industry st that country. This industry, | Another interesting exhibit in this section is an 


it ap , relies almost entirely upon water power | outboard motor, now being made in this country 
hes - energy requirements, and over 28 per cent. | by Messrs. Joseph Stubbs. Limited, Mill-street 
of the installed water turbine capacity is required | Works, Ancoats, Manchester, and known as the 
to supply the power necessary for the manufacture | - Mobo. _The power head of 4 this conten . 
of its output. In 1927, 2,082,380 tons of newsprint | Pair of cylinders of 71 mm. (2-8 in.) bore, with a 
paper were produced, this being more than 600,000 | stroke of 62 mm. (2-5 in.), operating on the two- 
tons in excess of that manufactured in the United | 8ttoke cycle and developing about 18 brake-horse- 
States. To do this required practically 100 h.p. per| Power at 4.000 rpm. Tite propeller is driven by 
ton of output per day. As the r mills operate | ® Vertical shait an vel gearing, the latter giving 

. at cgi. Pape Pe a reduction ratio of 3: 2. All the underwater 


continuously for 24 hours a day, a very low unit | 4 
price for power can be secured. No less than | Parts are carefully streamlined, and the forward 
565,352 h.p. of the power required for paper pro- |part of the gear housing contains a centrifugal 


duction is obtained from private plants, of which | PU™P for circulating the cooling water, which is 
283,009 h.p. is directly connected to the pulp| normally discharged into the silencer. For steering 
and paper machines, and 282,343 h.p. to electric | the boat, the lower portion of the unit can be 
generators. In addition, 789,530 h.p. of plant ig | SWivelled, the movement being usually effected by 
operated by purchased power, so that the total | ® tiller, although a quadrant for wheel steering is 
used by the industry is 1,354,882 h.p., of which | provided. Sports and standard models are made, 
1,071,873 h.p. is hydro-electric and the remainder | the former having a separate carburettor for each 
direct hydro-drive. : | cylinder, although, in the standard model, a single 
The advantages of the conversion of hydraulic ounbenettae aapepmen bates 
power to electrical energy appear both in the quality 


In the section of the exhibition devoted to food- 
of the product and in. the fact that it is possible to stuffs we noticed, on the stand of Messrs. Savage 


develop power st remote sites and tranamit to| and Company, 28, Love-lane, Eastcheap, E.C.3, 
pointe where facilities are present for mill opera- | some examples of machinery for the preparation of 
Siem, “Siesta dll ddan ae a ec aeeeeen ae | tea, including a blending drum 7 ft. 4 in. in diameter, 
i rnin  Nagetagg ce -A ig seg hic sel note and 4 ft. 2 in. long, capable of dealing with batches 
ia in only 120,362 hip. or 8-2 per cent, | 0! 2000 Ib. at a time. The drum, which is con- 
8 7 2 -P» per cen. | structed of steel plates with cast-iron end rings, is 
of the whole. Its employment is usually prompted | fitted i . ‘ 
by ial conditions, such as the availability af| tted internally with a number of fixed curved 
felts ation Only 763 h.p. of internal-combus- | beaters, and runs on four rollers; it is driven 
tion engines are used. As regards tlie future of the | by an electric motor. The tea is put in through 
paper and pulp industry, there seems no doubt | oy opens ae peaany: ae Siits ae ae 
that there will be a steadily increasing demand automatic device is set to control the number of 
Peet ile a bk ep. Bare revolutions made, after which the blended tea is 
‘a « nie ph of pn an eh i. a | delivered from a chute connected to one end of the 
seen cas a ee pre se fei! a sn drum on the axis. A magnetic separator is fitted 
adjust itself. If Pinay ‘os 'am Cini, leak in this chute to collect any nails, from the packing 
possesses widely dite Pinang ample | cases, that may have become mixed with the tea. 
water power, must make an increasing contribution | —— — weg : oe Pi —_ 
to the world supply of pulp and paper products SgOOTES SENG SOS See Meee, wes 
* | the tea, as received, is sifted and cut to size. The 
machine comprises an adjustable mechanically- 
operated hopper for feeding the tea to the sieve 
THE B ee FAIR, frames, which serve to remove that which does not 
, |Tequire to be cut. The tea to be cut is passed 
AttHouGH the majority of the engineering| through perforated cylinders arranged in pairs 
exhibits at the British Industries Fair have been|side by side at the bottom of the machine, the 
displayed at the Birmingham Section, our final | cutting being performed by steel knives bearing 
article on which appears on page 262 of this issue, | against the cylinders, and held in position by 
a number of those in the London Section, held at} springs. Provision is made so that any foreign 
the White City, Shepherd’s Bush, W.12, are not | body that may get into the perforations of the 
pa: — © oe ag = — at ape Hangar epg rene ga tg a damaging 
Sposa! not permit us to deal with any of| the cylinders or knives. sorting sieve removes 
these in great detail, or even to mention the whole | pieces of paper, lead foil, wood, &c., and magnetic 
of them, but a brief reference to those noticed in|separators are provided to extract nails or other 
the course of an inspection of the stands at the | magnetic material. 
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| Most of the other items to which we propose 
to refer are exhibited in the two sections relating 
to scientific and optical instruments, which include 
photographic and kinematographic apparatus and 
|Supplies, electro-medical apparatus, ophthalmic 
jinstruments and apparatus, and spectacle lenses. 
Among the latter attention may be called to the 
splinter-proof lenses made and exhibited by Messrs. 
Theodore Hamblin, Limited, 15, Wigmore-street, 
W.1, under the trade name “ Splintanil.”” Lenses 
for all ordinary corrections, involving the use of 
spherical, cylindrical and prismatic forms, can be 
worked in any combination. The glass, which is 
of laminated construction, is practically as thin and 
clear as ordinary glass, from which it is indistinguish- 
able, but we understand that it will withstand a 
violent blow, such as would be produced by the 
impact of a stone, without splintering. This 
feature would obviously be of great value to certain 
industrial and professional workers and would be 
a useful protection to the eyes of children. Toric, 
as well as flat, lenses can be produced, and tinted 
or other special glasses can be employed. 

Microscopes are being shown by Messrs. Charles 

Baker, 244, High Holborn, W.C.1, Messrs. W. 
Watson and Sons, Limited, 313, High Holborn, 
W.C.1., and Messrs. J. Pillischer, 88, New Bond- 
street, W.1. The last-mentioned firm are showing a 
range of barometers, and Messrs. Short and Mason, 
Limited, Aneroid Works, Macdonald-road, Wal- 
thamstow, E.17, are also showing a variety of baro- 
meters, thermometers and other meteorological] 
instruments. Drawing instruments and drawing 
office supplies we noticed on the stands of Messrs. 
Aston and Mander (1917), Limited, 63, Old Compton- 
street, W.1, and Mr. W. H. Harling, 117, Moorgate, 
E.C.2, and compasses and binnacles, together with 
other navigational instruments and apparatus, are 
exhibited by Messrs. John Lilley and Sons, Limited, 
The New Quay; North Shields. Another exhibit of 
particular interest to shipowners and others, is that 
of Mr. Thomas Mercer, of St. Albans, Herts. Mr. 
Mercer is showing a selection of marine chronometers 
of hisown manufacture, one of which, we understand, 
when tested at the National Physical Laboratory, 
had the lowest mean variation of daily rate so far 
recorded at that Institution. Mantel clocks with 
|chronometer movements are also shown, but a 
particularly interesting exhibit, which is being 
demonstrated in operation, is the method of syn- 
chronising any number of clocks from the ship’s 
chronometer without affecting the rate of the latter 
| or its use for navigational purposes. In this system, 
| an electrical contact, operated by the balance wheel 
of the chronometer, sends electrical impulses every 
half minute to a relay mounted on a control panel, 
the relay sending similar impulses to any number of 
secondary clocks fitted with step-by-step movements. 
| All the secondary clocks are thus kept in exact 
synchronism with the chronometer, but to enable 
the secondary clocks to be corrected for changes in 
longitude, and thus to read ship’s time instead of 
| Greenwich time, provision is made on the control 
panel for all the secondary clocks to be advanced 
or retarded simultaneously by operating a simple 
button switch. Accurate chronographs for sur- 
veying, for timing motor-car races, &c., are also 
constructed by the firm, and an instrument of the 
latter type is included in their exhibit. 

Among the exhibits of Messrs. The Accurate 
Recording Instrument Company, Limited, Manor- 
road, Teddington, Middlesex, we noticed examples of 
indicating and recording thermometers of the 
distance reading type, the former bearing the name 
“Tele-Thermeter”’ and the latter “‘ Tele-Thermo- 
graph.” Both employ a volatile liquid in a bulb, 
which is connected by capillary tubing to a Bourdon 
| tube, the latter operating the stylus or pointer, as 
| the case may be. The capillary tubing, which is of 
|rolled copper, annealed and armour-cased for 
protection, can have any length up to 200 ft. and 
can be bent to a curve of any radius for convenience 
in installation. In the Tele-Thermograph, the 
chart is in the form of a flat disc, 10 in. in diameter, 
made of a specially-prepared paper,on which a clear 
and permanent record is left by the stylus without 
using ink or pencil. 

Messrs. George Nobbs, Limited, 89, Cleveland- 
street, London, W.1, are showing thermostats for 




















edits the temperature of liquids in tanks, &e. | 
Each comprises an expanding metal sleeve, a single- 
pole mercury switch with thumbscrew he ea 
and a graduated dial, all mounted together as one 
unit and fitted into a protecting sleeve. By moving 
the graduated dial, any temperature within the 
range of the thermostat can be maintained. Electric 
tubular heaters for warming rooms, ovens, hot 
cupboards, &c., are also being shown by this firm. 
On the stand of Mr. Ernest Turner, Chiltern Works. 
Totteridge Avenue, High Wycombe, Bucks, we 
noticed a range of neat and compact electrical 
measuring instruments suitable for wireless work and 
general purposes. The range includes micro- 
ammeters, milliammeters, ammeters, millivolt- 
meters and voltmeters of the moving-coil type for 
direct current, ammeters and milliammeters of the 
thermo-couple type: for radio-frequency measure- 
ments, alternating-current instruments of the 
moving-coil type incorporating metal-oxide recti- 
fiers, and many others, of which we may mention 
an electrostatic voltmeter for the range 150 to 750 
volts. 

The only other exhibit to which we can refer is 
that of Messrs. Burovox, Limited, Craven House, 
Kingsway, W.C.2, who are showing telephones for 
domestic, commercial, industrial and marine service. 
In the system employed for domestic purposes, a 
microphone and loud speaker, together with a bell 
push and small lamp, are mounted on a metal panel 
fitted flush with the wall. The user presses the 
button, waits for the lamp to light, and then speaks 
from any part of the room, having no earpiece or 
transmitter to hold. For commercial and industrial 
installations, a loud speaker and microphone com- 
bination is employed, which enables a conversation 


to be carried on with the speaker at some distance , 


from the instrument, although a whispered message 
can also be transmitted if required. A small switch 
fitted in the hand set transfers reception from the 
loud speaker to the earpiece when privacy is desired. 
Calling may be effected by loud speaker, bell, 
buzzer or light, but, in any case, a rotary switch is 
used for communicating with the different instru- 
ments; the latter may be either of the wall or 
desk type. A special feature of the system is that 
the microphone is sufficiently sensitive to transmit 
speech clearly when the speaker is several yards from 
the instrument, and another important claim is that 
it is impossible for the conversation to be heard by 
anyone listening on another line. The firm are 
also showing a loud-speaking telephone designed for 
communication between the passenger and driver of 
a motor-car as well as telephones for marine use. In 
the latter, the loud speakers, which are in duplicate, 
and the microphone are housed in a non-corrosive 
waterproof hood of aluminium. A portable set 
enables communication to be established with the 
bridge or engine room from any part of the vessel. 
A portable unit is also made for amplifying speech 


at public meetings, railway stations, and other places | 


where it is desired to render speech audible to a 

large number of persons at the same time. 
The London Section of the Fair closes 

simultaneously with that at oneal 


to-day, 





THE ENGINEERING - OUTLOOK. 

Vs 

In reviewing, early last year, the outlook of{the 
machine tool industry during 1928, it was stated that 
an intensification of foreign competition was to be 





Macutneé Toots. 


expected, but nevertheless, although it was not | 


possible to look upon the future of the industry with 
unqualified optimism, the superiority of the British 
product, coupled with the increased w orld demand for 
machine tools, were calculated to be productive of a 
trading year at least as good as, if not slightly better 
than, 1927. 

The trading statistics for the completed year 1928, 
now available, indicate that this result has been 
achieved—though nothing more. It may be calcu- 


lated that British machine tool production improved | 


slightly on the 1927 level, but that whilst our 
exports have increased very slightly they have not 


done so in proportion to the forward strides made | 


by other countries. 


It will be convenient to follow the same plan as | on the 1927 
on previous occasions and study first the position | 


| of employment during the past year. 
| of Labour unemployment statistics are not issued in 


SG EES 6. 








The Miniatey | 


a form which makes available figures relative to the 
position of the machine tool unit of the engineering 


industry, and so it becomes necessary to rely on the | 
|index which has previously proved accurate and “ 


reliable, namely, a sample of employment in the 
six chief machine tool producing centres in Great 
Britain. This index is provided in the following 
Table I 


TaBLe 1.—Employment in the Machine Tool Industry. 





Numbers Index 
Employed. 1914 100. 

1913 3,836 | 100-0 
1918 3,971 103-6 
1920, May 5,639 130-0 
1923— 

Ist half-year . 2,124 } 55-4 

2nc 2,849 | 65-7 
1924— 

Ist half-year 2,215 57-8 

2nd 3,083 80-4 
1925- 

Ist half-year 3,139 81-9 

2nd oe 3,170 82-7 
1026 

Ist half-year . 3,481 90-8 

2nd A 3,115 81-2 
1927— 

Ist half-year 3,271 85°3 

2nd 3,441 89-8 
1928 

Ist half-year .. ae es 3,684 96-1 

2nd os oe oe bi 4,425* 115-5* 





* Estimated on incomplete returns. 


It will be observed that the employment figure 
for the last period of 1928 is estimated, but there is 
no reason to doubt that, even so, it accurately reflects 
the extent of employment in the industry towards 
the latter part of 1928. It is to be seen then that 
during the past year employment on the average 
has been higher than at any period since the boom 
years 1920, and has been roughly equivalent to the 
average of 1913. This is the first confirmation of 
the improvement of 1928. 

Exports of machine tools have also improved, but 
hardly it would seem in proportion to the improved 
employment, for they exceed the 1927 level by a 
comparatively negligible volume. The value per 
ton, however, has a decided upward trend—always a 
welcome feature—with the result that the income of 








the industry, on export account at least, has 
enon by over acini 
Monthly Volume Index Value per Index 
Average. (Tons). | 1913=100. Ton. £. | 1913100, 
7 
1913 1,378 100-0 61- 100-0 
1922 
Ist Qr. a 1,178 85-4 134-9 “4 
2nd ,, ae 935 67°8 129-9 2 
$rd_,, 746 54-0 132-3 “2 
4th ,, 1,145 83-0 110 7a 
1923— | 
Ast: Qr. 1,094 79-4 118-2 193-1 
2nd ,, 1,243 90-1 104-6 170-9 
3rd ,, 946 | 68-6 102-7 167-8 
4th ,, 1,434 | 104-0 101-6 166-0 
1924— } 
Ist Qr. 843 61-1 109-8 177-7 
2nd ,, 959 69-5 111°5 182-1 
3rd _, | 1,118 | 81-1 111°3 181-8 
4th , | 1,078 78:2 120-5 196-9 
1925— | | 
1st Qr. 1,426 103-4 107-4 175-4 
2nd ,, 1,126 81-7 117-0 191-1 
3rd _, 1,046 | 75-9 108-1 176-6 
4th ,, 1,165 84-5 104-9 171-4 
1926— 
1st Qr. 1,271 2-2 115-1 188-1 
2nd ,, | 1,073 | 77°8 104-6 170-9 
3rd _ ,, | 1,170 84-9 112-1 183-2 
4th , | 1,040 75-4 117+1 191-3 
1927— 
1st Qr. 1,156 83-8 115-1 188-1 
2nd ,, | 1,117 81-0 114-7 187-4 
3rd, | 1,156 83-8 105-5 172-4 
4th ,, «ol 1,393 101-0 110-9 181-0 
1928— | 
1st Qr. 1,137 2°5 130-9 214-0 
2nd ,, 1,242 | 90-1 115-4 188-5 
3rd», 1,133 82°2 110-7 180-9 
4th 1,339 97-2 128-9 210°6 


Never, since 1921, has the sini so nearly 
approached its pre-war volume of exports, and it is 
highly satisfactory to observe, specially in the light 
of the intense German and Swiss competition, 
to which more detailed reference will be made later, 
that the value of British machine tool exports to 
/countries in Europe has increased by 150,000. 
level, which was itself an improvement 


of 20,0007. on the previous year. Exports to the 





as I, + 1980. 


Union of South Africa were, pa 1928, better by 
| 40,0007. than those of 1927, showing an improve- 
iment of 57,0001. over a period of three years ; 
| whilst the demand of British India also improved 
by 23,000/. during 1928. Trade with Australia and 
other countries ” slumped considerably during the 

year past, thus minimising to a great extent the 

excellent advances made elsewhere. So far as the 
| Australian market is concerned, it is more than 
likely that America has been the successful com- 
petitor. 

It has been indicated that the whole of the 
increase in employment is not to be entirely ex- 
plained by improvement in exports, and the inference 
may be that the home market also has improved. 
| If this is so, it has not been entirely to the advant- 
age of the home producer, as Table IT, showing the 
amount and value of retained imports, testifies. 


TaBE III.—Retained J mporis of Machine Tools. 








| Value — 














Monthly Volume Index, Index 
| Average. (tons). 1913 —100.! ton, £. |1913=100. 
{2 - $$ 
| 1913 312 100-0 91-4 | 100-0 
1922— i 
Ist Qr. 275 88-1 110-7) {| 121+1 
2nd ,, | 216 69-2 W11-1 | (121-5 
| 8rd ,, 332 106-4 128-9 | 141-0 
| 4th ,, 251 80-4 127-4 139-2 
1923— \ 
Ist Qr. 284 91-0 109:8 | 120-3 
2nd ,, 320 102-5 | 181°3 { 143-6 
oa, 290 96-1 | 118-2 | 129-3 
4th ,, 316 101-2 138-0 | 151-0 
1924— 
Ist Q 198 63-4 179-0 195-8 
2nd ,, 188 | 60-2 182-1 199-2 
8rd _,, 320 102-5 156-3 171-0 
an ;, 257 82-3 166-0 181-6 
1925— 
Ist. Qr. 301 96-5 184-3 201°6 
2nd ,, | 332 106+4 167-2 172-0 
3rd _,, | 376 120-5 | 145-5 159-2 
4th ,, | §27 168-9 149-0 163-0 
1926— | 
1st Qr. | 637 204-1 | «111-2 121-6 
2nd ,, 511 163-8 130+1 142-3 
3rd, | 625 200°5 115-4 126-3 
4th | 781 250-8 110-1 | 120-4 
1927— 
1st Qr. | 446 143-0 187-2 205-3 
2nd ,, | 710 217-8 185-1 | «(141-7 
8rd _,, | 667 213-9 150-9 | 165-0 
4th | 689 221-0 147-3 161-0 
1928— 
Ist Qr 723 | 281-9 148-9 | 162-9 
2nd ,, 553 177°4 170-8 186-8 
Srd_,, 768 | 246-3 | 162-9 178-3 
4th ,, 783 | 251-0 | 156°5 171-2 











This country becomes an increasingly important 
_| market for our competitors. While it is the pro- 
| ducer of the finest machine tools in the world, it 
| continues to import in growing quantities, machine 
| tools of foreign manufacture. ‘During the past year, 
| we imported to the extentof twice as much in volume 
as in 1913, at a value per ton 60 per cent. greater 
| | than before the war. The value per ton on imports, 
‘in 1928, was greater by over 30/. than the value 
per ton of exports. The home industry has lost 
1,300,000/. by the importation of foreign productions. 
These highly-valued machines must be speciality 
products, but it is difficult to imagine any machine 
tool beyond the genius of the British maker. It 
is unpleasant to think of the national demand 
growing and being served by foreign makers, thereby 
fortifying their competitive strength against us. 

The increase in home demand was adumbrated 
last year, and the hope was expressed that the 
home machine-tool maker would increase his contri- 
| bution towards the satisfaction of these needs, but 
\it has to be admitted that so far the attempt, if 
made, has not been successful. 





_ TABLE Iv. - “" niernational Exports of Machine Tools. 





{ { ' 





Country. | 1913. | 1924. | 1925. ; 1926. | 1927. | 1928. 
alue £000. 

| United King- } 

om | 1,013 | 1,362 1,561 | 1,582 | 1,612 | 1,70 
France 372 663 792.| 659 763 776° 
Germany ..| 4,004 769 3,816} 4, a 5,440 | 6,595° 
Switzerland 97 488 486 | 403 490 600° 
U.S.A. 3,309 | 3,304 4,568 ; 3,886 | 5,227 | 6,590* 

Total 8,795 | 8,586 /11,223 | 11,078 | 18.582 | 16,381° 





* Estimated on aaiahinn returns. 


Comparison of export data relative to the five 
main exporting countries is the most satisfactory 
method of testing the international situation. 

The values shown in the annexed Table IV, are 
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national system of high pressure transmisson | Zealand Shipping Company, Limited, have given 
lines, insistence being laid, however, rather on the/ instructions for the conversion of the remaining 
“how ” than on the “ why,” a bias to which many | three boilers, which are at present hand-fired, to 
speakers in the discussion called attention. The | burn pulverised fuel, on the return of the vessel 
the battle which is waging between Germany and the | features of the overhead lines, insulators, protective | to this country. It might be predicted with safety 
United States for world supremacy. This country’s | systems, sub-stations, switchgear, transformers, and | that the steam requirements might be met with only 
progress is negligible in comparison. Taking 1924 | auxiliary equipment, which it is proposed to use, | five boilers so fired instead of the six now used, and 
as a basis, when world demand was not as great as | were described in some detail, and the actual work, | we are sure a fulfilment of this prophecy would be a 
1913, this country’s exports have improved by | which is now being carried out in Central Scotland, | source of satisfaction to shipowners and the coal! 
400,000/., Germany’s by 4,000,000, while America’s | was dealt with. The latter includes, among other | industry alike. 

are nearly doubled at an increase of over 3,000,000. | interesting things, three river crossings spanning the , ' CR ELON | Se ener 
Proportionately, the advance made by Switzerland | Clyde, the Forth and the Cart seieatiede for -cmalgrenian — regia’ ni asissemonae 

is greater than that of any country, although she | which special towers have had to be designed.| -\ Policy of organised accident prevention is not 
remains the least significant of the five chief coun- | The Clyde crossing will give a clearance of 228 ft. | only humanitarian, but also constitutes a sound 
tries. America’s rate of progress is greater than| at high water and that of the Forth 158 ft. under | ™Vestment irom am ccomcnsio point of view. This 
Germany’s at this stage, and unless the manufac- | the same conditions, so that there is not likely to be | t@tement may be said to have formed the keynote 


turers in the latter country succeed in composing | any interference with shipping. Standard insulators | Of am address given by Mr. E. Hoult, of Messrs. 


their existing internal difficulties they may well take | and conductors are being used in all three cases. Edgar Allen and Company, Limited, Sheffield, at a 
| meeting organised by the industrial section of the 


second place to America, with this country a very| The paper was so largely descriptive that it was | é 2 : : : 
poor third. only to be expected that the discussion should be | London Safety First Council, and held in London 
recently. Mr. Hoult stated that, according to 


expressed in £ sterling, converted at the average 
rate of exchange for each year. 

This table indicates, better than words, the 
intensity of the competition in foreign fields, and 




















On the face ot it, this country’s prospects of | largely lacking in criticism. The point that the | 5 > : 
external expansion do not seem great, but there is | Home Office returns covering workmen’s compen- 
one very hopeful feature in the outlook, which, if it 





claims of reinforced concrete poles had been neg- | **°! ; 
lected was, however, made, and Mr. W. A. Coates | sation for the past eight years, over 3,000,000 


materialises, should see the commencement of a | objected to the arrangement of all the switchgear on | British workers had been injured sufficiently 
decided expansion of export trade before the close | one floor on the grounds that the elimination of the | b@dly to be compensated, and over 22,000 had been 
of the current year. This is the trade delegation to | “ forest of ironwork ” thus obtained laid the equip- | Killed. During the period under review, compen- 
Russia. The tremendous potentialities of the|ment open to atmospheric disturbances. This, | S#tion payments alone amounted to just under 
Russian market have already been referred to, and | however, is a matter which experience must decide, | 50,000,000/. Furthermore, it had been calculated 
it has been described as “the one great market | and is not altogether unalterable. In dealing with | that the gross total cost to industry of accidents 
still lying fallow.” It is highly gratifying to note | it, however, it must be remembered that conditions | during these eight years was in the neighbourhood 
that the Association of British Machine Tool Makers | in this and in other countries are not always the | of 200,000,000/. As a general average, an energetic 

| campaign of accident-prevention should produce a 


has associated itself with this delegation; one 
gathers that it will have representatives with the 
delegation to explore the possibilities of Russian 
demand, and it is difficult to imagine that anything 
but good can result. Russia’s need is unquestioned ; 
our ability to supply the need is equally unques- 
tioned. Russia then becomes the bright star in 
the firmament of the British machine-tool makers. 
If this market develops, our machine-tool industry 
should benefit considerably. If it does not, no 
pronounced improvement on the past year can be 
anticipated. 





ENGINEERING FEATURES OF THE 
‘*GRID.”’ 


It was perhaps inevitable that when the Elec- 
tricity (Supply) Act of 1926 was being considered 
by Parliament, nearly all the attention should have 
been paid by both legislators and engineers to the 
political and financial, rather than to the technical, 
aspects of the scheme laid down therein. The 
result, whether fortunate or unfortunate it is diffi- 
cult to say, is that the technical details of the 
national system of transmission lines have been left 
to the Central Electricity Board, advised by such 
experts as they have felt inclined to consult. 
It is not surprising to find, therefore, that the three- 
phase system, with 132 kv. between phases and a 
frequency of 50, has been adopted, for reasons 
of load requirements, transmission distances, 
degree of security obtainable and cost. But as 
Mr. W. B. Woodhouse pointed out in the discussion 
on a paper on “ The Construction of the ‘Grid’ 
Transmission System in Great Britain,’ which was 
read before the Institution of Electrical Engineers 
by Messrs. Johnstone Wright and C. W. Marshall 
on January 25, the advantages of this system are 
not overwhelming. Since, in fact, the cost of an 
overhead line depends on the number of conductors, 
and the wind pressure on the towers and conductors 
varies as the square root of that number, there is 
something to be said for a system in which a smaller 
number of conductors can be used than is necessary 
on a three-phase line. Mr. Woodhouse has the 
courage of his convictions to the extent that he| 
has obtained permission to erect a 66,000-volt | 
four-phase line, i.e., a symmetrical polyphase 
system utilising four wires and sometimes described 
as two-phase, but we rather gathered that he 
suggested that for the ‘“‘ grid” proper direct-current 
might have been considered. The time for that 
has, however, passed, and what, ignoring any ques- 
tions of security and operating difficulties, would | 
have been an interesting experiment cannot now | 
be attempted. 

Messrs. Johnstone Wright and Marshall’s paper, 
to which reference has been made, was an excellent 
account of the chief constructional features of the 


same. 
| The paper contained so many interesting details 
that we propose to publish a full account of it in 
subsequent issues. of ENGINEERING. It will be 
sufficient here to say, therefore, that it showed once 
again that the Central Electricity Board are living 
up to their reputation for openness, and that they 
realise that in an undertaking of such great import- 
ance the co-operaion of all concerned is an essential 
to success. 


NOTES. 
PULVERISED FuEL aT SEA. 

THERE seems to be but little doubt that, recent as 
the development is, the use of pulverised coal will 
do much towards restoring the supremacy of that 
fuel at sea, a supremacy which some protagonists of 
oil believe is theirs in perpetuity. There is one 
factor, however, in the situation which is a pressing 
one. The coal industry needs prompt help from the 
engineer as delay points the way to practical 
| ultimate extinction of the bunkering trade. Without 
minimising the advantages, therefore, of those 
proposals which involve the bunkering of coal in a 
ready pulverised condition, it would appear that the 
methods which enable existing ships to coal at 
existing bunkering ports with fuel as at present 
stocked there, are of more immediate interest. It 
is, in consequence, a pleasure to record the successful 
voyage to New Zealand of the 8.8. Hororata, under 
the Howden-Buell system, in which the fuel is 
pulverised on board as burned. This apparatus was 
fitted by Messrs. R. H. Green and Silley Weir, 














Limited, and was described and illustrated in 
ENGINEERING, vol. cxxvi, pages 752-3. The out- 
ward voyage of 11,000 miles was steamed under 
no less than five different kinds of coal, English, 
Welsh and Scotch from this side, and two kinds of 
American, taken on board at Newport News and 





Panama respectively. This, in itself, is a good test, 
the results as regarding the working of the apparatus 
being equally satisfactory whatever coal was used. 
The distribution of the fuel to the furnaces was good, 
and after the distributors had been set they did not 
require to be touched for weeks together. There 
was no trouble from ash deposits on the decks, and 
increased speed with less fuel consumption was 
obtained. The uniformity of the steam pressure 
was noticeable, and a point specifically made in the 
report is the small amount of attention needed in 
firing other than that of trimming from the bunkers | 
to the pulveriser hoppers. This, however, is hardly | 
to be wondered at, for, after all, the pulverisers are 
in some sense analagous to the fuel pumps, filters, 
&c., which are needed in an oil-burning ship, and the 
builer-room staff need only be about the same in 
number in the two cases. The best proof of the 
success of the voyage lies in the fact that the New 


reduction in the frequency of casualties of from 
25 per cent. to as much as 75 per cent. The secret 
of the success of such a campaign was to concen- 
trate against the failure of the human element, 
| and to build up within each works a determination 
on the part of both management and operatives to 
co-operate in the elimination of every avoidable 
accident. The work should be undertaken on a 
| voluntary basis, and not under any system of 
‘compulsory regulations. One of the best ways of 
| creating and maintaining a proper “ safety sense” 
| amongst the workers was by displaying a series of 
| posters, changed every week. The universal 
| experience of firms who had been successful in this 
work was that some form of safety committee, 
on which the operatives were represented, was 
essential. One of the first features of an accident- 
prevention campaign was that, whilst the number of 
injuries treated appeared to show a sudden increase, 
the number of septic-poisoning cases correspondingly 
decreased, thus proving the value of educating the 
| workers to make full use of the first-aid arrange- 
ments provided. It was a fallacy to state that 
judicious safety-first measures slowed up production 
or increased its costs. A safe worker was a good 
operative, and the lessening of delays due to accidents 
more than compensated for any occasional slowing 
up which precaution necessitated. The chairman 
at the meeting, Mr. A. E. Wiseman, of Messrs. 
Pyrene Company, Limited, stated, in the course of 
his remarks, that one firm in the United States, 
after eight years’ effort in the direction of accident 
prevention, had succeeded in carrying on its opera- 
tions for 420 days without having a single accident 
involving loss of time. During this period the 
plant had been operated at full capacity for 24 hours 
a day, employing 300 men on three eight-hour shifts. 
In 1921, the accident frequency rate, a figure which 
takes into consideration hours of exposure, had been 
57-8, and 39 accidents had involved loss of time. 
By 1926 these figures had declined to 13-7 and 12 
respectively. Further reductions occurred in 1927, 
when the corresponding figures were 2-5 and 2. 
The final reductions to zero had taken place during 
1928. It was the universal experience that only 
some 25 per cent. of industrial accidents could be 
eliminated by mechanical safeguards ; the remaining 
75 per cent. were a question of education resulting 
from organised safety work. 
Tue Use or Empire TIMBERS. 

We have on several occasions drawn attention 
to the importance of our Imperial timber resources. 
Large quantities of foreign woods are imported 
annually, and it is only comparatively recently 
that it has been realised that many of the varieties 
of timber grown in our Dominions and Possessions 
overseas have qualities which are not surpassed, 
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at the result by the use of only one relation is bound to 
fail. This is the reason for the anomalous results 
obtained in the usual treatment of the movable weir, 


] | 
or in many cases equalled, by those of foreign; Taking the case for depth 10 ft. and velocity 10 ft. 
origin. We were therefore interested to learn that | per second, the height Pea indicated, 6-2 bee 

: ‘ : ,| appears excessive in view of the enormous amount o 
nae a = a soi em cen | energy represented by water 16-2 ft. deep as compared | where the application of Bernoulli’s theorem would 
House. a pnncnem dquarters of - Imperial | with the original 10 ft. It must be remembered that | have made allowance for the work done in a vertical 

— ‘ : : : | momentum and kinetic energy are the time and space | direction. 
Chemical Industries, Millbank, London, 8.W.1. | integrals, respectively, of the same acceleration, so that | 
The panelling in the various conference and other any problem should yield the same result when attacked | 
e rooms has been carried out in English oak and | on the momentum or the kinetic-ener; Sis. e | Hydro-Electric Department, 
larg has b ied out in English oak and | | he kineti gy basis. The | Hydro-Electric Dep 
chestnut, Australian silky oak and black bean, and | problem, in fact, is easily dealt with by the latter method | Hobart, Tasmania. 


Yours faithfully, 
A. P. Froexart. 


Canadian yellow pine. In some cases, English | 
walnut veneers have been utilised for panels, the 
backings of which consist of mahogany from, 
British Honduras, the West Coast of Africa, and | 
British Columbia. The adoption of Australian | 
black bean is worthy of special mention. It has 
been contended in the past that this wood is too 
stubborn a material for use in joinery, and it has 
also been argued that it is liable to fracture. The 
satisfactory manner in which the present work was 
carried out, however, has disproved these con- 
tentions, and the oniy recommendation made is ! 
that the wood should be carefully selected in the 
first place. ‘The panelling of one of the directors’ | 
rooms has been executed in Indian laurel, a wood of 
great beauty, which, it is believed, has rarely, if ever, 
been used in this country previously. Imperial 
timbers have also been employed for the parquet | 
and wood block floorings of the large refectory, | 
telephone, and other special-purpose rooms in the | 
building, and the principal materials used were | 
Tasmanian oak, Canadian maple, and British 
Columbian timbers. The skirting boards throughout 
the building are of English sycamore, while home- | 
grown limewood has been adopted for various | 
carvings and hollywood for inlaid work. By way | 
of conclusion some general particulars regarding | 
{mperial Chemical House may not be out of place. 
The total volume of the building is over 6,000,000 
cubic feet, the aggregate area of the nine floors | 
measures about 370,000 sq. ft., and the number of | 
rooms is 700. The height from the basement floor | 
to the roof ridge is 145 ft. 6in. The number o 
concrete piles in the foundations, exclusive of 
18 steel caissons, which are over I] ft. in diameter, 


as below. 
Each pound of water in the entering stream has 

: 4 V 

an energy of flow, or capacity for doing work, of <=: 


by virtue of its velocity and ho by virtue either of its 
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position above the bed of the channel or its pressure 
or of both. Within the wave, it is at rest and has 
only its potential energy of h, + h. 
rg? 

ho th = —— +1 

0 29 0 

Whence 
pee 
hs 2g . ( ) 


Or the height of the wave is equal simply to the 
velocity head, while if there should happen to be any 


2 


2 


Without attempting to elucidate the mechanism by 
which the velocity is checked and the wave formed, 
Fig. 2 represents the condition of horizontal elements 


| 
| 


| 
| 
| 


¢ | source of loss the height will be correspondingly reduced. | 


is 1,302, the total load for which the foundations | hefore and after checking. It shows that element 1 | 
are designed is 150,000 tons. Excavation work was | has converted all its kinetic energy by change of level | 


begun in December, 1926, and the driving of piles | 
was commenced in January and completed in June, | 
1927. The first sections of steel framework were | 
erected in April, 1927. The building has been | 
occupied by degrees, and was officially opened on | 


February 22 last. 





LETTERS TO THE EDITOR. | 


| 

MECHANICS OF THE MOVABLE-WEIR 
PROBLEM. | 

To THE EprToR OF ENGINEERING. 

Sim,—Within the past few years attempts have been | 
made to solve the problem of the movable weir, i.e., to 
determine the hydraulic conditions set up above an | 
obstruction which has been suddenly dropped across a | 
flowing stream. Discussions* which have been pub- | 
lished give results that are not altogether satisfactory, | 
and the following is offered as being more in accord | 
with actual facts. It must be remembered that the | 
condition does not occur very frequently, and does not 
lend itself to precise observation, so that there do not | 
appear to be any published experimental results 
available for checking the theories advanced. On 
dropping the obstruction, water is headed up against 
the weir, and this heading-up goes upstream in the 
form of a single step-up wave similar to Fig. 1. This 
phenomenon is readily observable, in rudimentary 
form at any rate, on many hydraulic works. 

With the notation of Fig. 1, for a foot width of a 
broad channel with uniform depth of flow, the standard 
equation is, after clearing of c>rrections for slope of 
channel bed 

_ 2 Vat het _ 


ho + 2Qh2ho — 2h - (1) 


It is arrived at by equating the change of horizontal 
momentum per second to an expression representing 
the difference in pressure across the wave front. The 
equation has one positive and two negative roots. 

On working out cases with depth Ap = 10 ft. and 
velocities of 1, 5 and 10 ft. per second, respectively, the 
positive values of / are 0-6, 3, and 6-2 ft., respectively. 
With greater initial depths of flow, higher values for 
h are obtained. 





7,2 
Vo* ho ei 
g 





* See ENGINEERING, vol. exxi, page 189 (1926), and 
vol. exxvi, page 172 (1928). 





equal to h, that element 2 has converted its energy 
half by change of level and half by change of pressure, 
making a total increase of h, and element 3 entirely by 
change of pressure equal to kh. Under these circum- 
stances, it appears reasonable to postulate the formation 
of the wave without loss of energy. The velocity of 
upstream travel of the wave is obtained by considering 
any plane remote from the wave front ; in one second 
a quantity V, 4, per foot width passes this point, with 
the result that the wave increases in volume by 
Vh, whence V = oo, 
kinetic energy is destroyed per second in a length V 
of the wave as well as in a length vg which flowed into 
the wave in that second, making a total of (V + to) x 
h.\© per foot width. The final potential energy of the 


29 
quantity of water is (V + %)h,. (hy + /), and the initial 
amount (V + w,)h,) . hy. 


Hence the gain is 


Considering the bulk action, 


(V -+ w) ho - (ho + kh) — (V + v0) ho- ho = (V + v9) ho.h, 
whence 
veptesl «f% vabiek 
(V + v0) ho 29> r vO ’ 
and 
h= = ’ 
as before. 


The same result should also follow from the momen- 
tum equation if the allowance for vertical rise of the 
water could be made simply. The velocity head for 
10 ft. per second is 1 ft. 7 in., which is quite a moderate 
height for any wave likely to occur, and is well within 
the freeboard allowed in the case of an important struc- 
ture. The problem is thus not of very great practical 
importance. From the theoretical aspect, however, 
it gives rise to a number of important points involving 
the relations of mechanics and hydraulics. These 
always arise when attempting to derive hydraulic 
formule without the use of experimental coefficients, 
but are not usually dealt with by writers of text 
books, as hydraulics is essentially an empirical science. 

The type investigation of this kind is the derivation 
of the coefficient of discharge for Borda’s mouthpiece, 
in which the qualitative relation between energy and 
velocity is determined from Bernoulli’s theorem, 
while the quantitative relations are arrived at from 
the force-momentum equation. An attempt to arrive 


| 
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9/TORPEDO BOAT DESTROYERS AND 


FLOTILLA LEADERS. 


To THE Eprror oF ENGINEERING. 


Sir,—There have been so many versions of the naval 
question in magazines and the daily press, in both this 
country and England, and so loud and vociferous have 
been the cries of “‘ propaganda,” that Scientific American 
wishes to go on record as being an advocate of the truth, 
the whole truth, and nothing but the truth. Therefore, 
in calling your attention to several facts of which you, 
apparently, are not cognisant, we are simply acting 
according to that principle and shall not attempt to 
set forth reasons for our naval programme nor to confute 
its opponents. 

An error in the January 11, 1929, issue of ENGINEER- 
ING, in the article “‘ Torpedo Boat Destroyers and 
Flotilla Leaders,” was so glaring that we investigated 
and found several others. We refer to the statement 
regarding the “‘ nine projected American leaders,” and 
to the inclusion of this figure in the tabulation. We 
are at a loss to understand how you interpret “ pro- 
jected” as used here, inasmuch as we have made no 
appropriation to build a single destroyer leader. 
If the word means “ authorised” then the number 
is incorrect, since a total of twelve has been authorised. 
Furthermore, do you not think it unfair to mention 
these at this time when it tends to create the impression 
that, not content with launching an “ anti-British ” 
cruiser programme, we are about to add strength to 
our already large destroyer fleet ? Too many British 
periodicals are already publishing details conducive 
to that end. 

The fact is that these twelve leaders were authorised 
in 1916, and, although the Navy has urged their con- 
struction, nothing has been done about the matter in 
all these years except to include them in the original 
Five-Year Naval Building Programme and have them 
thrown out as excess ballast. They are not being 
considered at all at present, and it is the opinion of 
some that they will never be built, since cruisers are 
considered of more importance. (Incidentally, you 
will be interested to learn, if you haven’t already, that 
another British magazine stated in a recent issue that 
we are to build four flotilla leaders.) 

In the tabulation in the above-mentioned article, 
the United States is credited with possession of 309 
destroyers. We actually have 262 under the effective 
age of sixteen years, and eight over that age. Of these, 
several large groups are laid up, out of service, due to 
lack of personnel to man them. 

ENGINEERING’sS statement that the greater number 
of United States destroyers are of 1,215 tons is correct, 
but the generality that they have a speed of 35 knots 
is misleading. Actually, the trial speeds of our 
destroyers run between 31? and 36 knots, thus giving 


| an average of close to 34 knots. This does not compare 


| favourably with the designed speed of 34 to 37 knots— 


|it is in our favour or not. 


average over 35 knots—of British destroyers. 

Other mis-statements or half-truths in the article 
will be left for others to correct if they so desire. So 
far as the facts and figures on the United States Navy 
are concerned, however, we do want the truth, whether 
We would appreciate, 


| therefore, a correction of the facts submitted above, or 





publication of this letter. 
Very truly yours, 
F. D. MoHuen. 
Associate Editor. 
** Scientific American,” 
24 West 40th Street, New York. 
February 6, 1929. 


[It was distinctly stated in the article to which our 
correspondent refers that most of the figures quoted 
were taken from the current official return, “ Fleets 
(The British Empire and Foreign Countries),” published 
last year. A summary of completed ships on page 3 
of the return credits the United States with 309 
destroyers, a note at the foot stating that of these, 
25 are assigned to coastguard duties. On pages 35-44, 
the names and particulars of the 309 destroyers are 
enumerated, and it is indicated that 15 have passed 
the age limit of 16 years, assumed for this type in the 
return. This leaves 294 as the effective number early 
last year, compared with 262 at present quoted by 
Mr. McHugh. It seems probable the difference is 
explained by losses and withdrawals from service 
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since the compilation of the return, and perhaps by a 
lower age limit than 16 years. The return does not 
distinguish between vessels in commission and reserve 
in any of the navies included therein. 

Throughout the return designed speeds only are 
given, and as these speeds represent the requirements 
of the naval authorities at the time of design of the 
vessels, they were used in the article, the sole purpose 
of which was to indicate the latest developments in 
the various navies of the two very interesting types of 
warships referred to. The return gives the names of 
256 destroyers of the United States Navy designed with 
a speed of 35 knots. We are inclined to doubt the 
acceptance by the United States naval designers of 
Mr. McHugh’s arithmetic by which he arrives at the con- 
clusion that the average trial speed of the whole 
of these destroyers was 1 knot below the designed. 

On page 4 of the return, nine flotilla leaders for the 
United States Navy are included in a summary of 
projected warships. On page 28, the nine are again 
referred to as “‘ projected (not yet authorised), the 
words used in the article. Mr. McHugh states that 12 
leaders were authorised in 1916, but have since been 
abandoned. Our article was entirely uncontroversial 
and was concerned with the development of the 
flotilla leader, and for the purpose of the article the 
main fact was that the United States naval authorities 
have on at least two occasions suggested the addition of 
flotilla leaders to their Navy, and are thus in agreement 
with the other naval authorities about the utility of 
the type. 

We are at one with Mr. McHugh in his desire for 
the truth. Throughout the article of which he 
complains we have acted in good faith in quoting what 
we believe to be the latest, and so far as we are 
aware the only official publication containing the 
data which we required.—Eb. E.] 








TENDENCIES IN STEAM TURBINE 
DEVELOPMENT 


To THE Eprror OF ENGINEERING. 


Sm,—The writer has read with the greatest interest 
Mr. H. L. Guy’s paper printed in your issue of 
February 1 and 8, dealing with the tendency in steam 
turbine design, and has had some correspondence 
with Mr. Guy on the subject. The writer is particularly 
enthusiastic over the conclusions which may 
deduced from the paper, an enthusiasm which is 
perhaps stimulated by the fact that he had come to the 
same conclusions based on more or less fragmentary 
calculations and reasoning along substantially the 
same lines as put forward in Mr. Guy’s paper. 

If we accept Mr. Guy’s calculations as being correct, 
and the writer has no reason to doubt them, there 
appears so little to be gained by the complex systems of 
reheating as made necessary: by extreme pressures, as 
compared with a job designed for the highest permissible 
temperature and a moderate corresponding pressure, 
that it seems inconceivable that such propositions, 
with the greater cost of the complex arrangements 
and the hazards which such complications introduce 
in construction and operation, can ever become 
economic. 

Another point in Mr. Guy’s paper appealing particu- 
larly to the writer, relates to his remarks concerning 
the absolute lack of standardisation as regards steam 
pressure. There would be a distinct advantage to the 
boiler manufacturing industry if the number of different 
pressures, as represented by specifications, could be 
reduced to only a few covering the steam range ; 
such advantage could be gained without sacrifice to the 
users. It is the writer’s belief that the subject of 
standardisation might become with advantage one for 
the consideration of a properly appointed committee of 
one or more of the technical engineering bodies, or of all 
such bodies interested in co-operation. 

Yours faithfully, 
F. H. RoSENCRANTS, 
INTERNATIONAL COMBUSTION, LimITED, 
Director of Engineering. 
Africa House, Kingsway, W.C.2. 





To THE Eprror or ENGINEERING. 


Str,—Mr. H. L. Guy’s paper entitled ‘“ Tendencies 
in Steam Turbine Development,” read recently before 
the Institution of Mechanical Engineers, opens with 
the suggestion that makers and users of steam turbines 
should pool their experience. 

Turbines of the type to which the paper relates are 
employed almost solely for driving generators for the 
supply of electricity. Since the latter is now under 
the control of the Central Electricity Board, it follows 
that the electrical characteristics of the generators 
must conform to standard. This being so, it seems 
not unreasonable that the steam conditions, under 
which the turbines driving these generators will operate, 
should also be standardised wherever possible. No 
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attempt at uniformity appears to have been made 
yet, however, with the unfortunate results described 
later on in the paper. Mr. Guy’s suggestion, if it can 
be carried into effect, would open the way to agree- 
ment on this point. It would also afford to turbine 
makers a wider range of experience on which to draw, 
when preparing designs for machines for working under 
conditions hitherto untried. It would, therefore 
(although this, perhaps, may be a minor advantage 
compared with others) re-act favourably upon the cost 
of manufacture of generating plant, and in turn, on 
the price of electricity supplied to the consumer. 

To carry the suggestion into effect, an organisation 
to act as a clearing house for the information con- 
tributed would have to be formed. This would per- 
form functions similar to those of the organisations for 
collating and distributing technical information, which 
already exist in other countries, such as the National 
Electric Light Association of America. 

It seems to the writer that work of the character 
in question hardly comes within the purview of the 
B.E.S.A., and that it might more fittingly be under- 
taken by the Institution of Mechanical Engineers. 
The Proceedings of the Institution contain few contri- 
butions dealing with modern methods of steam genera- 
tion and utilisation—indeed, it is surprising to find 
that the number of papers read before the Institution 
of Electrical Engineers on such a purely mechanical 
subject is so much the greater. It is true that the 
Institution of Mechanical Engineers is represented on 
various Research Committees, and that its own Steam 
Nozzles Research Committee has done invaluable 
work. These activities, nevertheless, should not 
preclude it from undertaking other work which would 
identify it more closely with the profound develop- 
ments in power-production which are now taking 
place, and which would, moreover, enhance its useful- 
ness to many of its members, to the engineering 
profession, and to the community at large. 

It is to be hoped that Mr. Guy’s suggestion will be 
followed up—if not by the Institution, then by some 
other body already existing, or by one formed for the 
purpose. It would be interesting to know the views 
of your readers as to the desirability of approaching the 
Institution in the first instance. 

Yours faithfully, 
P. J. PLEevin 
(Messrs. Plevin and Jenkins.) 
4, Working-street, Cardiff. 
February 27, 1929. 








LAUNCHES AND TRIAL TRIPS. 


** JosEPH P. BurKkeE.’’-—Fourth of a series of single- 
screw Canadian lakes and canals cargo steamers ; triple- 
expansion engine. Launch, February 21. Main dimen- 
sions, 263 ft. by 43 ft. 4 in., by 20 ft. Built by Messrs. 
Swan, Hunter, and Wigham Richardson, Limited, 
Wallsend-on-Tyne, to the order of Mr. J. J. Boland, 
Junr., and Captain R. Scott Misener, Sarnia, Ontario, 
Canada. 

** Gootistan.”’—Single-screw grain-carrying steamer ; 
triple-expansion engme. Launch, February 26. Main 
dimensions, 440 ft. by 57 ft. 6 in., by 38 ft. Built to the 
order of Messrs. Common Brothers for the Hindustan 
Steam Shipping Company, Limited, Newcastle-on-Tyne, 
by Messrs. Short Brothers, Limited, Pallion, Sunderland. 

“* ALCANTARA.”’—Steel-screw trawler. Launch, Feb- 
ruary 26. Main dimensions, 140 ft. by 24 ft., by 14 ft. 
Built by Messrs. Cochrane and Sons, Limited, Ouse 
Shipbuilding Yard, Selby, for owners at Lisbon. 

** British CuHIvaLry.”—Oil tank steamer ; quadruple 
expansion engines. Trial trip, February 26. Built by 
Messrs. Palmer’s Shipbuilding and Iron Company, 
Limited, Jarrow-on-Tyne, for the British Tanker 
Company, Limited. 

“* BRITANNIA.”’—Single-screw passenger steamer, sister 
ship of the Suecia; Parson’s turbines with single- 
reduction gearing. Launch, February 27. Main dimen- 
sions, 376 ft. length by 50 ft. beam. Deadweight 
carrying capacity 2,230 tons. Built by Messrs. Swan, 
Hunter, and Wigham Richardson, Limited, Newcastle- 
on-Tyne, for the Swedish Lloyd Steamship Company, 
Gothenburg. 








YALLOURN Power Station, VicToRIA, AUSTRALIA.— 
We have received statistics relating to the Yallourn 
power station of the Victoria State Electricity Commission 
for the year ending June 30, 1928. The station is equipped 
with six 12,500-kw. turbo-generator sets by Messrs. 
Metropolitan-Vickers [Electrical Company, Limited, 
Trafford Park, Manchester. During the year~ under 
consideration, however, only five had been installed. 

he maximum demands on the station varied from 
58,000 to 67,000 kw., the total capacity of the generating 
sets being 62,500 kw. The running hours of the five 
sets totalled 33,179, which gives an average of 6,635 hours 
per machine, The station load factor, recorded monthly, 
ranged from 53-5 per cent. to 62-8 per cent., the monthly 
average being 58-7 per cent. The machine load factor 
varied from 71-8 per cent. to 77-8 per cent., and averaged 
75-3 per cent. During the year ending June 30, 1927, 
the load conditions were equally severe. It will be seen 
therefore, that the five Metropolitan-Vickers sete, which 
are the only turbo-sets in the Yallourn Station, have 
been practically in continuous service for two years. 
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TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British posses- 
sions and in foreign countries. The closing date of each 
tender is stated below. Details may be obtained on 
application to the department at the above address, the 
reference number given being quoted in each case. 


Copper Earth Plates.—The supply of copper earth 
plates to N.Z.P. & T. Department’s Specification No. 133. 
The New Zealand Post and Telegraph Department, 
Wellington; April 17. (Ref. No. A.X. 7556.) 


Lathe and Drilling Machines.—The supply of one lathe 
and one radial drilling machine. The New Zealand 
Public Works Department, Wellington; April 39. 
(Ref. No. A.X. 7557.) 

Boiler.—The supply of a steam boiler with economiser, 
&c. The Riga Municipal Electrical Power Station ; 
March 11]. (Ref. No. A.X. 7558.) 


Boilers.—The supply of two spare boilers for floating 
grain elevators. The Municipality of Antwerp; March 
ll. (Ref. No. A.X. 7560.) 


Railway and Shipping Material—Further particulars 
regarding the call for tenders for railway and shipping 
material, issued by the Jugoslav Ministry of Communi- 
cations, and referred to on page 234 ante, are now 
available. (Ref. No. C.X. 2985.) 


Belting, Asbestos, Glass and Other Goods.—The supply 
of balata and leather belting, asbestos cord and sheet, 
hemp packings, sheet rubber, wire-protected rubber hose. 
glass, hand barrows, luggage trolleys, metal-cleaning 
preparations, and other miscellaneous goods. Departa- 
mento de Materiales y Almacenes, Estacion Alameda, 
Santiago, Chile; April 9. (Ref. No. C. 2983.) 

Threshing Machines.—A Polish firm is desirous of 
getting into touch with United Kingdom manufacturers 
of all-metal threshing machines for mowed peas. (Ref. 
No. A.X. 7559.) 


Cast-Iron Pipes.—The supply of light cast-iron sanitary 
pipes with socket at one end, also bends, tees, Y¥ -pieces, 
and reducing pieces. The Municipality of Porto Alegre, 
Brazil; March 22. (Ref. No. A.X. 7571.) 


Railway Axles and Springs.—The supply of axles for 
wagons and springs for carriages. The Board of the 
Port and Railways, Lourenco Marques; April 5. (Ref. 
No. A.X. 7572.) 


Rails.—Preliminary information relative to the rail 
requirements of the Bulgarian State Railways is now 
available. Tenders will, no doubt, shortly be invited. 
(Ref. No. A.X. 7574.) 

Diesel-Electric Crane.—The supply of one Diesel- 
electric Titan crane. The Argentine Ministry of Public 
Works; April 4. (Ref. No. A.X. 7583.) 








TRADE IN LUBRICATING OIL, ARGENTINA.—A memo- 
randum on the market for lubricating oils and greases 
in Argentina has been prepared by the Department of 
Overseas Trade, 35, Old patie London, 8.W.1 
from information furnished by the Commercial Counseller 
at Buenos Aires. United Kingdom firms desirous of 
receiving a copy of the memorandum should com- 
municate with the Department at the address given 
above, quoting Reference No. B.X. 5115. 





DresEt-ELectric DREDGER AT PANAMA.—Built by 
Messrs. Ellicott Machine Corporation, Baltimore, U.S.A., 
the Diesel-electric dredger, Las Cruces, was recently 
towed to Cristobal for service in the Panama Canal. 
The main power units of the vessel consist of four 
Fulton Diesel engines which are directly connected to 
generators. The main pump and all the auxiliaries 
are also electrically driven. The vessel delivers the 
spoil through a pipe line over 2 miles in length, and has 
a@ capacity of from 500 cubic yards to 1,000 cubic yards 
= hour, depending upon the kind of material dredged. 

he ship has a length of 226 ft., a width of 50 ft., a 
depth of 14 ft., and a displacement, in working condition, 
of 2,500 tons. The agitator ladder is capable of digging 
to a depth of 60 ft.; it is 90 ft. in length, and weighs 
nearly 180 tons. The stirring machinery is driven by 
a 350-h.p. motor, which is mounted directly on the 
—, The dredger is to operate in the Pacific sea-level 
channel. 





THe Mancuester Sup Canat..—The total tonnage of 
toll-paying sea-borne and barge merchandise traffic 
passing through the Manchester Ship Canal during the 
year ending December 31, 1928, was 6,256,895, and the 
receipts from all sources aggregated 1,517,0187. Com- 
pared with the previous year’s totals, these figures 
show a decline of 102,525 tons, and 59,2197. Generally 
speaking, however, the decreases occurred in the case of 
commodities, the total imports of which, to the United 
Kingdom, showed decreases. The respective percentages 
of goods arriving at the Port of Manchester were well 
maintained as compared with the previous year. Accord- 
ing to the annual report of the directors of the Canal, 
a number of new works have now been put into service. 
The reinforced concrete wharf, coal-handling plant, and 
ancillary works at Ellesmere Port docks, and the addi- 
tional grain-handling plant at the grain warehouse, 
have been ‘completed and are in use. Storage ground 
with railway facilities has been provided at Ellesmere 
Port docks for timber and other traffic. The turning 
basin at the mouth of the river Weaver has been deepened, 
in order to facilitate the — of the deeper-draught 
vessels now navigating the Canal. 
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Av a meeting in London on Tuesday, the General 
Council of the Trades Union Congress decided to accept 
the invitation of the Federation of British Industries 
and the Confederation of Employers’ Organisations, to 
a joint meeting, for the purpose of ‘‘ usefully consulting 
together upon matters of common interest to British 
industry.” The date of the joint meeting is to be 
fixed within the next few days. 

What the outcome of these negotiations will be is 
not easy to say; but, judging from opinions publicly 
expressed by leading trade unionists, the General Council 
itself is not unanimously hopeful. Writing in the 
organ of the Transport and General Workers’ Union, 
Mr. Bevin says :—‘‘ One cannot help feeling amused 
at the apparent simplicity of the employers’ organisa- 
tions and their conception of our mental calibre. They 
have written a letter which, read carefully, means that 
they absolutely reject the report but are willing to 
have a meeting to tell us why they have done it. I 
suppose their reasons would not stand the light of 
day, and if put in a letter would have made very bad 
reading, but to assume that we should be taken in 
by such a suggestion is adopting an attitude that is, 
to say the least, under-estimating our ability to interpret 
what they really mean. One section of our own 
movement has been telling us that we had ‘ sold the 
pass.’ Now they must realise that we have carried 
the report so far that the employers will not accept it. 
That is the best tribute to our efforts. On the other 
hand, it places the position before the country in quite 
clear terms. The electorate will be under no delusion 
as to who is responsible for the mental attitude and 
policy which led up to and culminated in the 1926 
position, with all its disastrous results to the country.” 





* Labour at last stands out,’’ Mr. Bevin declares, 
‘as making a constructive effort to grapple with 
commercial and industrial problems on terms of 
equality, and this effort has been rejected by the 
employers. This is a fact that all the ravings of 
Winston Churchill cannot alter, and there is no doubt 
about the resentment of the public against the attitude 
of the employing class, who would sacrifice the whole 
country and the livelihood of the people rather than 
accept the inevitability of Labour occupying a status 
of equality with themselves.” 

On the other hand, the Railway Review, the organ 
of the National Union of Railwaymen, regards the 
invitation of the Federation and Confederation as 
“a further step ” in the peace in industry negotiations. 
“It is,” it says, in the course of a leading article, “a 
considerable step forward for the mass unions to be 
approaching the position of meeting the mass employers 
in & common room upon terms of equity in debate, 
which may lead to equality in action. For just over 
a century trade unionism has been struggling for its 
place in the sun. The class war found its thousands 
of victims, all on one side, and we are not blind to the 
fact that there are likely to be many more. In capital- 
ism there is not much amity, and seldom peace. There 
may be an armed truce and occasional spasms of sanity, 
which give the opportunity to settle some relation 
permanently, as we have by the aid of the National 
Union of Railwaymen and the varied system of negotia- 
tions leading finally to the National Wages Board, 
which may not even then be a guarantee against an 
open conflict, as we have seen. To settle the relations 
between the employed and the employer there is only 
one method, and that is by the process of organisation 
and representation. On our side we call that process 
trade unionism, but, call it by any other name, the 
process would be there and just as necessary. The 
business of a trade union is to negotiate the standard 
of conditions between the employed and the employer. 
After years of strife we have achieved that as a right, 
and now, after a century of effort, the mighty masters, 
in their two great federations, have recognised the 
existence of combined trade unionism and asked to 
meet its representatives.” 

** At a casual glance,” the Railway Review's contri- 
butor goes on to say, ‘‘ this may not be much, and 
we may have the usual twitter about the innocent 
working-class lambs being led by their leaders to the 
capitalist slaughter. Looking over the decades, we 
realise that another step has been reached in our status, 
and it is by these that we shall learn to have a voice in, 
to control and to administer, the industries by which 
we live. We have reached the pinnacle of equality 
in meeting, and the rest will depend upon our own 
organised strength and_ self-will. Trade unionism 
has not completed its purpose ; it is just beginning its 
work.” dade 

Replying to criticisms of its original statement on the 
subject of the Melchett-Turner report, the British 
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Engineers’ Association says that the employers are | in view of the time unemployment had been severe, 
not responsible for the importation of politics into this | the Government should bring the terms for depressed 
question ; the responsibility lies with the labour leaders | areas into line with those available for non-depressed 
who spoke at the Swansea Trade Union Congress in| areas. The deputation further emphasised that it 
September, 1928. In some of their speeches they made | would be impossible for the towns they represented to 


it quite clear that they welcomed the prospect of the 
National Industrial Council, because it would help 
them along the road to the nationalisation of industry 
and its complete control by those whom the General 
Council of the T.U.C. represent. What is needed, the 


Association holds, is not a revolutionary change of | 


system but a fair chance for the existing system to 
function effectively. Its critics, in proportion to their 
violence, have perversely supplied more grit than lubri- 
cant to the machinery of the system. To deny the right 
of non-political trade union labour, of non-union labour, 
and of the managing, technical and other staff personnel 
to be represented on a National Industrial Council 
is to deny the very principle of democracy itself. The 
British Engineers’ Association clearly stated that it 
had no objection to the examination and discussion 
of our industrial problems by suitable competent 
authorities, adequately representative of the principal 
interests concerned. In other words, they had no 
objection to a conference of a constructive and non- 
political character, and they recognised that, at such 
a conference, the General Council of the Trade Union 
Congress would be entitled to substantial representa- 
tion. 

The Executive Councils of the forty odd engineering 
trade unions met in London last week, to consider 
the report of the sub-committee appointed some time 
ago, to investigate the financial condition of the industry, 
with a view to another application for a wages advance. 
At the end of January last year, it will be recalled, 


the unions applied to the Engineering and Allied Em- 


ployers’ National Federation for an eight shillings per 
week increase for time-workers and the equivalent 
for pieceworkers. The employers declined to concede 
any advance, giving as their reason the industry’s 
unsatisfactory state and prospects. The committee, 
whose report was before last week’s meeting, was then 
appointed to carry out an investigation whose results 
would, it was hoped, justify a new application on 
sectional or local lines. The report submitted en- 
deavoured to show, it is understood, that certain 
sections of the industry had been sufficiently well 
employed during the past five years to pay substantial 
dividends. The conference discussed the report 
for nearly three hours, and in the end formally 
“received ’’ it. The executives are separately to 
consider the question of future policy, and another 
joint conference is to be held in May. 





It is not difficult to forecast what the employers will 
say about the statistics collected by the committee, 
as Sir Allan Smith has all along pointed out that the 
true test of the matter is not dividends but manufac- 
turing costs. There are, however, domestic difficulties 
in the way of both sectional and district movements, 
which some, at any rate, of the men’s representatives 
regard as insuperable. One is that pressure of a 
demand for higher wages in a busy district would be a 
precedent for a reduction in a depressed district. 
Another is that as all the branches of the industry 
in an important area are rarely busy at the same time, 
the effect of action for sectional advances would be to 
leave large numbers of operatives with a grievance. 


So far, no really satisfactory alternative to national | 


negotiations has been found. 





accept one of the terms of grant for the non-depressed 
areas, namely, the condition that 50 per cent. of the 
labour should be drawn from the depressed mining 
areas. ae 

The Minister, in reply, pointed out that the additional 
| grant to non-depressed areas was given to stimulate 
| the carrying out of the Government’s policy of trans- 
ference. The old terms remained for the depressed 
| areas, amounting to about 50 per cent. He did not 
| think the present terms were ungenerous, and, in any 
event, the question had to be considered in the light 
of the general financial position. 


A Board of Arbitration set up to consider a claim for 
increased wages, submitted by the unions having 
/members employed in the shops of the New York 
| Central Railroad Company and Grand Central Ter- 
' minal, has issued an award advancing minimum rates 
| by 5 cents per hour. The new minimum rate for 
| machinists, boilermakers, blacksmiths, and sheet metal 
workers is 81 cents per hour, for the four grades of 
electrical workers 64 cents to 81 cents per hour respec- 

| tively, and for all classes of helpers 58 cents per hour. 
The new rates for regular apprentices range from 38 
| cents per hour for the first six months up to 63 cents 
| per hour for the eighth six months, and those for helper 
| apprentices from 58 cents per hour for the first six 
/ months up to 68 cents per hour for the sixth six months. 





The weekly official organ of the International Labour 
Office states that, at a recent congress of Italian iron 
and steel workers in Turin, it was reported that 10 
months after the conclusion of the national agreement 
covering the industry, the negotiations between 
representatives of employers and workers had not yet 
given appreciable results, and that on several points, 
such as the fixing of minimum wages and the classifica- 
tion of workers, the agreement had remained a dead 
letter. The negotiations, which had been broken off 
several times, had to be reopened in Rome under the 
auspices of the Ministry of Corporations. In so far as 
the classification of workers is concerned, they succeeded 
in establishing the following seven groups: Specialist 
workers, skilled workers, specialist labourers, common 
labourers, apprentices, boys, and women. It proved 
impossible, however, to reach an agreement in regard 
to minimum wages. The employers’ representatives 
| maintained that the minimum wages demanded by the 
| workers did not correspond to the provisions of the 
| national agreement, which stipulates that reductions in 
| wages may in no case exceed the limit of 20 per cent. in 
| relation to the normal basic wage of the third quarter of 
1926, a period of full industrial activity. The workers’ 
representatives demanded as a compromise the main- 
tenance of the present conditions at Turin. This 
| proposal being refused by the employers’ representa- 
| tives, the Ministry of Corporations decided to carry out 
an enquiry on the spot, in order to ascertain the present 
conditions of labour and to discover ali the elements 
which might be used in the preparation of a technical 
basis for the reconciliation of the opposing views. 











One of the difficulties encountered is the variety in 
| the forms of skilled labour into which the metal industry 
| is divided, which is further aggravated by the fact that 











On February 18, 1929, the number of unemployed the present classification of workers no longer corre- 
persons on the registers of Employment Exchanges in | Ponds with that of 1926. An exact study of all the 
Great Britain, was 1,458,000. Of these, 1,052,100 were | Special conditions was thus essential, and a delegate 
wholly unemployed, 325,500 were temporarily stopped, | of the Ministry of Corporations has already carried out 
and 80,400 were persons normally in casual employ- | Such a study, with the co-operation of the principal 
ment; 1,167,000 were men, 40,700 boys, 214,000 | organisation of the employers in the metal industry of 
women, and 36,300 girls. Of 1,342,505 on the registers | Piedmont and the executives of the Fascist trade 
on February 11, 1929, 1,019,949 were wholly unem- | ¥210ns. The delegate of the Ministry and the parties 
ployed, 244,491 were temporarily stopped, and 78,065 | Concerned also came to an agreement as to the drafting 
were persons normally in casual employment ; 1,048,524 | of the list of undertakings in which the wage registers 
were men, 40,520 boys, 215,094 women, and 38,367 | Were to be inspected. These questions of principle 
girls. The increase in the total number on the registers | being settled, it is hoped that the work of the delegate 
for the week ending February 18, was spread over the | Of the Ministry , who will be assisted by representatives 
whole country, and was, no doubt, accounted for, of both parties, may shortly succeed in bringing about 
the Ministry of Labour states, by stoppages due to | # Satisfactory solution. It is understood that the inter- 
frost and snow. The number of unemployed persons | Pretation of the controversial clauses of the national 
on February 20, 1928, was 1,136,687, of whom 910,546 | 2greement will not in any event be affected, and that 
were men, 36,157 boys, 155,445 women, and 34,539 | the Labour Courts may be called upon to deal with 
| these questions. The judgment will provide a rule by 
| which differences, which may arise in other industrial 


The Minister of Labour received, on Monday, a| Centres in Italy, may be settled. 
deputation from the Association of Municipal Corpora- 
tions, regarding the grants available for local authorities | ; ee J : ane 
putting in hand work for persons unemployed. The | Bi snort a = ee aie - ~~ 
deputation submitted that the terms offered to non- | meee ae ie ci paca Pent 30, 
depressed areas were appreciably better than those | 1928. This was an increase of 17.000 over the total for the 
available for depressed areas, and suggested that, | previous twelve months. 


girls. 
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THE TRANSFER OF HEAT IN RECIP- 
ROCATING ENGINES.—III. 
By Professor Dr.-Ine. A. NAGEL. 
(Continued from page 182.) 

In the remaining lectures consideration will first be 
given to the original problem of heat transfer in the 
steam engine. A description will then be given of the 
tests made in the heat engines laboratory at Dresden 
from 1911 onwards. Since Professor Stumpf, of 
Berlin, in 1908, achieved success with the uniflow steam 
engine, the need has been felt of learning more about 
the laws which explain the thermodynamic advantages 
of this type of engine. With this point in view, the 
Verein deutscher Ingenieure appointed a _ special 
committee which commissioned my colleague, Professor 
Mollier, and myself to initiate and carry out tests at 
Dresden, in order to throw light on this basic problem. 





At first the work was confined to an investigation of 
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information obtained served to indicate the direction 
in which the actual investigation should be conducted. 
The low-pressure cylinder of an existing triple-expansion 
steam engine in the laboratory was removed, and in its 
place a uniflow steam cylinder, with a diameter of 
450 mm., was attached to the same frame. The 
stroke of the piston was 650 mm. The high and 
intermediate pressure cylinders were disconnected by 
removing the connecting rods and the valve gears. 
The new steam cylinder was presented to the labora- 
tory by the Nuremberg works of the M.A.N. Company. 
The jet condenser, formerly used, was replaced by a 
large surface condenser, in which it was possible 
without difficulty to obtain a very high vacuum. The 
steam from the boiler could be passed through a 
superheater, separately arranged especially for these 
tests, which for high superheat was fired by coal-tar 
oil and for low superheat by lighting gas. The steam 
cylinder was fitted with a Lentz valve gear with 
horizontal valve rods, and the admission, period was 
controlled by a Lentz shaft governor. This was so 


connected, during the tests to be described, that it 
served only as a safety governor to prevent the engine 
from racing. By means of an adjusting screw, the 
governor was set at any cut-off at which it was desired 
to run the test. The cylinder covers were provided 
with steam jackets, through which the inflowing steam 
passed on its way to the inlet valve. The piston was 
provided with three piston rings at each end. 

The power of the engine was absorbed by a dynamo 
driven by belting. The electrical energy was dissi- 
pated in a water resistance, in which, to equalise the 
resistance, special precautions were taken in circulating 
the water. 

The highest reliability and degree of accuracy were 
striven for in the measurements. The inlet steam in 
all the tests had an admission pressure of 11 atmospheres 
absolute—that is, about 157 lb. per square inch; and 
the back pressure was kept constant at exactly 0-05 
atmosphere absolute—that is, 28-5 in. vacuum. A 
specially constructed mercury manometer permitted 





the heat transmission between steam and wall. The | the reading of the absolute back pressure. In the 








spiral spring of adjustable tension, fastened to the 
engine cylinder, the housing of which could be adjusted 
by rotation. This housing was connected by means 
of steel bands to the indicator drums. The degree of 
accuracy introduced by these arrangements ensured 
that the expansion and compression curves of the 
diagram actually represented the conditions in the 
cylinder. The further step, of measuring the diagrams 
by means of the microscopic apparatus, illustrated in 
Fig. 17, was thus justified. This method of measure- 
ment has the advantage of making it unnecessary to 
draw any lines on the diagram, since the intersections 
of such lines with the diagram line, being determined 
with difficulty, are liable to reduce the accuracy of the 
measurements. 

A special apparatus, actuating a stop clock, was 
used for measuring the quantity of steam used, and this 
fulfilled satisfactorily all demands made upon it. The 
quantity of air trapped in the steam was also measured. 
This apparatus need only be referred to briefly, since 
it is of relatively little importance compared with 
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data obtained from the thermocouples for measuring 
the temperature of the incoming and exhaust steam, 
allowance was made for errors caused by radiation and 
conduction. The thermo elements were constructed 
of chemically pure copper and constantan wires of 
0-5 mm. diameter. These wires were taken from a 
large stock which the firm of Basse and Selve, at 
Alteena, in Westphalia, supplied for this purpose. A 
few samples were taken specially and tested in respect 
to the dependence of the thermo-electric force on the 
temperature over the range for which they were to be 
used. The cold junctions were led through glass tubing 
and placed in a vessel full of melting ice. The exact 
measurement of the thermo-electric force was accom- 
plished by a Diesselhorst compensator, to which I will 
refer later. Particular attention was given to the 
choice of indicator—that of Dreyer, Rosenkranz and 
Drop, of Hanover, with external springs, being decided 
upon. The stroke reduction was obtained by means 
of a hard-wood lever fitted with gun-metal bearings. 
The indicator drums were actuated by steel bands 
5 mm. wide and 0-1 mm. thick. By means of a 
specially constructed device, the connection between 
the reducing lever and the steel band was made only 
at the dead centre points, by one movement of a handle, 
and was absolutely free from shock. At a later dead- 
centre point, the return movement of the handle 
disconnected the steel band from the reduction lever 
and brought the indicator drums to a standstill, again 
without shock. The ordinary drum spring was 
removed from the drum, so that the indicator fastening, 
which had to supply the reacting force, would not in 
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Fig. 20. 


other apparatus to be described. In order to study 
the transfer of heat as closely as possible, means were 
provided to measure and indicate the temperatures 
of steam and wall at as many points as possible. 
Considerable preliminary work was carried out on the 
design of the thermometer, but it will be sufficient to 
describe the instruments which were finally used in 
the tests. The longitudinal section through the 
cylinder, Fig. 18, shows the position of the different 
thermometers for steam and wall. In the cylinder 
cover there were five axial bushings which penetrated 
an additional steam space and the steam chamber, 
containing the valve cage, and ended at the inner surface 
of the cylinder cover. The centre hole of the cover in 
which the fifth bushing was installed was first used to 
house a thermometer for the steam. It was soon found 
to be necessary to obtain the temperature range of 
the outer surface of the piston. A hollow-tail rod, 
of 40-mm. diameter was therefore provided, guided 
by a Lentz stuffing box which was attached to the 
centre hole of the cylinder cover. The other four 
holes in the cover generally served to hold two steam 
and two wall thermometers. The steam thermometers 
—following the example of Callendar and Nicolson— 
were constructed as resistance thermometers. The 
resistance wire, of 0:0l-mm. diameter, was made of 
tungsten, such as is used in the tungsten incandescent 
lamp. Fig. 19 shows the manner in which about 
100 mm. of this wire was laid out in zigzag form. It 
was held by platinum hooks melted into the glass and 
fastened to the chemically-pure copper wire, 1-mm. 
in diameter, with short strong platinum binding wire. 
The tungsten wire, covered by a glass bell through which 
hydrogen was flowing, was soldered with silver to the 
short platinum wires, which in turn made connection 
with the copper leads. The electrical insulation and 
protection of the copper wire was accomplished by 
inserting porcelain rods, of 10-mm. diameter, in the 
bushings in the cylinder cover, fastening and caulking 
them securely with packing. The porcelain rods 
had two, in some cases four, holes of 2-mm. diameter, 
through them longitudinally. The copper leads were 
passed through these holes and firmly fastened and 
made tight by means of a cement of litharge and gly- 
cerine. The porcelain rods were delivered by the 





any way be affected by it. It was replaced by a 
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Porzellanfabrik Freiberg in lengths of 2-5 m., with 
four longitudinal holes bored in them. These holes 
were so accurately drilled that one could see through 
all four of them at the same time. 

The first tests with these thermometers were dis- 
appointing. The E.M.F, which caused a load current 
of 0-00l-amp. across the ends of the tungsten wires 
fluctuated so much that the values could not be mea- 
sured. The phenomena of Armstrong’s steam-electric 
machine afforded an explanation of this action, since 
the surface of the porcelain rods projecting into the steam 
space became electrically charged due to the friction 
of the whirling steam. This difficulty was entirely 
removed by gilding the outside of the porcelain rods 
close to the edges of the holes. Forindicating tempera- 
tures within the piston chamber, the porcelain rods 
could be moved after loosening the stuffing-box packing. 
The piston was fitted with corresponding tubes, which 
in their movement travelled over the thermometer 
placed in the piston space. In order to avoid, so 
far as possible, an increase in the clearance volume 
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clearance of only 3 mm. was allowed. No difficulty 
was encountered during the tests, even when the 
thermometer projected as far as 500 mm. into the piston 
chamber. Fig. 20 shows the cylinder cover with the 
five thermometers in position. Above the cylinder 
may be seen the indicator with the steel band connec- 
tion and the spring for the return of the indicator 
drum fastened to the cylinder cover. On the table 
to the left, behind the cylinder, is the electrical switch 
gear which will be referred to later. 

Radial holes, 15-mm. diameter, were drilled at seven 
points to accommodate the wall thermometers. Plugs 
of cast-iron of similar quality to that of the cylinder, 
were ground into these holes. Fig. 21 shows the 
construction of the thermocouple with which each 
plug was supplied. The left-hand view shows that 
the plug consisted of two parts, the inner end forming 
a plate 5-mm. thick, of the same cast iron as the main 
part of the plug, and ground on the latter. It was 
fastened to the plug axially by means of a screw. 
Two holes, of 2-mm. diameter, were drilled in the plugs 
at a distance of 6 mm. apart. These holes were drilled 
in the plate to within 0-5 mm. of the inner cylinder 
wall and milled out hemispherically. The remaining 
thickness of the wall was carefully measured. A hole, 
0-5 mm. in diameter, was drilled through this remaining 
thickness of the plate, into which the copper or constan- 
tan wire was secured by riveting. The wires fastened 











in the two holes of the plug formed a thermocouple 
with the neutral material of the plate. The tempera- 
ture at the point where the two wires came through 
the cast-iron plate, that is to say, at a distance of 
0-5 mm. from the inner surface of the cylinder, deter- 
mined the thermo-electric force. The wires were 
insulated inside the 2-mm. diameter holes of the plug 
by means of glass beads, and outside by glass or rubber 
tubing. The whole method of inserting such a plug 
is shown in Fig. 22, in which, however, the plug repre- 
sented is an obsolete model. It must be confessed 
that the plug as described will not, in that form, record 
the temperature range of the inner part of the cylinder 
wall without any alteration. In making new tests, 
the separate plate might be avoided and perhaps the 
holes might be made directly in the cylinder walls, in 
order to obviate the variable contact resistance of the 
ground surface. Possibly the holes could also be made 
of less than 2-mm. diameter, and the wire insulated 
with very thin quartz tubing, or even only by lacquer 
that would stand up under high temperatures, such as 
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Fig. 25. 


and the surface exposed to heat transfer, a radial lis used in electro-technical work. In spite of these 


admitted defects, the results obtained by these methods 
for determining the wall temperatures justify at least 
the comparison of the tests with others under different 
conditions, which is in itself valuable. It should be 
stated that the plugs were so arranged that the connec- 
tion between the ends of the two wires was always 
at right angles to the cylinder centre line. 

A second thermocouple was attached, by screws, 
near the outer end of every measuring plug, to the 
outer surface of the liner, in order to determine the 
temperature gradient within the thickness of the 
cylinder walls protected by the heat insulating lagging 
of the cylinder. The temperature at the surface of 
the wall of the cover remote from the working space 
was measured in a similar manner. The situation and 
the construction of the thermocouple at the piston 
surface can be seen in Fig. 23. The wires of the thermo- 
element were carried in glass tubes. These were inserted 
into steel tubes, and bent with them while hot to 
follow the shape of the piston surface. A groove was 
provided in this surface, between the measuring point 
and the auxiliary piston rod, for the reception of the 
two steel tubes, these being connected to the measuring 
plug, as well as to the rod, by flanges. The auxiliary 
piston rod was fitted, throughout its length, with a rod 
of porcelain of the construction above described. 
Holes were provided in the porcelain rod through which 


the thermocouple wires were led outwards, made steam- | 
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tight, and electrically insulated. To allow for the 
movement of the piston rod, the conductor wires were 
bound together, and also to a steel wire. This steel 
wire was hung from a spiral spring attached to a point 
in the ceiling, the wire swinging freely, both horizontally 
and vertically, with the motion of the outer end of the 
auxiliary piston rod. 

No sliding contact should be allowed in any circuit 
of the thermocouples, since misreadings, caused by 
momentary electro-static charges, may be the result of 
mechanical friction. For this reason, the compensation 
method of Poggendorf, initially tried without giving 
satisfaction, was replaced by the Einthoven string 
galvanometer, of which the large model of Edelmann, of 
Munich, was installed, this having been used previously 
almost exclusively for medical purposes. Between the 
poles of an electro-magnet, excited by a constant 
current, a gold or platinum thread, which is in the 
circuit of the electromotive force to be measured, is 
stretched. Fig. 24 shows the manner in which the 





two iron cores are bored. In one of these holes, a 
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source of light is placed, in the other a projecting 
microscope. The beam of light from an arc, after 
passing through a condenser lens and a water vessel, 
is concentrated into the cone of light of highest inten- 
sity, within which falls a short middle part of the length 
of the thread. The projection microscope throws a 
circular spot of light on to a screen about half a meter 
distant, in which the shadow of the thread is seen as 
a vertical line. In the apparatus actually used, the 
magnification of the microscope was 1,000, so that a 
gold thread with a thickness of 0-006 mm. appeared as 
a shadow band 6 mm. wide, and the platinum, 0-002 
mm. diameter, as a shadow band 2 mm. in width. The 
electrical resistance of such a gold thread is about 
150 ohms., that of the platinum thread about 3,500 
ohms. When a current flows through the thread, it 
will be deflected into the form of a bow, following the 
law of Biot-Savart, until the electro motive force, and 
the elastic reaction are in equilibrium. The deflection 
of the thread to one side of its middle position is 
| magnified one thousand times in the movement of the 
|shadow, and is—within certain limits—proportional 
to the current flowing through the thread, and also to 
the electromotive force across the ends of the thread. 
From this circular spot of light, on which the vertical 
shadow of the thread is projected, a horizontal slit of 
about 0-2 mm. in width is cut out, on which the shadow 
of the thread appears darkened. A drum of photo- 
graphic paper is rotated on a horizontal axis behind the 
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slit. The paper will be exposed to the band of light, 
so that when it is developed, the band will appear 
black, except for those parts on which, during one 
rotation, it was protected by the shadow of the thread. 
If the drum is rotated at a constant velocity, the white 
line appearing in the photograph gives, by its relative 
position to the edge of the drum, a measure of the time 
range of the electromotive force—or, when the thread 
is connected in the circuit of one of the electrical 
thermometers, the time range of temperature. 

The slit was opened and closed electromagnetically. 
A contact apparatus attached to the valve gear ensured 
that the slit was always opened at a definite crank 
angle before the crank dead centre, and was closed at 
about the same angle after dead centre. The time 
between opening and closing could thus include, as 





desired, either one or more complete revolutions of the 
crank. In making the tests, one photographic diagram 
was taken at each measuring point for one revolution, 
and a second for four revolutions of the crank. During 
these operations, the angular velocity of the recording | 
drum was always arranged so that only one revolution | 
was made for each exposure. The four-revolution 
diagrams served to prove that the single diagram was 
not by any means exceptional, nor due to unusual 
conditions, but was a series of temperatures regularly 
repeated. 

In order to co-ordinate the respective positions 
of the crank with the photographic record, contacts, 
corresponding to the dead centre, to the 90 deg., 
and 270-deg. positions ‘of the crank, and fixed 


| on the measurements. 


by fine wires strung on a sliding frame in front of 
the slit giving the band of light. It is possible by 
means of this arrangement to adjust the thread galvano- 
meter within 20 seconds of photographing a diagram, 
and to obtain six to eight gauging points which appear 
as shadow lines on the diagram, and which may be 
used as gauging lines. Due to the width of the shadow 
line of the thread, the lower or upper borders of the 
shadow curve will be spoken cf as the temperature line. 
The gauge wires are therefore always adjusted to coin- 
cide with this border of the shadow line of the thread. 
By the calculated relation between the individual 
value of the electromotive force and the gauge lines, 
consideration is taken, according to the law of Kirch- 
hoff, of the resistance of the thread being used. The 
impressing of a constant current of 0-001 ampere 
across the ends of a standard resistance was accom- 
plished by means of the compensator due to Professor 
Diesselhorst, of Brunswick. The mean temperatures 
of the steam, and of the inner and outer wall surfaces, 
were measured with the same compensator. The resist- 
ance of the connecting leads had, therefore, no effect 
The calibrated current of 
0-001 ampere was used, at the same time, as the load 
current of the resistance thermometers indicating 
steam temperatures. 

Fig. 25 shows two diagrams of steam temperature 
on which the temperatures of the gauging lines are 
recorded. The diagrams correspond to the temperature 
range within the clearance space at two different points 
of the cylinder cover—measuring points 1 and 5. In 
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on the perimeter of a wooden disc attached to the 
crankshaft, discharged an electrically-charged con- 
denser across the primary circuit of an induction coil, 
the secondary voltage of which produced a spark, 
which, through a small lens, was photographed as a 
point of light on the upper border of the photograph. 

A string galvanometer, which was inverted and 
suspended by four steel wires, served to indicate the 
temperature variations. To take full advantage of 
the deflections of the thread for this purpose, the 
middle position of the thread, when no current is 
passing, must be identified with the mean value of the 
temperature variation to be indicated. This is secured 
by arranging a constant counter voltage, which can 
be controlled, across the ends of a standard resistance 
of suitable size inserted into the measuring circuit. 
This opposing voltage must be of such a value that the 
string vibrates about its middle position under the 
influence of the temperature to be indicated. This 
condition being obtained, which only requires a few 
seconds, the elastic tension of the thread is so adjusted, 
by means of a tension screw, that the variation of 
temperature to be indicated causes the thread to 
deflect over nearly the whole field of vision. Smaller 
deflections can only be considered satisfactory for very 
small and indistinct variations, because too great a 
reduction of the tension of the thread leads to an 
increase of its period of vibration, and may, moreover, 
easily cause the thread to touch the objective lens, 
which is only 0-1 mm. away. This will in most cases 
cause the breaking of the thread, thus interrupting 
the test. 

The different thread tensions require a_ special 
adjustment of the instrument for each diagram. 
For this purpose the electromotive force produced by 
@ constant current of exactly 0-001 ampere, across 
the ends of a variable and readable resistance, may be 
inserted in the string galvanometer circuit. The de- 
fleetions of the shadow line, corresponding to the in- 








dividual values of the electromotive force, are marked 
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the upper diagram, tungsten resistance wire, 0:01 mm. 
in diameter, was used ; in the lower diagram a test is 
shown in which platinum wire of 0-02 mm. diameter 
was used. The two curves may not, therefore, be 
directly compared. In connection with this tempera- 
ture range, it may be pointed out that high tempera- 
tures are found in all diagrams of steam temperatures 
taken from a measuring point within the clearance 
space, at the end of compression. This fact had 
been already observed by Callendar and Nicholson, 
and also by Duchesne. In the temperature curve, 
during the compression period, a distinct break is to 
be seen at which the temperature begins to rise more 
steeply. It may be assumed that this break corres- 
ponds to the transition from saturated to superheated 
steam. The temperature rises during compression, in 
the two diagrams, to 420 deg. and 333 deg. C., res- 
pectively, but it decreases rapidly at the point of 
admission to the temperature of the admission steam, 
which, in all tests with saturated steam, was super- 
heated to 190 deg. C. This small superheat of 7 deg. C. 
was used to permit of an accurate determination of the 
steam quality at admission. The temperature range 
of the steam near the cylinder cover, that is, in the 
clearance space, was found, in accordance with the 
observations of Callendar and Nicolson, to be largely 
dependent on the position of the measuring point, a 
fact probably due to local conditions in the steam. 
Fig. 26 shows two examples of the range of wall 
temperature at measuring points C, about 100 mm. 
before the middle, and D, at the middle of the stroke, 
respectively. In order to show the similarity of the 
magnitude of the temperature range, two diagrams 
were photographed one upon the other. When taking 
the first diagrams of the temperature range of the 
cylinder liner near its head end and also near the 
exhaust ports, a surprising fact appeared, which, on 
closer inspection, changed from being a disappoint- 
ment to a promising discovery. The temperature 
curve of the wall for a depth of 0-5 mm. shows steep 





steps which coincide with the time lines corresponding 
to the passing of the different piston rings at each 
measuring point. We must conclude these steps to be 
the result of the influence of the heat exchange between 
the cylinder wall and the piston rings. The positions of 
the measuring points are shown in Fig. 27, the piston 
with its rings being in the inner dead centre position. 
Three positions of the piston relative to the exhaust 
ports, indicated by broken lines, are remarkable in 
connection with the heat transmission during the 
exhaust period. The exhaust begins when the govern- 
ing edge of the first piston ring overruns the governing 
edge of the exhaust ports when moving to the right, 
that is, in the position KR. From this point to the 
next position of the piston, KK, in which the end of 
the cylindrical part of the piston body passes by the 
governing edge of the exhaust ports, the exhaust takes 
place through the very narrow annular area between 
the piston and the cylinder. The exhaust flows 
through this annular space with very high velocity in 
consequence of the considerable drop of pressure. The 
heat transmission will therefore increase between the 
flowing exhaust steam and the walls of the annular 
space. 

This may be seen from the calculated heat 
transmission at the measuring point E in the cylinder 
liner. The exchange of heat between the piston posi- 
tions KR and KK cools down the surface of the piston 
head. Due to this, the cooling by the exhaust steam 
actually extends to the conical edge of the piston 
crown. This position is indicated by KF. Figs. 28 
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to 30 show nine pairs of diagrams, belonging to the 
same test, No. 17, with saturated steam, at low speed, 
i.e., 81-8 r.p.m., and with cut-off at one-fourth stroke. 
It is necessary to remember the different measuring 
points: points A, and A, being in the front of the 
cover, point F in the flange of the cover, point G in 
the flange of the liner and points B, C, D and E distri- 
buted over the length of the liner as far as it serves 
the head end piston space. Point E is situated quite 
near the exhaust ports, whilst point K is in the piston 
crown. 

Fig. 28 shows the wall temperatures at measuring 
points A, and A, in the cylinder cover, and at the 
measuring point F, in the flange of the cover, reading 
from top to bottom. The left vertical row shows the 
diagrams for one period, that is for one revolution 
only, while the right row shows the diagrams exposed 
for four periods to prove the uniformity of running 
as already referred to. The variations of the tem- 
peratures in these diagrams are remarkably small, 
amounting only to one or two deg. C., in spite of the use 
of saturated steam and of the low speed. In the left- 
hand diagrams, the dead centres and the 90 deg. and 
270 deg. angles of the crank are marked by vertical 
lines which were drawn through the corresponding 
marks at the upper border of the diagram. 

The wall temperatures at the next three measur- 
ing points G, B and C show quite another range, 
as shown in Fig. 29. These points are, it may be 
recalled, distributed from the end of the liner flange 
along the cylinder liner over the first half of the stroke, 
and therefore are passed by one, two or three piston 
rings respectively. The piston rings are designated 
by the numbers | to 6, beginning at the cover side of 
the piston. The time intervals of their sliding over 
the measuring points considered are marked on the 
diagrams. The diagrams demonstrate conclusively 
the connection between the temperature range of the 
wall and the influence of the piston rings. This 





influence decreases as the middle of the stroke is 
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THE TRANSFER OF HEAT IN RECIPROCATING ENGINES. 
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approached. This may be explained, firstly, by the | 


diminished temperature difference between the wall 


and the piston rings and, secondly, by the increase in | 


the piston speed. This corresponds to the decreasing 
width of the piston ring time steps marked on the 
diagrams. It may be noticed in the upper diagram, 


that corresponding to the measuring point G, the out- | 
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five rings. All these rings heat the’wall at the point 
D and are, therefore, hotter than the wall during their 
contact with it. The temperature variation at this 
point is about 10-5 deg. C. At point E, which is touched 
by all six piston rings, and has, therefore, a very irregular 
temperature curve, this variation amounts to 12 deg. C. 
The piston rings give up heat at this point every time. 
It must be considered that that part of the diagram at 
the measuring point E, which is bounded by the lines 
of No. 6 piston ring, belongs to the crank end of the 
cylinder. The thermometer in the piston surface 
recorded a temperature variation of about 6 deg. C., 
as is shown in the lower diagrams. The mean tempera- 
tures and gradients which were found at the different 
measuring points at a depth of 0-5 mm. are of particular 
interest. The values are given in Fig. 31. It can be 
seen from this figure that the continual heat flow 
through the walls over a long period only depends in a 
subordinate degree on the state of the admitted steam 
and the revolutions per minute. The heat flow in the 
heat transmission curves, therefore, becomes the more 
important, the smaller the fluctuating heat. In order 
to be of further use in calculations, all temperature 
ranges were arranged according to Fourier’s harmonic 
analysis. At first the harmonic analyser of Dr. Mader 
was tried. It was found, however, that the steep 
temperature steps, caused by the piston rings, had to 





be divided into a greater number of members in Fourier’s 
development than was possible with Mader’s analyser. 


| 


} 





side piston ring, No. 1, travels only a few millimetres |The harmonic analysis was carried out, therefore, by | 


beyond the measuring point to the inner dead centre 
and returns again. The piston ring comes from the 


heat interchange with the coldest parts of the walls, 
without its heat loss being made up during the return 
stroke, owing to the increasing piston speed and the 
proportionately slowly increasing temperature differ- 
ence. The nearer it approaches the inner dead centre, 
the less will be its speed, and simultaneously the 
larger the temperature of the vall. On account of these 
two facts, a rapid heat excnange takes place which 
causes a sudden fall of temperature of the wall, corres- 
ponding to the approach of the piston ring. Returning 
from the dead centre it is therefore heated, so that in 
again passing the measuring point G it has a higher 
temperature than the wall just before cooled by it. 
The returning piston ring No. 1 begins, therefore, to 
heat the wall, at the measuring point G, which heating 
is continued, after it moves on, by the admission steam 
itself, thus causing at the end of the admission period a 
temperature, at the depth of 0-5 mm. in the wall, of 
nearly 172 deg. C. 

The temperature range may be explained in the same 
manner at the measuring point B, which lies 50 mm. 
farther in the cylinder than the point G, and which 


is passed over by piston rings Nos. 1 and 2. At! 


the point C, 135 mm. nearer the middle of the 
cylinder, the influence of the piston rings is smaller 
than that of the steam in contact with the wall. Whilst 
the variation of temperature at the points G and B, 
at a depth of 0-5 mm., amounts to 23 deg. C. and 
18 deg. C., respectively, at the point C it only amounts 
to 7 deg. C. The measuring point D, Fig. 30, is 
already passed over by two piston rings on the other 
side of the piston, so that it is under the influence of 


means of special tables, whereby the particular character 


3,000-VOLT AUTOMATIC SUB-STATION 
EQUIPMENT FOR THE SOUTH 
AFRICAN RAILWAYS. 
(Concluded from page 214.) 

THE employment of regenerative braking which, as 
already mentioned, is installed on the locomotives 
used on this line, so that full advantage can be taken 
of the steep gradients down which the heavy goods 
trains run from the coalfields to the coast, necessitates 
the maintenance of a constant sub-station voltage. 
while regeneration is taking place. On the other 
hand, during normal working the sub-station voltage 
is, as explained above, only kept constant until the 
load exceeds a pre-determined value, when it is auto- 
matically reduced in proportion to the increase above 
that value, so that the adjacent stations share the load. 

The use of regeneration also rendered it necessary 
for the motor-generator sets in the sub-stations 
to be capable of both normal and inverted opera- 
tion. The result is that the usual reverse power 
protection has had to be omitted. In addition, the 
compounding of the direct-current generators is 
such that they can be run as motors, and the excita- 
tion of the synchronous motor is arranged so that it, 
can be operated as an alternator. Power is thus fed 
back through the machines and transformers into the 
high-tension line, the result being a considerable 


| economy in energy consumption. 


To allow the functions of the various machines to be 
altered so that they can work “‘ regenerating ’’ in the way 


of the temperature curve was recorded by Fourier | just described, a reverse power relay is provided. This 
middle zone of the cylinder, where it was cooled by the | series developed to the 12th, 18th, 24th or 36th order. 





made, a coefficient of heat conduction of \ = 56 


a specific heat 0-115, and a specific gravity of 7-25, 
the temperature range at the inner surface of the 
steam cylinder was calculated for all measuring points. 
The distribution of temperature through the wall at 
successive crank angles was determined for a few points. 
Fig. 32 shows a three-dimensional figure, as found 
for the measuring point B, which is affected by the 
first two piston rings 1 and 2. It can be seen that the 





temperature fluctuates from a nearly constant value at a 
depth of 6 mm. to a range of 29 deg. C. at the surface. 
| The dash-dot line is the reproduction of the curve of the 
| photographical diagram from which all other values are 
| calculated as described above. The lines showing the 
|intervals of time of the contact between the piston 

rings and the surface at the measuring point are 
| shaded at the front side to emphasize the enormous 
influence of the piston rings. 


(T'o be continued.) 








SHANGHAI MunicrpaL ELEctTRIcITY DEPARTMENT.— 
| The continued development of the Shanghai Municipal 
| Electricity Department is indicated in statistics recently 
| supplied to us by Mr. T. H. U. Aldridge, engineer-in- 
| chief of the undertaking. The actual units sold during 
| 1928 totalled 458,360,215, as compared with 400,343,385 
| during 1927. The units sold for lighting and fans, 
| during 1928, totalled 45,214,393, and those for power 

and traction 401,512,721. 


Assuming for the cast iron, of which the cylinder was | as possible. 
k cal. in the control circuits of two contactors. When .the 
m/h/°C | current reverses, one of these contactors short-circuits 





is set so that it operates on as small a reversal of current 
The contacts of this relay are connected. 


the cumulative series field windings on the direct-current 
generators, which then run as compound-wound motors, 

the differential series windings providing the compound- 

ing. The other contactor short-circuits the cumulative 

series field on the synchronous motor exciter, leaving 
only the differential series field winding in circuit. This 
alters the excitation of the synchronous motor, so that it 
can be run as an alternator. When regeneration ceases 
and the current once again flows in the operating 
direction, the reverse power relay opens these two. 
contactors and restores the connections to normal. 

Some of this equipment is illustrated in Fig. 6 on the 
opposite page. 

It has already been stated that the sub-station 
equipment, which we have described above, is automatic 
in action, and that it is designed for local and distant 
control, the latter being effected by a two-position 
switch from the nearest signal cabin under instructions 
from the control engineer at the Colenso Power Station. 
The local control is, of course, effected in the sub-station 
itself. No added complication is introduced: by. the 
presence of two or three motor-generator. sets , in 
@ substation, since, as far as possible, the control circuits 
of each set are kept independent. If, therefore, a fault 
develops on one motor-generator, it will not prevent the 
other from beingrun. When one unit in a multi-unit sub- , 
station is running by itself, it is controlled and protected 
exactly as described above, whether the other units: are 
connected ready for use or are isolated for inspection. 
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When two machines are running, any device on either 
will trip the particular machine it is protecting without 
affecting the other, provided the load is not sufficient 
to trip the high-speed circuit-breaker of the latter. 
On the other hand, when both machines are running, 
the load-limiting relays on both are so connected that 
the operation of either reduces the load on both 
machines. The effect of the operation of either of 
the thermal relays, which alter the calibration of the 
load-limiting relays, is the same. 

If one motor-generator set is running and another 
is started up, the cumulative series fields are equalised 
before the second machine is connected to the track 
conductors, its voltage being equalised with that of the 
line, and the connection being subsequently made 
exactly as in the case of a single unit. Immediately 
the second machine is connected to the line, the shunt 
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fields and exciters of both pairs of direct-current genera- | 
tors are connected in series, and the connections of the | 
generator shunt field rheostats are re-arranged, so that | 
one is controlled by the line voltage through the voltage 
regulating relay of one machine and the other by a | 
balanced relay, the object of which is to keep the | 
resistance of the two field circuits the same. If the | 
control switch of one machine is opened, the other | 
continues to run as a separate unit. 

The same applies to the machines in a triple-unit 
sub-station, the shunt fields and exciters of all three 
generators being connected in series and the control 
circuits of all three shunt field rheostats being re- 
arranged as described above. Two of the machines are, 
in this case, controlled by balanced relays, and if one 
machine is shut down, the other two will continue to 
run. 

To prevent the occurrence of a fault allowing a 
current which is only just below the setting of the 
machine breaker to pass, a dangerous condition which 
might arise where, as in this case, the distance between 
the sub-stations is great and the line resistance and 








inductance consequently relatively high, high-speed 
circuit-breakers are installed at the track end of the 
cables outgoing from each sub-station, in such a way 
that full advantage is taken of their polarised 
characteristics. By arranging the breakers in the 
manner indicated in Fig. 8, it is possible to limit the 
disturbances under fault conditions to the side on which 
the fault lies, leaving the machines free to supply the 
other lines, and thus helping to maintain the voltage on 
that part of the track which is still sound. The arrange- 
ment isindicateddiagrammaticallyin Fig.9, which shows 
the direction of the current under normal conditions 
and under fault conditions, respectively, and clearly indi- 
cates how the breakers discriminate by virtue of their 
polarised characteristics. Even when a sub-station 
contains only one machine, this arrangement is an 
advantage, as the high-speed breakers can be set 
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lower than the machine breaker, since the total output 
of the machine is divided between the two. In such 
a case, arrangements are also made, so that, when the 
sub-station is shut down, the calibration of the track 
circuit-breakers is reduced, thus making it possible 
for them to operate if a fault occurs, even though 
that fault be fed from the sub-stations on either side, 
and consequently through a high resistance. 

The high-speed circuit-breakers used in this installa- 
tion possess the valuable characteristic of not only 
operating at an adjustable value on a slowly-increasing 
current, but of tripping at lower values under short- 
circuit conditions, when the rate at which the current 
is increasing is high. The result is that they open so 








rapidly when a. breakdown on the overhead equipment 
takes place that power is cut off before any serious 
damage can occur. 

The appearance of these circuit-breakers wil be 
clear from Fig. 7.. Each comprises a holding magnet 
and holding coil, together with a moving armature, the 
latter being heavily biassed towards the open position 
by a spring. This armature is moved to the closed 
position, either by a special closing coil or by 
hand, and is then retained in that position by the 
holding coil. The holding magnet has a “‘ bucking ”’ 
bar on its pole face, the connections being such that 
the magnetic flux, due to the whole or a portion of the 
main current, passing through this bucking bar 
will, on heavy overloads, deflect and reduce the 
magnetic flux of the holding coil in such a way that 
the heavy biassing springs pull the armature to the 
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open position. The closing mechanism is arranged 
on the trip-free principle; that is to say, when the 
breaker is being closed, the main contacts are not allowed 
to touch until the operating parts, which bring the 
armature into contact with the holding-coil magnet, 
have returned to their open position. This return 
is effected by de-energising the closing coil, or by the 
return of the manually-operated link to the “ off” 
position. Thus the breaker is free to open imme- 
diately, if the contacts are closed on a heavy overload 
or short-circuit. 

The circuit-breaker is also equipped with an inductive 
shunt, which is connected in parallel with the bucking 
bar, and carries a portion of the series current. Under 
steady load conditions, the distribution of the current 
between the shunt and the bucking bar is deter- 
mined by the resistance of the two parallel circuits 
containing them. With a rapidly-rising current, such 
as occurs during short-circuit, however, the division of 
current is determined by the inductance, as well as 
by the resistance of the two paths. The necessary 
fixed inductance for this purpose is provided by iron 
washers placed on the shunt. 

The arc chute is arranged so that the contacts of 
the breaker are directly below it and between the poles 
of the blow-out magnet. The latter is excited by series 
blow-out coils, which are designed to give an intense field 
of small area round the main contacts. When the 
contacts begin to open, the flux set up by the blow-out 
magnet forces the arc into the long narrow slots in the 
chute, where it quickly cools and collapses, thus opening 
the circuit. The arcing spaces are considerably narrower 
than the contact tips, thus increasing the resistance of 
the arc-stream and giving the maximum cooling effect 
to the vapours. The arc chute is hinged at one end, 
so that it may be swung back to facilitate inspection 
of the contact tips. An additional blow-out coil in 
the arc chute is automatically connected in the circuit 
during the rupturing period. This auxiliary blow-out 
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divides the arc into two,parts, thus increasing the ex- 
tinguishing effect. 

When the circuit-breaker is closed, the blow-out 
coils, main contacts and bucking bar are in series with 
the circuit that is being protected. The breaker is 
maintained in the closed position by a small laminated 
armature on the moving contact arm, which bridges 
the gap in the holding magnet. The bucking bar 
is placed in the gap between the poles of the holding 
magnet and in close proximity to the armature. 
Current flowing through the bucking bar therefore 
produces a maximum change in the armature flux, 
without appreciably affecting the flux in the holding 
magnet. When a short-circuit occurs, the differential 
flux set up by the current in the bucking bar de- 
flects the flux produced by the holding coil from the 
armature to the iron in the loop of the bucking 
bar, which is also in the gap of the holding magnet. 
Thus, the moment the flux flowing through the arma- 
ture is reduced to a predetermined value, the latter 
is released, and the powerful springs rapidly return 
the main contacts to the open position. 

The current required in the bucking bar to release 
the breaker armature is determined by the magnetic 
flux which holds the armature closed. An alternative 
calibration is effected by varying the holding power of 
the armature. This is done by changing the reluctance of 
the holding coil magnetic circuit and keeping the ampere- 
turns of the holding coil constant. For this purpose, two 
calibrating screws are inserted in the magnetic circuit 
near the end of the holding coil. Turning both these 
screws out of the steel bar increases the reluctance of 
the holding magnetic circuit, thus decreasing the mag- 
netic flux which holds the armature closed and allows 
a lower main current in the bucking bar to trip 
the breaker. The breaker is calibrated by marking 
the trip current for a number of different positions 
of these calibrating screws on an adjacent brass 


te. 

Control of the breakers is effected in pairs from the 
signal cabin nearest the track-sectionalising hut, the 
control switches being so arranged that, if a breaker 
trips, it can only be re-closed after the operator has 
re-set a relay. If the operator holds the control 
switch closed, there is therefore no danger of the breaker 
opening and closing repeatedly. The breakers being 
trip-free will, if there is a fault, open immediately the 
contacts touch, even though the control switch is 
held closed. The position of the breakers is indicated 
by lamps, and a bell givesan alarm directly they open. 
When the breaker has been opened automatically, 
the bell continues to ring, even after the breaker has 
been closed, until it is set for indicating the next 
opening of the breaker. 








BRITISH TRADE WITH EAST 
AFRICA. 


Tue distributive regions of trade in East Africa 
are: Mombasa, with its hinterland of Kenya, Uganda 
and the Lake Victoria Basin ; Dar-es-Salaam, covering 
the territory served by the Central Tanganyika Railway 
and connections ; Zanzibar, and the smaller ports on 
the Tanganyika coasts; and, as separate units, 
Nyasaland and Northern Rhodesia. British Somali- 
land is a market depending on Aden for trade 
distribution. 

These Dependencies are covered by the Report on 
the Trade and Commerce of East Africa up to Septem- 
ber, 1928, by Mr. C. Kemp, which has recently been 
issued by the Department of Overseas Trade, price 
2s. net. The period under review in this report has 
been somewhat colourless, varying conditions of weather 
showing their influence in crop returns, later to be 
expressed in purchasing power, and, in the case of 
Nyasaland and Northern Rhodesia, the fluctuating 
market for tobacco has had a retarding influence on 
the development of exports. In Northern Rhodesia, 
however, the capital reorganisations which have been 
carried out by mining enterprise have resulted in 
increased production from proved deposits. There, 
production during the first six months of 1927, 
amounting to just over 200,000/., has been almost 
doubled during the comparable period of 1928. 

Of the total import trade of East Africa, approxi- 
mately 15,000,000/., rather more than 45 per cent., is 
from Great Britain. Because of the geographical 
position, East African trade is open of access to the 
products of countries bordering the Mediterranean. 
With a lower standard of living than that of Great 
Britain, Japan and India also are strong competitors 
with unbleached goods, and Japan, possibly in the 
future, in the cement market. 

The Kenya and Uganda Railway estimates for 1928 
show a surplus of 154,590/. after meeting all charges. 
The extensions to Narro Moru and to Mbulamuti 
(Uganda) have been completed and the construction of 
the Tororo-Soroti (98} miles), Gilgil-Thompson’s Falls 
(463 miles), and Kisuma-Yala (36} miles) branches is 
proceeding ; completion is anticipated in the summer 





of this year. Co-ordination of the Kenya and Uganda 
and Tanganyika transport systems is a recommenda- 
tion of the Hilton-Young Commission. 

The estimates for the Tanganyika Railways for 
1928-29 show a small surplus—after the provision of 
charges for debt. The branch from Tabora to Mwanza 
upon Lake Victoria is completed and the Moshi-Arusha 
extension of 52 miles is scheduled for completion in 
August of this year. A survey is being carried out of 
a proposed Manyoni-Singida-Makalama branch, of 100 
miles, and the Dodoma-Fie survey has been com- 
pleted. Goods traffic on both railways in Tanganyika 
shows a satisfactory increase. Of the Nyasaland 
Railways the position still remains that decisions 
by the Imperial Authorities are awaited upon the 
building of the Zambesi Bridge and complementary 
extensions of internal facilities. 

There is not sufficient statistical information in 
Mr. Kemp’s report to assess the value of steel rails, 
locomotives, rolling-stock and railway materials 
imported in the period under review, but undoubtedly 
considerable importations will follow anticipated rail- 
way development. 

Owing to the great increase in imports and exports 
at Kilindi Harbour, two additional deep-water berths 
are under construction and the provision of another 
deep-water berth, extra storage sheds and a quay 
for oil tankers are included in development plans. 
At Dar-es-Salaam, a total of 1,000 ft. of reconstructed 
and extended lighterage quay has been provided, cap- 
able of handling 200,000 tons traffic per annum, and 
an additional extension is contemplated to give a 
total capacity of 350,000 tons. The Zanzibar wharfs 
are now virtually completed at a cost of about 
386,0001. 

There will be increased expenditure on roads in the 
different territories, but exact information as to the 
programmes of work is not readily accessible. The 
extending use of the system of cheap grading of earth 
roads is reducing maintenance costs and allowing 
pioneer roads to be made to new districts. There should 
be a good market for British exporters of modern 
heaters, sprayers, light road rollers using heavy oil 
or wood firing, and road graders. 

In industrial machinery valued at approximately 
800,000/. imported during the year under review, the 
British share is two-thirds and our manufacturers are 
holding their own. In agricultural machinery there is 
severe competition with the United States, Australia 
and Canada. The sale of American machinery seems to 
have been assisted by easy purchase terms afforded to 
farmers, and, in the case of goods of Empire origin, 
efficient sales organisation has backed up the demand 
for types that have proved their worth in the Dominions. 
British mining machinery for Northern Rhodesia is in 
strong competition with United States manufactures. 
Because of a narrowing margin between British and 
Continental quotations, the home market has gained 
a certain amount of ground from Belgium and Germany 
in several classes of iron and steel manufactures, 
particularly in bars, rods, angles and shapes. 

The aspect in East Africa at the present time is 
that of countries in the course of development which 
naturally pass through degrees of prosperity or the 
reverse, increasing production overtaking and com- 
pensating for the times of depression. Northern 
Rhodesia is rather more favourably situated and en- 
dowed than the other territories for the increase in 
the development of the mining industry and the grow- 
ing adjacent market for cereals in the Belgian Congo 
can take the increase in food crops which would 
otherwise have difficulty in finding a paying outlet 
owing to long distance from deep-sea transport 
facilities. 

The co-ordination of services of common interest 
to the three countries—Uganda, Kenya and Tan- 
ganyika—as recommended in the Hilton-Young report, 
in such instances as railways and customs, the postal, 
veterinary, medical and agricultural departments will 
be a source of strength and economy. The railway 
recommendations in this report are thoroughly accept- 
able, but the view is held locally that they may tend 
to delay the construction of feeder lines, the lack of 
which is already felt. The closer political action 
which will follow the growing community of economic 
interest will greatly help in the solution of the most 
important economic questions in East Africa, espe- 
cially in the relation of capital investment to de- 
velopment, and British export trade should benefit 
from the additional purchasing power derived from 
stimulated production. 








Am Ling BETWEEN BRISBANE AND CHARLEVILLE.— 
By the opening, early in April, of a regular air service 
between Brisbane and Charleville, the Queensland and 
Northern Territory Aerial Services, Limited, will com- 
plete a direct line across the State to Normanton, and 
bring Camooweal within 47 hours of Brisbane. The 
machines will be fitted with 475 h.p. Bristol-Jupiter 
engines, and will carry seven passengers and 1,340 
of freight. 
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CATALOGUES. 


Superheaters—An_ illustrated description of the 
“‘Elesco ’ superheaters for power plants is given in a 
catalogue issued by The Superheater Company, 17, 
East 42nd-street, New York, U.S.A. 

Electric Light Fittings.—Two catalogues to hand from 
Messrs. Benjamin Electric Limited, Tottenham, London, 
N.17, show an extensive range of reflectors for electric 
lighting, suitable for general industrial and other condi- 
tions. 

Steel Plate Work.—A catalogue of steel chimneys, 
hoppers, brine drums, tanks, buoys, gear cases and other 
welded or riveted plate work, either black or galvanised, 
is to hand from Messrs. Fredk. Braby and Company. 
Limited, Glasgow. 

Steels.—A recent issue of the monthly publication 
issued by Messrs. Krupp, of Essen, dealing with the pro- 
duction of special steels, has reached us from Messrs. 
Leistikow, Allison and Lyon, 18, Southampton-buildings, 
Chancery-lane, London, W.C.2. 

Boilers.—Messrs. H. and T. Danks (Netherton). 
Limited, Netherton, Dudley, Worcs., have issued a list 
of their own products, including all shell types of boilers, 
tanks, pressure bottles, &c., and giving particulars of 
the Dee superheater for which they are agents. 

Steam Turbines, &c.—The Rateau Company, whose 
London office is at 28, Russell-square, W.C.1, have sent 
us two recent issues of their monthly Bulletin, dealing 
mainly with steam turbines and pit-head plant. We 
have also received leaf catalogues relating to centrifugal 
pumps, ventilating fans, and valves. 

Oil-Engine Lubrication—A pamphlet discussing in 
detail the lubrication of crude-oil and heavy-oil engines 
is to hand from Messrs. W. B. Dick and Company, 
Limited, 26, Grosvenor-gardens, London, 8.W.1. Some 
twenty examples of these engines, by different makers, 
are illustrated. 

Electrical Appliances.—The A.E.G. Electric Company, 
Limited, 131, Victoria-street, London, S.W.1, have sent 
us a copy of their Berlin house journal, ‘‘ Progress,” 
describing the company’s work on high-tension plant. 
railway automatic rectifier substations, and a domestic 
floor-polishing machine. 

Mechanical Stokers.—The Underfeed Stoker Company, 
Limited, Africa House, Kingsway, London, W.C.2, have 
issued a new catalogue of their “ L ”’-t; stokers, which 
are fully described and well illustrated. The catalogue 
contains a useful discussion of the conditions and methods 
of economical boiler firing. 

Refrigerating Machines.—A brief description of their 
“§.D.L.” refrigerating and ice-making plant and the 
method of operating, it is given in a catalogue to hand 
from Messrs. Campbell and Isherwood, Limited, Bootle, 
Liverpool. The machines are made in several sizes for 
cold chambers of 250 to 1,000 cub. ft. capacity. 

Machine Tools.—Messrs. E. H. Jones (Machine Tools), 
Limited, Britannia Wharf, Baldwin-terrace, Islington. 
London, N.1, have issued catalogues of several machine 
tools made by German firms, for whom they are agents, 
including a range of Raboma radial-drilling machines, 
and of the Diskus face-grinding machines. 


Lighting for Photographic Work.—A catalogue of 
electric lamps and other equipment for lighting kinemato- 
graphic and photographic studios has been issued by 
Messrs. Korting and Mathiesen Electrical, Limited, 711, 
Fulham-road, London, 8.W.6. It contains some interest - 
ing technical information on the subject. 

Small Tools.—Messrs. Buck and Hickman, Limited. 
2, 4 and 6, Whitechapel-road, London, E.1, have issued 
circulars of two new tools made by The Brown and 
Sharpe Manufacturing Company, viz., a combination 
bevel and a set of three micrometer calipers covering a 
range of 12 in. to 24 in. 


Fire Pumps.—Messrs. Merryweather and Sons, Limited, 
63, Long-acre, London, W.C.2, have sent us a catalogue 
of trailer fire pumps in three sizes, specially suitable for 
country houses or isolated places. The pumps are 
driven by petrol engines and are mounted on two wheels 
with a pole for hand draught or towing behind a motor 
car. 

Internal-Combustion Engine L tives.—A catalogue 
of small locomotives, ranging from 2 tons to 12 tons, and 
driven by petrol or oil engines, is to hand from Messrs. 
James and Fredk. Howard, Limited, Bedford. In these 
engines, the driving wheels are operated through a 
change-speed gear box, by chains to one axle, the two 
axles being also coupled by chains. 


Tachometers.—A catalogue of tachometers and tacho- 
graphs, made by Messrs. Noris, of Nuremburg, is to hand 
from their agents, Messrs. T. C. Howden and Company, 
7, Fleet-street, Birmingham, The instruments include 
hand tachometers, cutting-speed meters, and others 
specially adapted for use with turbines, aeroplanes, motor 
boats, &c. Prices are stated for instruments and spare 
parts. 

Woodworking Machinery.—The new edition of the 
catalogue of woodworking machinery made by Messrs. 
Wadkin and Company, Leicester, is of special interest, 
since it is well illustrated and covers a very important 
branch of machine manufacture. The most obvious 

rogress is in the pattern-milling and the sanding 
machines, the special grinding and other machines for 
sharpening and setting saws and edge cutters, and in the 
application of electric motors to individual machines. 
Each of the main operations of sawing, planing, drilling, 
turning, &c., is provided for in a considerable range of 





Ib. | sizes of general and special machines, and in all these 


lines some revisions and improvements have been made. 
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THE WELLAND SHIP CANAL—I. | 


In the early days of settlement and of the pioneers | 


and trappers, the rivers of the North American 
Continent provided a very natural means of pene- 
trating into the interior. In some cases, the trips 
thus possible were of considerable length, without 
hindrance of any kind. In others, rapids, or 
a narrow watershed, separated one long stretch 
from another, and had to be negotiated for a 
continuation of the journey. As traffic developed, 
one solution at any particular locality usually 
came to be accepted, and at such places regular 
portages were established, at points of considerable | 
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very early locks of the North American Continent, 


close by the great structures required to cope with the 


vast traffic passing through the “‘ Soo ” at the present 
day. After being lost sight of for many years, this 
little work on the Canadian side of the Falls, was 
rediscovered, and has been reconstructed for the 
sake of preserving it as an historical relic. To-day 
it stands, as shown in Fig. ], annexed, in an en- 
closure adjoining an hydro-electric power station. 
This lock was constructed by the Northwest 
Fur Company in 1797-98. It is supposed to 
have been 38 ft. long, while it had a width of 
8 ft. 9 in., but a depth of water on the silJs of as 
little as 2 ft. 6 in. The lift provided was 9 ft. It 








Fig. 1. Lock ConstructTEep IN 





Fig.<. MOVEMENT OF IRON ORE FROM UPPER TO LOWER LAKE PORTS, 1923. 
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traffic this business constituting a regular industry. 
Among such points may be mentioned routes which 
enabled traffic to pass from the Hudson River to Lakes 
Ontario and Erie, with portages of relatively small 
length, as, for instance, the route up the Mohawk 
River. Another portage of considerable import- 
ance was at Niagara, held to be of such value 
that it was controlled by a French military port 
as early as 1678, this passing into British hands in 
1759. In 1764, a capstan incline was built to the 
top of the escarpment, 325 ft. high, on the east side 
of the Niagara River, from the top of which a 
wagon portage, about 6 miles long, was used for 
carrying hateaux and merchandise to the head of the 
Falls. Tolls were 10 pounds, New York currency, 
and upward for each bateau. 

Another point where traffic was considerable was 
at Sault Ste. Marie, falls dividing Lake Huron from 





Lake Superior, where is now to be found a very 
interesting contrast. Here, in fact, stands one of the 


was destroyed in 1814 by United States Forces, 
and until 1855 a portage of 1 mile long was neces- 
sary to get past the rapids. At the present time, 
traffic at this point makes use of locks on both the 
Canadian and United States sides. The Canadian 
lock is 900 ft. long, 60 ft. wide and has 20 ft. of 
water on the sills, while on the United States side 
there are four locks, the two largest of which are 
no less than 1,350 ft. long by 80 ft. wide and have 
244 ft. of water on the sills at normal levels. 
Obviously the early effort referred to must have 
been of very limited capacity, while the present 
locks at the Soo pass, in the short seven months 
for which navigation is open, a far greater freight 
tonnage than the Suez Canal, the Panama Canal, 
and the Manchester Ship Canal put together. 
In 1926, the Soo traffic amounted to no less than 
85,679,087 tons. The figure of 90 millions has even 
been exceeded. In round figures, the whole traffic 
on the Great Lakes at the present time is estimated 
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at 125 million short tons. Rates are about 0-1 cent 


per ton-mile, or one-fifth of the comparable rail 
charges. This great traffic forms the subject of a 
number of annual reports and statistical returns in 
which it is regularly analysed. It has also recently 
formed the subject of two very interesting special 
reports, both of which contain vast quantities of 
information, and from these and the other sources 
referred to we propose to draw a few leading facts, 
by way of introduction to the general subject of these 
articles. 

Of the two special compilations we have men- 
tioned, one is the official Transportation on 
the Great Lakes, and constitutes one of the Port 
Series of monographs in course of publication, 
prepared by the Board of Engineers for Rivers 
and Harbours, of the U.S. Army Corps of Engineers, 
jointly with the U.S. Shipping Board. ‘The other, 
considerably more comprehensive in some respects, 
but related throughout to a definite object, is the 
report on the Great Lakes Commerce and the Port 
of Oswego, New York, drawn up by Messrs. Fay, 
Spofford and Thorndike, consulting engineers, of 
Boston. The War Department volume confines 
itself mainly to the traffic on the lakes. The report 
of the consulting engineers for Oswego goes into 
the origin and destination of the traffic more in 
detail, and considers the influence of present 
tendencies on the port in question, for reasons 
which will appear below. 

All statistics bring out prominently the fact that, 
in the Lake traffic, three great classes of freight 
preponderate ; these are ore, coal and grain. These 
are shipped in bulk, and to them must be added 
some other smaller classes also handled in bulk- 
In effect, bulk freight now constitutes 98 per cent. 
of the total, and the peculiar nature of this 
traffic has resulted in special developments, the 
like of which are to be seen nowhere else in 
the world. These developments have been from 
time to time referred to in ENGINEERING, and it 
is not the province of. this article to discuss 
in a general way the facilities provided at ports 
to meet the requirements of this trade, but, for the 
necessary understanding of the general situation, 
some reference to the conditions is essential, 
bearing in mind always that the season of open 
navigation extends over only seven months of the 
year. The average navigable season lasts from 
between the middle of April to the middle of 
December ; it varies from 260 days on the southerly 
lakes to 230 days on the northerly waters of Lake 
Superior, and on the St. Lawrence Canals. The 
present Welland Canal, between Lakes Erie and 
Ontario, has an average season of 243 days. 

The ore traffic, which is by far the greatest of the 
three main classes, moves eastward from the Duluth 
area at the head of Lake Superior down to ports 
on Lakes Michigan and Erie. Fig. 2 shows the 
movement of this traffic, this diagram being repro- 
duced from Transportation on the Great Lakes. The 
figures on the flow curves are in short tons. The 
ore is used largely at the ports of destination 
themselves, but much of it is subsequently shipped 
further inland by rail, to centres of the iron and 
steel industries. This class is responsible for about 
67 per cent. of the traffic.at the Soo. It will 
be noticed that none of this traffic passes down to 
the Lake Ontario area by water. 

The coal traffic bulks next, and a chart represent- 
ing this is very similar to that shown in Fig. 2, 
but with the flow reversed. The bulk of this 
traffic reaches water at Lake Erie ports and proceeds 
north-west to the head of Lake Superior, and some 
17 per cent. of the traffic passing through Sault 
Ste. Marie is made up of this class. A goodly 
quantity, however, is diverted just short of Sault 
Ste. Marie into Lake Michigan. Corresponding 
charts, but showing the points of origin, indicate 
that the bituminous-coal traffic reaches Lake Erie 
at a number of ports on its south shore, while the 
anthracite traffic is transferred to steamer mainly at 
the eastern ports, such as Buffalo. 

Both these forms of bulk traffic have been re- 
sponsible for port and shipping - developments 
of an unusual nature. To give some idea of these 
it need only be stated that no less than 12,508 
long tons of ore have been loaded into one vessel 
in the short space of 164 minutes. Loading at a 
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rate of over 5,000 tons per hour is common. 


5 minutes. The average stay in port, at loading 


terminals, is something of the order of five to six| diagram. Without exception, however, the largest 
hours only. Coal is shipped at rates up to 3,100) 
tons per hour for bituminous, and about 1,300 tons | only open for part of the year. 
per hour for anthracite. These high rates of loading, | Johns benefit from this disability, but the port of 
and quick turn-rounds, enable individual boats to | 


carry 400,000 tons in a season on an average haul 
of 1,000 miles. By reason of balanced cargoes (not 
always possible, however), the William K. Field in 
1924 carried 552,014 short tons in a season of 7 
months 17 days, on a draught of 19 ft. In 1925, the 
James MacNaughton carried 554,100 tons. 

The vessels which this traffic has produced, and 
among which the one just mentioned must be 
included, are as unique as the port facilities which 
have been developed. The boats plying in this 


As | 500,000,000 and 600,000,000 bushels, but this is not 
regards unloading, the same cargo of 12,508 tons, | all exported overseas. For the ocean journey, the 


referred to above, was unloaded in 3 hours and} 





bulk trade have steadily increased in size, until the 
largest vessels run to as much as 15,000 to — 
tons capacity. The largest single cargo carried in | 
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traffic makes its way from the lake terminals to a 
variety of Atlantic ports, as will be seen from the 


quantities leave from Montreal, although this port is 
Quebec and St. 


New York actually ranks next in importance to 
Montreal. In 1928, the grain handled at Montreal 
amounted to 425,000,000 bushels, of which some | 
210,000,000 were received for export. | 

We described the excellent facilities provided at | 
Montreal for handling this grain traffic recently in 
ENGINEERING*, and also dealt with the provision 
made at Quebec and the plans for further develop- 
ment there. The shipping ports at the head of the | 
lakes are even better equipped. Fort William- 
Port Arthur ship something like 45 per cent. of the 
total, and, at these ports, which are contiguous and 
virtually form one shipping point, there are no less | 
than 36 elevators with an aggregate capacity of | 
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if possible, by water. The shipments to New York, 
which are discharged at Buffalo, transfer to the Erie 
Canal, or proceed by rail. The Erie, or New York 
State Barge Canal, is of only limited accommoda- 
tion, and the bulk of the boats on it are of 400 to 
500 tons capacity, with a few special vessels of 1,000 
to 2,000 tons. The maximum length so far adopted 
appears to be about 250 ft., and height is limited, 
by fixed overhead structures, to 15 ft., and draught 
to about 10 ft. 6 in. 

The present Welland and St. Lawrence canals, 
on the Canadian side of the border, are not restricted 
by overhead structures, so that lake shipping of 
suitable size can pass through them to Montreal. 
The length of the locks, however, is only 270 ft., the 
breadth 45 ft., and depth on sill, 14 ft. Although, 
therefore, traffic can move only in small units, it is 
possible for shipments to be made by this route from 
the head of the lakes to the ocean port without 
breaking bulk. The present canal size of steamer 
runs to a length of about 261 ft. overall, 43 ft. 
beam and 20 ft. draught, the carrying capacity 


1926 was of 15,900 tons. The largest vessels have | 64,910,000 bushels. It is not necessary to enter | being about 2,800 long tons. 


a length of 637 ft. and beam of 64 ft., and have | 
block coefficients of the order of 0-886. The) 
number of 600-footers is constantly increasing, | 
and is now well over 300. Deck hatches are | 
placed at 12-ft. or 24-ft. centres, the large boats | 
having, perhaps, as many as 36 or 38 hatches at | 
12-ft. centres. The machinery is right aft, and is | 
usually a triple-expansion engine and Scotch boiler, 
though motor vessels are increasing in number. | 
Another tvpe of vessel steadily increasing in number 
is the self-unloader, a recent example of which, | 
the Valley Camp, was described in ENGINEERING, | 
vol. exxili, page 695. These vessels have not, | 
however, so far been developed to the size of the | 
ordinary bulk freighter engaged in the shipment of | 
of ore, coal and grain, and their use is restricted | 
to some of the smaller classes of traffic. They | 
run, nevertheless, to 550 ft. overall, and of a 
capacity of 12,000 tons. In 1924, the Fred. G. 
Hartwell carried through the Soo Canal locks, on a | 
19-ft. draught, the largest ore cargo of the year, of 
13,776 net tons, and also one of coal of only a little | 
less. When the grain traffic came on, the same 
vessel got through a cargo of 460,000 bushels of 
wheat and another of 487,000 bushels of rye. 
One of the largest grain cargoes put through the 
locks has been one of 760,000 bushels of oats, in 
the W. Grant Morden, on a 21-ft. draught, in 1915. 
During the 1928 season, the Lemoyne carried a 
record cargo of 408,000 bushels of wheat, and 
158,000 bushels of flax on a 20-ft. draught, equiva- 
Jent to 16,700 short tons. 

As we have given figures for ore and coal loading, 
we may quote one or two relating to grain cargoes, 
which constitute the third class of heavy bulk 
traffic. An exceptionally fast rate was achieved at 
Port Arthur in 1921, when 355,000 bushels were 
loaded in 5 hours. Other figures are: 130,000 
bushels in one hour at Fort William, and 150,000 
in 70 minutes (2,143 per minute) at the same point. 

Grain constitutes about 11 per cent. of the 
tonnage passing through the locks at Sault Ste. 
Marie. All these three large classes of cargo are 
handled by the same typ? of vessel, the grain and 
ore moving eastward, the return trips where possible 
being made with coal. The traffic, however, is un- 
balanced, and consequently the coal_traffic benefits 
by exceedingly cheap competition rates. 

The case of the grain traffic is quite different 
from that of the ore and coal trade which, as 
described, is local. In the grein traffic, a very large | 
part of the freight is for destinations overseas, and | 
the question is how best to get it down to ocean | 
ports from the producing areas, the great western | 
tracts of Canada, and the Dakotahs, &c., in the | 
United States. The general flow of this traffic is | 
represented by the diagram, Fig. 3, taken as typical, 





though actually representing wheat only, from the | per minute), and simultaneously, 1,773,000 bushels 
report of Messrs. Fay, Spofford and Thorndike. | were loaded into 21 canal boats in 39 hours (760 per 


The figures given on the curves are millions of 
bushels. The broken lines represent wheat of 
Canadian origin, the continuous lines United States 
produce. The quantities vary according to the 
class of grain, and from year to year according to 
harvest. Last year, the harvest was a record. 


The grain making use of lake ports runs to between 





into the details of the various types of grain and | 


| 


Obviously vessels of this size cannot compete 


WHEAT FOR CONSUMPTION AND EXPORT. 


Fig.3. EASTWARD MOVEMENT OF UNITED STATES AND CANADIAN 
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their respective contributions to the total traffic. | successfully with the large bulk freighters described 


Each class of traffic has its own special character- | above. 
istics and favours special ports, and a discussion of | four times as great on a ton-mile basis. 


The rates they have to charge are about 
As it is, 


these details is not germane to our present purpose. | however, the canals on which they work handle 
It should be noted, however, that the export |a very considerable traffic, which would doubtless 
traffic is catered for, with some degree of rivalry, | increase if larger vessels could be utilised. The 


mainly by Montreal and New York. 


Montreal has | canals on the so-called Rapids Section of the St. 


the advantage of a through route by water from the | Lawrence, between Montreal and the eastern end 
head of the lakes, but, at present, only available | of Lake Ontario, carried, in 1927, something over 


for freight vessels of moderate size. 


The large | 7,912,952 tons of traffic. 
vessels referred to above as carrying grain cargoes | very considerably of recent years. 


This traffic has increased 
In the same 


do not pass below Lake Erie, at the eastern end of | year, on the Welland Canal, east-bound agricul- 


which large cargoes have to be transferred to smaller 
boats or rail, to proceed to Montreal. 


tural products represented some 5,000,000 tons, in 
which wheat alone was responsible for 3-6 millions. 


Some 75 per cent. of the grain traffic passing the |The next large class was mineral products, east 


Soo reaches the head of Lake Erie, and is there 
transhipped either at Port Colborne or Buffalo. In 
1927, some 154,000,000 bushels continued from Port 
Colborne to Montreal by water, and 35,000,000 by 
rail; late shipments resulted in the diversion of 
unusual quantities to Buffalo. An idea of the 


bound (nearly 1,000,000 tons), and forest products, 
west bound (353,000 tons). 
both east and west bound, totalled close upon 
800,000 tons, the grand total for the Welland for 


Manufactured products, 


1927 being 7,247,459 tons. 
It is expected that, when the canals are enlarged, 


work at Port Colborne may be gathered from | Some ore traffic will undoubtedly find its way down 
the fact that, in 1928, 3,850,000 bushels were |to Hamilton, Toronto, or Montreal by water, and 
unloaded from upper lake boats in 117 hours (550 | that a large quantity of grain will be diverted to 


minute). 
shrinks between Lake Erie and Montreal, though 


this easier route, while the coal traffic from Lake 
Erie, eastwards, may also increase, and even Welsh 
Fig. 3 shows how the waterborne traffic | coal and Cape Breton coal travel westward. Esti- 
mates place the probable traffic on the Niagara- 


the exports from the latter are very large. This | Montreal section at anything up to 30,000,000 tons 
chart at once suggests that more traffic destined | annually. 


for export would continue right down to Montreal, 





* See vol. cxxiv, page 157 (1927). 








While on this question, it is necessary to point out 


that seasonal water-level fluctuations have an 
important bearing upon the traffic. 


On and above 
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Lake Erie, most of the channels and harbours 
have” been improved to give a navigable depth of 
20 ft. or more. At the Soo, there is nominally 
243 ft. of water on the sills. The large bulk 
freighters are designed to work under these condi- 
tions with only a few inches of water below their 
keels. Every inch, therefore, is valuable to these 
boats, and in the low-water years of the irregular 
cycles of low and high-level years which have been 
found to recur, the loss of tonnage by draught 
restrictions may be very considerable. On the 
smaller canal class vessels, a loss of 2 ft. in draught 
represents a loss of 15 per cent. or 20 per cent. in 
tonnage. This is one of the reasons why so much 
objection has been taken to the Chicago diversion. 

Added to their cyclical variations are the semi- 
annual winter and summer fluctuations of a foot or 
so either way, while the levels are further affected 
by barometric changes and heavy gales. Lake 
Erie, being a comparatively shallow expanse of 
water, is particularly affected by the two latter 
influences, and has a yearly range of about 8 ft., 
with a maximum recorded range of 12-75 ft. 

In view of the development of the bulk freighter, 
and of the fact that increased traffic might reason- 
ably be expected to flow further east in such vessels 
if facilities allowed, the present reconstruction of 
the Welland Canal is being carried out on lines 
which it is reasonably anticipated will meet all 
possible requirements for many years to come. As 
mentioned, the present large-size bulk freighters 
are of 600 ft. in length, and have a designed draught 
of 21 ft. The new Welland, when finished, will 
have locks of a usable length of 820 ft., and the canal 
will have a depth of 25 ft., the locks and permanent 
structures being built for a depth of 30 ft., to allow 
of the ultimate use of this depth throughout. 
Even the largest vessels at present engaged in the 
lake traffic will, therefore, pass though the Ship 
Canal, but unless the St. Lawrence canals are like- 
wise enlarged, the effect of the expenditure on this 
great work will mainly be to transfer the tranship- 
ment port from Port Colborne and Buffalo, on 
Lake Erie, to Prescott, which it has recently been 
decided to make the terminal on the Canadian 
shore of Lake Ontario, and to some port, such as 
Oswego, on the United States side. It was in 
anticipation of this that the report on Oswego, 
to which we have referred above, was made by 
Messrs. Fay, Spofford and Thorndike. This strongly 
recommended development, in order to retain 
to New York the trade now passing through 
Buffalo, in the face of what is expected to be, on the 
opening of the new Welland Ship Canal, the keener 
competition of the Montreal route. The logical 
corollary to the present Welland undertaking would, 
undoubtedly, seem to be the early enlargement of 
the St. Lawrence canals as well, to take the large 
bulk freighters, and this is actually what has been 
recommended by the recent boards and commissions 
which have considered the problem. The standards 


of the proposed future St. Lawrence waterway, in| 
fact, are laid down by these bodies on the lines to| 
which the Welland Ship Canal was planned in| 


1907-12, and on which it is now nearing completion, 
though the National Advisory Committee has passed 
in favour of a 27 ft. waterway against the 25 ft. now 
being worked to. In view of the low levels recently 
common, the increased depth will clearly make for 
economical operation, even in unfavourable years. 
Our readers have been made familiar, at one time 
and another, with some of the features of the dis- 
cussion regarding the St. Lawrence waterway pro- 
ject, which at last seems to be making headway. 
The object of this scheme is to put the Great Lakes 
and their ports in direct communication with ocean 
transport. It is stated that, at the present time, 
some 1,200 vessels ply between lake ports and At- 
lantic destinations ; doubtless, if the limits of size 
imposed by the present St. Lawrence and Welland 
canals were not so small, such direct communication 
would increase greatly. This is the not unreason- 
able anticipation of the advocates of the waterway. 
We do not intend at this time to argue the case for 
or against the scheme. To us tie problem presents 
itself as how best to bring the desired end about, 
rather than whether or not this object is desirable. 
The crux of the whole question lies in the so-called 
International Section of the St. Lawrence. Though 








involving matters of great complexity, a solution 
of the difficulties on this stretch will undoubtedly 
be found. 

Before leaving this preliminary survey, in view 
of the prominent notice the St. Lawrence waterway 
is receiving, it may not be out of place to refer 
to one other matter raised in connection with it. 
At the present time, there is some agitation in 
favour of a so-called “ All-American” route, by 
which the advocates really imply a route through 
United States territory from the lake ports to 
the sea. This, it has been shown, would involve 
immense expenditure, but it is argued that the 
United States ought not to be dependent upon 
the friendliness of a neighbour for the security 
of this trade. Theoretically this may be sound 
wisdom, but we can hardly believe that the idea 
carries weight in any but a relatively small circle. 
Students of the development of the vast North 
American continent are convinced that the greatest 
good to both the great countries sharing it will 
come from co-operation and friendly contact and 
intercourse, instead of from distrust and misgivings. 
In the present system of canals, the United States 
might, and for the most part happily does, see 
an example of friendly contact with the Dominion, 
which augurs well for the future. At the present 
time, the St. Lawrence, Welland and Soo Canals 
are operated free of tolls for vessels of either 
country indifferently. Treaties in which the equal 
freedom in such waters has been assured have 
been made at intervals from 1782. The present 
treaty is one of 1909 between the United States 
and Great Britain regarding “‘ boundary waters” 
extending between the two countries. Under this, 
both may use the waterways, but tolls may be 
imposed if thought desirable, only, however, 
without discrimination as to nationality. Thus, 
if either country desired to abandon the system 
of toll-free canals, it would have to impose tolls 
alike on its own shipping as on other. 

The history of toll charges is worth brief mention in 
view of the way the matter has been imported into 
recent discussions. Prior to 1883, tolls were paid by 
shipping on the St. Lawrence and Great Lakes route, 
and also on the Erie Canal. In that year, however, 
tolls on the latter were abolished, with the natural 
consequence that more lake traffic tended to flow 
to New York by this route. To meet this develop- 
ment, tolls on grain passing through the Welland 
Canal were halved in 1884, to be later further 
reduced, with a marked effect in an increase of 
traffic. Finally, in the year 1904, tolls were 
abolished on the St. Lawrence-Great Lakes route, 
and all shipping is now free to use the locks of 
Canada, or of the United States at Sault Ste. Marie, 
without fee of any kind. Any impartial observer 
of the amicable co-operation thus working itself 
out, and of the tendency to greater intercourse 
between the two countries must, we feel sure, 
take this as earnest for friendliness in the future. 








PREVENTION OF ACCIDENTS IN 
COLLIERIES. 


Sratistics recently published by the Mines 
Department show that the number of deaths caused 
by fatal accidents in and about coal mines (as in- 
cluded under the Coal Mines Act, 1911), in Great 
Britain during the year 1928, amounted to 984. 
This compares very favourably with the preceding 
year, being a decrease of 144, or nearly 13 per cent. 
of the 1927 total.* 

The most serious accident during 1928 occurred 
at the Haig Pit, Cumberland, on February 12, 
when 13 men were killed by an explosion. In all, 
there were 36 fatalities caused by explosions of 
firedamp or coal dust during the year. Falls of 
ground were the cause of 495 deaths; shaft acci- 
dents, 28; haulage accidents, 229; miscellaneous, 
100 ; whilst on surface there were 96 fatal accidents. 
Under miscellaneous accidents are included 17 
caused by explosives, 7 by electricity and 21 by 
machinery. Of the haulage accidents, 81 were 
caused by mechanical haulage. 





* Preliminary Statement of the Number of Deaths caused 
by Accidents in and about the Mines anid Quarries of Great 
Britain during the Year 1928. Mines Department. 
London: H.M. Stationery Office, Adastral House, W.C.2. 
[Price 3d.] 





Accidents to workers in factories and other indus- 
tries above ground in general are obviously more 
easily preventible than accidents liable to occur 
underground. Thus, in factories, the majority of 
accidents are due to machinery, and may be avoided 
or minimised by the provision of machinery guards, 
and by suitable methods of supervision and organisa- 
tion. The carelessness or ignorance of an individual 
will, in most cases endanger only his own safety, 
or at most but a comparatively small number of 
his fellow workers. But, in a coal mine, hundreds 
of lives may be sacrificed by a single foolish act. 
Hence, it is obvious that the prevention of serious 
accidents in collieries is accompanied by much 
greater difficulties than is the case in the majority of 
industries. Periodically, during the history of coal 
mining, public attention has been drawn to the 
hazards of the miner’s calling by some disastrous 
mine explosion. But the publicity thus obtained 
has had rather the effect of giving undue prominence 
to the dangers of gas and dust explosions, and 
causing other forms of accident, which, in point of 
fact, cause annually a much greater loss of life, to 
be underrated. On the other hand, the attention 
of the public and Government authorities having 
been focussed on the dangers of mining by such 
disasters, has turned to the appointment of com- 
missions for instigating inquiries into the causes 
and prevention of explosions, and from this has 
developed progressively the institution of perma- 
nent organisations under Government control, for in- 
vestigation and research work covering all branches 
of coal mining, with the object of framing recom- 
mendations to prevent or minimise the occurrence 
of accidents from all causes. The work of the 
Safety in Mines Research Board in this country 
in this connection is well known and has been re- 
ferred to frequently in these columns. Mention has 
also been made of the scheme of co-operation which 
exists with the corresponding organisation in the 
United States, viz., the U.S. Bureau of Mines ; and 
it is of interest to note that the latter owes its 
origin to a series of alarming colliery explosion 
disasters, which occurred in 1907 and were accom- 
panied by great loss of life. 

In view of the large number of accidents which 
occur annually in coal mines in the United States, 
a handbook has recently been published the purpose 
of which is—to quote from the preface, ‘‘ to make 
available in convenient form a concise statement of 
practices and methods recommended by the Bureau 
for the increase of safety in coal mining.”’* 

Conditions of mining vary so greatly in different 
fields that comparisons of statistics which have 
been compiled of accident rates are liable to be mis- 
leading. A high rate of fatalities does not neces- 
sarily indicate that the miners in one locality are 
more careless than those in another district where 
the accident rate is lower, nor does it necessarily 
indicate that legislation or organisation is inferior ; 
for in the one case natural conditions may be very 
much more difficult to cope with. The condi- 
tions which led to an unprecedented number of 
disastrous mine explosions in America in 1907, 
are attributed to natural causes due to increasing 
depth, more gas entering the workings, and increased 
roof pressure. At the present day, the extensive 
and increasing use of machinery of various kinds 
underground has introduced an element which is 
likely to have an increasing influence on the general 
conditions affecting the safety of the miner. This is 
an aspect which is perhaps liable to be overlooked, 
but since, owing to the high rates of wages which 
prevail in the United States, there has for many 
years past been a strong incentive to design and 
employ labour saving-appliances, the effects of this 
policy on the accident rates will naturally become 
noticeable in that country sooner than in Great 
Britain or other countries where the cost of labour 
is not such an important consideration. 

Although it may be readily realised that the use 
of coal cutters, for example, owing to the greater 
speed of advance, increased length of haulage ways, 
etc., might tend to an increase in the number of 
falls of ground, it would nevertheless, in a given 
case of a fall of ground in a mine employing these 





* Safety in Coal Mining (A Handbook). By George S. 
Rice, U.S. Bureau of Mines, Bulletin No. 277. [Price 
25 cents.] 
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machines, be difficult if not impossible, to attribute 
the circumstance to the employment of these 
machines ; for obviously falls of ground take place 
in mines where no machines are employed and their 
cause is frequently difficult to trace. The machines 
introduce a certain source of danger in themselves, 
such as contact with moving parts, electric shock, 
and so forth; but accidents directly due to the 
employment of machines may be closely controlled 
and exact statistics compiled, and these are found 
to play a relatively unimportant part compared 
with the total accidents occurring in mines. Hence, 
although this factor cannot be ignored, it should 
not be allowed to detract attention from the indirect 
results of the use of machinery which, as has already 
been indicated, may be much more far-reaching in 
their ultimate effects. In practice the problem will 
resolve itself into a consideration of the various 
forms of accidents in the order of their importance, 
as regards the precautions which must be taken to 
prevent or minimise them—which, be it noted, is 
not the same as the order of risk to the individual 
miner. Thus, according to the recommendations 
of the Bureau of Mines, explosions of gas or coal- 
dust, which during the ten years 1917-1926 averaged 
295 fatalities per annum, rank first in order of the 
magnitude of the precautions which must be taken ; 
followed by explosives accidents, with an average 
rate over the same period of 122 fatalities, and mine 
fires with an average of 8-7 ; whereas falls of ground, 
which is placed fourth, averaged no less than 998-7 
fatalities per annum over this period (1,093 in 1926). 
To this should be added falls of face or pillar coal, 
which class accounts for an additional 123-3 fatali- 
ties per annum. 








This is followed by haulage accidents, electric 
shocks, miscellaneous, including in-rushes of water, 
shaft and, lastly, surface accidents connected with 
dumping, screening, and loading coal ; also accidents 
in the power house and shops. Mine cars and 
locomotives were responsible for an average of 
402-5 fatalities per annum over the period men- 
tioned, electric shocks for 79-9, mining machines 
(other than accidents included under electricity) 
25-2, whilst surface accidents from various causes 
averaged 169. 

Referring for a moment to the general accident 
rate in American coal mines, the number of men 
killed per thousand 300-day workers in 1915, 1919, 
1923, and 1925 was 4-44, 4-27, 4-39, and 4-65 
respectively. In metal mines in the same years 
the rate was 3-89, 3-47, 3-01, and 2-99. It will 
be noted that, whereas in the latter there is a steady 
decrease noticeable, the coal-mine rate was higher in 
1925 than in the previous years quoted. 

In the period 1900 to 1924, there has been an 
average of eight mine explosions per annum, 
causing death to five or more persons (referred to as 
“major” explosions), the average annual death 
roll from this cause being, however, 252, and ranging 
from 868 in 1907 to 16 in 1921. (In 1924 and 1925 
there were 444 and 244 deaths respectively.) 

Gas explosions in ventilated mines are usually 
local and only cause a comparatively small number 
of fatalities. The wholesale disasters are caused by 
the propagation of coal-dust—a fact which has 
been demonstrated by very numerous tests in the 
experimental mine of the Bureau near Pittsburgh, 
Pennsylvania. A point which is apt to be over- 
looked in this connection, and one sometimes giving 
rise to misapprehension, is that statistics of fatalities 
over a given period do not necessarily reflect the 
numbers or the violence of the explosions which 
occurred during that time. The number of fatalities 
in a given disaster is dependent on the number of 
men who happened to be in the mine at the time of 
the explosion ; hence, in one year it might happen 
that explosions were much more numerous than in 
the following year, and yet the latter, owing to a 
great number of men having been in the mine on 
the occasion of a single explosion, may show a much | 
higher total of fatalities. 

That coal-dust explosions can be prevented by 
the use of stone dust has been amply demonstrated, 
but its adoption was not favoured in America until 
1924, following a number of disastrous explosions ; 
however, in 1925 and 1926 the use of stone dusting 
spread rapidly. Stone dusting (or “ rock dusting ”’) 
was made compulsory in all dry mines in Great 
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Britain in 1921, in France in 1919, and in the Ruhr 
mines in 1926. 

Records compiled by the Bureau of Mines show 
that 35 per cent. of the major explosions of gas 
and bituminous coal-dust have in the past been due 
to non-“‘ permissible ” explosives, such as blasting 
powder and dynamite; as wellasa much larger num- 
ber of the minor explosions, including those which 
occur when only shot-firers are in the mine. Previous 
to the U.S. Government investigations in 1908, the 
proportion of mine explosions caused by explosives 
in this manner was much higher than at present. 

Many explosions have been caused by starting up 
electrical machinery after ventilation has been 
interrupted owing to fan repairs, &c., before a 
thorough inspection has been made for the presence 
of gas. Trolley locomotives, which in America 
are chiefly used for haulage in bituminous mines, 
have been responsible for many explosions, mostly 
due to the ignition of firedamp in or near the face 
workings or in entries in the return air. Owing 
to the obvious danger incurred with locomotives 
of the trolley type, the Bureau recommends the use 
of storage battery locomotives of ‘“‘ permissible ” 
or approved pattern. These may be used in working 
places and even in the return air when the percentage 
of gas is kept within certain specified limits. 

About half the accidents which occur in collieries 
in the United States are due to falls of ground, and 
in a normal year about 1,200 lives are lost from this 
cause. There are, unfortunately, no statistics 
available of the number of men injured, but, 
assuming a similar ratio to that in metal mines, 
viz., 50 men injured to one fatality, would indicate 
60,000 injuries from falls of ground (coal or rock) 
per year. This may appear too high a figure to 
assume, but in point of fact the ratio actually 
obtained from British statistics is, for coal mining 
in general, 163 injuries for each man killed. 

During recent years, the rates of fatalities from 
falls of ground in American mines have been four 
times as high as those in Great Britain. Investiga- 
tions of the causes of this type of accident are now 
being undertaken by the Bureau of Mines on lines 
similar to those of the investigations which have been 
carried out by the Safety in Mines Research Board 
in this country, reports of which appear from 
time to time in our columns. 

Where, as in the United States, coal beds vary 
so greatly in thickness and are worked in benches 
from 2 ft. to 24 ft. thick, and with roofs which vary 
from extremely strong sandstone to the extremely 
weak “soapstone” shale, as in northern Illinois 
long-wall mines, it is obviously impossible to give 
recommendations which could apply universally. 
A great deal naturally depends on the experience and 
judgment of the foreman and underground manager, 
who should of course, individually be thoroughly 
acquainted with the conditions of their district. 

In point of numbers of fatalities, haulage acci- 
dents come second to those due to falls of ground in 
United States mines, and ranged between 341 and 
506 per annum, between 1917 and 1924. It is 
probable that the ratio of injured to killed is higher 
from this than from any other chief cause of mine 
accidents. From 60 per cent. to 70 per cent. of all 
haulage accidents are classified under one of two 
headings, namely “‘ run over by car or locomotive,” 
and ‘‘caught between car and rib.”’ This type of 
accident is due to using main haulage ways as a 
travelling way for the mine personnel, and could 
be avoided by providing a separate manway. 

The widespread use of electrical power in Ameri- 
can mines has given rise to a considerable number of 
accidents from electric shock. During the past 
eight years, the number of killed has ranged between 
69 to 88 per annum. About half of these accidents 
are due to direct contact with the trolley wire and 
could be avoided by the provision of a separate 
manway as mentioned above, or the use of storage 
battery locomotives. Mining machines account for 
a number of accidents, mostly because the machine 
frame has not been properly earthed or owing to 
some internal breakdown. The use of specially 
constructed machines of approved type is recom- 
mended, and constant care and frequent overhaul 
and repair are essential to reduce the number of 
accidents to a minimum. 

It is not intended here to deal in detail with the 
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numerous other forms of accidents prevalent in 
collieries, such as mine fires, shaft accidents. surface 
accidents, &c., which in general are similar both 
in cause and the methods adopted for their pre- 
vention in all coal mining countries. But in con- 
clusion attention may again be drawn to the appa- 
rent connection between the high rate of accidents 
in United States mines as exemplified by statistics 
and the previously mentioned extensive use of 
underground machinery in that country. It will 
be noticed that the two classes of accident which 
cause the greatest loss of life are those due to falls 
of ground and those occurring in haulage ways. 
Although as has been already observed it is difficult 
definitely to allocate the cause of a fall of ground 
to its ultimate origin, the ostensible cause would 
be given in practice as inadequate timbering, 
negligence, unsuspected weakness of roof, and 
so forth, all or any of which explanations might 
be quite accurate; but they do not provide the 
information that, say, the real cause of the inade- 
quate timbering or failure to examine the roof 
with sufficient care, was due to the rapidity of 
advance of the working face or heading which led 
to hastiness and negligence. Of course ultimately 
the result is the same—an increase in accidents 
from any cause must be met by increased precau- 
tions. Nevertheless it is suggested that a realisation 
of the increased risks which are liable under certain 
conditions should tend to facilitate the task of 
both engineers and mine workers in counteracting 
them. 

Great progress has been made in decreasing the 
risk from mine explosions during recent years, 
but much remains to be done in reducing the 
number of accidents from falls of ground, and 
although the position is more satisfactory in Great 
Britain than in the United States, there is still 
clearly much room for improvement. 








THE BUILDING RESEARCH STATION. 
(Continued from page 223.) 

BEFORE passing to a description of some of the 
research apparatus in use at the Station, there is 
one other structure to which we may make fuller 
reference than was possible in our genera] descrip- 
tion of the building. 

Acoustics Chamber.—A branch of work in which 
it is hoped that the station equipment and services 
will be found of increasing use is in the practical 
investigation of acoustical problems. For this pur- 
pose the laboratory No. 47. the position of which 
is indicated in the plan of the Station, Fig. 1, page 
125 ante, has been constructed, partly below ground, 
and Figs. 21 to 24, on page 289, show the details 
of its design. For the time being its object is not 
fundamental research on sound, but the determina- 
tion of absorption coefficients for different materials, 
including plasters and other wall linings. The basis 
of the measurement is the decrease in the time of 
reverberation after the stoppage of a standard source 
of sound, as detected by the observer’s ear, when a 
known area of material, say, 100 sq. ft., is introduced 
into the room in which the determination is being 
made. The sound used is obtained from organ pipes 
operated at a definite air pressure, maintained either 
by electrically driven bellows or by a reservoir on 
the principle of a gasometer. Readings are recorded 
by the observer on a time-marking apparatus with 
a seconds pendulum electrically maintained. Among 
other problems under investigation is that of com- 
paring the transmission of sound through panes of 
different types of glass. For this purpose use is 
being made of electro-dynamic loud speakers 
operated by valve oscillators. 


RESEARCH EQUIPMENT. 


Historic examples have shown how the greatest 
scientific work has often been done with the 
simplest instruments, but it would not be wise to 
argue from this that quicker and better results 
might not have been obtained from more complete 
or elaborate apparatus. Modern developments 
have placed an enormous range of physical instru- 
ments at the disposal of the research worker. The 
Station is equipped with a large selection from this 
range, but in many instances time is saved and 
precision gained by devising and using special 
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appliances. The normal instrument equipment of 
the Station we need not deal with, but it will be of 
interest to describe some of the apparatus which 
has been designed and made in the Station. 

Automatic Recorder.—In the investigation of 
changes extending over some time, a complete record 
would require a large number of observations, while 
a series of intermittent observations not only in- 
volves a large amount of labour to produce even 
a discontinuous record, but may lead to consider- 
able errors if the experiment is a lengthy one. 
To provide for obtaining continuous autographic 
records of classes of measurements to which the 
method is applicable, extending when necessary 
over long periods, the Station has designed a type 
of photographic recorder of considerable simplicity. 
It is particularly applicable to measurements which 
change relatively slowly, so that a complete series 
can be shown on a single chart. 

The construction and details of the instrument 
are shown in Figs. 25 to 32, on page 290. It con- 


Fig. 27 . SECTION A.B. 
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The general arrangement of the apparatus is 
shown in the end elevation Fig. 25. Both the 
measuring instrument and the recording apparatus 
are kept in a constant-temperature room, and illu- 
minated by yellow light. They are supported on 
two parallel rigid benches about 7 ft. long and 5 ft. 
apart. The projector, of which details are given in 
Figs. 30 to 32, is arranged between the supports of 
the recording bench, and its horizontal-filament 
lamp throws a horizontal slit of light to a focus 
about 10 ft. away, the position of the projector and 
mirrors being so adjusted that the reflected beam 
falls across the gap in the recorder screen. Normally 
the 12 recording drums are driven from a single 
8-day clock, as shown in Figs. 28 and 29. The 
drums each stand centrally on a rotating horizontal 
table, carried on a brass spindle which rests on 
a small steel ball, as shown in Fig. 26; the 
drums thus revolve with very slight friction, and 
can be removed individually without interfering 
with each other. The drive is effected by a 





applied principally to recording the measurements 
of absorption and permeability, and the changes in 
the length of specimens with change of moisture 
contents, as measured by extensometers. 

Absorption Recording Apparatus.—Building ma- 
terials are more or less porous and more or less 
soluble, so that they are dissolved to a greater or 
less extent by the moisture which finds its way 
into their pores. The solutions so formed may 
evaporate, leaving behind in the pores a mass 
of crystals which, according to their composition, 
may expand to a greater or less extent, or their 
solutions may react chemically with the substance 
of the material. Either the expansion or the reac- 
tion may be dangerous to stones and similar 
substances. Accordingly, it is a matter of con- 
sequence to determine the extent to which a material 
used in building can absorb moisture or can permit 
its passage through its substance. 

For many years it has appeared that the 





properties of a porous building material are affected 


Fig.23. SECTION C.D. 
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sists essentially of twelve vertical cardboard drums, 
covered with bromide paper and rotating at a con- 
stant speed behind a glass screen, of which the back 
face is covered with black paint except for 12 
narrow vertical gaps immediately opposite the 
nearest line of each drum. ‘The instruments of 
which the measurements are to be recorded are 
arranged with optical levers, consisting of the reflec- 
tions of two beams of light from a projector by two 
mirrors, one fixed, and one rocking according to the 
movement of the measuring instrument. These 
instruments are so designed that variations in the 
quantity to be measured produce corresponding 
variations in the vertical angle of the movable beam, 
and, both beams of reflected light being focussed 
on to the face of the recorder screen by adjusting the 
object glass of the projector, the intersections of the 
horizontal reflected beams with the narrow vertical 
slits in front of the recording drum are marked as 
points on the bromide paper, which the rotation 
of the drum converts into continuous curves. The 
record made by the beam from the fixed mirror 
serves as a datum line for measuring the curve 
produced by the other beam, and also enables 
correction to be made when necessary for any 
eccentricity in the motion of the drum about a 
vertical axis, or other accidental disturbance of 
some part of the measuring instrument or the 





recorder. 


Inlet 6'from Floor 


cord wound clockwise round the 12-hour spindle 
of the clock, and passing to and fro through 
grooves in the table and over a pulley at the 
rear of the bench, where it is kept taut by a sus- 
pended weight. The clockwise winding of the cord 
relieves the clock of any frictional resistance in the 
bearings of the table and pulleys, the hanging weight 
serving by itself to drive the mechanism, and the 
clock being required only to regulate the fall of the 
weight. When the clock is re-wound and the 
cord re-adjusted, the rotation of the table is stopped 
temporarily by clamp screws at the top of the 
spindle. The time for which the record is thus 
interrupted is negligible, as the revolution of each 
drum takes five to six days. 

When the apparatus is used for work requiring 
faster drives, the drums in question are driven 
by auxiliary clocks, revolving once in 1, 3, 12, 
or other suitable number of hours. These clocks 
are carried above the drums on rails running along 
the top of the apparatus, and a spindle projecting 
centrally downwards between the rails is connected 
by a clamp screw to the central spindle of the 
recording drum, which for this purpose is lifted 
free from its rotating table, and is carried by and 
moved round with the spindle. The arrangement 
is indicated in Fig. 28. 

The apparatus is evidently applicable to a large 
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variety of measurements. Up till now it has been 
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by the amount of water it can absorb under capillary 
forces, and the rate at which water will penetrate it 
under pressure, and indeed maximum absorption 
figures are often laid down in specifications. None 
the less, the mechanism of absorption and permea- 
bility and the significance of figures measuring 
those properties are not yet fully understood. It 
was therefore decided to introduce an autographic 
method into the observations on the subject, so as 
to enable information to be collected on a larger 
scale, and Figs. 33 to 39 on page 290 show an 
instrument which has been constructed in order to 
enable the amount and rate at which water flows 
into or through a specimen to be measured on an 
autographic recorder. The sides of the specimen 
are coated with wax, and it is carried on a stand 
with its upper surface enclosed in a brass cover. 
The latter is furnished with an air cock and an inlet 
pipe, through which water is supplied to the face 
of the specimen. 

The arrangement is shown in Fig. 39. This 
pipe is connected to an outlet pipe from the 
lower part of the tank which is shown in detail in 
Figs. 33 to 38. The tank contains water, and the 
amount of water drawn off to the specimen is 
measured by the motion of the float, which sinks as 
water is withdrawn. The float, shown in Figs. 33 
to 35, is connected to a triangular frame resting on 
three needle points, two standing, respectively, in a 
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Fig. 25. 
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tangential groove, and in a shallow depression along 
the centre of the edge of the tank, while the third rests 
in a socket formed in the top of a rod which passes 
through the centre of the float. The triangular 
frame carries a mirror, which is tilted through a 
small angle as the float sinks, and its motion is 
recorded autographically by the projection of a beam 
of light on to sensitised paper by means of the 
apparatus last described. The instrument is 


calibrated by noting the movement of the point of 
light over a vertical scale when known quantities 
of water are admitted into the tank. The resulting 
record is a curve, which indicates the total flow 
of water in a given time, and, by the use of a constant 





derived from the calibration, the rate of flow at any 
instant can be obtained from the slope of the curve, 
which is measured by means of an adjustable set 
square, reading tangents directly. The perpen- 
dicular distance between the centre needle point 
and the line of the other two can be varied according 
to the extent of magnification desired. 


(To be continued). 








_ British STANDARD SPECIFICATION FoR BOLTS AND 
Nuts.—A new specification, designated No. 193—1929, 
for British hexagon bolts, nuts and set screws, split- 
pins, washers and studs, has just been issued by the 
British Engineering Standards Association. The specifi- 
cation has been drawn up because a demand has arisen 
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for a series of bolts having British Standard Whitworth 
threads, but with smaller heads than those of the series 
published in the B.E.S.A. specification No. 190. The 
new standard is described as the British Standard 
Whitworth, small hexagon (B.S.W.S.) series. A corre- 
sponding nut has also been standardised. The dimensions, 
other than those of the screw threads, are identical with 
those of the British Standard fine series, published in the 
B.E.S.A. specification No. 191, and the present series 
is one which has been used in certain branches of 
industry under the designation of Auto-Whit. The 
new specification is additional to, and does not super- 
sede, the two B.E.S.A. specifications Nos. 190 and 191, 
for British Standard Whitworth (B.S.W.) and British 
Standard Fine (B.S.F.) bright hexagon bolts, set-screws, 
nuts, &c. Copies of the new pamphlet may be obtained 
from the B.E.S.A. Publication Department, 28, Victoria- 
street, London, S.W.1. price 2s. 2d. post free. 
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120-H.P. OpposED-Piston ENGINE; MEssrs. JUNKERS-MOTORENBAU G.M.B.H. 








Fie. 2. 


THE LEIPZIG FAIR. 


THe Leipzig Fair, which opened on Sunday, 
March 3, and, so far as the Technical Section is 
concerned, will close on March 13, is attracting a 
large number of visitors, both native and foreign. 
This year the convenience of the latter has been 
enhanced by the absence of overlapping between 
this exhibition and the displays in London and 
Birmingham. As a result, on the first two days, 
the various buildings were inconveniently crowded, 
partly owing to the excellent practice of allowing 
the employees of the various firms showing to 
review the products of their own and other con- 
cerns. There was, however, a considerable falling- 
off in attendance by the middle of the week. Another 
time, British visitors may, therefore, be advised to 
postpone their journey, until the variety of interesting 
equipment can be inspected in comfort and ex- 


plained in peace. If they do this, they will un- | 














120-H.P. ArruEss-INJECTION ENGINE; Messrs. BoHN AND KAHLER A.G. 


with the conviction that the time has come when 


‘the demonstration of our native products should 


be permanently housed in buildings designed for that 
purpose. 

As regards salesmanship, about which so much 
has lately been heard, our general impression is 
that we have not a great deal to learn from the 
Germans. Considered purely as a display, Leipzig 
is an improvement on Birmingham, mainly because 
the accommodation available renders effectiveness 
easier to achieve. On the other hand, the repre- 
sentatives of the various firms exhibiting are no 
better and no worse than ourown. Weare probably 


| right in supposing that there is the same difficulty 


in clinching the deal, for principals are not invariably 
in attendance. In fact, the occasions, which are so 
annoying to every regular visitor to exhibitions, when 
there is no one who can answer the simplest question, 
are as numerous as usual. In one respect Birmingham 
has established a good lead. For, though the general 


doubtedly return with a great deal more informa- | catalogue issued by the organisers of that exhibi- 


tion about what one of the most energetic of our | 


engineering competitorsis doing, and, notimprobably, 


tion is not an ideal production, it is infinitely more 
intelligible than the one, which does duty at Leipzig. 


pe 


It is true that good sectional catalogues are issued, 
especially by the German Association of Machine 
Tool Manufacturers, but to obtain them means 
extra expense, as well as an addition to the 
accumulation of paper, which is the inevitable 
result of a visit to such a show. On the whole, too, 
the leaflets available on the stands of the various 
exhibitors, are not so informative as are ours, thus 
adding to the handicap of the foreigner. 

| » Nevertheless the Fair is a wonderful organisation, 
jand that its national and international import- 
ance is being increasingly recognised is well 
illustrated by the extra accommodation, which 
has to be provided each year, for housing the 
various exhibits. On this occasion, the expan- 
sion is more marked than usual. In the centre 
of the town, where the non-technical products 
are to be found, two new buildings have been 
{erected. One of these, which is known as the 
| Petershof, is a six-floor structure and has nearly 
| 100,000 sq. ft. of floor space. Four of its floors are 
| being used for displaying the exhibits of the toy 
| industry, while one is devoted to musical instruments 
|and the other to applied art. In the Crimmat- 
| schestrasse, a second large building has been erected 
for the use of the confectionery trade. A further 
| development, which is foreshadowed, is the con- 
| struction of a building on one of the main streets. 
| This will be utilised for the exhibits of the artificial 
| silk industry. . 

| In the Technical Fair the latest addition is the 
| structure, which has been erected in order that the 
| exhibits relating to the building trade can be housed 
|under one roof. This building covers an area of 
| over 100,000 sq. ft., and about trebles the accommo- 
dation, which was previously available for this 
purpose. It has a total width of 200 ft., and an 
overall length of 510 ft., the height being 63 ft. 
Special attention has been paid to the internal 
|illumination. The first floor of the hall, in addition 
| to office accommodation, contains a large lecture and 
conference room, which is equipped for the display 
of cinematograph films. Like the Commercial 
| Vehicle Building, which we described last year, the - 
|interior of the hall itself is free from supporting 
|columns, so that not only can the floor space be 
| utilised to the maximum extent, but the general 
| effect is very pleasing. Another interesting feature 
|is that the floors of the stands are built at 
different heights, so that an amphitheatre effect 
is obtained. The exhibits are arranged in four 
| groups: Constructional materials, protective and 
‘road material, material for internal use, and 
| machinery, the last being separated from the remain- 
| der by a glass partition 33 ft. high, so as to eliminate 
| noise and dust, without detracting from the essential 
‘unity of the display. In spite of the increased 
| space made available by this building, a large 
number of the concrete mixers, brick making plant 
and stone crushers, which are exhibited, are still 
being shown out of doors. 

As usual, the most impressive section of the 
Technical Fair is that organised in the large building, 
known as Hall 9, by the German Association of 
Machine Tool Manufacturers. This year, the 
number of firms taking space in this hall is rather 
larger than it was last year, when 260 were repre- 
sented. The contrast with Birmingham and with the 
policy, which only permits an exhibition of machine 
tools in this country once every four years, is 
therefore great. In addition, there is a complete 
exhibit of internal-combustion engines in another 
building, which does not, however, compare in 
novelty of design with that at the British 
Industries Fair this year, as well as displays 
of road rollers, road-making plant, conveying 
equipment and electrical apparatu of all kinds. 
Boilers and steam turbines are, however, con- 
spicuous by their absence, and the display of 
commercial road vehicles is much smaller than it 
was last year, several important firms being absent. 
This is explained by the prevalence of more 
specialist exhibitions, both in Germany and in 
other countries. 

As, in former years, we have given fairly complete 
descriptions of the machine tool exhibits, and have 
thus enabled our readers to appreciate the general 
tendencies of German design in this branch, we 
shall, on this occasion, devote most of our space 
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Nic. 3. 





to other engineering equipment, of which there are 
a number of interesting examples. 

We may begin our account of a selection from 
the exhibits by reference to some of the internal- 
combustion engines, shown either as separate units, 
or forming the power plant for different machines. 
Messrs. Junkers-Motorenbau, G.m.b.H., of Dessau, 
in conjunction with their associated firms, Messrs. 
A. Borsig, G.m.b.H., of Berlin-Tegel, and Messrs. 
Siegner Maschinenbau A.-G., of Siegner, are show- 
ing a number of heavy-oil engines employing opposed 
pistons in conjunction with airless injection. Messrs. 
Junkers have been closely associated with the 
development of both these features, the opposed- 
piston principle having been applied, in the first 
instance, in connection with the Oechelhauser- 
Junkers gas engine. Among the engines exhibited 
is a two-cylinder model, built at Siegner, with an 
output of 300 h.p., the particular model shown being 
designed for direct coupling to an electric generator. 











in which the main bearings are carried on bridge 
pieces. The fuel pump is bolted to the main casing 
at the opposite end to the flywheel. and can be 


clearly seen in the figure. The pump itself is driven | 
by an eccentric mounted on an extension of the | 


crankshaft, the whole arrangement forming a very 
neat assembly. 

In the two-cylinder engines, the crankshaft is 
carried in three bearings, the central web being 
circular, and within the bearing, to keep the length 
of the engines as short as possible. The pistons 
are oil-cooled, the supply being fed through a 
pendulum system, and the bearings are pressure 
lubricated throughout. The governor is mounted 
on the main crankshaft extension beyond the fuel 
pump, and is stated to maintain the speed of the 
engine constant within 3 per cent. between no 
load and full load. By hand regulation on the 
governor, the speed can he varied within 30 per 


}cent. The atomisers are of the plain nozzle type, 


Another engine shown, which was constructed at} without valves. The scavenge air is drawn in 


Dessau, has an output of 120 h.p., and is coupled | 
to a water brake of the Junkers pattern, while 
Messrs. Borsig are represented by a marine engine, 
which is coupled to a change-speed gear-box 
mounted on an extension of the frame. 

The 120-h.p. engine, made at Dessau, is shown 
in Fig. 1 on page 291. It will be recalled that the 
two pistons in the Junker system move in opposite 
directions within the cylinder, the latter being open 
at both ends. The two pistons, at their inner dead- 
centre positions, form, with the cylinder walls, the 
combustion space. The engines operate on the 
two-stroke cycle, the various ports being cut in 


the cylinder walls. The tower piston is coupled | 


to the crankshaft in the usual way, but, in the case 
of the upper piston, a crosshead passes through the 
top of the skirt, and is connected to two additional 
throws on the crankshaft by long connecting rods 
working in spaces outside the cylinder proper. The 
scavenge pumps are mounted at the top of the 
cylinders, the pistons for these pumps forming part 
of the upper main piston assem bly, being mounted 
on the upper piston skirt directly above the cross- 
head. The engine shown in the illustration is a 
two-cylinder model, and, as will be seen, is of the 
totally-enclosed type. The cylinders proper, con- 
sisting of the cylinder wall, separate liners, and water 
jackets, are suspended from a flange forming the 
head of an outer casing, which is extended down- 
wards to form the upper part of the crankcase. 
The connecting rods for the upper piston are inside 
this casing, and pass through holes in the head. 
A second casing, bolted above the flange referred to, 
forms the cylinder for the scavenge pump. The 
ower half of the crankcase is a heavy casting 


directly through the pump covers, and can therefore 
neither become heated nor contaminated with oil. 
A small compressor is mounted in one of the scavenge 
pump heads for charging up the starting bottles. 
The cooling water may be supplied by either an 
auxiliary or direct-drive pump. It passes through 
the engine in an upward direction, cooling the cylin- 
der liners and atomisers, finally leaving at the 
| top of the cylinder. It is stated that tests on these 
engines, when running at 375 r.p.m., show a fuel 
|consumption of about 0-36 Ib. per brake-horse- 
power hour. The consumption of lubricating oil 
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CONCRETE SPREADER AND FINISHER FOR Roap Maxkrinc; Messrs. J. VOGELE, A.G. 


wide range of fuels may be employed. All the 
bearings are automatically lubricated and filters are 
installed so that waste of oil is reduced to a 
minimum. The fuel consumption is given as 
about 0-43 lb. of oil per hour, for outputs between 
| 12 and 120 h.p. 

| The same firm are exhibiting a similar design of 
engine for use on small boats, the output of which 
is as low as 8-5 h.p. at 750 r.p.m. An engine of 
this kind can be started by hand on crude oil. A 
totally enclosed reversing gear is provided, the 
engine being of the non-reversing type. 

The use of small lighting plants for country-house 
and other similar work is becoming so common 
that it is not surprising to find the Diesel engine 
is now being employed as a prime mover for this 
purpose. An example of this type of equipment 
is to be found on the stand of Messrs. Motoren- 
werke, A.G., of Mannheim. It consists of a three- 
cylinder 24-h.p. engine, driving a 15-kw. direct- 
current dynamo. The engine, has a fuel consump- 
tion of 0-74 lb. per kw.-hour. The dynamo wind- 
ings are impregnated so that it can be safely used 
in the tropics. The compound windings of the 
machine are interconnected with the engine 
governor, so that constant pressure is main- 
tained at all loads without the use of a voltage 
| regulator. 
| In Fig. 3, on this page, we illustrate an exhibit 
| which may conveniently be referred to here, 
| although it can hardly be said to come very directly 
| within the oil-engine class. It is a petrol-engine 
|driven concrete spreader and finisher for road 








varies between 0-004 and 0-009 Ib. per brake-horse- | making, and is shown by Messrs. Joseph Végele, 
power hour, according to the conditions under which | A.-G., of Mannheim. The machine is designed for 
the engine is running. dealing with the concrete after it has been tipped 
Among the other firms who are making a display | from the mixer and roughly distributed by manual 
of internal-combustion engines at this year’s Fair, ‘labour, and is intended to perform the operations 
mention may be made of Messrs. Bohn und Kihler, | of final distribution, consolidation, and smoothing 
A.-G., of Kiel. The models shown by them include | of road foundations. 
a six-cylinder airless-injection engine with an out-| The spreader consists of a longitudinal frame 
| put of 120 h.p., an illustration of which is given | carrying a cross traverser. The latter carries the 
in Fig.2. This engine, of which the rotating parts, | driving equipment, which comprises an internal- 
except the flywheel, are entirely enclosed, is| combustion engine. The frame is mounted on four 
intended for stationary work. As will be seen from | running wheels driven from the engine through 
the figure, the valves are operated by outside rods| spur gearing. The whole arrangement travels on 
from a camshaft carried above, and at the side of, | temporary rails. 
the crankshaft and driven by gearing. The three| The spreading plank, which is flexibly suspended, 
rods to be seen in front of each cylinder, operate | is arranged along the leading side of the machine, 
the inlet, exhaust and starting valves, respectively ; | and is given a longitudinal reciprocating motion 
separate fuel pumps are fitted for each cylinder and| by the crank and connecting rod visible in the 
are mounted in pairs, as can be seen in the figure. | illustration. Behind the spreading plank is placed 
| Starting is by compressed air, and it is claimed that | the consolidating tamp. The height of this can be 
| the whole arrangement of the starting and running | adjusted and it is spring supported; the tamp, of 
|valves makes the engine specially suitable for | course, receives a vertical reciprocating motion. The 
operation by unskilled labour. It is stated that a | steel working faces, which are fitted to the underside 
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of both the spreader ‘and the tamp, can be shaped 
to correspond with the profile desired. 

On the trailing longitudinal side of the spreader 
is a smooth band of webbing covered with rubber, 
which can be lowered and driven by the engine 
so as to exert a smoothing effect. Operating levers 
are provided at each end of the spreader, as shown‘in 
the illustration, and are connected to the gearbox 
by rods. One lever controls the longitudinal motion, 
the maximum speed of which is’2-25 m. per minute 
in the forward, and 9 m. per minute in the reverse 
directions, while a second operates the tamp and 
spreader. The former makes four strokes per 
second. A hand-wheel is provided for putting the 
spreader out of action, while the position of the 
tamp can be adjusted by a third lever. 

The normal operation of this equipment is as 
follows: First the machine is moved slowly forward 
with the spreader and tamp in gear, then it is 
quickly reversed with only the latter operating. 
During a second slow forward movement, the tamp 
and smoothing band are used. It is stated that the 
machine can deal with about 200 m. of street 9 m. 
wide per day. Ina modified design, the tamp can 
be lowered to a maximum depth of 80 mm. below the 
surface of the track, and can thus be used for dealing 
with foundations. 

The same firm are showing a large concrete mixer 
with a maximum drum capacity of nearly one cubic 
yard. This is illustrated in Fig. 8, Plate XXIX. The 
drum, which has a specially large opening, is 
designed to give rapid and intensive mixing, the 
aggregate sliding down two chutes to the bottom, 
whence it is thrown by the blades on to the sides, 
so that an intimate mixture is obtained. Tipping 
is simply and quickly effected. The bearings 
between the drum and the supporting trunnions 
consist of two flat metal surfaces. This forms 
a simple arrangement which is easily lubricated 
and cleaned, and has a long life. 

The drum is emptied by operating a lever and 
turning a hand-wheel. But little effort is required 
to do this, since the drum and its trunnions are 
balanced, and the operation is facilitated by the 
alteration in the position of the centre of gravity 
caused by the mixing. Virtually automatic 
tipping of the full drum is therefore secured. The 
water supply is obtained from a tipping tank, 
the amount of water supplied for each mix being 
previously adjusted by a scale which alters the 
angle of the tank. A float valve is fitted, which 
cuts off the main supply as soon as the tank is 
full, and does not come into operation again until 
the tank is empty. The mixer shown is nor- 





Motor Frre Escapg; Messrs. C. D. Maatrus 


mally operated by a petrol engine developing 2 or 
3 h.p., the drive being taken through roller chains 
engaging with sprocket wheels having cut teeth. 

Messrs. C. D. Magirus A.-G., of Ulm, are showing 
an example of their latest pattern of motor fire 
escape, an illustration of which is given in Fig. 4, 
on this page. The chassis, which is built up of 
two pressed-steel longitudinals with cross-trusses, 
has a carrying capacity of 3-5 tons. The wheels 
are of cast steel and are fitted with solid rubber 
tyres, single in front and double at the rear. 
Hand brakes are provided on the rear wheels, 
and an independent brake fitted on the driving 
shaft is operated by a pedal. The 70 h.p. engine 
employed is of the four-cylinder type, the cylinders 
being cast in pairs. The valves are of the side-by- 
side type, and are operated by a camshaft in the 
crankcase. Ignition is by a Bosch magneto, and the 
same firm’s starting equipment is fitted. Automatic 
lubrication is effected by a gear pump placed at 
the lowest point of the crankcase, while the water 
circulation is maintained by a centrifugal pump. 
The gear box gives four forward speeds and one 
reverse. 

The ladder of the escape is raised and lowered 
by means of a five-speed gear box, the various parts 
of which run wholly immersed in oil. This gear box 
is operated by a motor driven by oil pressure, 
which is supplied from a small pump driven by the 
engine. The elevating gear is driven from the 
gear box through worm gearing, while the exten- 
sion gear is operated through roller chains attached 
to the ladder trunnions. 

The turn table is also operated from the gear box 
through a friction-disc drive, which is mounted on 
ball bearings and is completely protected from dust. 
This arrangement ensures that slipping takes place 
should an overload occur, while a self-locking worm 
is provided to prevent any accidental movement of 
the ladder. The extension drive is _ fitted 
with a brake, which is operated by the weight of 
the ladder. 

Both this drive and the elvating gear are cut 
out automatically at the top and bottom of their 
travels, and, on nearing the uppermost or lowest 
positions, the speed of the ladder is automatically 
checked. When the ladder is in an inclined position, 
the elevating gear is automatically cut out at a 
point which ensures that the overhang, measured 
from the wheel-base, is always the same at all angles 
of less than 55 deg., so that there is no risk of over- 
balancing the chassis. The same device prevents 
the extensions from being raised beyond the over- 
balancing point. 
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full extent, of 100 ft., in about 35 sec., and the 
turn table can be rotated in 60sec. Dials are 
fitted which show the length and inclination of the 
ladder at any time. 

A petrol-driven locomotive, which is being shown 
by Messrs. Orenstein und Koppel A.G., of Berlin, 
is illustrated in Fig. 5, on Plate XXIX. It is 
equipped with a 10-h.p. vertical single-cylinder 
engine, \with overhead valves and an evaporative 
cooling |system. The engine can be started and 
run on petrol, or it can be changed over to 
paraffin after starting has been effected with the 
former fuel. Lubrication is by means of a pump, 
and is controlled by a single sight |feed. The 
engine speed is 1,250 r.p.m. Ignition is effected 
by a Bosch magneto, while a Simms carburettor 
is fitted, of a pattern which enables the change 
over from one fuel to the other to be easily made. 
Gear changing is performed by a separate clutch 
for each speed, through a hand-wheel in the 
driver’s cab. The speeds available are 24 and 
5 m.p.h. Chain drive is used, the two axles 
being coupled by the same method. The fuel 
consumption is 0-24 kg. of petrol, or 0-3 kg. of 
paraffin, per horse-power hour. 

The same firm are exhibiting a crude-oil engined 
narrow-gauge locomotive, an illustration of which 
is given in Fig. 9, on Plate XXX. The engine 
itself is of the vertical, airless-injection, two- 
cylinder type, and works on the Acro principle. 
Cooling is effected by a radiator and fan. 
It is stated that the exhaust is remarkably 
clean on all loads, so that the engine can, if neces- 
sary, be operated indoors. Starting is effected elec- 
trically, and, to render it easier, a half-compression 
device is fitted. Economy in lubricating oil is 
obtained by the use of a closed circulation system, 
the flow through which is visible in the cab. The 
use of light pistons, combined with adequate 
balancing of the moving masses, tends to ensure 
freedom from vibration. All the gear shafts 
run in ball bearings, the gears themselves being 
continuously in mesh, and engaging through a 
separate cone clutch for each speed. The locomo- 
tive is fitted with a double-chain drive to the 
front-axle, the latter being coupled to the back-axle 
by a third chain. These chains are of chrome steel, 
while the sprockets are case-hardened. The axles 
are carried on bronze bearings, and are fitted 
with adjusting devices, so that the chains can be 
tightened in situ. The running wheels may be 
adjusted so that the locomotive can be operated on 
any gauge between 24 in. and 30 in. Brake blocks 


The ladder can be raised to its| and sanding gear are fitted on all four wheels. The 
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makers guarantee a fuel consumption of 0-45 pint 
per horse-power hour for this engine. 

Mention may also be made of the road roller 
shown by the same firm, and illustrated in Fig. 11, 
on Plate XXX. This, as will be seen, is of the three- 
roller type, and, in the steering and other arrange- 
ments, follows closely on the lines of steam-roller 
practice. It is fitted with a 20-h.p. airless-injection 
Acro engine, generally on the lines of that described 
in connection with the narrow-gauge locomotive 
dealt with above. 

Messrs. A. F. Flender, of Diisseldorf, are showing 
various examples of their belt drive, which, it is 
claimed, can perform many of the functions of 
chains and gearing. Tests made at the Technical 
College, Dresden, indicate that the efficiency is as 
high as 98-5 per cent. The belt is of the class 
which, in this country, is probably usually associated 
with motor-bicycle drives, but is apparently being 
applied by Messrs. Flender in connection with 
machine-tool drives, concrete mixers, &c. An ex- | 
ample of a machine drive from an electric motor is | 
shown in Fig. 6, on Plate XXIX. The belt is made | 
up of single rubber-coated fabric formed under | 
tension, vulcanised, and pressed into shape, and|of various different shapes. This machine, which| box. After filling, the moulding box is oscillated 
again vulcanised, so that an outer surface of very | is illustrated in Fig. 7 on Plate XXIX, has an| to consolidate the concrete, which is then acted 
high wearing power is obtained. The load is carried | output of 14 German standard concrete bricks, ; upon by a rammer to ensure thorough packing. 
by the sides of the belt alone, and its employment | measuring 25 cm. by 12 cm. by 6-5 cm., in one | Rails are provided at the front of the machine, as 
requires the use of flanged pul'eys. It isclaimed that | operation, and other sizes in proportion, so that, as | shown in Fig. 7, to facilitate the placing and re- 
this system gives great flexibility, allowing narrow | 120 operating cycles can be made per hour, the moval of the moulding box. The whole of the 
belts to be used for the transmission of large powers, | production in that time reaches the high figure of | machine can be controlled from one position. 
and also enabling pulleys of small diameter to be | 1,680 bricks, 240 to 280 tiles, or 240 hollow or solid! The same firm are exhibiting a mill for the 
employed. | blocks. The output is, however, dependent on the | production of granite or other chips, such as are 

The firm of Messrs. Gaspary und Company, of | character of the material and the constituents of the | now being used to an increasing extent in road 
Markanstiidt, bei Leipzig, are showing a number of | mix. The power requirement of the machine illus- | construction. This machine, which is illustrated 
machines for the production of concrete roof tiling | trated is about 5 h.p. in Fig. 14, on this page, consists essentially of a pair 
and solid and hollow concrete blocks, as well as} As will be clear from the figure, the machine is | of rollers running in adjustable bearings. By thus 
for making single and multi-coloured terrazzo | arranged with a hopper at the back containing the | eliminating the usual spring bearings, the rollers 
slabs. Examples of all kinds of concrete products, | mixed concrete. This is conveyed in batches to the | are maintained at a constant distance apart, an 
including pipes and cable-joint boxes, are also | moulding box by a travelling filler running below | arrangement which, it is claimed, not only gives a 
being exhibited. Of this equipment, special | the hopper and above the moulding box. A swing-| good cone-shaped product, a point that is of 
mention may be made of a machine for the manu- | ing door at the bottom of the hopper is opened and | importance in subsequent operations, but also 
facture of concrete and artificial-stone blocks! closed by the to-and-fro movement of the filling | produces a material of a constant ius. which is 
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predetermined by the width of the gap. ‘The 
adjustment of the relative position of the two 
rollers can be effected by a hand wheel and worm 
gearing, shown on the left in Fig. 14. The gap 
can thus be easily and accurately regulated. In 
order to avoid unequal wear on the rollers, as far as 
possible, a continuously operating feeder is provided, 
which guides the material in a constant stream be- 
tween the two rollers. The output of the machine is 
from 4,500 kg. to 16,000 kg. of 15-mm. chips per hour, 
the driving power required being from 12 to 23 h.p, 

Messrs. J. Kemna, of Breslau, who were one of 
the earliest firms to use Diesel engines for driving 
road rollers, are showing a number of examples of 
this class of machinery at the present Fair. Fig. 10, 
on Plate XXX, is an illustration of one of the firm’s 
smaller tandem rollers, which has been specially 
designed for use on asphalt street paving. Owing 
to its short wheel-base, it can easily negotiate very 
sharp or super-elevated curves, and it is also 
adaptable for rolling streets transversely. The 
roller is equipped with a single-cylinder four-cycle 
12-14-h.p. Deutz engine, the speed of which can be 
regulated between 400 r.p.m. and 600 r.p.m.  Air- 
less injection is used, and cooling is effected on 
the evaporative principle. The gearing is totally 
enclosed and is designed to give three running 
speeds in both directions, the maximum speed being 
5-4 km. per hour. In the forward direction, the 
drive from the engine to the roller is through a 
plate clutch and appropriate gearing, while in reverse 
a second similar clutch is engaged; both clutches 
are operated from the same lever. The gear wheels 
are of hardened chromium steel and are of generous 
proportions, in order to reduce wear. The engine 
drives through the gearing on to the rear axle of 
the roller, and, with the gearing, is carried on 
a rigid frame the front of which is supported on the 
steering roller frame and the rear on the driving 
roller frame. The latter roller is made in one piece, 
so as to obtain an absolutely flat surface, while 
the front roller is divided into two parts circum- 
ferentially to facilitate steering. Both rollers are 
1 m. in diameter and 1-1 m. wide. The smaller 
capacity rollers are water-filled and :are fitted with 
heavy sheet-steel tyres. In the case of the 5-ton 
and 6-ton rollers, however, the tyres are of cast- 
steel. The roller is fitted with a foot-brake, which 
enables it to be brought to rest on the steepest 
inclines, and can also, if desired, be equipped with 
water- or oil-sprinkling devices. When the steer- 
ing gear has frequently to be operated, a clutch 
can be provided which enables the movements to 
be effected by the engine. 

In addition to the locomotives and road rolle? 
to which we have already referred, Messrs. Orenstein 
and Koppel, A.-G., are also showing various examples 
of contractors’ plant. Among these is the ladder- 
bucket excavator illustrated in Fig. 12 on Plate XXX 
and in Fig. 13 on the opposite page. As will be seen, 
the machine consists of a main carriage, travelling 
on rails and carrying with it the jib and its excava- 
ting buckets. | The excavated material is delivered 
hy the buckets to a chute, from which it is discharged 
to spoil trucks travelling on a track behind the 
machine. This chute is provided with a lever- 
operated discharge door. Fig. 13, it will be 
noticed, shows the machine with two alternative 
ladder jibs, arranged, respectively, for working at a 
level either above or below that of the track of the 
machine. It will facilitate our description if we 
confine it to the arrangement with the upper ladder 
jib, as shown in Fig. 12. 

As will be seen, the jib is a lattice structure 
pivoted at its lower end to a bracket attached to the 
main frame of the machine. The bracket may be 
idjusted cutwards as the working face gradually 
recedes from the machine. The weight of the 
‘ower end of the lattice jib and that of the outer 
end of its bracket is taken by wire ropes from an 
ianer jib, which is clearly shown in both the figures. 
"he bucket chain carries nineteen buckets, each of 
‘+4 cub. ft. capacity. The buckets are fitted with 
renewable cutting edges, while the chain links are 
of cast steel and are fitted with hardened steel 
hushes for the connecting pins. The chain is 
driven from its inboard end by a square tumbler, as 
shown in Fig. 13, and guide rollers are provided 
to take its weight and keep it in place on the 
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return, slack, side. The wearing path on the face 
of the jib, which takes the backward pressure of 
the buckets when cutting, is provided with renew- 
able rails, while the backward pressure on the jib 
as a whole, due to the cutting action, is transmitted 
to a strut connected to the base of the main 
carriage. This strut is shown in both figures. 

The excavator is electrically driven, a single 
motor driving the main chain by means of a belt 
and machine-cut spur gearing. ‘A slipping clutch 
is provided to prevent damage in the case of one of 
the buckets encountering an immovable obstruction. 
In addition to the main drive, there are also motors 
for traversing the carriage and raising and lowering 
the main jib. The traversing gear embodies a 
reverse motion. The levers for controlling the 
various motions are arranged within easy reach of 
the driving position, together with the motor 
starting gear. Experience with these excavators 
shows that, with careful operation in moderately 
stiff soil and in dry weather, they have an output 
of about two-thirds the theoretical, the theoretical 
output being determined on the assumption that 
each bucket is always filled to its full capacity. The 
output is, of course, increased in light, and diminished 
in stiff soil. 

(To be continued.) 


THE RICHARDSONS - WESTGARTH 
AIRLESS - INJECTION DOUBLE - 
ACTING OIL ENGINE. 


WE have more than once in these columns voiced 
what we believe to be a quite widespread dissatisfaction 
that makers of large oil-engines have been, in the past, 
content to base their designs upon, if not wholly to 
adopt, continental practice in this important branch of 
engineering. It is consequently a source of pleasure to 
us to describe, even though briefly, an interesting 
engine which is wholly British both in conception and 
execution. The engine in question is a three-cylinder 
airless-injection double-acting two-stroke unit of 1,200 
brake horse-power, designed and built by Messrs. 
Richardsons, Westgarth and Company, Limited, 
Hartlepool Engine Works, Hartlepool, and is to be 
installed in the oil tanker Irania. This vessel, belonging 
to Messrs. The Iranian Tankers, Limited, is now being 
completed by Messrs. The Blythswood Shipbuilding 
Company, Limited, Scotstoun. The engine is illus- 
trated by Figs. 1 to 10, on pages 296, 297 and 300. 

The three cylinders, it will be seen from Fig. 10, 
page 300, are pitched evenly along the centre line of the 
engine, and the design is, moreover, as symmetrical as 
possible at both ends of each cylinder. The cylinder 
bore is 214 in. and the stroke 38in. The cylinder body 
consists of two parts and the liner of three parts. The 
lower part of the body, as shown in Figs. 1 and 3, is 
formed, near the centre of the cylinder, with a rect- 
angular cross section and contains the water-cooled 
passages for the scavenge air and exhaust gases. These 
portions of the three cylinders are bolted together, 
forming virtually a continuous structure which rests on, 
and is bolted to, the columns, and is, moreover, tied to 
the bedplate by long bolts passing right through the 
columns to the underside of the main bearings, and 
carrying, incidentally, the holding-down nuts for the 
bearing caps. The upper parts of the cylinder bodies 
are plain conical castings. The top and bottom cylin- 
der covers are identical, and therefore interchangeable, 
the central hole provided for the piston rod in the 
bottom cover being utilised for the starting-valve 
seating in the top cover. 

The arrangement of the three parts of the liner is 
especially noteworthy. The centre portion is held 
between the lower and upper parts of the cylinder body, 
and the top and bottom portions, which are of plain 
cylindrical design, are free to expand, at the cover 
ends of the cylinder, through a gland. The nuts of 
this gland are adjusted through handholes in the sides 
of the covers. The covers have a spigot which enters the 
liners, the cover joint being made gas-tight by a V-shaped 
ring of lead alloy compressed by a spring-loaded ring 
which follows any movement of the liner. The pressure 
of the springs is regulated by set-screws projecting 
through the covers. The cover spigot is prolonged by 
a ring of heat-resisting steel shrunk on it, the ring 
forming a lining to the sides of the combustion chamber. 
The covers are not bolted against a face of the body and 
are therefore free to expand. The end liners, as well 
as the covers, are made of a pearlitic variety of cast iron. 

The centre portion of the liner, which contains the 
scavenge and exhaust ports, is made of a special cast- 
iron and is of a complicated nature, but is very efficiently 
water-cooled so that the amount of expansion is not 
likely to be greater than that of the cylinder body in 
which it is held. The assembled liner is shown in 





295 


Fig. 4, page 297, in which figure the nature of the ports 
is well shown. The smaller scavenge ports, it will be 
noticed, are staggered, the reason for this arrangement 
being clear from a reference to Fig. 3. Here the piston 
is shown at the bottom of the cylinder, and the scavenge 
port is fully uncovered. It is so shaped, however, that 
as the piston descends and opens it, the rush of air is 
directed upwards, so as to clear out the top of the 
cylinder effectively. The path of the scavenge air will 
be apparent, without further explanation, from a 
reference to Fig. 6, page 297. When the piston is 
on the upward stroke, the scavenge air has to blow 
downwards, hence, whilst the openings on the cylinder 
wall are more nearly in line, those on the outside of the 
liner, which communicate with the scavenging main, 
are alternately considerably displaced, top and bottom, 
as seen in Fig. 4. 

The longer ports in this figure are the exhaust ports, 
the bars between which are hollow and water-cooled. 
The connection with the exhaust manifold will be clear 
from Fig. 1, but it may be worth while to point out that 
the objects in the exhaust ports in this figure are 
merely gas-sampling tubes. At this point, it may also 
be as well to refer to the jacket-cooling system, the 
cooling water for which is supplied by a separately 
driven water-circulating pump handling distilled water. 
The path of the water for the cylinder cooling is shown 
in Fig. 3, page 296. It enters the cylinder body at the 
centre, that is, near the scavenge and exhaust ports, 
and is there divided into two parts, one flowing to the 
trombone tubes for cooling the piston and the other 
proceeding through two pipes to the bottom cylinder 
cover. From this it is taken to the lower end of the 
cylinder jacket by four external pipes, and makes its 
way through the holes through the port bars to the 
upper end, where it leaves the jacket for the top cover 
by four similar pipes. After circulating through this 
cover, the water is taken by two pipes to the observation 
chamber, at the right of the figure, and passes thence to 
the tank. In passing over the external surface of the 
top and bottom portions of the liner, the water is 
constrained to take a spiral course by the grooves seen 
in the several figures. A subsidiary pipe leads a supply 
of cooling water from the lower cover to the piston-rod 
gland casing and thence to the air-starting-valve 
casing. ; 

The piston is of simple design, divided centrally 
into exactly similar halves, each of which is fitted 
with five narrow tongue-jointed rings. The shoulder 
on the piston rod and the underside of the cap nut 
bear on narrow L-shaped rings of gunmetal to facilitate 
separation of the parts when dismantling. The portions 
of the pistons between the sets of rings are in the form 
of skirts, and are not water-cooled, but expansion is 
provided for by a space between them. This space 
is covered internally by a flanged disc secured between 
the two halves of the piston, the inner flanged circum- 
ference of which disc is packed to prevent any water 
leakage along the rod. The piston rod contains an 
internal tube, of smaller diameter than the hole, 
to provide separate passages for the ingoing and 
outgoing water. The annular space is stopped at 
intervals near the connecting holes in the piston rod, 
so that the incoming water is compelled to take a 
circuitous route over the ends and ring faces of the 
piston in series, and finally has to flow over the 
inside of the nut. The rod is of nickel steel, heat- 
treated to give a tensile strength of 50 tons per square 
inch. The arrangement of the trombone tubes for 
the piston-cooling water will be readily made out from 
Fig. 1, and Fig. 9, page 297. The glands, both on the 
crankcase and the stationary tube, are kept tight by 
a common spring between them. The stationary tube 
is pivoted at the top to take up any side movement. 

The piston-rod gland is, as already mentioned, 
watercooled, and is external to the cover, over the 
cooled surface of which hot gases must pass before 
they reach the gland. The packing consists of a 
number of plain rings and carriers forming a labyrinth, 
below which is a series of segmental rings with wedge 
pieces and garters. All the rings are of cast iron. 
A lighter gland is provided where the piston rod 
enters the crankcase. 

A large gear wheel is fitted at the after end of the 
engine for driving the scavenge pump, and there 
are two small cranks, at 90 deg., at the forward end 
for driving the fuel-pump camshaft. The bedplate 
is somewhat unusual, the longitudinal portions 
being comparatively shallow. The transverse frames 
are connected under the cranks by the oil chamber, 
a construction which permits of external access to 
all the holding-down bolts. Forced lubrication is 
provided to all crankshaft and connecting rod bear- 
ings, and to the guides. Both top and bottom ends of 
the cylinders are fed with oil at six points round the 
circumference placed at about mid-stroke. Additional 
feeds are provided for the glands. 

Before proceeding to consider the fuel-injection 
apparatus, the scavenge pumps may be referred to. 
These are shown in Fig. 2, page 296. There is one 
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double-acting pump at each side of the shaft, the 
discharge pipes being united by a Y-piece. The gear 
wheel, above referred to, is of the single-helical type, 
and drives, by a pinion, a two-throw crankshaft with 
opposite cranks, at a speed of three times the revolu- 
tions of the engine. Connecting rods from these cranks 
are coupled to gudgeons in the trunks of the pumps, 
which have aluminium pistons without rings. The 
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valves are of the rotary type, driven by duplex chains 
from the pump crankshaft, and the discharge is 
timed to synchronise with the opening of the scavenge 
ports as far as possible. The valves are reversed by 
a slipping-clutch device. The pump unit may, perhaps, 
look rather large, but it is designed to be suitable 
for a much larger engine, the cylinder barrel only 
being modified as required. This is, of course, a 


Fig. 2 
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manufacturing economy, and the pumps are made in 
each case with a swept volume 50 per cent. in excess 
of that of the cylinder. The pump can be driven by 
a separate electric motor, if desired. The engine- 
turning gear is arranged on the top of the pump and 
gears with the pump crankshaft. The pump unit is 
bolted to an extension of the bedplate, and a single- 
collar thrust block is mounted aft of it. The pump 
runs very smoothly and silently. 

The fuel is injected through two automatic spring- 
loaded fuel valves on each cylinder cover, each atomiser 
having five holes in the nozzle which are arranged 
to spray as shown in Figs. 7 and 8, page 297. The 
combustion space is annular, and four of the jets in 
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1,200-H.P. AIRLESS-INJECTION DOUBLE-ACTING MARINE OIL ENGINE. 


CONSTRUCTED BY MESSRS. RICHARDSONS, WESTGARTH AND COMPANY, 





Fig. 4. CyLinprer LINER. 
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each nozzle are 
drilled to spray 





horizontally, two 
each side of the 
nut, or piston rod, 











Fie. 9. TROMBONE TUBEs. 





as the case may 
be. The fifth 
jet sprays down- 
wards, the hole 
being formed so 
as to give the 
issuing fuel a 
widely-spread ro- 
tating movement. 
It is believed that 
this jet ignites 
immediately it 
enters the cylin- 
der, and then 
ignites the hori- 
zontal jets, which 
have a greater 
penetrative pow- 
er. The fuel 
pipes to the tops 


(1265.4) and bottoms of 


the cylinders are 
necessarily of different lengths, but the timing of the 
fuel pumps, one of which is provided to supply each pair 
of valves, is arranged to effect equal distribution. The 
lifts of the valves can also be adjusted to equalise any 
difference in delivery between the two valves on the one 
cover. The fuel pumps are located at the control unit 
on the front of the engine, clearly shown in Fig. 10, 
the six pumps being those immediately to the right 
of the mancuvring hand wheels. Farther aft is a 
group comprising the air-starting timing valves. 

The control unit is quite distinct from the engine, 
though carried on a bracket on the bedplate. This 
arrangement permits complete access both to it and 
to the engine. It could, as a matter of fact, be placed 
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athwartships forward of the engine, if that were con- 
sidered a more convenient place, as, for example, in a 
twin-screw installation. The position of the camshaft 
is seen in Fig. 1. Reversal is performed by sliding the 
camshaft by means of the hand lever seen to the left of 
the manoeuvring wheels in Fig. 10. The pump plungers 
are of the packingless type and are operated by cam- 
levers carried on a shaft eccentrically mounted and 
capable of angular movement. Fuel injection is 
controlled by the regulation of the suction valve of 
the pump, the rocker shaft for which is also eccentrically 
mounted. Further control is obtained by regulation 
of the fuel-pump spill valves. A hand-pump located 
on top of the fuel pumps is provided for charging 
purposes. 

Of the three concentric handwheels seen in Fig. 10, 
the middle one is that normally used for starting. 
It works in conjunction with a small air servo-motor, 
and the order of operations is that of admitting starting 
air to the tops of the cylinders, admission of fuel 
under the pistons, shutting off the starting air, and, 
finally, admission of fuel above the pistons. The 
small inner wheel is used for locking the gear, and the 
large outer one is an additional control for accelerating 
the time of fuel admission when starting. <A centri- 
fugal governor is fitted on the crankshaft. The 
lubricating oil pump is separately driven, the main 
engine only driving the s¢avenge and fuel pumps. 

In the above description, we have purposely omitted 
designed figures relative to pressures, &c., a8 we 
prefer to take such data from actual performances. 
Below are given, therefore, the results of a 16-hour test 
run in the shops on a dynamometer load on Feb- 
ruary 12 :— 


Indicated horse-power ... _ ar .- 1,323 
Brake horse-power “4; aie as -- °3,588 
Mechanical efficiency, per cent. .. 85-7 
Revolutions per minute... oe oa . 89-5 
M.I.P., average of three cylinders 
Top, lb. per square inch oy aed ban eee 
Bottom, lb. per square inch ... ae ww Ong 
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| 
Maximum cylinder pressure (average of three } 


eylinders)— a. | 
Top, lb. per square inch ove iis -- 570 | 
Bottom, lb. per square inch ... ai . 678 | 
Fuel consumed per indicated horse-power, Ib...._ 0-346 | 
Fuel consumed per brake horse-power, Ib. . 0-405 | 
Fuel pressure, maximum (average of three | 
cylinders)— | 
Top, Ib. per square inch oe és ar 4,200 
Bottom, Ib. per square inch ... oak .. 3,883 | 
Fuel oil temperature at filter, deg. F. ... ee 
Anglo-Persian fuel oil, specific gravity 0-895 
Exhaust temperature, mean, deg F. oe 436-6 
99 back pressure, lb. per square inch ... 0-3 
Scavenge air— 
Indicated horse-power consumed _... ves!) O295 
Pressure, lb. per square inch... Te vee 1685 
Cub. ft. per minute delivered see ... 6,800 | 
Cooling-water temperature— a 


Main inlet, deg F. ee sie ate 

Piston outlet, deg. F.... see ‘ae 0 ao 4 

Jacket outlet, deg. F.... - site eee | 

Cooling-water inlet pressure, !b. per square inch 20 | 

Lubricating oil pressure, lb. per square inch... 15 

The designed compression pressure is 360 Ib. per | 
square inch, which, it will be seen from the indicator 
diagrams, Fig. 5, was maintained in practice. Diagrams 
from the fuel and scavenging pumps are also given 
in this tigure. There was no visible exhaust, and 
the lubricating oil consumption, for the cylinders | 
alone, worked out to about 1} gallons per 24 hours | 
per cylinder. The engine was noticeably clean as | 
regards oil leakage and ran very smoothly, no vibration | 
or lifting of the cylinders at the moment of firing being | 
apparent. Gas leakage from either the cylinder) 
covers or glands could not be detected and the piston | 
rods were reasonably cool. Reversal was prompt and 
positive, and when firing on all the cylinders the speed | 
could be reduced to something under 25 r.p.m. The 
engine weighs, as it stands, 120 tons, including the | 
thrust block, and if run at the full power of which it | 
is capable, viz., 1,425 shaft horse-power at 100 r.p.m., | 
the weight per shaft horse-power would be 189 Ib. 


TENDERS. 

We have received from the Department of Overseas 
‘Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Locks and Keys.—-A Winnipeg firm desires to get into 
touch with United Kingdom manufacturers of prison 
locks, keys, and cell doors. (Ref. No. B.X.5133.) | 

Coal-Hoisting Winches and Catth Wagons. - ‘The 
supply of two coal-hoisting winches (Ref. No. A. X.7586); | 
and 150 bogie covered cattle wagons (Ref. No. A. X.7587). | 
The South African Railways and Harbours Board, | 
Johannesburg ; April 18. | 

Copper Refining Plant.—-A Toronto firm is in the | 
market for equipment and machinery likely to be | 
required for copper smelting and refining. (Ref. No. | 
A.X.7585. ) 

Sewerage Plant.--The supply of mechanical equipment 
for sludge digestion tank units. The City of Johannes- 
burg; March 21. (Ref. No. A.X.7598.) 

Boiler Plant.—The supply and erection of three 
water-tube boilers and superheaters, mechanical stokers, 
one Green’s economiser having 280 tubes, and one brick- 
lined steel chimney, 120 ft. high by 9 ft. 6 in. diameter. 
The Municipality of Umtali, S. Rhodesia; April 18. 
(Ref. No, A.X.7597.) 

Steel Sloop.—The supply of a steel single-screw vessel 
of the sloop type, having a displacement of 450-550 metric 
tons, with a draught of not more than 3-05 m. (10 ft.), 
and propelled by means of a Diesel engine. The Uruguayan 
Navy Department, Montevideo; May 21. (Ref. No. 
A.X. 7594.) 

Tramway Rails.—The supply of rails, fishplates, and | 
other materials. La Société Anonyme Turque des Tram- 
ways Populaires de Scutari-Kissikli-Alemdagh ; March 14, 
(Ref. No. A.X. 7606.) 











| 


PeRSONAL,—Mr. Victor Bingham has resigned his 
appointment as publicity manager to Messrs. Crompton, 
Varkinson, Limited, Guiseley, near Leeds, and Are Works, 
Chelmsford, and is taking up a similar position in the 
North of England.—Messrs. Tre British Aluminium 
Company, Limited, are opening a new branch office and 
aluminium warehouse at 66, Kirkstall Road, Leeds. 


AmeERiIcAN InstiruTE oF ELEcTRICAL ENGINEERS; 
LAMME Mepau.—-The first (1928) award of the Lamme 
medal of the American Institute of Electrical Engineers 
has been made to Mr, Allan Bertram Field, consulting | 
engineer of the Metropolitan-Vickers Electrical Company | 
Limited, Trafford Park, Manchester. The medal has been | 
awarded to Mr. Field for his work in connection with the 
mathematical and experimental investigation of eddy- | 
current losses in large slot wound conductors in electrical | 
machinery. The Lamme medal was founded as the result | 
of a bequest by the late Mr. B. G. Lamme, chief engineer | 
of the Westinghouse Electric and Manufacturing Com- | 
pany, who died on July 8, 1924. It was directed that | 
the medal should be awarded annually to a member of the | 
Institute, who had shown meritoriou sachievement in the 
development of electrical apparatus or machinery. i 
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BOOKS RECEIVED. 


Electrical Transmission and Distribution. Vol. III. 
Switchgear, Part I. Vol. IV. Switchgear, Part II. 
Edited by R. O. Kapp. London: Sir Isaac Pitman 
and Sons, Limited. [Price 6s. net each volume. ] 

Mines Department. Safety in Mines Research Board. 
Paper No. 50. The Deterioration of Colliery Winding 


ropes in Service, with Descriptions of some Typical 


Failures. By 8S. M. Dixon, M. A. Hacan, and J. M. 
Ropertson. London: His Majesty’s Stationery 
Office. [Price ls. net.] 

Engineering for Forest Rangers in Tropical Countries, with 
Special Reference to Burma. By A. H. Luoyp. Oxford: 
Clarendon Press. [Price 17s. 6d. net. ] 

Department of Scientific and Industrial Research. Fuel 
Research. Physical and Chemical Survey of the 
National Coal Resources. No. 13. The Yorkshire, 
Nottinghamshire and Derbyshire Coalfield. South York- 
shire Area. The Parkgate Seam. 
Majesty’s Stationery Office. [Price 3s. net.] 


Forschungsarbeiten auf dem Gebiete des Ingenicurwesens. | 


No. 315. 
schnellaufenden 
Steuervorgang. 
Berlin: V. D. 
marks. | 

Department of Scienti fie and Industrial Research. Building 
Research. Special Report No. 11. Heat Transmission. 
By Dr. M. FIsHENDEN and A. F. Durton. 
His Majesty's Stationery Office. [Price 9d. net. ] 

Commonwealth of Australia. Council for Scientific and 
Industrial Research. Bulletin No. 38. The Chemical 
Composition of Wool. With Special Reference to 
Protein of Wool Fibre (Keratin). By H. R. Marston. 
No. 39. The Utilisation of Sulphur by Animals. With 
Special Reference to Wool Production. By H. R. 
Marston. Melbourne: Council for Scientific and 
Industrial Research. 

The Price of Petrol. By E. H. DAVENPORT. 
London General Press. [Price ls. net.] 
Roads versus Rail. The Case for Motor Transport. By 
C. T. Brunner. London: Ernest Benn, Limited. 

[Price 2s. 6d. net. ] 

Mitteilungen der Preusschen Versuchsanstalt fiir Wasser- 
bau und Schiffbau, Berlin. No. 4, Widerstandsmessungen 
an umstrimien Zylindern von Kreis- und Briickenpfeiler- 
querschnitt. By Dr.-Ing. F. Etsner. Berlin: Julius 
Springer. [Price 10 marks. ] 


Begrenzung der Leistungssteigerung der 
Verbrennungsmaschine durch den 
By Dr.-Inc. MAaANnFrrep CHRISTIAN. 
[.-Verlagy. G.m.b.H. [Price 3°75 


London : 





NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—A further improvement has been 
made in the clearance of accumulated coal from the 
docks, and in clearing waiting vessels. In the middle of 
February there were over 100 vessels waiting for tips 
at the Welsh ports, but as a result of extra working 
by the trimmers and tippers, only 26 were waiting to-day. 
At the same time, the pressure for supplies of coal 


| continues unabated, with the result that prices have 


further advanced especially for prompt lots, which are 
practically unobtainable, as collieries are fully booked 
up with orders, and still have to ship arrears which 
were suspended after the snowstorm and frost. More 
pits are being brought into operation, and further 
districts opened out, but the colliery owners are handi- 
capped in their efforts to increase outputs by a lack of 
skilled men, though unskilled workers are plentiful. 
Best Admiralty large coal rules at 20s. 6d., with other 
qualities from 19s. 6d. to 20s., dry large from 19s. to 
20s. 3d.; Monmouthshires from 18s, 9d. to 20s. 3d. : 
and smalls from 12s. to 14s. 6d., which represent the 
highest prices for at least 12 months. The recovery 
made in shipments will be gathered from the fact that 
coal and coke exports last week amounted to 641,144 
tons, which was the highest total reached in any week 
since May, 1927, and compared with 581,982 tons in 
the corresponding period of last year. The clearances 


| of last week and of a year ago are shown below :— 


Week ended March 3. 
1929. 


1928. 

From- Tons. Tons. 
Newport 101,868 123,229 
Cardiff 142,765 152,397 
Penarth 62,639 64,878 
Barry sigs 199,861 199,840 
Port Talbot 29,544 34,420 
Swansea 45,305 66,380 

Totals 581,982 641,144 


lron and Steel Trades.—The Welsh Sheet and Plate 
Manufacturers’ Association have decided to adopt a 
pooling scheme for the regulation of output, instead of 
resorting to ‘* stop weeks,’’ as has been the case in the 


| past. In the past, mills closed down three weeks out of | 


13, but during the 10 working weeks they were able 


to increase their output, and so produce more than was | 
Under the pooling arrangement, each works | 


required. 
will have a certain allocation, according to their produc- 
tion capacity in relation to demand, and if the allocation 
is exceeded, penalties will be imposed, and if they under- 
produce, compensation will be made. The penalty for 
over production and the allowance for under production 
is understood to be 2s. 6d. per box. The minimum price 
scheme is maintained, without any alteration in price. 
Shipments of iron and steel goods in the past week 
amounted to 16,695 tons, compared with 12,486 tons in 
the preceding week. Exports of tin-plates and terne- 
plates were raised from 4,529 tons to 8,791 tons, and 
of other iron and steel goods from 1,314 tons to 3,000 tons, 
but blackplates and sheets were reduced from 482 tons 
to 258 tons. and galvanised sheets from 6,162 tons to 
4,646 tons. ‘ 


London: His} 


London : | 
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NOTES FROM THE NORTH. 


Guascow, Wednesday. 


Scottish Steel Trade.—Conditions in the Scottish 
steel trade continue to show signs of improvement, and 
the general demand is better. Home trade generally 
has rather a healthier appearance, and this is having 
some effect on the local steel and iron trades. In the 
| shipbuilding industry the consumption of steel material 
| has gone steadily «up, while there is also more activity in 
| export. Inquiries are again more encouraging. Conti- 
| nental competition ,is less severe than it was. In the 
| black-sheet trade there is still a fair amount of business 
| passing with galvanised varieties most in request. Prices 
; are steady to strong, and the following are the current 
| quotations: Boiler plates, 10/. 10s. per ton ; ship plates, 
| 81. 7s. 6d. per ton ; sections, 7/1. 17s. 6d. per ton ; sheets, 
| }in., 82. 15s. per ton; and galvanised corrugated sheets, 


| (No. 24 gauge), 13/. 15s. per ton, all delivered at Glasgow 


| stations. 


| 

| Malleable-Iron Trade.—There is one change to report 
| in connection with the malleable-iron trade of the West 
| of Scotland, and that is that work has been resumed at 
| the establishments which were closed. The dispute 
| having been referred to arbitration, operations were 
| begun at the works this week, but, unfortunately, orders 
| are not too plentiful. In the re-rolling branch of the 
| industry the improved state continues, and order books 
are very well filled at the present moment. The out- 
| look is considered very satisfactory. Prices have been 
|raised for re-rolled steel bars which are now called 
8i. per ton for home delivery and 7/. 15s. per ton for 
export. “Crown” bars are unchanged at 101. 5s. 
per ton for home delivery and 9/. 15s. per ton for 
export. 


Scottish Pig-Iron Trade.—A dull tone still prevails in 
the Scottish pig-iron trade, and business is of a restricted 
nature. Home as well as overseas buyers are not speci- 
fying tonnage of any volume. The current market 
quotations are as follow :—-Hematite, 75s. per ton 
delivered at the steel works ; foundry iron, No. 1, 73s. 6d. 
per ton, and No. 3, 71s. per ton, both on trucks at makers’ 
yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
Saturday last, March 2, amounted to 558 tons. Of that 
total 506 tons went overseas and 52 tons coastwise. For 
the corresponding week of last year the figures were 788 
tons overseas and 70 tons coastwise, making a total 
shipment of 858 tons. 


Scottish Shipbuilding.—In the Scottish shipbuilding 
| trade there is a fair amount of activity, but much of it 
is in preliminary work and finishing off. The tonnage 
launched this year has not been heavy, although quite 
of a satisfactory total from the average point of view. 
During the past month there were launched 21 vessels, 
with a total of 35,755 tons, made up as follows :-— 


The Clyde ... 34,480 tons 





14 vessels 





The Forth ... is <atily ee 135 

The Tay ... os eM ey 770 

The Dee and Moray Firth 3. ,, 370 
Total ba ... 21 vessels 35,755 tons 


The Clyde figure is under the February average, but 
it brings the total for the two months of the year up to 
72,091 tons, which, although over 44,000 tons under 
the same two months of last year, is quite a fair average 
output for the period. New contracts reported during 
the month of February were not numerous, and out of 
a total of 14 there were no fewer than five for small 
craft. Bookings have fallen away again, but there are 
hopes of some good eontracts being placed in the near 
future. 











| NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Sheffield Exhibition.—Visitors to Sheffield frequently 
remark on the inadequate display of local products in 
the shops. Many of the leading firms have fine show- 
rooms on their premises, but these are not seen by the 
general public. A permanent exhibition has been 
suggested, but the Chamber of Commerce, in the current 
issue of their monthly journal, state they feel this is a 
matter which primarily concerns the actual firms in each 
separate trade, who are best able to decide what would 
prove suitable. ‘“ Various suggestions for advertising 
| made by the Chamber from time to time have not 
| always fallen on fruitful ground, and in such a case 
|as this we feel the initiative should come from the 
| firms themselves.” 


| Iron and Steel—Though there are comparable centres 

| notably where the rate levy is lighter—which show more 
rapid progress, the South Yorkshire iron and steel trades 
present a number of bright features, and, in a general 
'sense, quiet optimism is the underlying keynote. 
Weakening of foreign competition is reflected in the metal 
industries as well as in the coal trade. Despite financial 
restriction, current consumption of basic steel is on a 
huge scale, taking the home and export demand into 
joint consideration, and furnaces in this district are 
| disposing of a growing output. Prices are much more 
| competitive, and though it is stated that advances are 
| likely to be general to compensate for unremunerative 
| production, it is widely anticipated that these will be 
| gradual. Otherwise not only the consuming industries, 
but the heavy producing industries themselves will 
| quickly suffer. Electrical work of a heavy type is 
| expanding, with prospect of still greater movement 
in the early future as a result of the placing of contracts 





BOS ee 














Sn COMORES i ci eB 


Sa i abi naceiuhissen 3 





Tn SP RRR, ih) 


ie 




















: 


en 








fasion: 


nd hts We sete ind 


(Satta 











Marcu 8, 1929.] 


under reorganised schemes of supply. Viewed in con- 
junction with the better tone in shipbuilding steel and 
various classes of constructional material, 
foundries and rolling mills are all benefiting. In several 
instances steps are being taken at big engineering works 
to ‘increase the basis of steel output. Producers of 
automobile steel are making heavy demands on local 
works and an early improvement is anticipated in 
colliery gear and tools if the current expansion in coal 
mining is maintained. 
not progressing as rapidly as ordinary steel output, though 
the fault lies with the weight of orders rather than their 
number. Experts are endeavouring to reduce the cost 
of stainless steel with a view to its still wider adoption. 
The tool trades as a whole are more active. 


South Yorkshire Coal Trade.—Householders report a 
difficulty in securing early deliveries of best grades, though 
there is an improvement in supplies of secondary qualities. 
Advances in prices are all firmly held. The industrial 
demand shows a marked revival, mainly on export 
account. There has been a substantial expansion in the 
basis of output. At some collieries Sunday working has 
been instituted. Complaints of railway delay are fewer. 
collieries having a more adequate supply of wagons. 
There is a brisk demand for coke for central heating and 
special steel-making. Quotations: Best hand-picked 
branch, 27s. to 28s. 6d.; Derbyshire best brights, 
23s. 6d. to 25s.; Derbyshire best house, 21s, to 22s. ; 
sereened house coal, 18s. to 19s. ; screened house nuts, 
i7s. to 19s.; Yorkshire hards, 15s. 6d. to 16s. 6d., 
Derbyshire hards, 15s. 6d. to 16s. 6d.; rough. slacks 
8s. 6d. to 9s. 6d. ; nutty slacks, 6s. to 7s.; smalls, 3s. 6d. 
to 4s. 








‘NOTES FROM CLEVELAND AND THE 


NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—There is practically no 
Cleveland pig iron available for prompt sales. Merchants’ 
holdings are larger than for some time past, but they are 
far from heavy and are fairly well disposed of, while 
makers have only small stocks and are using the bulk 
of their output at their own consuming departments. 
Tronmasters are not in a position to quote No. 3 Cleveland 
for delivery before the middle of April. Much complaint 
is heard of the inadequate local make of basic iron, con- 
siderable supplies of which are arriving from other home- 
producing centres, for use on Tees-side. Second hands are 
understood to have sold small parcels of foundry pig to the 
Continent, and odd sales to Scotland are stated to have 
been made, but most of the business passing is with 
home consumers. Ironmasters fixed minimum figures 
stand: No. | grade of iron, 69s. 6d.; No. 3, g.m.b., 
678s. ; No. 4, foundry, 66s. ; and No. 4, forge, 65s. 6d. and 
these figures are readily realised for marketable parcels. 


Hematite.—Steady home and overseas demand for 
East Coast hematite cannot be fully satisfied. There are 
no saleable stocks of hematite, and customers are keen to 
take up supplies as they become available. Terms of 
contract vary a good deal, there being no arrangement 
existing fixing prices, but it is now difficult to buy on a 
lower basis than 73s. for ordinary qualities. 


Foreign Ore.—Consumers of imported ore are still 
slow to purchase but, as was anticipated, quotations are 
moving upward. Best rubio has become 23s. c.i.f. Tees. 


Blast-Furnace Coke-—Durham blast-furnace coke finds a 
ready market. Local consumers are seeking to cover 
their requirements to the end of the year. Good average 
qualities are quite 18s. 9d. delivered here. 


Manufactured Iron and Steel. Manufactured-iron firms 
are well placed as regards orders and they report con- 
tinued good inquiry, while there is unabated activity in 
semi-finished steel, and finished steel commodities are in 
good and improving demand. Among the principal 
market quotations are: common iron bars, 10/. 5s. ; 
best bars, 10/. 15s.; double best bars, 111. 5s.; treble 
best bars, 111. 15s. ; iron rivets, 111. 10s. ; packing (paral- 
lel), 82.; packing (tapered), 10/.; steel billets (soft), 
61. 15s.; steel billets (medium), 7/. 5s.; steel billets 
(hard), 7/. 15s. ; steel rivets, 111. 5s.; steel ship plates, 
8l. 7s. 6d.; steel angles, 7/. 17s. 6d.; steel joists, 
7l. 178, 6d.; heavy steel rails, 8/. 10s.; black sheets 
(No. 24 gauge), 101.; and galvanised corrugated sheets 
(No. 24 gauge), 182. 15s. 


Shipments of Iron and Steel.—February total shipments 
of iron and steel from the Tees were the heaviest since 
December, 1927. Pig iron exports were 2,000 tons less 
than in January, but steel clearances showed gratifying 
increases, the improvement being most marked in the 
shipments to South and East Africa. Of the 14,915 tons 
of pig iron despatched last month, 5,764 tons went 
coastwise, and 9,151 tons overseas; of the 5,417 tons of 
manufactured iron shipped, 1,621 tons went coastwise 
and 3,796 tons abroad; and of the 70,968 tons of steel 
cleared, 9,272 tons went coastwise, and 61,696 tons to 
foreign ports. Scotland was again the largest buyer of 
pig iron, taking 4,319 tons; while Italy received 2,495 
tons; France, 2,024 tons; Wales, 1,320 tons; and 
Belgium, 1,027 tons. The Cape, with an import of 
2,023 tons, was the largest purchaser of manufactured 
‘ron. Principal customers for steel were: India, 15,673 
tons ; the Argentine, 13,356 tons ; the Cape, 10,539 tons ; | 
\ustralia, 4,060 tons; and Natal, 4,051 tons. 


_Imports of Iron and Steel.—Statistics issued this week 
give the total imports of iron and steel to the Tees | 
from coastwise and foreign ports for the four months | 
ending February 28 last at 62,345 tons, as compared | 
with 72,204 tons for the same months a year ago, and 
22,269 tons for the corresponding pre-war period of | 
1913-1914 : 


| 
| 


Special-steel manufacture is | 


forges, | 
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NOTICES OF MEETINGS. 


. 


INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 
7 +p.m., Storey’s-gate, S.W.1. Informal Meeting. 
Exhibition of Industrial Kinematograph Films. York- 
shire Branch: Monday, March 11, 7.15 p.m. Hotel 
Metropole, Leeds. Joint Meeting with Society of 
Chemical Industry. ‘‘The Nature of Hardness,” by 
Professor C. H. Desch. Wednesday, March 13, 7.30 p.m., 
Grand Hotel, Sheffield. ‘‘ Alloy Steels at Ordinary and 
High Temperatures,” by Mr. A. P. Hague, and on 
Thursday, March 14, 7.30 p.m., Hotel Metropole, Leeds. 
North-Western Branch: Thursday, March 14, 7.15 p.m. 
Engineers’ Club, Manchester. ‘The Supermiser,” by 
Dr. T. B. Morley and Mr. H. Pilling. London: Friday, 
March 15, 6 p.m., Storey’s-gate, S.W.1. ‘* Research in 
Mechanical Engineering by Small-Scale Apparatus,” by 
Mr. F. C. Johansen. 

Junior InstTITUTION OF ENGINEERS.—To-night, 7.30 
p-m., 39, Victoria-street, S.W.1. Chairmen’s Address on 
** Road Transport,’’ by Mr. S. H. Hole. Friday, March 
15, 7.30 p.m., “‘ Locomotive Rating,” by Mr. T. Grime. 


Roya Instirution.—Saturday, March 9, 3 p.m., 
Albemarle-street, W.1. ‘‘ Molecular Motions in Rarefied 
Gases ’’ (Lecture II), by Sir E. Rutherford. Friday, 
March 15, 9 p.m., “The Distribution of the Chemical 
Elements,’ by Professor V. M. Goldschmidt. Saturday, 
March 16, 3 p.m. ‘ Molecular Motions in Rarefied 
Gases ” (Lecture III), by Sir E. Rutherford. 

InstiTuUTE OF British FouNDRYMEN.—Scottish 
Branch ; Saturday, March 9, 4 p.m., Royal Technical 
College, Glasgow. ‘“‘ Salvage of Defective Castings,” by 
Mr. E. Longden. Lancashire Branch. Burnley Section : 
Tuesday, March 12, 7.15 p.m., Municipal College, Burnley. 
“The Cupola,” by Mr, A. Jackson. London Branch: 
Thursday, March 14, 8 p.m., Engineers’ Club, Coventry- 
street, W.1. ‘“‘The Annealing of Cast Iron,’’ by Mr. 
H. H. Beeney. Middlesbrough Branch: Friday, March 
15, 7.45 p.m. Cleveland Technical Institute, Corporation- 
road, Middlesbrough. ‘‘The Salvage of Defective 
Castings,’”? by Mr. E. Longden. Wales and Monmouth 


Branch; Saturday, March 16, 6.30 p.m., University 
College, Newport-road, Newport. ‘‘ Foundry Coke,” 
by Mr. A. S. Taylor. East Midlands Branch : Saturday, 
March 16. Loughborough College, Loughborough, 


‘* Dry Sand for Oil Sand Cores,” by Mr. W. West. 
INSTITUTE OF TRANSPORT.—Monday, March 11, 5.30 


p-m., Institution of Electrical Engineers, Victoria- 
embankment, W.C.2. ‘* Rail Motor-Car Development,” 
by Mr. H. N. Gresley. Scottish Section: Tuesday, 


March 12, 7.30 p.m. Religious Institution Rooms, 
200, Buchanan-street, Glasgow. ‘“‘Canada and Some 
of its Transport Problems,” by Mr. J. Cuthbertson. 


INSTITUTION OF ELEcTRICAL ENGINEERS.—North- 
Eastern Centre : Monday, March 11, 7 p.m., Armstrong 
College, Neweastle-on-Tyne. Faraday Lecture. ‘‘ How 
Electricity Does Things,” by Mr. L. B. Atkinson. Scottish 
Section: Tuesday, March 12, 7 p.m., North British 
Station Hotel, Edinburgh. ‘“‘ The Construction of the 
Grid Transmission System in Great Britain,” by Mr. 
J. Wright and Mr. C. W. Marshall. London : Thursday, 
March 14, p-m., Victoria-embankment, W.C.2. 
‘“‘ Electrical Insulating Papers for the Manufacture of 
Power Cables,’”’ by Mr. T. N. Riley and Mr. T. R. Scott. 
‘The Prevention of Ionisation in Impregnated Paper 
Dielectrics,” by Mr. S. G. Brown and Mr. P. A. Sporing. 
London Students’ Section: Friday, March 15, 6.15 p.m., 
‘* Wave-form Analysis,” by Mr. C. F. J. Morgan. 


InstiTuUTE oF Mertats.—sScottish Local Section : 
Monday, March 11, 7.30 p.m., Institution of Engineers 
and Shipbuilders in Scotland, 39, Elmbank-crescent, 
Glasgow. Open Discussion. London ; Annual General 
Meeting. Wednesday, March 13, and Thursday, March 
14. Institution of Mechanical Engineers, Storey’s- 
gate, S.W.1. Wednesday, March 13, 10 a.m. ‘“‘ Special 
Properties of Eutectics and Eutectoid Alloys in Binary 
Metallic Systems,” by Professor P. Saldau. ‘‘ Work- 
Softening and a Theory of Intercrystalline Cohesion,” 
by Mr. F. Hargreaves and Mr. R. J. Hills. ‘*‘ Note on the 
Testing of Electro-deposits on Aluminium,” by Mr. 
G. B. Brook and Mr. G. H. Stott. At 2 p.m., “The 
Constitution of the Cadmium-Rich Alloys of the System 
Cadmium-Gold,” by Dr. P. J. Durrant. “The Age- 
Hardening of Some Aluminium Alloys,”’ by Dr. M. L. V. 
Gayler and Mr. G. D. Preston. ‘“ Brittleness in 
Arsenical Copper—II,” by Mr. C. Blazey. “‘A Note 
on the Haughton-Hanson Thermostat. A Method of 
Fine Adjustment,” by Dr. P. J. Durrant. ‘‘ The System 
Magnesiunr-Zinc,” by Dr. W. Hume-Rothery and 
Mr. E. Rounsefell. At 7 p.m., Annual Dinner, Troca- 
dero Restaurant, Piccadilly Circus, W.1. Thursday, 
March 14, 10 a.m., ‘‘The Importance of Design, and 
Setting of Large Kettles Used for Refining and Low 
Melting-Point Alloys,” by Mr. H. C. Lancaster, “‘ An 
Improved Form of Electric Resistance Furnace,” by 
Dr. W. Rosenhain and Mr. W. E. Prytherch. ‘“‘ Recent 
Developments in Electric Furnaces,” by Mr. D. F. 
Campbell. At 2 p.m., ‘ Alloys of Zirconium—II,” by 
Dr. C. Sykes. ‘‘ The Resistance of Zinc to Indentation 
(A Preliminary Account),” by Dr. J. N. Friend and 
Mr. W. E. Thorneycroft. “The Solution of Plain and 
Amalgamated Zincs in Electric Batteries,” by Dr. J. N. 
Friend. ‘‘ The Silver Contents of Specimens of Ancient 


| and Medieval Lead,” by Dr. J. N. Friend and Mr. W. E. 


Thorneycroft. At 8 p.m., Conversazione and Exhibition. 
Science Museum, Exhibition-road, South Kensington, 
8.W.7. 

INstirutTION OF THE RUBBER INDUSTRY.—Monday, 
March 11, 7.30 p.m., Blackfriars Theatre, William- 
street, New Bridge-street, E.C.4. “‘ Antioxidants,” by 
Dr. W. J. 8. Naunton. 
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INSTITUTION OF CrviIL ENGINEERS.—Tuesday, March 
12, 6 p.m., Great George-street, S.W.1. Further discus- 
sion on ‘Impact in Railway Bridges, with Particular 
Reference to the Report of the Bridge Stress Committee,” 
by Mr. C. Gribble. Wednesday, March 13, 6 p.m., 
Informal Meeting. ‘‘ Bonding and Anchorage of Rein- 
forcing Steel in Concrete,” introduced by Mr. H. C. 
Adams. Manchester and District Association : Wednes- 
day, March 13, 6.45 p.m., Manchester Literary and 
Philosophical Society, 36, George-street, Manchester. 
“Some Problems in Engineering Geology,” by Mr. E. 
Morton. 

INstTITUTE OF MARINE ENGINEERS.—Tuesday, March 
12, 6.30 p.m., 85-88, The Minories, Tower Hill, E.1. 
“Merchant Ship Service Performance Analysis,” by 
Dr. E. V. Telfer. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLaND.—Tuesday, March 12, 7.30 p.m., 39, Elmbank- 
crescent, Glasgow. “‘ Pulverised Fuel To-day,” by 
Eng.-Captain J. C. Brand. 

SHEFFIELD METALLURGICAL AssocrATION.—Tuesday, 
March 12, 7.30 p.m., 198 West-street, Sheffield. ‘“‘ The 
Electrical Equipment of X-Ray Apparatus,” by Mr. 
L. G. H. Sarsfield. 

NORTHAMPTON ENGINEERING COLLEGE ENGINEERING 
Socrety.—Wednesday, March 13, 5.30 p.m., St. John- 
street, E.C.1. ‘Virginia Railroad Electrification,” by 
Mr. C. Guercken. 

INSTITUTE OF FuEL.—Wednesday, March 13, 6 p.m., 
Chemical Society, Burlington House, Piccadilly, W.1, 
** The Industrial Uses of Gas,’”’ by Mr. F. W. Goodenough. 

INSTITUTION OF ENGINEERS-IN-CHARGE.—Wednesday ° 
March 13, 7.30 p.m. St. Bride Institute, Bride-lane- 
Fleet-street, E.C.4. ‘‘ Recent Developments in Super- 
heating,” by Mr. S. J. Evenden. 


Royat Society or Arts.—Wednesday, March 13, 
8 p.m., John-street, Adelphi, W.C.2. ‘‘ Loud Speakers 
and their Development,” by Mr. R. P. G. Denman. 

BritisH ASSOCIATION OF REFRIGERATION.—Thursday, 
March 14, 5.30 p.m., Institution of Mechanical Engineers, 
Storey’s-gate, S.W.1. Discussion on “ The Industrial 
Value of Technical Education,” by Sir W. B. Hardy. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Thursday, 
March 14, 6.30 p.m., 10 Upper Belgrave-street, S.W. 1. 
‘* Steel for Structural Purposes,” by Dr. W. H. Hatfield. 


Norru-East Coast InstituTION OF ENGINEERS AND 
SHIPBUILDERS.—Graduates’ Section : Thursday, March 14, 
7.15 p.m., Bolbec Hall, Newcastle-on-Tyne. ‘‘ The 
Problem of High-Voltage Measurement,” by Mr. M. 
Waters. Ordinary meeting. Friday, March 15, 6 p.m., 
Mining Institute, Newcastle-on-Tyne. “‘ Mechanical 
and Transmission Losses in Marine Engines, Shafting 
and Propellers,” by Mr, J. H. Gibson. 

Opticat Sociery.—Thursday, March 14. 7.30 p.m., 
Imperial College of Science and Technology, South Ken- 
sington, S.W.7. Annual General Meeting. “‘A Re- 
determination of the Trichromatic Coefficients of the 
Spectral Colours,” by Mr. W. D. Wright. “‘On_the 
Testing of a Novel Photographic Shutter,” by Dr. J. 8. 
Anderson. 

Royat SaniTary Instirute.—Friday, March 15, 
8 p.m., Town Hall, Torquay. ‘‘ The Plumber and Public 
Health,” by Mr. G. J. Loveless. 

Hutt Association oF ENGINEERS.—Saturday, 
March 16, 7.15 p.m., Technical College, Park-street, 
Hull. ‘‘ Aeroplane Design,” by Mr. G. E. Petty. 








ENGINEERING TRAINING AND 
EDUCATION. 

Travelling Scholarships in Sanitary  Science.—The 
Chadwick Trustees invite applications for two travel- 
ling scholarships of 400]. a year each, tenable for one 
year. The scholarships are to be awarded next July, 
one in sanitary science and the other in municipal 
engineering, Candidates must be British subjects, 
between 25 and 30 years of age, who have graduated 
in a British University or who can produce other evi- 
dence of their attainments. Applications should be 
made by letter before March 25 next, to the Clerk of 
the Chadwick Trustees, 204, Abbey House, Victoria- 
street, London, S.W.1. 








Contracts.—Messrs. Cargo Fleet Iron Company, 
Limited, 15, Victoria-street, London, S.W.1, have 
received an order from the South African Railways for 
6,000 tons of rails, the greater proportion of which are being 
heat-treated by the Sandberg-Sorbitic process. Messrs. 
Cargo Fleet are also heat treating rails by the same process 
for the Underground Electric Railway Company of 
London, Limited.—Messrs. Guest and Chrimes, Limited, 
Rotherham, have received orders for sluice valves and 
fittings required in connection with the Yealm Head 
water scheme, Devonshire, the duplication of Crosshill- 
Holm Lane aqueduct of the Birkenhead Corporation, 
the Bedford Waterworks contract No. 1, the Southall 
water tower of the South-West Suburban Water Com- 
pany, and the Wigton water scheme.—The Chilean 
Naval Commission has had installed in all of the six 
new torpedo-boat destroyers constructed for the Chilean 
Government by Messrs. J. I. Thornycroft and Company, 
Limited, Southampton, cables manufactured by Messrs. 
The Pirelli General Cable Works, Limited, Southampton, 
one of the associated companies of Messrs. The General 
Electric Company, Limited. The installation involves 
nearly 60 miles of vulcanised-india-rubber insulated 
cable and nearly a mile of paper-insulated, lead-sheathed, 





ring-main cable. 
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Fie. 10. 


THE ASSOCIATION OF TECHNICAL 
INSTITUTIONS. 


Tue Annual Meeting of the Association of Technical 
Institutions was held on February 22 and 23, in London, 
at the Grocers’ Hall, and both the numbers who 
attended and the animated discussions of the Associa- 
tion’s business gave the most satisfactory evidence 
of the interest which it continues to arouse in its 
members. The contribution to the proceedings which 
fell most directly within our sphere was a paper on 
Industrial Safety, read by Sir Gerald Bellhouse. This 
we propose to deal with more fully later. The history 
of the Association goes back to 1895, and usually its 
proceedings have been conducted under the presidency 
of some person of distinction outside its own members. 
In the present year, however, it has chosen one of its 
own distinguished members, the present Lord Mayor 
of London, Sir Kynaston Studd, who has been asso- 





ciated with technical education for the last 44 years. 
Sir Kynaston followed Mr. Quintin Hogg as head of 
the Regent Street Polytechnic, and he can speak of 
and for students of such institutions with a unique 
experience and insight. His Presidential Address 
summed up the effect of the various reports and dis- 
cussions on technical education during the year. He 
expressed the strong desire that local representatives 
of industry should “ come inside ’’ the technical insti- 
tution and take part in its development, but perhaps 
the most impressive part of his address was devoted to 
the place that a technical school should fill as a centre 
of social, physical and intellectual training, in addition 
to providing technical instruction. The Polytechnic has 
30 or 40 social activities devoted to one or other of 
these ends, and Sir Kynaston testified to the profound 
effect they exercise on the character of the students, 
as well as on their attachment to the institution. 
Tn industry, it is often deplored that, with their increase 





View OF ENGINE FROM STARTING PLATFORM. 


in size, factories are becoming less able to develop or 
maintain public spirit, or what is sometimes called the 
human relation. It is very striking that this largest of 
our technical institutions has achieved the greatest suc- 
cess in maintaining intimate touch with its students. 








TECHNICAL Booxs at CovENTRY PUBLIC LIBRARY. 
We have received a copy of the March-April issue of the 
Readers’ Bulletin, a bi-monthly magazine published by 
the authorities of the Coventry Public Libraries. This 
particular issue contains a special list of books on auto- 
mobiles and their construction, design, and maintenance. 
The list is limited to books published during the past 
four years, and is a supplement to that issued in 1923, 
copies of which can still be obtained. The publication 
of pamphlets of this nature is to be encouraged. They 
indicate that there is an increasing desire on the part ot 
the librarian and committee of the modern public 
library to assist the student and inquirer to the greatest 
possible extent. 
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Fic. 3. Trimmer at WorkK; ARM IN EXTENDED PosITION. 
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FRIDAY, MARCH 8, 1929. 


WINDING ROPES. 

THERE is a refreshing freedom from a priori 
arguments in the report* on winding ropes just 
published by the Safety in Mines Research Board. 
Unfortunately, from the economic standpoint, rope 
failures are by no means rare, but this fact has 
made it obvious that no simple theory can be made 
to fit the facts. More than one cause is at work, 
and at present it is not possible to do much more 
than to classify actual results. A main difficulty 
in the rationalisation of these lies in the fact that, 
under apparently identical conditions, a rope sup- 
plied under the same specification and subjected to 
the same tests asits predecessors may fail to give half 
the average service. Possibly the human element 


?| may be largely responsible for such aberrant experi- 
rth|ences. An engineman, like the rest of us, cannot 


maintain a uniformly steady standard of fitness, 
and may, at times display less than his usual care. 
| In quite a number of cases discussed in the report, 
he is noted that the rope was slack when the cage 
was at rest at the bottom of the pit, and hence 
careless handling of the engines would necessarily 
give rise to heavy shocks on taking up this slack. 
Fortunately, although failures are not infrequent, 
they are seldom accompanied by loss of life. It is, 
in fact, a common practice to remove ropes after 
| about half their estimated life from the down-cast 
| to the up-cast shaft, through which men are seldom 
| wound, and, moreover, it is customary to wind 
| personnel at half the normal running speed, thus 
| | reducing shock stresses by some 75 per cent. 

Some 24 rope failures are discussed in detail in 
| the report, but note is made that the ropes had not 
been operating under quite normal conditions, 
having been idle for seven months, owing to the 
unfortunate refusal of the pit men to face facts, 
and the consequent disastrous strike. Both corro- 











| 





* The Deterioration of Colliery Winding Ropes in Service 
| with Descriptions of Some Typical Failures. H.M. Sta- 
tionery Office. 1928. [Price ls. net.] 
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sion and wear may therefore have been affected, 
since the two are co-related, rust increasing the 
internal friction and also diminishing the resistance 
of the wires to fatigue. 

A disquieting feature, brought out in the report, 
is that ropes seldom show broken wires on the 
surface. In fact, in only one case of the 24 failures 
reported was the dangerous condition detected by 
inspection ; although the mining regulations pre- 
scribe that this must be made daily. The fractures 
and cracks occur mainly inside the rope, and the 
character of the fracture shows very clearly fatigue 
to be the cause. In 13 out of the 24 cases, the 
rope broke as the cage was being lifted, and before it 
had risen 10 ft. from the bottom. This was fortu- 
nate, as the damage done was consequently small, 
but it is very evident that the stresses are high 
during the period of acceleration, and in some of 
the cases, at any rate, the strain was enhanced by 
the presence of slack. Stresses may also be high 
during retardation, and in two of the failures 
reported on, the failure occurred during this portion 
of the wind. The calculated deceleration stresses 
may, moreover, be increased if the retardation is 
effected by a series of jerks, which may well occur 
with the usual type of engine brake. 

At Kimberley, in the case of a shaft 2,770 ft. 
deep, observation showed that the retardation 
stresses were as much as 2-29 times the normal. 
These are most serious in deep shafts, and the rope 
is then most severely tried at the pulley, since the 
whole of the weight of the long rope is then added 
to that of the cage, and failure may occur in this 
part of the rope. Most failures, however, are in 
the neighbourhood of the capping, and the report 
recommends that recapping should be effected 
every three months, and not less than 6 ft. removed 
at each operation, and its condition examined. 

In only one case is failure attributed to the use 
of too small a pulley, which in this case was only 
88 times the rope diameter, whilst the usual factor 
ranges from 100 to 140. Dr. Scoble has shown 
that, if a small pulley has perforce to be adopted, 
it is a mistake to use the higher qualities of rope, 
since the stronger wires will not stand punishment 
as well as the milder varieties. Experiments made 
on behalf of the United States National Research 
Council and described in Bulletin No. 124 of the 
Engineering experiment Station of the University 
of Illinois, have shown, moreover quite definitely 
that high carbon steels are more affected by 
occasional overloads than are the softer structural 
qualities. 

The large range of the nominal factors of safety 
adapted at different collieries is noteworthy. In 
one case reported on, this was as high as 20, and 
it was seldom less than 10, whilst the minimum 
legal value is 7. No doubt this lack of uniformity 
has arisen from differences in the conditions at 
different pits, which, where the service is severe, 
may favour the adoption of very low nominal 
working stresses. 

An interesting point brought out in the report is 
that whilst in the case of new ropes the aggregate 
strength of the individual wires is greater than that 
of the rope taken, as a whole; the reverse is gener- 
ally the case with worn ropes. Thus, in one case 
cited, the average strength of the wires which had 
suffered severely from corrosion and wear, was 
only 10 per cent. of the original, yet the average 
strength of the piece of rope tested was more than 
three times the above figure. In another case a 
piece of rope broke at 34-9 tons, which was just 
half the original figure, but the aggregate strength 
of the wires tested singly was only 21-7 tons. 
These figures show very clearly that the internal 
friction between the wires must be very high. 
Owing to this, a broken wire is able to transfer its 
load to its neighbours, but picks up its full share 
again at a short distance from the site of the 
fracture. These facts justify the French rule that 
a rope need not be condemned unless 10 per cent. 
of the wires are broken within a length of 2 metres. 
When failure is imminent, however, the strands 
are apt to open up, thus abolishing the internal 
friction, so that complete failure may ensue very 
rapidly once definite yield has begun. Where wear 
and corrosion are important factors the damage to 


| the rope may be localised within a few inches, but 
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in other cases the breaks in the wires generally 
extend over some feet. 

The character of the fractures shows that failure 
is due primarily to fatigue and the report analyses 
in detail the progress of these “slow fractures.” 
It is noted that data from endurance tests on 
wire are lacking but that it is generally believed 
that the load, which can be indefinitely repeated, 
is a lesser fraction of the ultimate strength than in 
the case of structural steel. It is also claimed 
that the safe range of stress is less when the 
stress is pulsating than when it is alternating. This 
view is rather in conflict with current ideas, but 
is certainly supported by Wohler’s experiments. In 
these, wrought iron was the only material tried in 
which the safe range of stress appeared to be greater 
under pulsating than under reversed stresses. How 
far it is permissible to extrapolate experience with 
ordinary steel to work-hardened wires is, of course, 
an open question, and there seems room for direct 
experiment on the endurance limits of these very 
special products which differ markedly from ordinary 
structural materials. Thus Lord Kelvin has stated 
that the steel wires used in his sounding apparatus 
could be stressed to no less than 166 tons per 
square inch. In the case of ordinary materials it 
has been found that there is a direct co-relation 
between the ultimate strength and the endurance 
limit. It would be interesting to see whether this 
also holds good for hard drawn wire. 

It is curious to note the change in our ideas about 
the nature of fatigue fractures, which has been 
brought about by the progress of metallographic 
studies. In the “ eighties ” of last century fatigue 
failures were invariably attributed to a crystallisa- 
tion and consequent embrittlement of the metal, a 
view which was based on the characteristic crystal- 
line appearance of the broken surface, which differed 
markedly from the fibrous character developed in 
ordinary tensile tests. It is now, however, common 
knowledge that even fibrous metals have a crystal- 
line constitution, and that the ductility of the metal 
in the neighbourhood of a fatigue fracture is unim- 
paired. 

That fatigue was the main cause of the wire rope 
failures described in the report very clearly 
brought out by the photographs of the broken 
ends. The wires apparently fail one by one, each 
fracture starting at a crack which extends radially 
into the wire; in many cases the whole broken 
end is normal to the axis. In other cases, however, 
the crack after it has proceeded radially for some 
distance takes a more longitudinal direction and 
part of the fracture is thus oblique. This change 
of direction is attributed to bending stresses which 
otherwise are not credited in the report with playing 
any prominent part in the breakage of winding 
ropes. In this connection it may be noted that 
tests made in connection with the construction 
of the great Delaware River suspension bridge 
showed very definitely that the strength of a cable 
2} in. in diameter bent round a cylinder 32 in. diameter 
was 11 per cent. less than if tested “ in the straight.” 
lt appears, moreover, that in the case of pit winding 
ropes the wires as delivered from the drawing plant lie 
naturally in a coil of 18 in. diameter, so that the 
mere process of straightening them in the rope- 
making operation must involve the production of 
severe internal stresses. The computers, who main- 
tain, that the elastic limit fixes the working strength 
of a material, would no doubt regard this as highly 
alarming, but they are not the only people 
impervious to such teachings of experience as tend 
to disturb their confidence in their calculations. 

In service the strands and wires of a winding rope 
rub over each other causing internal wear and ultima- 
tely rupture of the inner wires. Under this action, 
moreover, the lubricant with which the core was 
originally charged is gradually extruded or decom- 
posed, and this leaves the way clear for internal 
corrosion, against which the application of lubricants 
to the external surface of the rope is an inadequate 
safeguard. The consequent roughening of the surface 
of the wires is held to reduce the resistance to fatigue, 
since experiment has very definitely demonstrated 
that ‘the endurance of a specimen is increased by a 
high surface finish. 

From the practical standpoint, the most important 
conclusion to be derived from the material of the 
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report is that mere seman can disclose little of 
value about the safety or otherwise of a winding 
rope. The damage is mainly internal. Fortunately 
in the absence of corrosion or other special causes it is 
largely localised in the neighbourhood of the capping, 
so that if a few feet are cut off here every few months 
not only is the most dangerous part removed, but 
an examination of this will give a good idea about 
whether the rope as a whole requires renewal. The 
other danger spot is at the upper end of the rope 
where it passes over the pulley or drum and where 
wear may occur owing to slipping during retardation 
or acceleration. The removal of a few feet of rope 
near the capping mitigates this evil also, since the 
wear is transferred to another portion of the rope. 


GAS CYLI N DER RESEARCH. 


Durtne the past few days reports have been 
issued bringing to a close the work of the Gas 
Cylinders Research Committee of the Department 
of Scientific and Industrial Research, the com- 
mittee now being dissolved. Appointed in 1918, 
this Committee has been unfortunate, both in the 
manner of its inception and in its terms of reference. 
The body was appointed under most unusual 
conditions. Without any demand on the part of, or 
reference to the industry involved, or the suggestion 
by the Home Office that that industry was creating 
unnecessary risks, the Government proceeded to 
appoint a body of scientific men to review the 
general subject of the storage and transport of 
compressed gases in cylinders. Further, while the 
recommendations of the committee bear upon trade 
practices, certain other trade practices have been 
taken as being excluded. The result is that for the 
ten years or so during which the members of the 
committee have devoted themselves to their task, 
the industry has, so to speak, hardly known where 
it stood. In view of the fact that large quantities 
of what the bulk of the trade here regards as un- 
suitable cylinders, were on the market at the time, 
as a result of the cessation of hostilities, it has some- 
what naturally been surmised that the general 
inquiry, which was thus instituted, without even 
the suggestion to the trade that its methods had 
proved a failure, was intended to decide upon the 
suitability or otherwise for commercial purposes of 
this war stock which did not conform to the accepted 
practice of this country. 

As a matter of fact the work of the committee 
does not seem to have resulted in great advance 
in any direction, though clearly it has gone into the 
various technical phases of the subject in a thorough 
manner. The most important result of the com- 
mittee’s work would appear to be the finding, made 
in their first report of 1921, that cylinders for per- 
manent gases made of 0-45 carbon steel might be 
adopted as an alternative to the 0-25 per cent. 
carbon steel approved by the Home Office Com- 
mittee of 1895. This allowed the raising of the 
working stress from 8 tons to 10 tons per square inch, 
and a reduction of weight of the order of 20 per 
cent. It is noticeable that in the Fourth Report 
just issued, and devoted to the subject of cylinders 
for liquefiable gases, the committee decide in 
favour of 0-20 to 0-25 carbon steel, and definitely 
do not recommend 0-45 carbon steel for this service. 
This attitude is adopted merely, it seems, on the 
strength of the fact that the possible saving in 
weight, giving in the case of permanent gases some- 
thing of the order stated above, is negligible in 
connection with the transport of liquefiable gases, 
when the weight of the charge is so much larger a 
proportion of the whole. The report further states 
that during the long period that 0-25 carbon steel 
has been in use for this purpose it has generally 





proved satisfactory, so that from this it would seem | 


that the previous practice of the trade has been on 
satisfactory lines. It is, however, curious, to say 
the least, that the exclusion of 0-45 carbon steel | 
should be based mainly, as it appears to us, on the | 
side issue of weight, and not argued on the merits or | 
demerits of the material per se. One cannot refrain | 
from thinking that though the high carbon steel 
may be permissible, the preference of the committee | 
themselves lies with the 0-25 carbon material. 

The fourth report, just issued, contains a number | 
of further recommendations, covering other points 
relating to material (such as analysis) and manufac- | 
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ture, filling ratios, testing, &c., and in most of these 
respects, we understand, the recommendations are 
not of a type to cause any undue disturbance of the 
trade. They go to show, on the whole, that the 
more responsible side of the industry has been 
conducted on sound lines on which little improve- 
ment is required, and it must be gratifying to the 
leading firms interested to find that so able a body 
of men as that forming the committee are so favour- 
ably inclined to accepted practice. 

The third report, also just issued, deals with 
alloy steel light cylinders for special uses. This 
report deals with various alloys, and by a process 
of elimination arrives at the conclusion that a 
nickel-chromium-molybdenum steel is best suited 
to the purpose. Such materials as Duralumin, 
nickel steels, and nickel-chromium steels are, for 
one reason or another, rejected. The desired 
composition is placed at : Nickel 2-5, chromium 0-6, 
molybdenum 0-6, manganese 0-6, carbon 0-3, silicon 
0-15, sulphur 0-04 maximum, phosphorus 0-03 
maximum. This material is suggested for limited 
and special uses, where smallness and portability 
are prime essentials and would take precedence 
of price. Both reports contain much intcresting 
information on the materials, &c., discussed, 
including, of course, data resulting from work at 
the National Physical Laboratory, carried out 
expressly for the committee. 

The committee having now finished its labours, 
it remains for the Home Office to reinstate the 
industry on the stable basis which it enjoyed before 
it was disturbed by post-war disposal schemes. 
We notice that the first report of the committee is 
now out of print, but that a summary of the recom- 
mendations therein made, “ with revisions,” is in 
the press and is to be expected before long. In its 
final report the committee states that it decided 
that certain very important questions regarding 
trade practices were outside its scope. Two very 
vital points occur in this connection; the first is 
whether the acceptance by one firm of the test- 
marks of another should be permitted, and the other 
is whether private ownership of gas cylinders should 
be allowed. It is to be hoped that these matters 
will be dealt with in the new regulations which must 
tollow the work now concluded, and for the general 
safety, that the rules will be found to be on the 
lines which have been adopted by the reputable 
firms engaged in the industry in the past, and which 
undoubtedly have contributed to immunity from 
accident. 





OUR LANGUAGE QUESTION. 

WE have heard a great deal lately, and quite 
rightly so, about the need for improvement in our 
selling methods. It is only right that we should 
take stock in these matters from time to time, and 
by means of a general review see if we cannot put 
ourselves in a better position to do business with 
others. The British Industries Fair commonly 
affords an occasion when people get together and 
discuss, or are expected to listen to, suggestions, 
old and new, about possible lines of work. This 
year among the more prominent subjects has been 
the question of language. It was introduced by 
H.R.H. the Prince of Wales at the Mansion House 
dinner; it was the subject of a recent address by 
Mr. F. W. Goodenough ; and the first leader last 
week in our contemporary The Engineer was 
devoted to it. We consider, therefore, that, for 
the moment, the topic has been adequately treated. 
It is not by any means new; indeed, what can be 
said now is merely by way of variation on, and 
modern rendering of, the original air introduced years 
|and years ago. But we are a people slow to learn, 
and all the intervening years have not taught us 
| our lesson ! 
| The point of the whole argument is that we should 
address people in the langugage of their country, 
| and in this we may say the Government has adopted 

'a most commendable and exemplary attitude. 
|The Department for Overseas Trade circularises 
foreign countries, in connection with the Fair, in 
quite a large number of languages. With this nice 
eye to the feelings of the peoples of other lands, 
it would be expected that the Department would 
have an equal regard to the use of owr language in 
our country—yet we fear this is far from being 
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so. Indeed, it seems inclined to ride rough shod over 
many of our little prejudices ! 

Our readers are well aware that each week we 
devote space in our columns to abbreviated an- 
nouncements of trade openings, in the hope that 
British traders may avail themselves of the facts 
brought to their notice. These notices are based on 
reports “eceived from the Department of Overseas 
Trade. Sn connection with such reports we recently | 
thought it well to draw the attention of the Depart- 
ment to the fact that, at times, its language was 
liable to be confusing and could hardly be taken as 
correct for this country. 

We referred particularly to the use of the word | 
“ truck.” The Department uses the word “ truck,” | 
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| 
car-builders, &c. Why, anyway, appeal to a | Chief Engineer and Secretary to the Government of 
society for the testing of materials when all the| Bombay Public Works Department, and to C. T. 


car specifications, &e., used to be drawn up by the 
old Master Car Builders’ Association of much 





Mullings, Engineer-in-Chief, Cauvery (Metur) Project, 
Madras. Sir C. D. M. Hindley, late Chief Commis- 


greater age, and now merged into the American) sioner of Railways, receives the K.C.I.E.; and 


Railway Association, which continues the good 
work, and the car and railroad industries can them- 
selves give quite good authority for the words ? 


NOTES. 
MEMORIAL TO THE LATE Str ALEXANDER 
KENNEDY. 


We have previously drawn attention to the 
proposal that a lasting memorial should be created 


in its communications, where clearly the reference | memory of Sir Alexander Kennedy, and it may 
is to railway wagons, while it issues simultaneously | pe recalled that, in connection with the Centenary 
statistics relating to “ trucks,” as plainly intended | Celebrations of University College, a movement was 
to refer, after the American mannev of speech, to | inaugurated to endow the Chair of Mechanical and 
road vehicles. On representing to the Depart- | Civil Engineering for this purpose. We believe that 
ment that the words wagon or freight car might be | this movement has the sympathy of all engineers 
better in the former case, and motor lorry in the | who are familiar with Sir Alexander’s work, which, 


| Messrs. E. E. Gunter, late Director of Persian Gulf 
| Telegraphs, Indo-European Telegraph Department, 
‘and J. M. D. Wrench, Chief Mechanical Engineer, 
|Great Indian Peninsula Railway, Bombay, are 
| awarded the C.I.E. 


Tue Institution oF Civit ENGINEERS. 

The annual dinner of the Institution of Civil 
| Engineers, held on Wednesday, was characterised 
by speeches which, in a way, broke rather unusual 
ground. The toast list was short, and the speeches 
also were mostly managed on similar lines. 
the loyal toasts, Mr. E. F, C. Trench proposed the 
toast of the Imperial Forces, referring to the mutual 
indebtedness of the Nation to the Navy, Army and 
Air Force, and of these services to the civilian 
engineers. The reply by the First Sea Lord, 


After 











latter, in communications intended for the traders | 
of this country, we have been favoured with a} 
very courteous reply, the substance of which we | 
feel it necessary to communicate to our readers 
for their edification. 

In the first place we are told that the United 
States term “truck” is being adopted in many 
parts of the world, including this country, to 
signify a motor lorry. “A prominent British 
firm,” the Department continues, ‘‘ has adopted the 
word, and it seems probable that the word ‘ lorry’ 
will eventually be displaced from common use.” 
We all know that a straw is supposed to show which 
way the wind blows ; but again we argue that one 
swallow does not make a summer, and we do not 
think it right for a Government department to 
assume and anticipate the early decease, and ring 
the death knell of a good British word which has 
served this country very well and, in spite of what 
we are now told, shows every sign of continuing to 
do so. The Americanism certainly has not been 
adopted here in any recognised sense, and because 
a single maker has adopted it there is no 
reason why a Government department should cease 
to address us in our own tongue. After all, we have 
a perfectly good language—so good in fact that 
most countries reckon a knowledge of English is 
indispensible to business. It is not American 
which they learn—in fact in America they also 
learn English, except possibly in Chicago. It is 
well known by Americans themselves that their 
country is developing a language based on no 
scientific principles and amenable to no laws of 
grammatical analysis. There is ample proof of this 
in their general conversation, Press and business 
communications. Clearly then it is the duty of our 
Government departments to see that they speak 
and use our language by preference. Even if the 
Department of Overseas Trade wishes to emulate 
the autocratic methods of the B.B.C., in view of 
the efforts it puts forth to push British products, 





one would have thought a preference at home for 
a foreign article not a little inconsistent with its | 
other activities. 

On the subject of “ trucks,” when intended to | 
imply railway wagons, the Department is not so 
dogmatic ; in fact it is only informative. We are 
informed, precisely for what reason is not explained, 
that “ for railway vehicles the American Society of 
Testing Materials and many other bodies of an 
official and semi-official nature use the word ‘car’ 





uniformly to indicate a railway goods wagon.” 


as is well known, embraced not only the two premier | 


branches of engineering, but was also largely con- 
cerned with electrical work. Possibly, however, 
Sir Alexander will be best remembered for his 
pioneer work in engineering education, and the form 
of memorial which has been selected to perpetuate 
his memory is particularly apt on this account. 
The engineering laboratory which he established at 
University College was the first of its kind in this, 
or any other country, and it may be doubted whether 
even Sir Alexander’s wide vision embraced the 
enormous advance in the methods of engineering 
education which have resulted from this step, Some 
time before his death, which occurred early in 
November last, he consented to the Chair which he 
had occupied with such distinction being called after 
his name. A sum of 30,000/. is required for the 
endowment of the Chair, of which some 18,0001. 
have already been subscribed, leaving about 12,000/. 
still to be raised. Contributions to this fund should 
be sent to the Right Hon. Lord Meston, Chairman 
of the Centenary Fund, University College, London. 


THe New Year Honours List. 


The New Years Honours List was issued on 
Friday last, publication having been delayed for 
two months owing to the illness of H.M. the King. 
The list will be found to contain a greater number 
than usual of those whose names can be more or less 
closely connected with engineering. The majority 
of these, to all of whom we offer our congratulations, 
however, occupy Government positions, and their 
appearance is therefore largely a recognition of 
official status. Of the large number of “ unofficial ” 
engineers who are doing good work there is little 
mention. A baronetcy has been awarded to 
Mr. W. R. Morris, whose activities in designing and 
marketing British motor-cars will be well known to 
our readers and fully deserve this high honour. 
Knighthoods have been conferred on Lieut.-Colonel 
J. F. H. Carmichael, Engineer-in-Chief to the Crown 
Agents for the Colonies ; on Professor J. A. Fleming, 
F.R.S., Emeritus Professor of Electrical Engineering, 
University College, London: on Mr. J. Jackson, 
Deputy Chief Inspector of Factories; on Mr. G. A. 
Julius, Chairman of the Council for Scientific and 
Industrial Research, Australia; and on Colonel 
T. F. Purves, Engineer-in-Chief of the Post Office. 
The C.B. has been awarded to Engineer-Rear- 
Admiral H. F. Smith and Mr. L. H. Savile, Civil 
Engineer-in-Chief, Admiralty. The G.B.E. has 
been conferred on Sir W. S. McCormick, Chairman 


Why this little tit-bit is dished up for our special | of the University Grants Committee and of the 


benefit is not clear. 
state how it is to serve either us or them; we} 


lo not think it can be really intended for us, for, | Hurcomb, Permanent Secretary, Minister of Trans- | 


The Department does not | Advisory Council of the Department of Scientific 


and Industrial Research ; the K.B.E. on Mr. C. W. 


bless them, we have known all about these things | port ; and the C.B.E. on Mr. G. E. Suter, Construc- 


or much longer than the Department of Overseas | tive 
lrade or even the American Society for~Testing | J. J. Burton, Chairman of the Advisory Committee | 


Materials has been in existence! We have often, 
in their proper places, used such terms as box- 
car, gondola, flat-car, caboose, hopper car and so 
on (and without reference to the American Society 
‘or Testing Materials), but all this does not alter 
the fact that in railway parlance here wagons, and 
wagon builders, wagon repairers, wagon sidings and 


Manager, Portsmouth Dockyard. Messrs. 


on Metalliferous Mining and Quarrying Industry ; 
F. H. Grose, Superintending Civil Engineer, 


Admiral Sir C. E. Madden, laid stress upon the 
work of the engineer in providing harbours, docks, 
roads, and other facilities without which the 
Services would not be able to perform their duties, 
and referred to the work at Singapore, and the 
recent evacuation of civilians from Kabul as the 
class works for which engineers are nowadays 
responsible. The toast of the Institution was 
proposed by Lieutenant-Colonel the Right Hon. 
Wilfred Ashley, Minister of Transport, who referred 
to the work of the Electricity Commissioners 
especially, and stated that shortly the schemes 
approved, now covering 63 per cent. of the popula- 
tion, would cover no less than 97 per cent. The 
Charing Cross bridge scheme, he hoped, would 
result in the complete remodelling of the Waterloo 
Station area, and Sir E. Lutyens had been retained 
in connection with the town-planning aspects of 
this matter. Sir Brodie Henderson, President of 
the Institution, in reply, drew the attention of those 
present to an Empire Trade Fair, organised by the 
British Chamber of Commerce at Buenos Ayres, 
to be held next year, and made the welcome 
announcement that British engineers would, he 
hoped, be well represented at the forthcoming 
World Engineering Congress, to be held in Tokyo in 
the autumn. Quite a number of papers had been 
sent in for this by members, and a fair number of 
engineers had signified their intention to be present. 
The toast of “‘ The Guests ” was admirably proposed 
by Sir J. F. C. Snell, and was replied to by His 
Excellency Tsuneo Matsudaira, the Japanese 
Ambassador, and by Sir John Anderson, His 
Excellency stated that some similarity existed 
between engineers and diplomatists. The former 
built bridges and made communication easy; the 
latter built bridges of goodwill between the nations, 
and helped to make intercourse between peoples 
work smoothly and harmoniously. It was only 
70 years or so since Japan had taken a place in the 
family of modern nations, and they owed much of 
their progress in that time to engineers. He was 
glad to know of the interest taken here in the World 
Engineering Congress, to be held in his country, 
and was sure the event would serve the dual purpose 
of advancing science and cementing friendship 
between the nations. 


EGYPT AND THE ASSOUAN DAM. 


Interest which has been evinced in the report of 
the Commissioners on the raising of the Assouan 
Dam, and in our article on irrigation in Egypt, 
prompts us to revert to the general subject, in 
view of the fact that the statement made by the 
Minister of Public Works to the Council of Ministers 
on the proposals is now available. In the first 
| place, we should, perhaps, make some correction 
| of the sums which we stated had been allocated to 
various objects in the programme before the 
| Council. It now appears that instead of ££4,000,000 
| being allocated to the heightening of the Assouan 








so on, are spoken of and not truck repairers or | 


Devonport Dockyard; G. E. Hunt, Municipal | Dam, this work is expected to absorb ££3,800,000, 
Engineer, Khartoum ; Major J. A. Sadd, Superinten- | while for the work at Gebel Aulia the sum of 
dent, Munitions Department, Portow, receive the | ££3,500,000 is allotted, in place of the ££3,000,000 
O.B.E.; and J. A. B. Jones, Assistant Electrica] | mentioned on the basis of preliminary statements. 
Engineer, Sudan Government Railways the M.B.E, | Taken together, the figures are not far from the 
The C.S.I. is awarded to Messrs. R. T. Harrison, ! total we gave for these two undertakings, _ while 
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information is now available on proposals which 


carry the contemplated expenditure very much 
further. In the next ten years, the expenditure of 
no less than ££24,000,000 is contemplated on irriga- 
tion works alone. In addition to the matters 
referred to above, some ££3,500,000 will be allotted 
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feddans now in cultivation, is expected to absorb 
some ££7,850,000. This sum it is proposed to divide 
up as follows :—For main and branch drains for 
lands at present uncultivated ££1,080,000; branch 
canals for uncultivated land and additional chan- 
nels for land at present insufficiently supplied, 
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amount, of nearly ££17,000,000, could bespread more 
evenly, though obviously it is desirable to push on 
with the works early if further water is to be made 
available. 

In view of the national importance to Egypt of 
the dam as it exists to-day, and of the proposals 
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to work on the strengthening of the Delta, the 
Assiout and Esneh barrages, some ££2,000,000 
being spent on the first. A further ££4,500,000 are 
allowed for the conversion to perennial irrigation 
of the basins supplied by the Nag Hamadi and 
Assiout barrages. Further development in the 


Delta, where land will be reclaimed to the extent of 
another 400,000 feddans, and where improved 
irrigation and drainage are required for 400,000 
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££2,150,000; main canals in connection with the 
foregoing ££2,150,000 ; and major masonry works, 
££350,000. 

The whole sum of ££24,000,000 will, it is suggested, 
be spread over ten years, but the expenditure 
cannot be uniformly distributed over this period. 
The storage works will, it is hoped, be completed 
by the end of the financial year 1933-34. These 
will account for ££7,300,000, while the remaining 
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to increase its height, we reproduce herewith, in 
Figs. 1 and 2, two drawings showing the effect of 
merely raising the height of the dam without adding 
support. These figures are taken from a report, 
presented in 1928, by the then Director-General 
of Reservoirs, Mr. A. B. Buckley, M.Inst.C.E., to 
the Egyptian Minister of Public Works. The 
design allows for raising the height of the dam by an 
added mass of masonry having vertical up and down- 
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stream faces, but recessed on the down-stream side 
by a series of large arches. It will be noticed from 
Fig. 2, that the resultants fall well within the 
middle third as required by modern practice, so 
that even this design, in which no additional 
support is provided, gives every assurance of 
proving satisfactory. 

However, to make assurance doubly sure, in the 
case of such vital work, in which any risk would 
threaten absolute disaster to the country, it will 
be agreed that a design embodying added support 
is probably preferable, and this is what the recent 
Commission has decided upon. The Commission 
specifies a number of essentials which we repro- 
duced on page 177 ante. Among these will be found, 
placed first, the requirement “‘that it (the added 
work) should be of such design that all the stresses 
are determinable.’’ To this end the proposed but- 
tresses are to be separated from the old masonry 
by non-corrosive plates, allowing them to expand 
and contract independently. The buttresses are 
shown in the drawings to be let into the rock or 
apron work below the dam, and the lower portion, 
and at least as far up the buttresses as sluice-floor 
level, would thus seem to be intended to be mono- 
lithic with these parts. If this is the intention, or 
the parts actually take this form in fact, it is not 
easy to see how it can be held that the design 
enables the stresses to be determinate. The partial 
fixture of the lower portion seems to make it diffi- 
cult to calculate exactly the amount of the load 
which can actually be taken as giving support to 
the old structure. 

As has been clearly realised by the Commission, 
the question of temperature is a most important 
one in connection with this work. The yearly 
range, according to meteorological records, is about 
72 deg. F., and the range in one month is as much 
as 33 deg. F. The sun temperatures, of course, are 
much greater. The Commission has allowed for 
this effect, by permitting the new work freedom 
of movement on the old. An interesting point 
arises, however, in view of this great range, in 
connection with the relative expansion of concrete 
and the proposed granite facing. The new work is 
evidently intended to take up its own temperature 
independent of the main mass, and, on account of 
its own relatively small volume, may undergo 
very considerable changes. Since the coefficient 
of expansion of granite is roughly of the order of 
half that of concrete, the question arises whether 
such facing will prove satisfactory under these 
conditions. For parts of the proposed work, at 
least, it looks as if this may be a point of some 
moment. 

The two other illustrations reproduced in Figs. 
3 and 4, represent the modified form of Sir Ben- 
jamia Baker’s original proposal to support the 
dam by a backing of earth or sand. This proposal 
we referred to in the article on page 171 ante, as 
having been put forward by Mr. A. B. Buckley 
when Director-General of Reservoirs. The illus- 
trations are practically self-explanatory, Fig. 3 being 
a down-stream elevation and Fig. 4 a transverse sec- 
tion. The proposed supporting work consists of a 
bank of sand faced with pitching, and carried above 
the sluice level on an arched deck, partly supported 
on a skewback cut in the old work and decking 
carried on piers between the sluices. By propor- 
tioning the design it will be seen that this method 
could be adapted to give any desired effect over 
a very considerable range, with the possibility of 
calculating the minimum support with sufficient 
accuracy. It may be added that, in appearance, 
this scheme is not without merits. 


THE LATE SIR WILLIAM ROWAN- 
THOMSON, K.B.E. 
By ALEXANDER Ramsay. 

By the death of Sir William Rowan-Thomson, 
which occurred on February 26, last, engineering 
in the west of Scotland has lost one of its familiar 
figures. He had not only a lifelong but a tradi- 
‘ional connection with the industry. His father 
was John Thomson, an engineer and ironfounder 
of Glasgow. He was educated at Glasgow Academy 
and University, and at the Royal Technical College 
in that city. He married the daughter of David 
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Rowan, the marine engineer and boilermaker, and 
most of his activities were connected with that 
company. During the war he rendered notable 
service to the country as a member of the Ship- 
building Advisory Committee and as a director of 
Auxiliary Ship Engineering. He was also chair- 
man of the West of Scotland Munitions Manage- 
ment Board. His later activities included member- 
ship of the Clyde Navigation Trust and a seat on 
the board of one or two industrial concerns. 

It is probably true, however, that his name 
became best known through the publication and 
propagation of the Rowan premium bonus system 
of payment by results. This system was designed 
to encourage the development of the piecework 
basis of remuneration, and attracted considerable 
attention. But excellent as it is, as applied to 
certain kinds of production, it has not been very 
generally adopted for reasons which may emerge. 

The whole advantage of remuneration by piece- 
work rests on the fact that it directly links up the 
efforts of the individual workman or group of 
workmen to the wages paid. It is a common-sense 
conclusion that if a piece of work is assessed at a 
certain value and a man paid for what he produces, 
the results in output are likely to be better than if 
all individuals are paid a flat rate irrespective of 
their natural ability or the energy they display. 
Moreover, the employer will know exactly what a 
piece of work will cost him in direct labour. 

On the other hand, it is quite obvious that, on 
certain classes of work, it is extremely difficult to 
fix a piecework price. The making of an intricate 
pattern or an elaborate jig are cases in point. If 
an under-estimate should be made, it will soon be 
found that the inducement to the workman is so 
small that all piecework incentive is removed. If 
the price is fixed too high, the employer will find 
himself paying greatly {enhanced rates for his 
work without any corresponding advantage. In 
a general engineering works, where jobs may vary 
from week to week, and sometimes from day to day, 
the fixing of a straight piecework price on a basis 
that would be acceptable to both employer and 
workman is a difficult and hazardous business. On 
erection work, too, the conditions are sometimes of 
such an uncertain character that to assess a firm 
and equitable price is a virtual impossibility. It 
very frequently happens, therefore, that workmen 
of the highest skill employed on work of the most 
difficult character are remunerated on a basis which 
does not compare favourably with that of other 
men employed, say, on machine work of a repetition 
character, where price fixing affords no difficulty. 

The Rowan system was designed to overcome 
these difficulties, and, to some extent, succeeds in 
doing so. It introduces into the basis of payment 
what is in effect an insurance against inaccurate 
or bad rate fixing. It is based on the principle that 
if a man is allowed a certain time to do a job and 
does it in a less period, the time thus saved, or its 
equivalent in money, will be distributed as between 
the employer and man in certain proportions. For 
example, if a man on straight piecework were given 
100 hours to do a job and did it in 50 hours, he 
would make 100 per cent. bonus on his time rate of 
wage. Under the Rowan system, the man, having 
saved 50 per cent. of the time allowed him, would 
have 50 per cent. added as bonus to the time which 
he actually took. In other words, instead of receiving 
50 hours by way of bonus, he would receive only 
25 hours. 

A formula has been evolved which expresses it in 
another way :— 

Bonus earned in hours = — = MBendi 
Time allowed. 


In the case under review, the formula would operate 











as follows :— 


Bonus earned in hours 25 hours. 


Most producers are aware of the circumstance 
that whilst piecework prices are constant for the 
same article, the speed and efficiency, and conse- 
quently the earnings of the workmen, vary very 
considerably. This is particularly noticeable with 
hand workers, such as patternmakers and moulders. 
Even in machine work, where practically all the 
factors except the human one are measurable, a 





considerable difference is found in results.: It ig 
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claimed for the Rowan system that the slower mari 
earns considerably more than he would under the 
straight piecework system. The highest earner, as 
has been seen, is subject to certain restrictions. 
There is consequently less contrast between the 
highest and lowest earners, which, it is claimed, 
prevents discontent and produces more stable 
conditions in the factory. 

It will be at once evident that, whereas under the 
system of straight piecework a man’s piecework 
bonus might reach fantastic figures, under the 
Rowan system there is a very definite control of the 
maximum amount which may be earned. As already 
indicated, from the point of view of certain lines of 
manufacture, this is a great advantage. Yet it is 
probably this very factor of the division of time 
saved which has militated against the more general 
adoption of the system. 

Just as the average man resents giving something 
for nothing, the average workman is absolutely 
definite in his determination not to share what he 
conceives to be the direct result of his labour with 
anybody, least of all with his employer. Yet there 
is reason to believe that frequently this is what he 
conceives the Rowan system to impose upon him. 
In other words, he is given a time upon which he 
saves, and he conceives the employer to extract for 
himself a part of the time saved. The basis of 
equity upon which the time was arranged and the 
division provided for, may be quite lost sight of. 

It is difficult to see how this inherent objection 
to the system on the part of some of the workers 
can be overcome, except by explaining in the clearest 
terms the principle and equity of its operation, and 
on a basis of mutual trust between the parties. 
In many directions there is a disinclination to 
operate even the system of straight piecework. 
It is not infrequently held that it introduces an 
element of unnecessary competition between man 
and man, and generally results in making the life 
of the worker more arduous. When this wrong, 
but widely held, opinion is reinforced by a suspicion 
that the worker is not being dealt with quite fairly, 
progress is made difficult, if not impossible. 

If the application of the system were simplified as 
much as possible, if its method of operation were 
made quite clear to the workers, if they were per- 
suaded that the basis times allowed provided for 
their reasonable remuneration, if it were possible to 
overcome the inherent belief that the employer 
was taking advantage of their efforts, there is no 
reason why the Rowan system of premium bonus 
should not be extended in its practice, with con- 
siderable benefit to many forms of production. 


KING’S COLLEGE, LONDON, 
CENTENARY APPEAL. 

In our issue of November 16, 1928, we gave a 
short account of the history of King’s College, 
London, the centenary of whose foundation is to be 
celebrated during the present academic year. This 
important institution has, during the whole of that 
time, been seriously hampered by lack of endowment, 
and the anxiety which, even in an educational 
establishment, must be the result of the absence of 
adequate funds, has increased rather than diminished 
with the growing calls made upon its resources which 
have been made since the war. An appeal has, there- 
fore, been launched for a sum of 350,000I., of which 
215,0001. is to be devoted to the endowment of a 
number of chairs, including one in electrical engine- 
ering and another in physics. It may be mentioned 
that at present only about 3 per cent. of the College 
income is derived from endowments, a condition 
which means starvation either of men or of material, 
oreven of both. Such a fund as it is hoped to collect 
will, therefore, relieve the ‘fee income” from 
supporting the chairs concerned, and will enable 
staff and materials, more adequate to present needs, 
to be provided. It is, perhaps, hardly to be expected 
that those who could open their purses in such a 
cause, will do so without knowing something of the 
value of the work the College has done in the past, 
and is doing in the present. The larger part of its 
duty, of course, consists in fitting students for the 
professions they wish to enter, but an important 
remainder consists of investigations which the 
professional and other staff carry out to assist the 








ENGINEERING. 


[Marcu 8, 1929. 


306 
| like a record of naval miscarriages. It is an inter- 
esting, but disturbing piece of work. 

The historian’s narrative begins in June, 1916, 
and ends in April, 1917. Seven months of this 


progress of science, and thus, more or less, directly to | getic career during which he accomplished so much. 
contribute to the well-being of the country generally. | He apparently took a keen interest in engineering 
This being the case we were glad to have the | matters from early childhood, and, when after his | 





opportunity recently of inspecting the Physics and | brief career in the Navy, he was sent to Harrow 
Electrical Engineering Departments of the College | School, he began work on a full-sized road engine 
and of hearing from the heads of those departments, | during his holidays. He joined the Army in 1864, 
Professors E. V. Appleton and Ernest Wilson, some- | being gazetted into the Rifle Brigade, and in the 
thing of what has been done in them during the | autumn of that year was sent to the North West 





period were months of anticipation. From the 
very beginning the Admiralty seem to have had no 
doubt that the Germans would, sooner or later, start 
|an unrestricted submarine campaign against com- 





past century. As regards physics, the occupants of | Indian Frontier. Colonel Crompton remained in} merce, and were, in a sense, simply waiting for it to 
that chair in the College form a distinguished band. | the Army until 1875, and during his ten years’ begin. In this they were right; but they very 
Beginning with Wheatstone, they comprise Clerk | service in India definitely established the practic- |much exaggerated the influence of Jutland upon 


Maxwell, W. Grylls Adams, H. A. Wilson, C. G. | ability of Army mechanical transport by a steam 


Barkla and O. W. Richardson. Wheatstone was, | 
of course, responsible for the development of a 
telegraph, the  self-exciting dynamo and _ the} 


road train in that country. At that time the work 
appeared ultimately unlikely to come to fruition, as 
on the death of Lord Mayo, who had been interested 


the plans of the German naval staff. They appear 
to have been taking it as axiomatic that Admiral 
Scheer would never risk a fleet action again. In 
point of fact, the German admiral was so little 
overawed by the results of the battle that he came 





| 





measuring bridge, which bears his name, and ex-|in and supported it from the first, it was suddenly 
amples of his early models are in the possession of | dropped. This work, however, led directly to|over to the British coasts in August, 1916, and 
the College. The pioneer work of Clerk Maxwell, | Colonel Crompton’s work during the South African | would certainly have been brought to action but for 
and its influence on radio communication, need only | War and to the development of a mechanical trans- | the intervention of what may justly be called an 
be mentioned here for its importance to be realised, | port department by the War Office. extraordinary chance of the sea. This sudden 
while in recent years Professor Richardson and| After Colonel Crompton’s return from India, he | irruption of the High Seas Fleet into British waters 
Professor Appleton have carried out investigations | was engaged in various engineering enterprises for! was made only two months after we had been 
in the same field, notably on the laws underlying | a few years, and then became interested in electrical ' sounding the bells to celebrate a victory. The 
the action of valve filaments and on the Heaviside work, and founded the manufacturing firm which | Admiralty issued a very reticent communiqué about 
layer. It may be mentioned that a feature of the | still carries his name, but with which he severed his | jt; and the public continued to believe that the 


physics training course is that, during his last year, 
the student is engaged in practical research. 

The work carried out in the Electrical Engi- 
neering Department has been of equal benefit to 
science and industry. A separate department in 
this subject was established in 1890, under the 
control of John Hopkinson, and, since his death in 
1898, the chair has been occupied by the present 
holder, Professor Ernest Wilson. To the first of 
these pioneers we owe the theory of the parallel 
running of alternators, while Professor Ernest 
Wilson has painstakingly investigated the electrical 
properties of aluminium, and his results have been of | 
the greatest use in the design of the transmission | 
lines, which are to form the “ grid.” He has also | 
thrown a great deal of light on many difficult 
magnetic problems. At the present time, researches 
on insulation material are being undertaken by the 
department for the British Electrical and Allied 
Industries Research Association, and the laboratory 
is so arranged that tests on a great variety of plant | 
can be carried out by the students, under industria! | 
conditions. 

There is, therefore, ample evidence that the appeal 
is worthy of support, and that support we hope it 
will receive. Donations may be sent to one of the 
treasurers—Mr. Reginald McKenna or Sir Edward 
Troup—at the College, or to Messrs. Coutts and | 
Company, 440, Strand, London, W.C.2, for the | 
credit of King’s College Centenary Appeal Account | 
or the Physics and/or Electrical Engineering Endow- | 
ment Fund. 
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R, E, Crompton Reminiscences. London: Constable & 


Co., Ltd. [Price ]4s, net.] 
THE history of engineering has been a somewhat | 
neglected subject in this country, although the | 
Newcomen Society is now doing much to collect 
and codify the scattered information which research 
is able to bring to light. The field is large, how- 
ever, and quite apart from the very early days, 
or the origins, with which this Society naturally 
largely occupies itself, the last century and, indeed, 
the last fifty years, have seen developments which 
must form a large part of the final and authentic 
history of engineering, if such a work is ever written. 
The advance of the subject has been so rapid that 


in some of its branches engineers are still with us | 


who took part in the earliest developments on a 
practical scale. This applies particularly to electrical 
engineering and to mechanical transport on roads, 
and, in Colonel Crompton, the early days have a 
representative who played a leading part in the 
establishment of both these branches. His Remin- 
iscences form, not only a racy account of an amaz- 
ingly active life, but a very definite contribution 
to the history of the branches of work with which 
his name is particularly associated. 


Rookes Evelyn Bell Crompton was born on} 
May 31, 1845, and as he was in the trenches before | 


Sebastopol in 1856, during the Crimean War, it 
will be realised that he started early on the ener- 


connection many years ago. Much information on 
the early days of the electric light is given in his 
book, together with much that is both interesting 
and amusing concerning his experiences with elec- 
trical work on the Continent, where at one time 
the firm appeared likely to build up a considerable 
business. Much information is naturally given on 
the early days and the famous rivalry between 
direct and alternating current distribution. Dr. 
Ferranti was at that time Colonel Crompton’s great 
competitor in the electrical field and, now that 


controversy on the subject is over and matters | 
| have settled down to an accepted practice, it is 


pleasant to read Colonel Crompton’s tribute to the 
work of his aforetime rival. 

The book is not one to review in detail, and this 
is neither the place nor time to attempt to give a 
detailed account of the author’s career. All those 
who make a practice of attending meetings of our 
leading engineering institutions will know Colonel 
Crompton as an amusing and acute commentator 
on current engineering practice to this day. His 
racy manner has, however, always a very common- 
sense basis, and those who he has entertained at 
Great George-street or elsewhere will find, in this 
work, the same compound of sound judgment and 
bracing expression. The work should be read 
for its inherent interest, quite as much as an im- 
portant contribution to engineering history. 


The History of the Great War, based on Official Documents. 
Naval Operations. Vou. TV. By Sin HENRY NEWBOLT. 
London: Longmans, Green and Company. | Price, 
Text 6s. net. Map Volume 5s. net]. 

Tue fourth volume of the official history of the 

naval war is a striking reminder of the debt that all 

students of naval affairs owe to Sir Julian Corbett. 

Sir Henry Newbolt’s writing has not fallen away 

from the high standard of the previous volumes ; 

but the new historian’s method and manner of 
presentation are so similar to those of his predecessor 


| that he must surely have repeated the words of the 


Latin poet, when he set to work : 
*E tenebris tantis tam clarum extollere lumen 
Qui primus potuisti te sequor.” 

He himself practically admits it in his preface. 

Yet although Sir Henry Newbolt has strictly 
followed the design of the original architect, he 
has been able to improve it slightly in some respects. 
Every writer has faults; and Sir Julian Corbett’s 
were so trivial in comparison to his qualities that 
they were hardly blemishes. But an observant 
reader could detect, in Sir Julian, a desire to present 
naval achievement in a purely congratulatory 
manner, a sort of inner feeling that mistakes were 
more matters for the technical naval writer than for 
the historian to dwell upon. The influence of this 
sentiment is visible in several parts of the preceding 
volumes. Sir Julian Corbett never suppressed 
facts; but he was occasionally reticent about their 
implications. The same can hardly be said of 
Sir Henry Newbolt, and the staff who have assisted 
him in preparing the present volume. They have 
|replaced the reticence of their predecessor by a 
|remarkable candour; and the fourth volume reads 


| High Seas Fleet was still cowering in harbour. 
| This fleet sortie was, however, a distraction. 
Admiral Scheer well realised that the British fleet 
/ outnumbered him by so many ships that he could 
|never force a decision with his battle squadrons. 
He was ready to meet and fight us; he hoped for 
tactical successes in an engagement with the British 
Fleet ; but a German victory at sea was only to be 
obtained by other means and with other weapons. 
During the summer and autumn of 1916, therefore, 
whilst the High Seas Fleet was making these occa- 
sional sorties, the high naval and military commands 
in Germany were striving, with the greatest persist- 
ence and energy, to break down political opposition 
to their plan of unrestricted submarine warfare. Sir 
Henry Newbolt devotes an entire chapter to a 
narrative of the long struggle between Bethmann- 
Hollweg, the Chancellor, and the naval and military 
leaders. The narrative is a striking illustration of 
the power which successful military leaders obtain 
in war. Theoretically, Bethmann-Hollweg should 
have been able to prevent submarine warfare. But 
he admits that to oppose Hindenburg and Luden- 
dorff was counted a sort of Iése nation, by the 
German people. It was not the power of the 
German general staff under the Imperial constitu- 
tion, but the driving force of universal popularity, 
which made Hindenburg irresistible. We, in Great 
Britain, are inclined to believe that our constitu- 
tional practice protects the Government against the 
encroachments of the General Staff or the Admiralty. 
The belief may, possibly, be over-complacent. The 
British Government was never confronted by the 
demands of a really popular general who counselled 
an act of political folly. It is hard to believe that 
if the British public ever became convinced that 
they were supporting the views of some person 
popularly called the “* strong man,” they would be 
| less vociferous, and easier to deal with, than the 
German public, who made Hindenburg’s wishes 
| 








unopposable. In another part of his work—the 
chapter on Greek affairs+Sir Henry Newbolt shows 
| how powerless the British Government was to oppose 
| over-riding and arbitrary dealing. It is true that. 
|in this case, the advocate of extreme measures 
/was an allied government—France—and not a 
popular general ; but a philosophic reader feels that 
| the same directing force controls these lamentable 
acts of policy—the force of popular fury, the clamour 
of millions of ill-informed men, proclaiming king 
Constantine a rascal and his countrymen traitors. 
It is small consolation that the French and their 
| ministers were among them. 

These, however, are the reflections provoked 
by what may be called the excursions of Sir Henry 
Newbolt’s narrative ; his main subject, the growth 
of submarine warfare, is no more comforting. As 
has already been said, he proves that the Admiralty 
were expecting the German decision to start un- 
restricted submarine warfare ; when that decision 
was made it was no surprise to them. During this 
seven months of waiting, the known facts of the sub- 
marine campaign which the enemy was then practis- 
ing, almost amounted to proof that the Admiralty’s 
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system of trade defence was wrongly conceived and 
futile. The Admiralty had then stationed a very 
great number of armed patrol craft all round the 
coast; and when submarines were active in a 
particular area, detachments of destroyers were 
sent to reinforce the patrol craft in the threatened 
zone. Sir Henry Newbolt shows that this system 
neither defended merchant ships nor threatened sub- 
marines. His words are incisive. After describing a 
typical submarine hunt, he sums up as follows: 
* For seven days, two, or at the most three German 
submarines, had operated within an area which 
was watched by forty-nine destroyers and forty-eight 
torpedo boats . . . and by four hundred and sixty- 
eight armed auxiliaries. During this time they had 
heen actively hunted by thirteen destroyers and 
seven Q-boats, each one of which had a surface 
fighting power about double that of any of the 
submarines. Yet, in spite of this immense disparity 
of numbers, the three U-boat commanders had sunk 
more than thirty British and neutral vessels with- 
out suffering any loss themselves. Data of this 
kind had now for some weeks been before the Naval 
Staff... .”’ The date to which Sir Henry New- 
bolt refers is September, 1916; as these typical 
instances were presumably occurring daily during 
the preceding and following months, it seems fair 
to assume that when the Admiralty did, at last, 
create a special anti-submarine division (January, 
1917), the officers in charge of it had satisfactory 
proofs before them that the existing system of de- 
‘fence was fundamentally wrong. Did they declare 
it bankrupt, and reorganise it? They did not. 
Sir Henry Newbolt makes a careful analysis of the 
Admiralty’s considered opinion. In January, 1917, 
the Anti-Submarine Division prepared a long paper 
upon the position; the outcome of their energy 
was that the patrol forces were slightly re-organised, 
and enormous quantities of anti-submarine material 
ordered. Unrestricted submarine warfare was now 
about to begin. The results were hardly surprising. 
The losses in February were severe. In March they 
were alarming; but it was not so much losses of 
merchantmen as the immunity of the U-boats which 
showed the futility of the existing system. The 
situation was reviewed by the Admiralty towards 
the end of March, and Sir Henry Newbolt very pro- 
perly draws attention to the admissions made in 
the Admiralty paper. It was, in Sir Henry Newbolt’s 
words ; “an outspoken admission that our counter- 
measures were insufficient even to hold the danger 
at bay. . . . It required but little foresight to see 
that if the Government agreed that this rate of loss 
was inevitable, and beyond remedy, they were 
admitting that defeat was in sight. . . . The paper 
admitted in the plainest terms that the attack had 
outstripped the defence... .” For some unex- 
plained reason this very important document was 
not discussed by the Government, and a month 
later Admiral Jellicoe again reviewed the position. 
The only conclusion, which could be drawn from 
this second paper, was that the Allies were near 
disaster, and that the German submarine campaign 
promised, within a few weeks, to become a German 
victory at sea. The fourth volume of the official 
history ends, rather abruptly, at this dangerous 
moment in British history. 

The critical reader cannot stop his reflections 
as abruptly as Sir Henry Newbolt ends his narra- 
tive. This history of the war by sea sets thoughts 
in motion, which have to expend their momentum 
before they come to rest. The tremendous achieve- 
ments of German submarines are known to all 
European Admiralties, and have affected the 
defence plans of minor naval powers during the 
last ten years. Monsieur Briand’s objections to 
submarine limitation at the Washington Conference, 
the opinion so often repeated that a submarine 
fleet is the weapon of the weaker power, are in- 
directly traceable to the successes of the German 
submarine commanders. Indeed, if their successes 
had been inevitable, the mere result of using the 
vil, the torpedoes and the submersibility of their 
ships to the best advantage, it would be difficult 
to withhold support for the most extreme views 
expressed during the Capital Ship and Submarine 
controversy of 1920. But we know that unrestric- 
ted submarine warfare against commerce was not 
successful, and Mr. Fayle, the historian of sea- 
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borne trade, has explained why. He has shown 
that losses were steadily reduced during the summer 
and winter of 1917, and that in the spring of 1918, 
merchantmen were being built in greater numbers 
than they were being sunk. The submarine cam- 
paign was defeated by that “‘ change in the system 
of defence’? which Sir Henry Newbolt will pre- 
sumably describe in a later volume. The new system 
is, however, outlined by Mr. Fayle. In May the 
Admiralty ran experimental convoys from Gibraltar 
and Hampton roads; the results were so successful 
that arrangements were immediately made for 
putting all overseas traffic under convoy, and when 
this was done the submarine campaign was virtually 
defeated. It is therefore quite clear that the 
terrible crisis which Sir Henry Newbolt describes 
need never have arisen, for measures, which were 
taken in May, 1917, could presumably have been 
taken five months before. Yet no preparation 
whatever was made for giving effect to them 
during the seven months of waiting and anticipa- 
tion, which preceded unrestricted submarine war- 
fare. Any intelligent reader of this fourth volume 
will ask : Why was this so ? Why did the Admiralty 
adhere so obstinately to a useless system and 
refuse to change it until they were threatened with 
utter catastrophe? Lord Jellicoe has given a 
partial explanation in his book the Crisis of the 
Naval War. He suggests that the destroyer 
forces were insufficient to meet the demands of a 
convoy system until the United States had rein- 
forced them. This is an argument which cannot 
be critically examined upon the existing data. 
Until the forces required for instituting a convoy 
system, and the contribution of the United States 
to those forces are exactly known, it is impossible 
to say whether Lord Jellicoe’s plea is good or bad. 
But what can be said, with certainty, is that lack 
of destroyer forces was not the sole determining 
cause of a delay which proved almost fatal. Sir 
Henry Newbolt shows that the plan of putting 
trade under armed escort was considered by the 
Admiralty in January, 1917, and very lightly 
dismissed. ‘“‘Convoys are mentioned almost at 
the end of the Admiralty’s summary of defensive 
measures. Their position on the list would suffice 
to show that they were not regarded as of particular 
importance. . . . Indeed, Sir Henry Jackson, when 
First Sea Lord, had indicated his opinion that any 
form of ocean convoy was impossible, by committing 
himself to the statement that ‘neither the Allies 
nor the neutrals can actually protect by escort 
even a small proportion of the sailings.’ And 
to this must be added the Naval Staff’s objection 
to any system of escort, on the technical ground that 
ships under convoy would offer a larger target than 
single vessels.” 

These statements, in themselves, go far to disprove 
the contention that the convoy system was delayed 
because the forces necessary for instituting it were 
lacking. So long as such opinions as those quoted 
by the historian prevailed at the Admiralty, the 
convoy system must necessarily have been regarded 
not as a measure of war advisable in itself, but 
impossible of execution, but as a bad and dangerous 
operation. This was the view which the highest 
naval authorities in the land had formed upon a 
system of trade defence which saved Great Britain 
from the greatest disaster in British history. Is it 
surprising that a reviewer who endeavours to grasp 
the facts which Sir Henry Newbolt has assembled, 
and to understand their implications should describe 
this fourth volume of the official history as a gloomy 
and disturbing piece of work? It is consoling in 
one point only, namely, the official historian’s 
regard for truth. 


Electrical Su6-Stations. By H. Braz. London: 
Edward Arnold & Company. [Price 12s. 6d. net.] 
ELECTRICAL sub-station design is, at the moment, 
in an interesting condition. The organisation of a 
national system of main transmission lines will 
involve the construction of static sub-stations 
operating at a secondary pressure of 132 kv., and 
with capacities up to 120,000 kv.-a. At the other 
end of the scale, the development of supply in rural 
areas will mean the use of sub-stations consisting 
| of a small transformer mounted on a pole and 
operated by the simplest of switchgear. Between 
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these two extremes, there lies a wide range of plant, 
both static and rotary, and a great variety of 
ingenious apparatus for controlling it. A text-book 
which shall cover this field adequately and con- 
cisely is therefore much to be desired, but we fear 
that Mr. Brazil’s volume hardly meets the case. It 
has been said that the cobbler should stick to his 
last. Mr. Brazil has, however, taken this advice 
too literally, with the result that there is a distinct 
bias, both in quantity and opinion, in favour of that 
class of sub-station the object of which is to convert 
alternating into direct-current. 

The book also suffers from a lack of arrangement, 
with the result that some subjects are mentioned 
more than once, and others receive less than their 
due share of attention. For instance, static sub- 
stations, which are certainly of preponderating 
importance, are discussed in 18 pages of not very 
informative material, while converting plant receives 
a 27-page chapter to itself, quite apart from refer- 
ences to it in other parts of the book. Limiting 
resistances cover 11 pages, and we are treated to 
14 pages on brushes and brush holders, high-speed 
circuit breakers, end play, and speed-limit devices. 
Though some space is given to protective gear, the 
information is by no means complete, and the same 
applies to the chapter on automatic sub-stations, in 
which certain systems are ignored altogether. The 
matter generally requires carefully editing, expan- 
sion in some places being desirable, while summarisa- 
tion is equally necessary in others. 

On the other hand, much matter of great 
practical value is to be found, the author having 
evidently drawn freely on his great experience in 
this class of work, and his remarks on the preven- 
tion of noise and the necessity for preserving the 
continuity of supply are specially useful. The 
latter covers the whole range of faults and plant 
testing, and forms a really informative essay on a 
subject the importance of which it is difficult to 
overstress. The book is well worth reading, and 
its incompleteness is a failing which can be corrected 
when a second edition is called for. It is provided 
with a fair index, but there is no bibliography. 


LETTER TO THE EDITOR. 


WILLIAM MURDOCH, 
To THE EpiTor oF ENGINEERING. 


Stmr,—Is there not a tendency for hero worship 
to be given on merely sentimental grounds and real 
benefactors of mankind overlooked ? This seems to 
be very much the case with the subject of the letter 
by Mr. R. Angus Downie in your issue of January 25, 
for if ever there was a man whose skill and industry 
promoted the advancement and welfare of mankind 
it was surely William Murdoch. He, however, was so 
unassuming as to allow himself to be obscured and 
deprived of the just credit and reward of his enterprise 
by a man who, by virtue of his position, domineered 
over him. It is indisputable that William Murdoch 
proved that James Watt was wrong when he said 
“The Almighty would have to work a miracle before a 
steam engine could propel itself along the ground,” 
for William Murdoch did make an engine that propelled 
itself along the ground, and that most successfully, 
far more so than those of either Cugnot or Symington. 
It was the machine that gave Trevithick the lead for 
the construction of his road engine that was the direct 
precursor of the modern locomotive. But Watt was so 
jealous of, and angry with, Murdoch that he absolutely 
forbade him to patent either the locomotive, the slide 
valve, gas lighting, or some other of his inventions and 
discoveries, and thus deprived him of obtaining the 
recognition that was his due. Is it not time that the 
engineers of Great Britain did something to rescue 
from oblivion the name and achievement of this 
genius to whom they and the world at large owe so 
much and for which he has been deprived of his rightful 
credit ? I would not advocate statues or monuments 
to his name, but the establishment of some institution 
to promote and encourage the prosecution of yet further 
discoveries in the mechanics and science generally to 
which he devoted his whole life. 

Permit me to add that, although I bear the same 
surname as William Murdoch, I am, as far as I know, 
in no way connected with him, but am simply one who, 
out of appreciation of his splendid character and 
remarkable genius, am an ardent admirer and have 
tried for many years to obtain recognition for him. 

Yours faithfully, 
R. Barctay Murpocu. 

874, Aikenhead-road, Glasgow, S.2. February, 1929. 
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LABOUR NOTES. 


Tue letter sent by Mr. Citrine to the National Con- 
federation of Employers’ Organisations and the Federa- 
tion of British Industries, accepting their invitation to 
a joint conference was in the following terms :—‘‘ I am 
directed by the General Council of the Trades Union 
Congress to thank you for your letter of the 13th instant, 
conveying an invitation from your Federation and 
Confederation to a conference. In reply, I have to 
say that the General Council are agreeable to a con- 
ference being held, and I am instructed to make the 
necessary arrangements with you. Your 
that you cannot accept the interim report of the 
Conference on Industrial Reorganization and Industrial 
Relations is greatly regretted, but the Council are 
desirous of hearing your explanation of the difficulties 
in this connection and of the obstacles which stand in 
the way of consultation through a National Industrial 
Council. The Council would then consider whether, 
in the light of the proceedings at this conference, 
further steps could usefully be taken.” 


At a conference in Glasgow on Friday last, a provi- | 


sional settlement of the dispute in the Scottish wrought- 


iron trade was reached. The agreement—which was | 


ratified at a fuller meeting on the following day—was 


decision | 
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Everybody recognised, he said, the necessity of putting 
an end to this state of things, but hardly anybody 
seriously attacked the problem. The fundamental 
defects of the administrative machine were unnecessary 
delays in the carrying out of decisions and orders, 
or a deliberate ignoring of these decisions and orders, 
and an abuse of class policy. In some cases decisions 
of the central authorities still remained to be carried 
out more than a year after they had been arrived at, 
through the negligence or ill-will of the officials 
responsible. The cause of this inertia lay, he thought, 
in the inadequacy of the supervision exercised by 
the masses, especially by the unions, and the active 
|or passive obstruction of officials, several of whom 
were more or less hostile to the system. The admin- 
| istration was also somewhat hampered by a multi- | 
| plicity of inspections and revisions. 








Delegates who spoke during the debate admitted | 
that the unions had not taken a very vigorous part | 
|in opposing the bureaucratic spirit. But they empha- | 
\sised the fact that this state of things was mainly 
due to resentment, by the managers of industry, 
commerce and administration, of every kind of 
criticism. Some speakers cited cases in which workers 
were driven to suicide, by the attitude of the 


as follows :—‘‘ The operatives’ representatives unreser- | #dministration towards criticisms, which were proved 
vedly accept the statement of the employers that in the | t© be well-founded. In other cases workers had 
action taken by them they were acting under their | been dismissed or imprisoned, or it had been made 
sincere conviction of their constitutional rights and | impossible for them to find a new means of livelihood. 
obligations under the Conciliation and Arbitration | While this state of things continued, the unions did 
Board and of the necessity to take steps to maintain | NOt see how they could induce their members to take 
the wrought-iron industry in Scotland. The operatives’ | UP @ more vigorous attitude in the struggle for the 
representatives, by this declaration, desire to remove | e0Tganisation of the administrative system. More- 
any contrary impression that may have been created pees some delegates pointed out that the Commis- 
by any statement from their side. In “view of the | Sariat for Workers’ and Peasants’ Inspection itself 
foregoing statement and of the discussions which | was not exempt from the spirit of routine and 
have taken place, in which the difficulties of both sides | bureaucracy. The unions often sought in vain to 
of the Conciliation and Arbitration Board have been | draw the attention of the organs of the Commissariat 
reviewed, it is now agreed that the employers’ claim | t© glaring faults. It sometimes happened that the 
to have applied generally in the works concerned a | Commissariat hushed up an affair because the guilty 
two-shift system with a 47} hours effective week | person had powerful protectors, or in order to avoid 
working five shifts per week, shall be referred to arbitra- | @ scandal. In these circumstances, the workers were 
tion, the hearing to take place at the earliest possible | beginning to think that the combat against bureaucracy 
date. Any adjustment of base rates consequential | WS merely futile, and that it would be a waste of 
upon the decision on hours to be the subject of negotia- | time to concern themselves with it. 
tion by a joint committee representative of the works | 
concerned, and failing agreement as to any rate, shall 
be referred to the same arbitrator not later than three) On February 25, 1929, the number of unemployed 
weeks from the date of the decision on hours. The | persons on the registers of Employment Exchanges 
arbitrator to be appointed by the Ministry of Labour | in Great Britain was 1,391,900. Of these, 1,023,000 
with Mr. H. Waterstone and Bailie James Walker as | were wholly unemployed, 289,800 were temporarily 
assessors for the employers and workers respectively. | stopped, and 79,100 were persons normally in casual 
Notices to be withdrawn and work to be resumed |employment; 1,111,700 were men, 38,400 boys, 
to the extent available on the rates and working | 207,000 women, and 34,800 girls. Of 1,458,032 on 
conditions operative prior to the stoppage. Any | the registers on February 18, 1929, 1,052,104 were 
change in hours and base rates resultant from arbitration | wholly unemployed, 325,518 were temporarily stopped, 
or negotiation to be made effective not later than three | and 80,410 were persons normally in casual employment; 
weeks from the date of the decision on hours.” 1,166,937 were men, 40,738 boys, 214,018 women, 
| and 36,339 girls. The number of unemployed persons 
iat | on February 27, 1928, was 1,108,676, of whom 889,025 
According to the Worker, the official organ of the | were men, 34,617 boys, 151,432 women, and 33,602 
National Minority Movement, the London District | girls. 
Jommittee of the Amalgamated Engineering Union | 
has submitted a new programme for the consideration| The Bulletin of the Industrial Commissioner of 
of the Divisional Committee. The idea apparently | New York State says that, when a worker is hurt 
is that the Divisional Committee should approve it | in an industrial accident so that he is only temporarily 
and send it forward to the National Committee. It is, | unable to fellow his employment, that is, when he 
at any rate, in the form of a resolution for submission | suffers no permanent injury, the Compensation Law 
to that body. ‘‘ This National Committee,” it runs, | provides that he shall receive compensation for his 
‘instructs the E.C. to conduct an intensive campaign | entire loss of time, if that is more than 49 days. If 





throughout the Union and in the press to popularise the 
following charter: (1) A 4/. per week minimum wage ; 
(2) The establishment of a 44-hours week ; (3) Aboli- 
tion of systematic overtime; (4) Establishment of 
shop stewards and factory committees; (5) Control 
of all piecework and any other payment-by-results 
system by shop stewards and factory committees ; 
(6) Control of youths and apprentices; (7) Payment 
for statutory holidays; (8) Payment for specified 
periods of sickness (after twelve months’ service) ; 
(9) Every metal worker a trade unionist. Further, 


this National Committee instructs the E.C. to convene | 


a meeting of all Union E.C.’s parties to the present 


wages demand with a view to joint adoption of the | 


charter. If these E.C.’s fail to respond to the invitation, 
this National Committee instructs the E.C. to open up 
negotiations within a period of six months with the 
National Engineering and Allied Employers’ Federation 
on behalf of the A.E.U.” ; 


The Soviet administrative system was rather 
severely criticised at the recent congress of Soviet 
Trade Unions. According to Mr. Ordjonikidze, 


Commissar for Workers’ and Peasants’ Inspection, | 


its operations were hampered especially by an 
excessive slowness of procedure, by a bureaucratic 
spirit, and by a mania for statistics and papers 


| he loses 49 days or less, he does not receive compen- 
|sation for the first seven days of his disability. If 
he receives an injury which leaves a permanent 
| defect of some member, such as a permanently 
| stiffened finger, an amputation or partial loss of 
| vision, specific awards are provided for in the Com- 
| pensation Law, irrespective of the amount of time 
| the worker actually loses. However, in cases where 
| the worker is disabled an unusually long time with 
|a permanent injury, awards for the extra healing 
period may be made in addition to the specific awards. 
On January 1, 1925, a law came into force reducing 
the waiting period from fourteen days to the present 
seven-day period in temporary disability cases. The 
effect of this reduction in the length of the waiting 
| period was to add a large number of temporary 
disability cases for which the compensation amounts 
to from one to seven days, and in which the actual 
disability is from eight to fourteen days. 





Because all the tabulations of the Bureau of 


| Statistics and Information are based on cases closed 
|in a given year, rather than on cases occurring in 
that year, there was, the Bulletin states, an interval 
of three years during which some of the cases closed 
had occurred under the fourteen-day law and some 
under the seven-day law. 


In the two fiscal years 
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1926-27 and 1927-28, when practically all short-time 
cases came under the seven-day law, 23 per cent. of 
all compensated cases were cases in which the workers 
lost from eight to fourteen days. In none of these 
would compensation have been allowed prior to 
January 1, 1925. Disabilities lasting from eight to 
fourteen days were 9-3 per cent. of the total number 
of temporary disabilities in 1925, 26-3 per cent. in 
1926, 28-5 per cent. in 1927, and 28-3 per cent. in 
1928. The cost of the disabilities of from eight to 
fourteen days was, however, only a small percentage 
of the cost of all the compensated cases. In 1928 
it was only 251,108 dols., or an average of 12 dols. 
per case. That was less than 1 per cent. of the total 
amount awarded, and somewhat less than 4 per cent. 
of the amount awarded for temporary injuries alone. 


The 251,108 dols. awarded in these additional cases 
does not, it is pointed out, represent the entire cost 
of this change in the law. An additional week’s 
compensation was added to all temporary disabilities 
lasting from three to seven weeks. There were 39,816 
workers who received, in all, 698,194 dols. more 
because of the reduction in the waiting period. The 
total effect of the reduction in the waiting period 
was, therefore, to increase the entire cost of the 
temporary disabilities by 949,302 dols. over what 
they would have cost in 1923-24. 


The United States Secretary of Labour points 
out in his annual report that a remarkable change 
has taken place in the economic structure of all 
industries, and has had a marked effect in increasing 
unemployment. It will require, he says, the best 
minds of the country and earnest students of 
economics to work out the problem of readjustment, 
which necessarily must follow such widespread 
installation of machinery, so as to minimise the 
hardship felt by men relieved of employment through 
this medium. The United States Employment Service 
has experienced much difficulty in finding new employ- 
ment for those who have been obliged to adjust 
themselves to the changed conditions. Many of the 
co-operating States are well equipped to take care 
of this additional demand upon their services; but, 
on the other hand, the services of many States are 
inadequate for the purpose. Some States did not 
make a sufficient provision for the probable extension 
and development of their work, while many States 
had made no provision for establishing and main- 
taining public employment offices. 





The Berlin correspondent of the Times states that 
the German unemployment returns, for the first half 
of February, give the total number of persons in receipt 
of relief as 2,455,000, as compared with 2,350,000 on 
January 31. This is a smaller increase than that 
recorded in the previous month. It is believed that 
the seasonal increase in unemployment, accelerated 
this year by the abnormal weather conditions, has 
reached its summit, and will now, with the return of 
milder weather, begin to decline. 





The manceuvres of the Communist Party and 
National Minority Movement are strongly condemned 
in a resolution which has been communicated to the 
Executive of the National Union of Scottish Mine- 
workers, by the Executive of the Miners’ Federation of 
Great Britain. The resolution is as follows :—*‘ This 
Federation Executive Committee, after reviewing the 
general position in the Scottish coalfield, places on 
record its strong condemnation of the Communists’ 
and Minority Movement, and the tactics which have 
been adopted in the various coalfields, and particularly 
in Scotland. It pledges itself to render all possible 
help to the bona-fide Scottish Miners’ Federation and 
all other districts which are carrying out the principles 
of the Miners’ Federation, the Trades Union Congress, 
and the British Labour Party.” The resolution is 
signed by Mr. Herbert Smith (president), Mr. Thomas 
Richards (vice-president), Mr. W. P. Richardson 
(treasurer), and Mr. A. J. Cook (secretary). 


Attention is called in the Monthly Report of the Boiler 
Makers’ and Iron and Steel Shipbuilders’ Society, to a 
warning received from the Federated Society of 
Boilermakers and Iron Shipbuilders of Australia, to 
the effect that boilermakers will not be allowed to 
enter employment in Australia unless they can produce 
proofs that they have been bona-fide members of the 
Boilermakers’ Society in this country. The only proof 
regarded as acceptable by the Australian organisation, 
it is added, is a credential note from the head office of 
the Boilermakers’ Society, and unless this is obtained 
unnecessary hardship will be imposed through the 
refusal of employment for a long period while the 
necessary inquiries are being made. 
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THE EVERY CARGO TRIMMER. 


One of the major difficulties associated with the 
discharge of bulk material from a normal ship’s hold 
by means of the grab crane, or bucket ladder apparatus, 
is that of feeding the point of seizure, or intake, with 
material from the more distant and inaccessible parts 
of the hold. Generally speaking, it requires the 
labour of a gang of men to act as trimmers, with or 
without the aid of ploughs and boards, or other 
contrivances for pushing the material forward. There 
is, of course, a type of vessel specially built for ore and 
coal carrying, in which the holds are spacious enough 
to allow considerable range of action for the grab or 
bucket, and so to reduce trimming to a minimum, if 





not eliminate it altogether—such a type, for instance, as 
that in vogue on the Great Lakes of North America, in 
which the entire vessel is practically a single hold, open 
from end to end. But apart from trade of this kind, | 
handled in vessels of effective use only in the special 





say, vessels with several intermediate decks for the 
reception of goods of a general character, when these are 
available, as alternative shipments, or even simultane- 
ously in conjunction with bulk material in the lower 
hold. In the case of grain, one of the most important 
of bulk goods, the difficulty can be, and frequently is, 
overcome by the use of the pneumatic or suction 
apparatus for discharging purposes, the material, in 
that event, being sucked through long flexible tubes 
which, with their intake nozzles, can be taken to any 
part of a ship’s interior, even the most remote. This 
method of treatment, however, is not generally applic- 
able to heavier and conglomerate material of a crude 
and uneven character, such as coal, sulphur, phosphate 
rock, acid phosphate, broken stone and a variety of 
ores, for the trimming of which manual labour, as 


| costly as it is slow and cumbersome, has generally to 


be relied upon for lack of suitable apparatus capable 
of dealing with it mechanically. 
The Cottman Company, a firm of stevedores and 


capacity of their class, an enormous volume of bulk | shipping agents at the Port of Baltimore, U.S.A., have 


material is shipped in general cargo vessels; that is to | 


in operation, at their bulk cargo pier, an interesting 








mechanical apparatus, known as the Every Cargo Trim- 
mer (so-named after Mr. G. O. B. Every, the Superinten- 
dent of the pier, who is the inventor) which is designed 
to do away with the necessity for manual labour and 
shovelling. It also simplifies and expedites the dis- 
charge of bulk material to a very marked degree. We 
illustrate this machine in Figs. 1 to 9, on Plates XX XI 
and XXXII, on this page, and on page 310, the 
illustrations having been prepared from drawings and 
photographs furnished by the Cottman Company. 

The general arrangement of the Every cargo trimmer, 
is shown in Figs. 6 and 7, and in greater detail, in 
Figs. 1, 2 and 5, while its method of operation will be 
made clear by reference to Figs. 3,4 and 9. It con- 
sists of a bridge, or main frame, mounted on trucks or 
wheel bases of adjustable gauge, resting on rails laid 
longitudinally on the ship’s deck athwart the hatchway 
so as to span the opening; a vertical telescopic frame 
supported from a movable carriage and turntable on 
the bridge ; and a horizontal telescopic arm, or scraper, 
at the foot of the vertical frame. The bridge, shown in 
Figs. 1, 2, 5 and 8, is 42 ft. long, and consists of two 
parallel girders, connected by cross girders at each end, 
so as to form a rectangular frame with short legs rest- 
ing on wheel bases at deck level, the rail track being 
adjustable to the width of hatchway within a range 
varying from 16 ft. 6 in. to 38 ft. 

The carriage, shown in elevation and plan in Figs. 1, 
2 and 5, is likewise a steel-framed structure on wheels 
set at 12-ft. centres and capable of traversing the bridge 
from end to end. It supports a turntable of 9 ft. 10} in. 
in diameter, from which is suspended the vertical shaft 
or frame, approximately 21 ft. long by 6 ft. square inside, 
composed of a fixed section, which is connected to the 
turntable and two movable telescopic sections, capable 
of being extended downwards as may be necessary in 
order to reach the lowest part of a ship’s hold, or, 
alternatively, of being raised into any intermediate 
position for the purpose of working the upper part of 
the hold or the ’tween decks spaces of a ship. In its 
lowest position, the foot of the vertical shaft is 26 ft. 
below the rail level on the ship’s deck. 

The horizontal telescoping arm, the detailed design 
of which is clearly indicated in Fig. 1, is composed of 
four sections, one of which is attached to the foot of the 
vertical frame so as to pivot with it on rotation of the 
turntable, and the other three are movable in and out, 
with a total stroke, or travel, of 21 ft.; in this way a 
maximum range of 29 ft. from the axis of the vertical 
frame is obtained. The pivoting section is connected 
to a horizontal transverse shaft, equipped with suitable 
pinions, which engage two gear segments, arranged so 
as to tilt the telescoping arm through an angle of 
45 deg., i.e. 10 deg. above and 35 deg. below the 
horizontal. Accordingly, the machine can command a 
maximum depth of 35 ft. below deck level with a sweep 
of about 48 ft. diameter. At the end of the horizontal 
arm is the hoe, or scraper, with lips of manganese 
steel, having a capacity of 20 cubic ft. This, of course, 
is the implement by which the material is scooped, or 
trimmed, in order to be brought within the range of the 
lifting grab. The services of a single operator are all 
that is necessary for the full operation of the trimmer. 
The movements of the scraper are controlled from a 
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platform located near the foot of, the vertical shaft or 
frame. 

The various sections of the horizontal arm are 
capable of being telescoped in and out at a uniform 
speed of 6:ft. or more per second. The rate of move- 
ment of the arm gives six complete strokes per minute. 
The actuating motors are housed in the vertical frame, 
and comprises 15-h.p. shunt-wound motor for tilting, 
and a 650-h.p. series-wound motor for projecting | 
and retracting. The motors use direct-current at | 
600 volts. The turntable and vertical frame move- | 
ments are actuated’ from the bridge ; transversely by | 
a 2}-h.p. motor, vertically by a 19-h.p. motor, and 
roiatively by a 6}-h.p. motor, all the motors, being | 
series wound. The rotating or slewing speed is 2r.p.m., | 
the lifting and lowering speed 10 ft. {per minute, and | 
the athwartship movement, 30 ft. per minute. The | 
bridge has movement fore and aft along the deck at | 
the rate of 10 ft. per minute, actuated by two 3-h.p. | 
motors. It is held in position by solenoid brakes: on | 
the armature shaft. | 

The process of placing the trimmer consists’ ' first | 
in setting rails to the requisite gauge and position on } 
the ship’s deck, then depositing the bridge on the | 

| 
| 











rails, and finally suspending the assembled vertical 
and horizontal sections, compacted to their fullest 
extent, from the turntable on the bridge. The whole | 
of the apparatus can be handled by a 25-ton crane. | 
The weight of the bridge is 28,000 lb., and of the | 
trimmer proper 54,000 Ib. 

After setting the apparatus in position, as shown in 
Fig. 8, the vertical frame is extended downwards to a 
suitable level for commanding the tween decks. Here, 
the trimmer, being capable of moving fore and aft or 
athwartship at the will of the operator, as well as of 
rotating freely, is able to draw into the hatch all the 
material stowed between decks. These decks being 
cleared out, the vertical section is again expanded 
to a suitable depth for working the lower hold. 
The horizontal arm is extended outwards, Figs. 3 
and 9, over the ore or bulk material to be dealt with, 
depressed to the requisite inclination, and drawn 
inwards with a scooping action, Fig. 4. In ships 
having large hatches, it is practicable to continue 
operations with the trimmer simultaneously with the 
grab crane in action, but with smaller hatches, the 
trimmer, after scooping material within range, is moved 
temporarily to the end of the hatch during the removal 
of the material by the grab crane. The machine is 
stated to be capable of moving well over 200 tons of 
material from the wings or from the bulkheads out into 
the open hatchways in an hour, and it can continue 
piling up material in the square of the hatch until 
several hundred tons are within reach of the grab. 
A single trimming operation, it is understood, has 
accumulated 600 tons of material ready for removal. 

Records of performances furnished by the Cottman 
Company include the following, and in each case the total 
time is given which elapsed between the placing of the 
trimmer on board ship and its removal, not the net 
actual working time of the trimmer, which would be 
at least 50 per cent. less :—S.S. Steel Mariner, with 
cargo of Brazilian ore, 2,403 tons in 23 hours; S.S. 
James B. Duke, with a similar cargo, 1,856 tons in 
18 hours; 8.8. Badagry, with a cargo of Caucasian 
ore, 2,072 tons in 18 hours. 

The Cottman Company have had the machine in 
operation since May, 1924, and are extremely satisfied 
with its expedition and economy, after using it for 
trimming material which has aggregated up to nearly 
100,000 tons in a single year. 








THe Water Supply OF ADELAIDE AND SUBURBS, 
Soutn AvustraLi1A.—The area supplied by the Adelaide 
water-district system is 179 square miles in extent. The 
estimated population served, during the year ending 
June 30, 1927, was 315,000, and the total quantity of 
water supplied, 7,150 million gallons. The average 
consumption per head of population served per day was 
62-2 gallons. The supply is obtained from four reser- 
voirs, namely, Thorndon Park (completed in 1860), 
Hope Valley (brought into operation in 1872), Happy 
Valley (completed in 1897), and Millbrook (completed 
in 1918). A report dealing with the necessary develop- 
ment of the system to meet the growing needs of the 
district has been drawn up by Mr. H. E. Bellamy, 
hydraulic engineer, Adelaide, snd was published some 
little time ago. He states that, owing to the very high 
rate at which consumption is increasing, particularly in 
the high-level districts and along the sea coast, the time 
has arrived for the reconstruction of the reticulation 
system and the careful design of additional trunk mains. 
Among the proposals put forward are the simplification 
of the system by the reduction of the number of zones of 
supply: the reduction of the area supplied from the 
Hope Valley and Thorndon Park reservoirs; the pro- 
vision of two new trunk-main systems and the construc- | 
tion of new high-level service reservoirs at Wattle Park, 
ager gre and Athelstone, and balancing tanks at 
Magill, Glen Osmond and Darlington ; and the provision, 
where lacking, of a complete system of distribution 
mains of sufficient capacity to supply equally the reticula- 
tion grid, thus eliminating large local drops in pressure, 
with consequent failure, or shortage, of supply. 





ENGINEERING. 








[Marcu 8, 1929. 























LMR 


a a i er 


Fie. 9. THe Trimmer Arm FuLtLy ExTENDED IN SuHipP’s HoLp. , 


Tre LIGHTING OF THE VICTORIA-EMBANKMENT, 
Lonpon.—The Victoria-embankment was one of the 
first streets in London to be lighted by electricity, 
but this claim to pre-eminence has not been maintained, 
and for many years the illumination has been neither 
adequate to the importance of the thoroughfare nor for 
the growing volume of the traffic using it. It is there- 
fore satisfactory to hear that the present installation is to 
be modernised by the use of lanterns suspended in pairs 
on 30-ft. standards at intervals of 140 ft. Each of these 





lanterns will contain a 1,500 watt gas-filled lamp, and 
great care is being taken to ensure even distribution 
and adequate illumination over the whole road and 
pavement surface. The contract for this work has 
been placed by the London County Council with the 
Charing Cross Electricity Supply Company, Limited, 
and the order for the necessary material has been given 
to the Messrs. The General Electric Company, Limited, 
and their associated concern, Messrs. The Pirelli-General 
Cable Works, Limited. 
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THE ATKINSON ROTARY FURNACE 
AND INCLINED GRATE FOR STEAM 
BOILERS.* 


By J. S. ATKrnson. 


FUEL economy, the utilisation of low-grade and 
so-called refuse fuels, together with the elimination, 
as far as possible, of black smoke, are receiving more 
attention to-day than ever before in the industrial 
history of our country. These matters are of so great 
an importance that any new type of furnace claiming 
to improve conditions warrants full consideration. 
The furnaces which are described below incorporate 
in their design an entirely new method of carrying 
out combustion, and the author is sanguine enough 
to believe that the results which have already been 
obtained under every-day working conditions have 
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boilers, is that the fuel during combustion is kept in 
constant agitation by being lifted above its normal 
angle of repose whence it falls to be again lifted. 
By this means, a continual churning motion is given 
to the fuel, and, to the best of the author’s knowledge, 
this constitutes an entirely new departure in the 
burning of solid fuels. 

The first experiments were conducted in Glasgow, 
in collaboration with the Glasgow Corporation, and 
had for their primary object the burning of town’s 
refuse. It was only later that the advantages of the 
system as applied to other fuels were fully realised. 
The Glasgow plant consisted of a rotary furnace, 
somewhat resembling in appearance a small rotary kiln; 
this plant is illustrated in Figs. 1 to 3 on this page. 
The length of the rotary furnace was approximately 
15 ft., and the inside diameter about 3 ft.6 in. The 
upper end of the furnace, for a distance of about 3 ft. 
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definitely established the very great importance and 
value of this novel system. | 

There have been, during the last fifteen months, 
several articles in the technical Press regarding these 
furnaces, but this is the first attempt to give a compre- 
hensive account of their development. Just over six 
years ago, the first experimental plant was put into 
operation. The question may well be asked: Why has 
progress been so slow ? The reply is that development 
took place under restricted conditions and that, 
owing to the radical deviation from former practice, 
there were little or no data available to base calcu- 
lations upon. The history of development is, to a 
great extent, an account of the elimination of defects 
one by one by the painful and costly process of trial 
and error. 

The Rotary Furnace.—The outstanding feature 
employed in both the rotary turnace, which is 
designed principally for Lancashire boilers, and the 
inclined grate, which is for use with water-tube 





* Paper read before the Bradford Engineering Society, 
November 12, 1928, 
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6 in., was lined with firebricks. The object of this lining 
was to allow of a certain amount of the moisture in 
the green refuse being driven off before it reached 
the grate proper. The air for combustion, or blast air, 
was admitted under the fuel bed, two adjustable air 
stops being provided in order that the air admission 
might be controlled to suit the angle of repose of the 
fuel. The most suitable speed of revolution of the 
furnace was found to be about once in three minutes 


breeze and coal dust the speed of revolution was some- 
what reduced. As originally installed, the products of 
combustion passed from the upper, or charging, end 
to the lower, or clinkering, end. It was soon found that 
this direction of flow of gases prevented continuous 
combustion. The method of starting combustion was 
to fill in by hand easy burning material along the full 
length of the furnace, such as old straw palliasses and 
paper, and when full ignition of this material has been 
obtained, to commence charging the unselected refuse. 
It was found that, under these conditions, combustion 
could not be maintained ; the incoming refuse did not 
| fully ignite, and, as it passed down the furnace, com- 








when burning town’s refuse; with a mixture of coke | pa 
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bustion gradually died out. A flue was then built 
connecting the chimney to the upper or charging end of 
the furnace, and dampers provided in order to allow 
of part, or all, of the gases passing in a contra-flow 
direction to the incoming refuse. This alteration at 
once brought about excellent conditions, as far as 
maintaining combustion at high temperatures. The 
temperature of the gases leaving the charging end 
of the furnace was as high as 1,250 deg. C., and the 
temperature of the fuel bed, towards the lower end 
of the furnace, where it reached its maximum, was 
certainly often well above 1,450 deg. C. All glass 
and tin cans included in the refuse were melted and 
combined with the fused clinker. It frequently 
happened that the temperature was so high that 
the clinker ran in a liquid stream from the furnace. 
As stated, after the alteration to the direction of 
flow of the products of combustion, as far as com- 


Fig.2. SECTION A.A. 
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bustion was concerned, the problem was well overcome, 
but there still remained many obstacles in the way of 
complete success. The inner lining of the furnace, 
when originally constructed, was in ordinary mild steel 
plates perforated for the air blast; these, of course, 
did not stand up to the high temperatures obtained, 
which were never contemplated at the outset when 
considering the burning of such a low grade of fuel 
as town’s refuse. Several different forms of internal 
furnace linings were tried out, including cast iron, 
but, with the Glasgow plant, the solution for the correct 
form of inner lining or grate proper was never found. 

Another difficulty that presented itself, and which 
was never fully overcome at Glasgow, was the gradual 
building-up of the clinker, which formed a coating over 
the whole of the inner lining of the furnace. This, in 
itself, was not a bad feature, as the clinker acted as an 
excellent non-conductor of heat, protecting the inner 
lining of the furnace as well as acting as an incan- 
descent arch over the fuel bed, which assisted combus- 
tion. The trouble was, however, that whilst for the 
first few hours of working this coating of clinker 
remained sufficiently porous to allow of the blast air 
penetrating it, it gradually became more dense in 
formation, and eventually a non-porous and dense 
coating of about 2 in. in thickness was formed which 
prevented the air blast flow. At the lower end of the 
furnace, this coating of clinker could be removed by 
slice bars, but the task was not an easy one and, owing 
to the length of the furnace and its inaccessibility at 
the upper end, the clinker could only be removed from 
about one-third of the total furnace length during 
working. It was found necessary to stop the furnace 
after about every six or seven hours’ working to 
allow it to cool down and to turn men into the furnace 
to chip the clinker from the inner walls. 

Originally, in the Glasgow plant, an attempt was 
made to utilise the heat of the clinker for preheating 
rt of the air for combustion by passing this air 
through the clinker pit, but this was found to be 
impracticable, and was soon discarded. 

The experiments at Glasgow occupied some nine 
months, and before the plant was closed down and 
dismantled, several tests were made with fuel other 
than town’s refuse. A number of very successful runs 
was made with a mixture of 90 per cent. coke breeze 
and 10 per cent. duff. It was found that this mixture 
could be burned at a very high rate, which exceeded 
150 lb. per hour per square foot of grate area. A very 
high-temperature combustion was obtained, and the 
percentage of CO, in the waste gases, as tested by 
an Orsat set, was from 164 per cent. to 174 per cent. 
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The test with the coke breeze was so successful that | 
the Frodingham Iron and Steel Company decided to 


instal an experimental plant for firing two Lancashire 
boilers with a single rotary furnace. 
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The arrangement of the Frodingham plant is shown 
in Figs. 4 to 6 on this page. The rotary furnace was | 
approximately 8 ft. long, with an internal diameter of | 
4 ft. 3in. Connection between the rotary furnace and | 
the flues of the two boilers was made by a brickwork | 
flue, as shown in the figures. Unfortunately, it was | 
found with this plant that the results which had been | 


Fig. 6. 


obtained at Glasgow when burning coke breeze could 
not be repeated. The principal reason for this, in the 
author’s opinion, was the insufficient length of the drum 
as compared with its diameter. Another defect with the 
Frodingham plant was the connecting flue between the 
rotary furnace and the furnaces of the boilers, the 
length of flame from the coke breeze being so short 
that the rate of evaporation was very low, particu- 
larly in the boiler farthest from the furnace. The 
Frodingham plant was run for some five months, and 
then dismantled. One step in the right direction 
made in the Frodingham plant was the form of the inner 
lining or grate bars of the rotary furnace. This inner 
lining was constructed in cast-iron, and was built up 
in sections, the fins which were provided, past which 
the blast air flowed before entering the fuel bed, very 
materially assisted in keeping the temperature of the 
cast-iron lining within reasonable limits. 

By the time the Frodingham experiments were 
completed, several definite conclusions had been come 
to :—(a) That, although there still remained many 
practical difficulties to overcome before anything in 
the nature of finality could be reached, the benefits 
directly resulting from the continual churning move- 
ment of the fuel during combustion had been fully 
proved, not only from the point of view of better 


| 
| 
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The boiler had two flues, and two rotary furnaces 
were partly inserted into these flues. Different 
methods were tried out for feeding the fuel to 
the furnaces. The first method tried was that shown 
in the figures. This consisted of worm feeds placed 
over the rotary furnaces, between the inner sides 
| of the boiler flues and the outer casing of the rotary 
|furnaces, which delivered the fuel towards the front 
end of the furnace. The fuel fell from the ends of 
the worm feeds on to the bottom of the boiler 
flues, and from this point it was driven forward by 
the screw flights fixed to the outer periphery of the rotary 
furnaces, up to and against the refractory bridge walls 
| built into the boiler flues. Extending from the rotary 





combustion conditions being obtainable, but also that | furnaces were plough-shaped castings which were in- 
this method, coupled with a slight inclination of the | tended to lift the fuel and draw it into the furnaces. 
fuel bed from the feed end to the discharging or clinker- | These, however, only partially performed their work, 


ing end, rendered continuous working possible without 
interruption for the cleaning of fires, and gave auto- 
matic discharge of clinker and ashes. (b) That, for the 


firing of Lancashire boilers and other types of internally- | 


fired boilers, the principles embodied in the rotary 
furnace were correct, but thai: combustion should take 
place on fuel beds in close proximity to the boiler 
flues, this being particularly true when the fuels used 
were of the nature that gave a short flame. (c) That 
the cause of the adhesion of the clinker to the inner 
lining of the furnace, which was particularly difficult 
to deal with in the Glasgow plant, and when burning 
town’s refuse, was due to the overheating of the inner 
lining ; that clinker did not stick to the lining until it 
had become heated to a bright red, and that this 


and there was a tendency for the fuel to build up in 
front of the furnaces without passing into these in a 
normal way, especially with coking coals. 

The next method tried for feeding in the fuel was by 
the use of Bennis sprinkler stokers. These were fitted to 
the back of the furnaces, and the fuel projected into and 
towards the front of the fuel beds. This method was 
also found unsatisfactory as, owing to the high velocity 
of the gases, too much dust fuel was carried into the 
boiler flues. Apart from these difficulties of the fuel 
bed, which were never overcome at Birkenhead, the 
Holt plant was generally satisfactory. Steam could 
be raised from a cold boiler much more quickly than by 
hand firing, a very good boiler output could be obtained, 
| the efficiency was high and cheap fuel could be used. 





heating up of the lining was due to the flame impinging | 


upon it as it passed over the fuel bed. 
It was at this time that the author conceived the 


idea of what is now known as the inclined grate, | 
and development has since taken place along two | 


distinct lines, one retaining the rotary-furnace principle, 
and the other the inclined grate. To avoid confusion, 
the development of the inclined grate will be dealt 
with later in this paper and the further progress 
in the design of the rotary furnace will now be 
described. 

The Glasgow plant had been inspected by engineers 
of Messrs. Alfred Holt, and an arrangement was come 
to between this firm and the author whereby a trial 
plant was installed on a Scotch type marine boiler 
at Messrs. Holt’s experimental station at Birkenhead. 
This plant is shown on Figs. 7 to 9 on page 311. 


(To he continued.) 








ELectric Power In SASKATCHEWAN.—According to a 
bulletin issued recently by the High Commissioner of 
| Canada in London, the Montreal Engineering Company, 
| Limited, which now possesses approximately 500 miles 
| of electrical transmission lines in the province of Saskat- 
| chewan, may dispose of its interests to the Provincial 
| Power Commission. The company now controls 65 
electrical-power installations in Saskatchewan and 
| ranks as one of the leading Canadian concerns in the 
| supplying of electricity to rural municipalities. The 


company is reported to have intimated to the Govern- 
ment its willingness, either to dispose of its interests to 
the Provincial Power Commission, or to enter into a 
working agreement not to compete in territory served 
by Government-owned power plants. 
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IMPACT IN RAILWAY BRIDGES WITH 
REFERENCE TO THE REPORT OF 
THE BRIDGE STRESS COMMITTEE.* 

By Conrap GrrsBiz, M.Inst.C.E. 


THE report of the Bridge Stress Committee repre- 
sents five year’s work, and contains certain conclusions 
which have been experimentally verified and have been 
found to agree with results deduced by a purely 
mathematical investigation. The research shows the 
effect on the oscillation of bridges of two factors which 
have not previously been fully considered in relation 
thereto, the hammer-blows of the unbalanced parts and 
the frictional resistance of the spring-gear of loco- 
motives. 

It is satisfactory to know that, largely as the result 
of this research, both existing and future types of 
locomotive will be much improved in respect of their 
hammer-blow. Allowances for impact have, in the 
past, been based on the assumption that impact-effects 
are increased in proportion as the live load is increased, 
but consideration shows that, so far as hammer-blow is 
concerned, this is contrary to the fact. 

The main oscillations measured during the tests have 
been traced to hammer-blow and not to irregularities of 
track. The observed variations of deflection and stress 
are of a periodic character, alternately positive and 
negative, approximating to a sine curve. The amount 
of oscillation has been found to be related to the 
magnitude of the disturbing force, but its extent, except 
in the shortest spans, is mainly determined by the 
synchronism of its period with the natural period of the 
bridge. Although the conditions for synchronism are 
more perfectly attained in long bridges than in short 
ones, the critical speed, which corresponds to the natural 
period of the bridge, is low, and the forces which operate 
to cause oscillation are therefore small. In long bridges, 
at speeds higher than the critical speed, although the 
hammer-blow may be great, its effect in causing oscil- 
lation is negligible. Since the natural frequencies of 
steel bridges, except only the shortest and the very 
longest, are of the same order as the frequency of 
locomotives at ordinary or high speeds, synchronism is 
usually a possible contingency. The frequency of 
oscillation of a given bridge can be calculated from its 
dimensions or by measuring the period of the residual 





*Abstract of a Paper read before the Institution of 
Civil Engineers, on Tuesday, March 5, 1929. 
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vibrations shown on a deflectometer record after the 
engine has passed over the bridge at a suitable speed. 
The natural frequency of every bridge tested was calcu- 
lated by the formula f = (x/2l) (EIg/W1)’ and com- 
pared with values obtained by experiment. 

In bridges of 130 to 150 ft. span, although there 
were clear indications of resonance at the calculated 
frequency of the loaded bridge, the oscillations set up 
by hammer-blows when the engines passed at much 
higher speeds were distinctly greater, the amplitude- 
frequency curve showing a double peak. Whereas in a 
span of 200 or 300 ft., engines oscillate almost solidly 
with the bridge during transit at the critical speed, in 
shorter spans, at higher speeds, only the non-spring- 
borne parts move solidly with the girders. The effect 
of this action is to raise the critical speed above that 
corresponding to the loaded frequency of oscillation of 
the bridge. 

For spans loaded with a single engine, theory points 
to 120 ft. as the span where the greatest effect will be 
caused by hammer-blow. The tests confirmed this 
deduction and showed that the critical speed corres- 
ponds to the highest speed attainable with locomotives, 
that the hammer-blow is at its greatest value, that the 
mass of the span is comparatively small, and that the 
span is long enough for several impulses to be applied 
during a transit. 

The calculation of results involved the estimation, 
from the data collected, of the worst effects possible 
in the most extreme combinations of conditions and 
also what is the greatest provision that it is necessary 
to make having regard to the normal or probable 
working conditions. 

When resonance occurs, and the deflection due to the 
repetition of hammer-blows, as measured by the semi- 
amplitude of the recorded vibrations, considerably 
exceeds the deflection that would be caused by the 
force of the hammer-blow acting as a static load, the 
extent to which it is greater, expressed as a ratio, has 
been calculated for all bridges tested and is denoted 
by the symbol &. This factor varies in each bridge 
with different engines, because of the variation of the 
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damping effect of the locomotive spring gear. It also 
varies in different bridges of the same span, on account 
of the bridge damping, and because bridges have dif- 
ferent natural frequencies of oscillation. 

The actual hammer-blow is not a constant value for 
all spans, but depends on the critical speed, being large 
when the critical speed is high and very small when it is 
low. It is convenient, therefore, to express the impact 
factor by what is called the “‘ derived factor” F, this 
being the value by which the hammer-blow at a constant 
and standard frequency of 6 revolutions per second is to 
be multiplied. Although & continuously increases with 
increase of span, impact-allowances in spans exceeding 
200 ft. are small compared with those in spans of 120 ft., 
and they become relatively less important as the spans 
increase. The values of F coincide with those of k 
for spans up to 70 ft., for the reason that, in these 
spans, the critical speed is not less than 6 revolutions 
per second. Above that span it falls below the corres- 
ponding value of & and attains a maximum value of 
3:5. The factor &, on the other hand, reaches the 
value of 18 in spans of 350 ft., where a great measure 
of resonance is established. The index of the impact 
allowance is not & but F. 

A formula has been established for the oscillations of 
any girder under hammer-blow, based on a number 
of factors, to all of which it is now possible to assign 
values with but a small margin of error. © 

The conditions of loading during the tests were not, 
in all cases, as severe as those which may occur in 
ordinary practice. It was therefore necessary to 
assume the most severe conditions and to deduce 
appropriate values from the experimental results. 

The impact effect caused by hammer-blow depends on 
a number of factors, including the hammer-blow at 
unit frequency, the actual frequency of revolution, the 
natural frequency and the mass of the bridge, the damp- 
ing effect of bridge-connections and of engine spring- 
gear, and the number of engines simultaneously on the 
bridge delivering hammer-blows. 




















The tables recommended provide fully for double- | pa 
heading in its worst form, but do not provide for the | fan and a water spray. The furnace walls are formed 
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simultaneous operation of the hammer-blows of more 


‘than two engines on any one bridge. 


The following combinations have been considered : 
(a) 20 units of B.E.S.A. standard loading with a 
hammer-blow of 5 tons ; (5) 16 units of B.E.S.A. loading 
with a hammer-blow of 12-5 tons; (c) 15 units of 
B.E.S.A. loading with a hammer-blow of 15 tons ; all at 
5 revolutions per second. These three combinations 
have been calculated and plotted comprehensively, 
and from the curves the maximum impact effects and 
total effects on any span have been ascertained. 

The full allowance for live load and impact includes : 
(1) The static weight of the engine and train; (2) the 
hammer-blow; (3) the rail-joint effect; and (4) 
lurching. 

The tabular values provide sufficient allowances for 
those bridges the natural frequencies of which are such 
as to allow of synchronism at an attainable speed 
and, in bridges of moderate span, at a very high speed. 
Designers can often avoid such unfavourable natural 
frequencies by a careful selection of the span-depth 
ratio, and thereby justify impact allowances which are 
considerably less than those given in the tables. 
Girders with a natural frequency between 5-5 and 6-5 
should be avoided. 

Bearings of Girders.—The custom of providing roller- 
bearings in spans exceeding 100ft. is open to objection, 
because the absence of frictional resistance facilitates 
the building up of large oscillations. The ideal bearing 
provides for change of length during changes of tem- 
perature, while it does not encourage rapid longi- 
tudinal motion. A plain sliding bearing answers this 
description. 


TESTING THE SLAG EROSION OF 
FIRE BRICKS. 


MopeErRN methods of firing have tended to shorten 
considerably the life of the refractories of which the 
arches and walls of boiler furnaces are built up. Ash 
particles are carried by the furnace gases at high 
velocities to the brick faces, to which they adhere. 
Slags are formed and, running down the brick faces, 
expose new faces, leading to continuous erosion. The 
erosion is particularly severe with some coals, which 
give an ash of low fusibility rich iniron. The Engineer- 
ing Experimental Station of the University of Illinois 
recently constructed a laboratory furnace for the 
study of this erosion. The furnace and the experiments 
are described in Circular No. 17 of the Station, entitled 
A Laboratory Furnace for Testing Resistance of Fire- 
bricks to Slag Erosion, drawn up by R. K. Hursh 
and C. E. Grigsby, price 15 cents. 

The cylindrical furnace employed has an outside 
diameter of 2 ft. 6 in., and a height of 3 ft. 6 in., and 
is turned about its vertical axis at 13 r.p.m. by means 
of a motor. The furnace is carried on eight steel 
rollers, supported by cast-iron bearings bolted to a 
bed plate. The bottom blocks of the furnace, which 
are luted with fireclay mortar, leave a central opening 
through which the fused slag can run out; The lower 
rt of the furnace, bed, rollers, &c., are cooled by a 
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by bricks of Sil-o-cel, arranged vertically and held in 
place by a band. Inside this ring of bricks are mounted, 
also in a ring, the bricks under test, which are rect- 
angular in shape and alternate with wedge-shaped arch 
bricks. The bricks are cemented together by a very 
thin layer of fireclay mortar. Cracks and spaces are 
filled with loose grog. On these bricks rests another 
ring of fire bricks, and finally a crown block, which 
has an opening for introducing the gas burner. The 
inner furnace chamber is about 9 in. high and 14} in. 
in diameter. The burner is fed with powdered slag 
or ashes from a hopper ; coal gas and air are introduced 
through j-in. nozzles in pipe, both under a pressure 
of 10 1b. per square inch. The burner can be adjusted 
so that any part of the inner faces of the bricks under 
test can be treated by che slag blast as the furnace is 
rotating. Temperatures are measured at various 
points in the bricks by means of thermocouples. 
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” A rotating type of furnace was made in order to expose 
the different bricks, simultaneously tested, to identical 
conditions as to temperature and slag supply. Different 
kinds of bricks showed different amounts of erosion, 
but the results were fairly uniform for the same kind 
of brick. The erosion is determined by taking down 
the brick linings at the end of the experiment, 
which generally lasts 24 hours cleaning the bricks 








j superficially of mortar, filling up accidental chipping 


holes with plastic clay, and immersing the brick in the 
mercury balance of Westman, or in a tank of water or 
kerosene. The difference between the original volume. 
determined in the same way, and the finai volume. 
gives the loss of volume, which is reduced to cubic 
centimetres per square centimetre of surface. There 
would also be some shrinkage, but this was dis- 
regarded, as it would not vary much with different 
bricks. The losses observed amounted to about 
3-7 cub. cm. in very good bricks, and to 5 -25 cub. cm. in 
poor bricks. Some of the bricks were found to be 
subject to very considerable erosion, but the tests 
were evidently severe. The tests were made with the 
synthetic slag prepared from the ground materials of 
the brick in question, and with coal ash, the tempera- 
ture of 1,600 deg. being maintained throughout the 
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test. The erosion was more severe with the synthetic 
slags than with the coal ash. The test furnace seemed 
to be well suited for its purpose, as the conditions | 
inside the furnace were under good control. A large | 
number of bricks can be under comparative test at | 
a time, and the total length of a test is short. There | 


appears to be little doubt that flow over the exposed | 


brick face is a large factor in erosion of this character. | 








AUTOMATIC GEAR-TOOTH ROUNDING. 


MACHINE. 


THE machine illustrated on the opposite page has been 
designed by Messrs. John Lang and Sons, Limited, of 
Johnstone, Scotland, for automatically rounding the 
ends of the teeth of chrome-steel sliding gears used 
in the all-geared headstocks of machine tools, and 
we understand that it has given excellent results 
when operating on the gears of motor-car change- 
speed gear boxes, and on the toothed rings of self- 
starting gears. It is capable of rounding teeth of | 
from 3 to 12 diametral pitch on wheels ranging from | 
2} in. to 26 in. in diameter, and teeth up to 6 diametral | 
pitch can be rounded at the rate of 20 per minute. | 

The appearance and general arrangement of the | 
machine can be followed from Figs. 1 and 2, and, from | 
the former, it will be seen that the work is mounted | 
on a special fixture, also shown in Fig. 4. The fixture | 
is carried on a knee bracket provided with the usual 
vertical adjustment, and having on its upper surface 
two horizontal slides, of which the upper is adjusted to 
suit varying wheel diameters by the hand lever shown 
in Fig. 1, while the lower is reciprocated by a 
cam, located inside the column, for a purpose which 

ill be explained later. The headstock of the 
machine, which is mounted on the top of the column, 
as shown ‘in Fig. 1, and to a larger scale in Fig. 5, is 
provided with a spindle composed of inner, middle and 
outer sections, of which the inner section carries the 
cutter mounted in a draw-back collet, as shown in 
Fig. 6. This cutter spindle runs in ball bearings and 
is driven by a belt pulley at the outer end, at a speed 
of 738 r.p.m. The belt-driving arrangements are 
shown in Fig. 2, and it will be noticed that a jockey 
pulley is provided to maintain a constant tension in 
the belt. 

The bearings carrying the cutter spindle are 
mounted in the middle section of the spindle which, in 
turn, is fitted into a radial U-shaped slot formed in the 
outer section. The position of the middle section in 
the slot can be adjusted by screws at each end, so that 
the axis of the cutter spindle can be moved towards, 
or away from, that of the outer section. When the 
latter is turned through half a revolution, the cutter 
spindle will therefore move through a semi-circle the 
radius of which is dependent upon the degree of 
eccentricity imparted to the middle section of the 
spindle by means of the adjusting screws. In this way, 
the throw of the cutter spindle can be varied to suit 
the pitch of the teeth to be rounded, graduations being 
provided at each end of the outer spindle for rapid 
adjustment. The outer section is mounted in plain 
bearings at each end of the headstock, and a semi-rotary 
motion is imparted to it by a combination of cam and 
rack mechanisms for the cutting and quick-return 
strokes. 

The dividing mechanism, by which the next tooth is 
brought into position after one has been rounded, is 
illustrated in Figs. 3,4 and 5. Referring to the latter, 
it will be seen that a rack section, the teeth of which 
are of the same pitch as those of the wheel being 
operated on, is mounted on a sliding bar, which may 
be termed the dividing bar, in front of, and just below, 
the cutter. This rack engages with the teeth of the 
wheel while cutting is in progress and, as the dividing 
bar is prevented from moving by the locking plunger 
shown on the left in Figs. 3 and 5, the work is held 
firmly. On the completion of the cutting stroke, a 
cam on the front end of the outer section of the main 
spindle releases the locking plunger and another cam 
moves a second horizontal sliding bar, seen below the 
dividing bar in Fig. 5, towards the right. On the end 
of the lower sliding bar teeth are cut to form a rack, 
which engages with a pinion carrying a slotted crank 
arm, and a pin on the end of the dividing bar fits into 
the slot so that, as the crank arm turns in an anti- 
clockwise direction, as seen in Fig. 3, the dividing 
bar is moved to the left, the length of travel being just 
sufficient to turn the work through one tooth space. 
The pin referred to is mounted on a block which slides 
in a vertical fork on the end of the dividing bar, and, 
by means of a hand screw, the position of the block 
cam be adjusted to alter the effective radius of the 
crank and so vary the stroke of the dividing bar to 
suit the pitch. To facilitate this adjustment, the 
outer surface of the fork on the dividing bar is pro- 
vided with graduations, which can just be distin- 
guished in Fig. 5, the graduations covering a range of 
diametral pitches from 3 to 12; the pin is clamped 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 


DECEMBER. 1928. 


(266) DECEMBER. 1928. 


the London Metal Exchange for 


plates are for ship, bridge and tank qualities, 


JANUARY. 1929. 
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lead are for English metal, whilst those for spelter are for virgin metal. c ‘ ; 
for steel plates and rails, and also for hematite and Cleveland pig-iron. The prices given in the case of steel 
and those for steel rails are for heavy sections. The pig-irom 
prices are for East Coast hematite and Cleveland iron, ) l > 
bottle, the contents of which vary from 70 lb. to 80 lb. The price of tin-plates is 
other cases the prices are per ton. Each vertical line in the diagram represents 
lines represent 11. each, except in the case of the diagram relating to tin-plates, 


FEBRUARY. 1929. 
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Norz.—In the diagrams, the figures plotted for tin-and copper are the official closing cash quotations of 
“fine foreign” and “standard” metal respectively. 
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The prices shown for 
Middlesbrough prices are plotted 


both of No. 1 quality. The price of quicksilver is per 
per standard box, but in 
a market-day, and the horizontal 
in which they represent 1s. each. 








means of a bolt clearly shown in Fig. 5. The adjust- 
ment has only to be made when the pitch of the work 
is changed, no alteration being necessary for a change 
in diameter, excepting, of course, that the work 
fixture must be moved into the correct position. 

The dividing mechanism operates during the return 
stroke of the cutter spindle, and when the work has 
been turned round through one tooth space, as de- 
scribed, it is withdrawn from the rack on the dividing 
bar while the latter is returned to its normal position. 
The withdrawal of the work is effected by moving the 
lower slide carrying the work fixture by means of a cam 
inside the column, as previously mentioned, the motion 





in position, after the adjustment has been made, by 





being synchronised with the dividing mechanism so 





that,when the work is again brought up into engagement 
with the dividing rack, the cutter operates on the 
tooth next to that previously rounded. 

The cutter speed, which is 738 r.p.m., as already 
stated, is constant, but the feed motion, which controls 
the rate at which the cutting and return strokes are 
carried out, in conjunction with the dividing mechan- 
ism and the reciprocating motion of the work, can be 
varied by change wheels giving feeds of 11, 14, 17 and 
21 teeth per minute. The feed motion is driven from 
the same shaft that drives the cutter spindle, ne 
countershaft being required. By means of a clutch, the 
feed motion can be put into or out of action without 
stopping the main drive. 


316 


** ENGINEERING ’’ ILLUSTRATED 
PATENT RECORD. 
SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated | 
in each case ; é none is mentioned, the Specification is not 


oll 4 

Where inventions are communicated from abroad, the Names, &c., | 
of the communicators are given in italics. | 

Copies 4 gy may be obtained at the Patent Office Sales | 
Bi , 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform orice of 18. 

The date of the advertisement of the acceptance of a Complete 
Speerfication is, in each case, given a the abstract, unless the 
Patent has been sealed, when the word ‘* Sealed” is a d. 

ar he may, at any time within two months from the date of 

advertisement of the acceptance of a Complete Specification, 

give notice at the Patent Office of opposition to the grant of a 

Patent on any of the grounds mentioned in the Acts. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


299,635. Richardsons, Westgarth and Company, 
Limited, Hartlepool, and W. S. Burn, Hartlepool. 
Internal-Combustion Engines. (3 Figs.) December 
19, 1927.—The invention relates to the fuel valves of 
internal-combustion engines. According to the inven- 
tion, the whole of the valve assembly 1 is protected 
by a sleeve 4, the Jower end of the spraying nozzle 




















5 alone protruding through the inner end of the sleeve. 
This sleeve 4 is arranged in a pocket 6 formed by the 
apron 7, which extends nearly to the bottom of the 
casing 2. The cooling water entering the cylinder head 
i.e., the so-called casing 2, passes around the lower end of 
the sleeve 4 and up through the annular passage or pocket 
6 to the water outlet 8. The sleeve 4 may be formed with 
annular fins 4* and be seated against packing 8@ by the 
pressure upon a gland 9 so as to secure water tightness. 
(Accepted November 7, 1928.) 


MOTOR ROAD VEHICLES. 

299,929. Karrier Motors, Limited, Huddersfield, 
R,. F. Clayton, Huddersfield, and R. Dean-Averns, 
Huddersfield. Springs for Vehicles. (4 Figs.) 
August 11, 1927.—The invention has reference to springs 
of the laminar type. The leaves a are disposed in a hous- 
ing 6, of substantially U-shape and having in the centre 
of each side wall a vertical boss 62, Clamping bolts c 
pass upwards through the bosses 62 and through a cover 





plate d resting on the topmost leaf a. On each side of its 
6 Fig2 
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(299,929) 
central boss 02, each side wall of the housing is provided 
with a vertical slot b* open at its upper end and extending 
down to the base, and each leaf c is made with two spaced 
lateral projections a! to fit into these slots 63. ‘Towards 
each end, each side wall of the hcusing is provided with a 
vertical boss 64, through an opening in which, and through 
an aligned opening in the cover plate d, a bolt e is passed 
to secure the housing to a bracket f adapted to be mounted 
on the axle and on which the base of the housing rests. 


(Sealed. ) 
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successively in cross sectional area in the forward direc- 
tion, whereby the billet is reduced in thickness and spread 
out lengthwise along the mandrel until it is brought to, 
or approximately to, the form of a tube of the required 
thickness and length. In drawing apparatus of the push- 


a 
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bench type, in accordance with the invention, the mandrel 
17 and the mandrel carrier 16 are supported in, and guided 
by, a bearing 26 which is continuous, 7.e., a bearing which 
has bearing contact with the mandrel carrier throughout 
the whole of its length, when the mandrel and mandrel 
carrier are in position ready to commence their forward 


movement. (Sealed.) 

300,033. G. W. Naylor, Denby Dale, near 
Huddersfield, J. F. Naylor, Denby Dale, near 
Huddersfield, W. Naylor, Denby Dale, near 


Huddersfield, and C. E. Naylor, Denby Dale, near 
Huddersfield. Ingot Moulds. (2 Figs.) December 
15, 1927.—The invention relates to ingot moulds, and 
refers especially to one-piece refractory linings for them. 
The lining a, which has the outer face of its lower end 
approximately in contact with the inner walls of the 
mould, is gradually rounded inside and outside from the 
part nearly in contact with the mould until it is made 
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circular at its upper edge, and is made to turn inwards 
from the lower end either direct to the upper edge, or, 
alternatively, made to turn inwards from its base to a 
point 6 and then vertical from the point 6 to its upper 
edge c. A metal hoop or cover d, slightly larger in diameter 
than the lining and similar in shape to the outside of the 
lining, is placed over the lining and has projections d! 
reaching to and lying upon the top of the mould at a 
height to hold the cover about 1 in. from the lining, thus 
leaving the space to be filled with cinders, coke or insu- 
lating earth. The lining is suspended in the mould e 
by strips of metal f. (Sealed.) 


STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 

297,545. Sturtevant Engineering Company, 
Limited, London, and F. W. R. Williams, London. 
Pulverised-Fuel Burners. (2 Figs.) July 25, 1927.— 
The invention consists of a burner for pulverised fuel, 
in which is provided a rotor having helical blades or 
arms extending from a central shaft to the side of a 
hollow drum forming a portion of the rotor and through 
which the pulverulent fuel is delivered; they are 
adapted during rotation to discharge the fuel into the 
furnace in a finely-divided condition. The inner end 
2a of the fuel supply passage 2 is arranged concentrically 
as a nozzle in a cylindrical burner casing 3, forming a 








combustion chamber, and is fixed in the centre of an 
annular plate 4 secured to the rear end of the burner 
casing 3. The outer, or delivery, end 3b of the casing 3 
is enlarged outwards to form a dispersing delivery nozzle. 
The rotor 5 is provided in front of the pulverised-fuel 
nozzle 2a. The rotor 5 consists of a number of helical 
vanes 5b fixed in a cylindrical casing or drum 5c having 
a conical discharge end 5d of gradually increasing area 
outwards, the rear end of the casing being formed as a 


MINING, METALLURGY & METAL WORKING. | ©ylindrical sleeve portion 5e extending over the fuel- 


300,288. Wellman Seaver Rolling Mill Company, 
Limited, Westminster, and S. Smith, Westminster. 
Manufacture of Metal Tubes. (7 Figs.) May 11. 


jinlet nozzle 2a. 


The rotor 5 is mounted on a shaft 7 
driven by a pulley 11. (Sealed.) 


295,067. Spencer-Hopwood, Limited, Hitchin, 


1927.—The invention has relation to the manufacture | and P. A. Sharman, Hitchin. Steam Generators. 


of metal tubes, in which there is employed, in one of the | (2 Figs.) 


steps of the manufacture, drawing apparatus by which a 
somewhat thick cup-shaped hollow billet carried on an 
end of a mandrel is pushed through dies which decrease 





May 11, 1927.—The invention relates to the 
firing arrangements of steam generators, particularly oil- 
fired vertical qeaeriore, in which the oil is projected into 
a steam jet. Broadly the invention consists in effecting 








the initial firing of an oil-fired steam generator by means 
of an open fire burning coal, wood or other fuel, and m 
providing, for this purpose, a grate which is removable as 
aunit. According to one embodiment of the invention, a 
removable grate a is carried by a wheeled truck ¢ and 
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is adapted to be inserted into the usual combustion 
chamber f and as readily withdrawn therefrom when 
the required initial head of steam has been raised. 
The entrance and exit of the removable grate are 
conveniently effected through the usual secondary-air 
opening h. (Sealed.) 


MISCELLANEOUS. 
F. H. Smith, Higham, Kent." Road 
Scarifiers and Rougheners. (3 Figs.) March l, 
1928.—The invention relates to road scarifiers and 
rougheners. According to the invention, the tines O 
are arranged on a rotatable support A, which is carried 


294,860. 





















































by means of sprngs in a frame attached to a road 
roller, the rotatable support being driven by some 
convenient means. The direction of rotation of the 
tool or tine holder is the same as that of the roller 
wheels. (Sealed.) 

299,595. The Coventry Chain Company, Limited, 
Coventry, and A. Hill, Coventry. Power-Trans- 
mission Chains. (6 Figs.) October 7, 1927.—The 
invention relates to power-transmission chains of the 
kind in which alternate links comprise a pair of plates 4 
connected by a pair of bushes 5, the whole link being 
termed a bush block. According to the invention, a 





bush 5 is locked in its holes in the bush plates 4 by 
notching opposite sides of the outer edge of each. hole 
2 as at 6, forcing the bush into the holes in the plates 
and thereafter, by means of a punch, spreading the ends 
of the bush to engage the notches. This securely fixes 
the bushes, leaving their ends level with the outer faces 
of the plates. (Sealed.) 
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AMERICAN FOUNDATION METHODS 
WITH LARGE, 


IN CONNECTION 
BUILDINGS. 
By Frank W. Skryyer, M.Am.Soc.C.E. 


Avart from river and harbour work, great 
difficulties and many unusual features of foundation 


work in the United States are associated with the | 


CONTINUOUS CAISSON FOUNDATION WALLS, 
Fig. 1. STREET PLATFORM, CONCRETE TRACKS ETC 


Street 
Oo ] Curt Line 


|ous nature, extending to irregular rock surface of 





excavation adjacent to, and sometimes below, or 
even intersecting, foundations of tali and heavy 
buildings. These conditions make it necessary not 
only to provide for the initial safety of the struc- 
tures, but to insure their stability and permanence 
despite future possibilities of direct disturbance and 
indirect changes that have already been brought 
about in some places by adjacent excavations and 
extensive drainage of the ground water, resulting in 
a material lowering of the water table. 

When undisturbed or when thoroughly confined 
laterally, ordinary wet or dry sand has a satis- 
factory bearing value to support foundations. The 
fluid quicksand which exists occurs very irregu- 


been necessary, and has been executed with remark- 
able courage, ingenuity and success. 

New York, with unparalleled congestion in an 
area where for a great distance the soil consists of 
fill, quicksand, boulders, and hard pan of a treacher- 


50 ft. to 150 ft. below street level, has presented 
especially dangerous and difficult problems. The 





Vo. 


_— larly, sometimes in extensive strata many feet deep, 
Hopper and sometimes in shallow limited pockets, and is 





Wall Caisson 7 


Sand & Gravel Bins ~ 


\N often so quick that it will spurt like a water jet 
through a nail hole in a plank ; but when dried by 
long continued drainage, it becomes dense and 
solid, with considerable tenacity, and will stand for 
some time with vertical faces several feet high. 

| Often between the quicksand and the surface of 
| the bed rock of gneiss formation there is a stratum 
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| of variable thickness up to 10 ft. or 15 ft. of hardpan 
comet and boulders which presents a very irregular 
\ Storage | surface, which it is necessary to level off carefully 
H noon Joint |for foundation bearings. Sometimes the hardpan 
1 y ‘ |is underlaid by quicksand pockets in the spaces 
‘ Wall Caissons between it and the rock, so that it is never safe to 
impose heavy loads upon it unless explorations show 
that it is very thick or rests directly on the surface 
Concrete of the rock. 
ee | These varied conditions have led to the develop- 
ment of several entirely different types of foundation 
construction, such as cofferdam work, spread foot- 
ings, submerged enclosing dams, hydraulic and 
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(OJ pneumatic caissons, timber, concrete and steel piles, 
and extensive rock excavation. It is here proposed 
to deal with some of these features of New York 


foundations and others of a different character else- 
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JOINT BONDING CAISSONS 
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substructures of very tall and heavy buildings. 
Chief among these are the skyscraper office buildings 
of the Metropolitan cities in different states, notably 
New York, Chicago, Cleveland, and San Francisco. 
In these cities many very heavy and lofty buildings 
have been constructed, and local conditions and 
geological formations have often involved great 
difficulties, to overcome which costly work has 
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where, and commence with one of the more 
interesting of recent years. 

The Barclay-Vesey Telephone Exchange building, 
erected at a cost of 10,000,000.00 dols., covers an 
entire city block on the shore of the Hudson River, 
between Barclay and Vesey streets, and occupies 
the whole of a 213 ft. by 259-ft. rhomboidal site on 
filled ground, formerly submerged and beyond the 
original shore lines of the river. At this point the 
street surface is hardly above extreme high tide, 
the ground water level being only from 2 ft. to 4 ft. 
below the curb. 

The building, which was illustrated on page 
98, ante, is one of 17 storeys, or about 262 ft. 
from curb to the main roof, above which a portion 
about 100 ft. square extends 12 storeys higher to 
an elevation 434 ft. above the curb. A lighter 
superstructure contains five further storeys. There 
are five basement storeys, the lowest subgrade being 
701 ft. below the curb. The volume represented 
by these is 3,175,000 cub. ft., besides about 
12,000,000 cub. ft. in the superstructure. The 
superstructure has a floor area of 925,000 sq. ft., 
and can accommodate about 6,000 people, most of 
them employees of the Telephone Company, which 
occupies the entire building except the first storey, 
which is let out as shops and for other commercial 
purposes. 

Preliminary exploration of the site was made with 
22 4-in. diamond drill borings to rock, and indicated 
the presence of a large quantity of timber crib 
work, fill materials, quicksands, earth, sand and 
boulders, with the irregular surface of the bed rock 
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solutions adopted have gradually been improved 
until a high standard has been reached in the course 
of the last thirty years, during which period the | at distances varying from about 60 ft. to 80 ft. 
height of steel frame office buildings has increased | below high-water level. From these indications it 
from 10 to 60 storeys. Power stations with large | was believed that the surface of the rock sloped 
boilers, generators and delicate steam and electrical | down from the centre toward the sides of the lot 
equipment have also been frequently built where | and was free from the covering of hardpan that had 
the construction of absolutely solid and immovable | generally been found in adjacent excavations. At 
substructures was exceedingly difficult. |a depth of 48 ft. below the curb there is a 2-ft. 
North of the financial district in the Borough of | stratum of highly-compressible spoil. 
Manhattan, New York City, bed rock sometimes| It was determined to carry all main foundations to 
approaches or reaches the surface of the ground, | solid rock, and to utilize as large a space as possible 
and entirely different building conditions and | below street level for mechanical and storage pur- 
requirements prevail. In this northern part of the | poses and for other requirements of the Telephone 
city, as well as in the financial district above the |Company. The general excavation was, therefore, 
quicksand deposit, the difficulties are much enhanced | carried down to the irregular surface of the rock, 
by the existence, or planned construction, of one, | involving the removal of 119,000 yards of earth, 
two, and even three tiers of continuous subway | rock, and rubbish, including a large amount of 
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quicksand. In order to control the quicksand, and 
limit the pumping, it was decided to make this sub- 
stantially dry excavation in the open, enclosing the 
entire area with a continuous concrete wall, 8 ft. thick 
and from 55 ft. to 75 ft. in height, forming in reality 
a subterranean dam resting on, and bonded into, 
the solid rock and serving for the foundation of all 
the wall columns. It also serves as a retaining wall 
to resist permanently the external earth and hydro- 
static pressure. This wall is composed of twenty- 
two pneumatic caisson piers 8 ft. thick and about 
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40 ft. long. These were sunk alternately, with 
clearances of about 18 in. between their adjacent 
ends. | 

Analyses and estimates were made of the different | 
total costs of substructure construction and the | 
value of substructure space derived by adopting 
different dimensions for the lower storeys, that is | 
by excavating a whole or a part of the material 
enclosed by the caisson walls. The storeys from 
the street down were designated as A, B, C, D and E, 
from ground floor downwards. All the estimates | 
contemplated a full size A-storey, and full-size or | 
reduced lower storeys. It was estimated that | 
although the actual cost of construction would be | 
less for a full size A-storey and 100 ft. by 100 ft. | 
B, C, and D-storeys, the value of the extra space | 
gained by making these storeys of the full dimensions | 
justified the additional cost of 200,000.00 dols. | 
involved, and eventually construction requirements 
and developments justified the excavation of the 
full-sized fifth or E storey over the entire area, 
increasing the amount of interior space below the | 
original surface of the lot to 3,175,000 cub. ft. 

After the buildings previously occupying the 
site had been razed and the debris removed down | 
to about ground water level, a working platform 
supported on timber was built for storage and cartage 
purposes over the central pari of the lot at an eleva- 
tion about 11 ft. above the surface of the ground. 
This was provided with three ramps to the streets 
on three sides of the lot. 

Air compressors, pumps, concrete mixers, and 
stiff leg derricks, shops, offices, storage houses and | 
workmen’s houses were installed below the working | 
platform, and wooden forms were erected in situ for | 
the pneumatic caissons, the working platform and 
contractors’ plant being moved, if necessary (in a 
very few instances) to clear them, and replaced 
after they were sunk. 

For convenience and economy the lengths of the | 
unusually Jong and narrow caissons were made as | 
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great as possible to conform to the approximate 
ratio of 1 to 5 for the proportion of width and length, 
and to give the required thickness to resist the 
heavy unbalanced pressure. As it could not be pre- 
determined exactly how deep the caissons would 
have to be sunk, they were designed to permit of a 
variation of 3 ft. above or below the assumed eleva- 
tion. The caissons, except for bevelled ends at the 
corners and for minor differences, were substanti- 
ally duplicates, and were designed to resist a pressure 





DETAILS OF eee BRACING & ITS SUPPORTS 





of 2 tons per square foot of the vertical exterior 
surface, amounting to as much as 
2,490 tons on a single caisson. The 
caissons had reinforced concrete 
walls varying from about 11 in. to 
29 in. in thickness, and were pro- 


72x12 


12"x12 vided with heavy cutting edges 
made of a 6-in. by 4-in. angle 
riveted to a 9-in. channel. The 


Fig. 
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depth of 8 ft., permanently enclosing the first 
section of the steel air shaft. After the concrete had 
set for 72 hours or more, another 8-ft. lift was added, 
and excavation was made to a depth of 2 ft. to 4 ft. 
in the working chamber before air pressure was 
applied. After the second lift of concrete had been 
placed in the forms the outer walls of the latter were 
extended 16 ft. higher and concreted in one lift, 
and concreting, form-building, excavation and 
caisson-sinking were maintained as continuously as 
practicable until the cutting edges were permanently 
seated on the solid rock. 

During the first 20 ft. of their descent most of the 
caissons encountered heavy timbers up to 14 in. 
by 14 in., short pieces of which extending beyond 
the cutting edge were sometimes displaced by 
derrick lines brought down through stuffing boxes 
in the air locks. Large boulders were block-holed 
and blasted with dynamite. The excavated material 
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working chambers, 7 ft. high, were entirely un- 
obstructed by braces or struts, and the roof sloped 
upwards 8 in. from each end to the single oval 


| collapsible steel air shaft in the centre. 


After the inside form enclosing the working 
chamber was erected, the reinforcement steel for 
the walls and roof was assembled around it, and 
enclosed by the braced exterior form made by vertical 
2-in. by 10-in. tongue and groove yellow pine boards, 
16 ft. and 18 ft. long with staggered joints at the 
upperend. Above the roof of the working chamber, 


| the sides of the forms were tied together by 3-in. 
rods 8 ft. apart in horizontal planes, 5 ft. to 8 ft. 





apart vertically, and the forms were concreted toa 





TimBER Cross-BRACING BETWEEN CaIssON WALLS. 


was removed in }-yard cylindrical buckets operated 
through the air shafts, which were equipped with a 
ladder and passage-way at one side of the bucket 
well. 

Until the caissons had penetrated abont 30 ft. to 
the more solid earth a great loss of air pressure 
under the cutting edge was experienced, and a 
large quantity of plastic clay was used to stop the 
leaks. Some of the caissons required 1,400 tons 
of cast iron kentledge to overcome the external 
skin friction. The caissons were sunk to depths of 
from 55 ft. to 75 ft. at very irregular rates up to 
about 6 ft. vertical in 24 hours, the average time 
required to sink one caisson being three or four 
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weeks’ working time from the commencement of | 
air pressure until landing the cutting edge. Work | 
was carried on continuously in three or more shifts | 
in 24 hours, the length of the shift being shortened | 


hammers, and over a 100,000 yards of open general 
earth excavation was accomplished by hand and 
buckets and by 3 mining air shovels. 


as the pressure increased, to a minimum of two 
hours under the maximuin of 35 lb. above atmos- 
pheric pressure. Caisson-sinking was completed 
in three months. 


As soon as the excavation was fairly commenced, 
heavy unbalanced pressure on the outside of the 
caissons was resisted by temporary longitudinal 
and transverse horizontal full-length timber braces 


The sites of two caissons were so much obstructed | dividing the site into panels about 20 ft. to 25 ft. 
by rock-filled timber cribs that open sheet piled pits, | square, giving abundant clearance for the operation 
were pumped, and excavated to a depth of about | of the excavating and hoisting buckets. As the 
15 ft. and then filled, and the caissons assembled | excavation progressed, successive tiers of braces 
on the surface of the fill and sunk through it and | from 6 ft. to 84 ft. apart in the clear were set, down 
beyond in the usual manner. The caissons were | to an elevation just above the level of the C floor. 
sunk by a maximum daily force of 150 men. The| The braces were all made with 12-in. by 12-in. 
general working arrangements adopted at the| timbers, with spliced butt joints and just clearing 
site are shown in Fig. 1. jeach other at intersections, where they were 

The entire area of the lot was commanded by | supported on cross pieces bolted to pairs of false- 
two steel towers each equipped with four booms, and | work piles. In the first four tiers each brace 
by eight other fixed and movable derricks all | consisted of two 12-in. by 12-in. timbers. In the 
having booms 60 ft. long. These booms handled | fifth and in the sixth tiers 15 ft. below it, the braces 





all of the 19,000 yards of spoil excavated from the | were 24 in. square, each made up of four 12-in. by 
caissons, depositing it in a number of hopper-| 12-in. timbers. Details of the bracing are given in 
bottom bins. The latter were raised above street | Figs. 4, 5 and 6. 
level so that 5-ton lorries could drive under them, The centre of pressure on the exterior face of the 
be loaded quickly and then carry their loads to a/caissons was at a point just below the C floor, 
distant pier. Here they delivered them to barges, | and was there resisted by permanent steel struts 
subsequently towed to sea, where the contents were | becoming part of the heavy solid steel and concrete 
dumped. | floor slab, and arranged in pairs so as to clear the 
The caisson-sinking which is well shown in the} columns which were afterwards assembled and 
view of the site given in Fig. 2, usually terminated | riveted to them. All the other floors were also made 
when the cutting edge reached the surface of the | of reinforced concrete, designed so as to balance the 
rock, but the latter was often found so soft, dis-| outside pressures across the site from one side to 
integrated and shaky that it was necessary to/|the other. These were not put in until later, so 
excavate it, sometimes as much as 12 ft. deeper, | that these stresses were temporarily carried by the 
over the whole area of the working chamber. After | timber bracing above and below the C floor. At 
sound rock surface was reached, levelled and in-| the acute angles of the site the short transverse 
spected, the working chamber was concreted under | braces were replaced by diagonal struts engaging 
air pressure up to a height of 8 ft. or more above | the adjacent caisson walls, and greatly simplifying 
the cutting edge, air valves were removed in the | the framing. The timber bracing is shown in Fig. 7. 
working chamber ; and the latter and the first 23 ft. of | Provision was made for the adjustment of each 
shaft were concreted and grouted. After the|timber and steel strut at its first intermediate 
concrete had set 24 hours or more air pressure was | supports on the piles from 20 ft. to 25 ft. from the 
released, air locks and collapsible steel shafts | caisson bearings. At these points several pairs of 











were removed and the shaft-holes were solidly con- 
creted. : 

After the sinking of two adjacent caissons was 
completed 14-in. Lackawanna steel sheet piles 
25 ft. long, were driven adjacent to and overlapping 
the inner and outer faces of the caissons. The 18-in. 
by 8-ft. space between the ends of the caisson was 
then excavated to a little below ground water level, 
and vertical concrete side walls were built engaging 
the slots in the ends of the caissons at each side of 
the bonding grooves that were cored in the ends of 
the caissons, as shown in Fig. 3. An air lock was 
set on these walls, air pressure was admitted to 
the excavation, and the digging then continued, 
to undermine the side walls which were simul- 
taneously underpinned, the process being continued 
until the bottom of the working chamber was 
reached, when the whole hexagonal well thus 
formed was concreted, making a permanent water- 
tight key bonding the two adjacent caissons 
together. Afterwards the sheet piles were drawn 
and re-driven at other joints. 

Cement was stored at the site in a shed of 9,000 
bags capacity. Pre-mixed aggregate was delivered 
by lorries at the rate of about 400 yards in 8 hours, 
and dumped into a steel-lined receiving hopper below 
the working platform, to be thence elevated by a 
bucket conveyor to a 260-yard storage bin with 
chutes to the batch box hoppers on the mixing plat- 
form. Below these were installed two l-yard 
mixers, located on opposite sides of a 24-in. indus- 
trial track 1,500 ft. long. The latter commanded all 
of the caissons and was equipped with petrol locomo- 
tives and flat cars on which the concrete was hauled 
in l-yard bottom dump buckets. The 32,500 yards 
of concrete required for the substructure was mixed 
and handled by a 12-man gang at a maximum rate 
of about 1,200 yards per day. 

After the site had been completely enclosed by the 
continuous water-tight wall of concrete caissons 
extended down into the solid rock, the water was 
gradually drained out of the enclosed quicksand by 
electrically-driven 3-in. and 4-in. pumps operating in 
6 ft. by 8 ft. open sumps about 10 ft. deep at the 
opposite ends of the long diagonal. About 5,000 


| folding wedges were inserted, and were driven up to 
| approximate initial pressure when the struts were 
| first placed, and were thereafter frequently tested 
|and adjusted. In the wooden struts the compres- 
| sion was largely developed by wooden wedges 
| but was completed by steel wedges. 

The 18-in. by 20-in. steel struts that eventually 
were supported on column brackets, were provided 
at their adjustment joints with pairs of planed 
vertical steel plates between which the wedges were 
inserted. The initial operation of these wedges took 
| up about 60 per cent. of the total final stress to be 
‘carried by the struts, and was closely checked by | 
micrometer observations and by exact measure- 
ments of level and alignment taken at frequent 
intervals. 

As the excavation progressed, the struts in the 
|second and third tiers and in the forth and fifth 
'tiers were cross-braced together by planks bolted 
|on in the vertical planes, virtually making trusses 
| of them, and similar bracing was applied to the four 
piles supporting the braces at each intersection. 
After the solid 8-in. concrete floor slabs were 
completed, the wedges were slacked off, and the 
pressure was transmitted to the floor slabs by a 
slight inward movement of the caisson walls. The 
use of the steel struts eliminated a great deal of 
very undesirable obstruction, and about 50 per cent. 
of the strut timber that would have been required 
had the steel struts been omitted. More than 
1,330,000 ft. board measure of timber were used in 
the timber-struts. 540,000 ft. timber were used 
for the forms, 460,000 ft. were used for the temporary 
platforms, and 530,000 in the caissons, making a 
total of nearly 2,870,000 ft. required for the con- 
struction of the substructure. 

After the completion of the substructure, the 
leakage through the waterproofed caisson joints 
and through the rock bottom of the cellar was 
collected in a permanent 30-ft. by 60-ft. sump 
6 ft. deep, from which it is regularly pumped at the 
rate of about 180 gallons per minute, and is utilised 
for condensation water in an adjacent refrigerating 
plant. 

The substructure work was carried on continuously 
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| 
yards of rock excavation, were drilled with jack- | and required a maximum force of as many as 625 


men per 24-hour day. The six air-compressors 
installed had a combined low pressure capacity of 
10,700 cub. ft. and a high pressure capacity of 
3,500 cub. ft. per mirute. 

Because the general excavation was eventually 
carried lower than was intended when the columns 
were made, the interior columns were supported on 
rectangular concrete piers rising above the lower 
floor level. The typical columns had a cross- 
section of 359 sq. in., were 36 ft. long and weighed 
24 tons. The lower end was field riveted to a 
distributing base with a 40-in. by 72-in. by 4-in. 
bottom plate seated on a grillage of nine 24-in. I- 
beams, 8} ft. long, the latter distributing the load 
on top of the pier. In a subsequent issue, it 
is proposed to deal with another type of caisson 
foundation which has recently been utilised in 
New York. 








MOLECULAR MOTIONS IN RAREFIED 
GASES. 


As the subject of his course of lectures at the 
Royal Institution this year, Sir Ernest Rutherford, 
P.R.S., has chosen “‘ Molecular Motions in Rarefied 
Gases.” The first lecture of the course was 
delivered on Saturday, March 2. 

In opening his lecture Sir Ernest said that in 
this course of lectures he proposed to discuss the 
motion of a gas at very low pressures—its streaming 
through orifices and tubes—and he would also deal 
with the associated problem as to how heat was 
transported at these low pressures from one surface 
to another. He would also treat of thermal trans- 
piration, of the radiometer, and of the condensation 
of vapours and gases at cooled surfaces. Much 
attention had been devoted of late to the last of 
these problems, but much still remained to be done. 
The whole of the phenomena would be interpreted 
on the basis of the kinetic theory of gases, a theory 
which had been fascinating alike to the chemist, the 
physicist, and the mathematician. Moreover, in 
spite of recent changes of view about the nature 
of atoms and molecules, the kinetic theory still 
gave a fairly accurate account of what occurred 
in a gas. 

The theory had even proved of industrial 
importance, since on it had been based the design 
of the diffusion pumps now so largely used for the 
production of high vacua. He would dismiss in one 
sentence the history of the theory prior to 1845, 
since up till then, the surmises made, as to the 
nature of a gas were based on philosophic systems 
in which no appeal was made to experiment. 
The modern view was first put forward by 
Waterston in 1845, in a paper sent from Bombay 
to the Royal Society, which refused to print it, 
though, thanks to the late Lord Rayleigh, this was 
ultimately done in 1892. The assessors responsible 
for the rejection should not be blamed too hardly. 
Waterston was young and unknown, and most 
of his paper dealt with the application of the 
theory to chemistry, and in particular to the 
determination of atomic weights. 

Waterston was the first to realise that the 
energy of a gas was proportional to its absolute 
temperature. He was followed by Joule, but the 
real basis of the modern theory was due to Clausius 
and Clerk Maxwell. The former was the first to 
develop the theory mathematically, and the insight 
of Maxwell and his exceptional analytical powers 
gave the theory its finished mathematical form. 
All that had been done since was implicit in the 
papers of these two men, but wonderful work 
was done subsequently by Boltzmann, and further 
contributions had been made by Jeans and Chapman, 
and also by W. Sutherland, of Melbourne, who 
forty years ago had applied the theory to explain 
a number of interesting phenomena. Still later 
was the work of Knudsen, of Copenhagen, who 
had not merely laid down the laws governing the 
motion of gases at very low temperatures, but had 
verified by experiment his theoretical conclusions. 

One great strength of the kinetic theory was 
the extraordinary simplicity of the assumptions 
involved. A gas was considered to consist of a 
myriad of rapidly moving discrete molecules, which 
might be either mass points or small spheres 
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to be in a constant state of collision with -— 
other, and that these collisions were perfectly 
elastic, both momentum and energy being conserved. | 
Were this not the case, then if a gas were shut up 
in a closed vessel it would gradually lose its energy 
of motion. As the moving molecules collided with | 
the walls of any containing vessel, they pressed 
these back, and thus gave what was known as 
the pressure of the gas. The average speed of 
the molecules was such that their kinetic energy 
was directly proportional to the absolute tem- | 
perature. 

Modern views about the nature of atoms and 
molecules raised a certain difficulty, since it was | 
no longer permissible to regard an atom as a hard 
elastic sphere. Each, in fact, consisted of a} 
nucleus surrounded by electrons, and the encounter | 
between two could no longer be represented even | 
approximately as a collision between two billiard 
balls. In fact, it would seem that the two| 
“ colliding’ molecules never came into contact | 
at all. As they approached, forces, probably | 
attractive, came into play, with the result that one | 
swept round the other like a comet round the sun, | 
without any actual encounter, and as in the last case | 
energy and momentum were perfectly conserved. | 

It was possible to determine by quite simple | 
methods, as Joule had shown, the average speed 
of the molecules. We got, in fact, the expression 
p=4pc, where p denoted the pressure of the | 
gas in dynes per square centimetre, p its density 
in grammes per cubic centimetre, and c? the mean 
value of the square of the individual molecular velo- 
cities. From this expression it was evident that if | 
the density of the gas were doubled, the pressure | 
would also be doubled, provided that c? remained | 
unchanged as it did when the temperature was 
kept constant. We had thus an explanation of 
Boyle’s law, whilst those of Charles and Marriott 


followed from the fact that c? was proportional 
to the absolute temperature. 
Between successive collisions the molecules were 

assumed to travel in straight lines, and that they 

did this could be proved experimentally by mounting 

a cross in a vacuous vessel, in which a little magne- 

sium was then evaporated at one point. The mole- 

cules flying in straight lines from this, formed a | 
deposit on the far wall of the vessel, save where this 

was protected by the cross, which was thus proved 

to throw a perfectly sharp shadow. Some data | 
giving various molecular speeds were given in the 

following short table. 


é : — 
The essential point was that these were considered | 





Gas. | Mean Velocity of Molecules at 0° C, 
Hydrogen .. is ‘ | 1,840 m. per second. 
Nitrogen 490, a 
Oxygen 460 
Xenon oe ae ai 230 
Radon ie as ay 170 


As a comparison, it might be stated that the great 
gun with which the Germans shelled Paris from a 
distance of 75 miles developed 1 muzzle velocity of 
about 1,700 metres per second. 

We now knew both the masses of the molecules 
and the number in a cubic centimetre taken at normal 
pressure and temperature, which was 2-705 x 10!. 
Hence, it was possible to express results in a more 
definite and concrete form than was possible hereto- 
fore. All particles suspended in a gas such as those 
of tobacco smoke, for example, shared in the 
motion of the molecules, and the Brownian move- 
ments were thus accounted for as Perrin had proved. 

The gases of the atmosphere being of different 
densities, their distribution should vary with the 
height. The kind of distribution to be expected 
was indicated in Fig. 1, which showed corresponding 
atmospheres of hydrogen, helium and oxygen. The 
pressure at the bottom was the same in all cases, 
but as would be seen, the lighter gases extended 
higher. 

Suppose that at any one instant all the molecules 
of gas had exactly the same speed, then since these 
collided with each other in every sort of way, this 
distribution of velocity would be immediately | 
destroyed, and Maxwell, by reasoning based on the 
laws of chance, had shown what the ultimate distri- 
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bution must be. His conclusion was represented 
by the curve, Fig. 2, where the ordinates represented 
the percentage which had speeds proportional to the 
length of the abscisse. It would be seen that the 
percentage was very small, both when the speed was 
very low and when it was very high. Hence, whilst 
an extremely high speed was possible the chance of 
its occurring was extraordinarily small, whilst some 
of the very lowest speeds had perhaps never occurred 
in the whole history of the world. 

With rise of temperature the curves flattened out, 
as indicated in Fig. 3, which showed for hydrogen 


‘the percentage of molecules which had velocities 


within + 30 metres of the values represented by 
each abscissa. 

This law of velocity distribution was substantially 
correct, though experimental proof of it was only 


Fig. 1. 
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obtained during the past few years. The first 
attempt was made by Stern in 1920, and last year 
Mr. Eldridge had got very satisfactory results in 
America. 

His apparatus was represented in Fig. 4. It 
consisted of an upright tube in which a high vacuum 
was maintained. Inside this was mounted a spindle 
which could be rotated by a small induction motor 
at 85 r.p.s. On this spindle were four discs, each 
having 100 slots in its periphery. In a side branch 
cadmium was vaporised and some of this vapour 
escaped through the slit shown, forming a narrow 
but divergent jet of molecules streaming upwards 
in straight lines towards the target indicated at the 
top of the figure. This was cooled by liquid air so 
that every molecule that struck it was condensed. 
With the discs stationary and suitably oriented, 
only those molecules which were moving practically 
in a vertical direction could find a clear path to the 
target, on the cooled surface of which a narrow 
line of dense deposit was then formed. With the 


discs in rapid rotation, however, only the very very 
fastest of these vertically moving molecules could 
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reach the target, and of these there were very few. 
On the other hand, some of the molecules which were 
moving at an angle to the vertical would now find 
a way through to the target, since the slots in the 
upper discs would have moved round somewhat 
during the time these molecules took to pass from 
one disc to another. It would be seen that the 
bigger the angle the path of a molecule made with the 
vertical, the slower must it move if it is to reach the 
target. Owing to this, the narrow line obtained 
| with the discs stationary was replaced by a broad 
band of deposit, as indicated in Fig. 5, the density 
of which at any point was proportional to the 
number of molecules having the corresponding 
8 , 
Mr. Eldridge’s experimental points had been 





plotted against Maxwell’s curve in Fig. 6. 
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In the kinetic theory of gases an important con- 
cept, due to Clausius, was the mean free path of the 
molecule or the average distance travelled between 
consecutive collisions. This varied enormously 
with the pressure as the following figures showed. 





Pressure. 


, Mean free path at 
Gas. 20° C. 








| 
| 
| 
Hydrogen ae E j 760 mm. 17 x 10°6cm 
Carbon dioxide .. . -| 760 mm. 6 x 1076 cm. 
Air we ae He 760 mm. 9 x 1076 em. 
| 1 mm. 7 x 10°35 cm. 
1 
joo ™m. 0-7 em. 
| 1 
| i0.000 ™™. 70 em. 
| 1 
Jos mm. 70 m. 








Ata pressure of one-millionth of a millimetre there 
were still 3,600,000 molecules in a cubic centimetre 
of air, yet the mean free path was 70 metres. This 
showed very clearly the extreme minuteness of the 





molecules. The mean free path of an electron was 
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about six times as great as that of a molecule in| Chief Constructor does not appear to have had any | tory when at sea, and there were many advocates 
corresponding conditions, whilst that of a charged | previous experience of iron shipbuilding, but his | of their adoption for the largest ships, amongst these 
ion was somewhat smaller. It was the large free path | three assistants had been engaged on the drawings | being Captain Cowper Coles, who designed the 
of the electron in the upper atmosphere which | of the Warrior and her immediate successors. | turrets of the Royal Sovereign and later designed 
had made it possible to signal by wireless telegraphy | It was not only the practical side which was'| the Captain. In 1866, Reed designed the Monarch 
completely around the earth. |unfamiliar to them, there was also an almost with two turrets close together on the middle line, 
entire = of information on the scientific side. | each mounting two 25-ton M.L. guns, the bases of 
The problems of strength, stability, subdivision, | the turrets and the supply of powder and shell bein 
THE DOCKYARD SCHOOLS AND THE | speed, horse-power and propulsion were practically | protected by an eeaed titadel. Both fe 
SECOND SCHOOL OF NAVAL ARCHI- | untouched, and they had to investigate these | trained through large angles on both broadsides, 
TECTURE. | re seaggee tinn and determine satisfactory solu- | but the masts and the superstructure prevented 
. : tions. Fortunately their training at the Central | fore and aft fire. She was the first successful sea- 
By A. W. Jouns, C.B.E., R.C.N.C., M.I.N.A. | Mathematical School had been wisely directed by | going turret ship for the British Navy. In the 
(Continued from page 259.) | Moseley and Woolley along the right lines, and | Devastation (1869) the masts and sails were omitted, 
Wes Bead ened’ ines Was 0 ef | a their power to use mathematical investigation in | the two turrets, each with two 35-ton M.L. guns, 
Constructor of the Navy, a complete revolution in practical questions with certainty and precision ”| were placed much further apart than in Monarch, 
the design and construction of the capital ship was 














enabled them to gradually formulate those methods | and end-on fire was obtained from both. This 
in ite initial stagen, the sailing wooden three-lecker, of investigation, calculation and comparison which | vessel was the prototype of the numerous capital 
. ° jibe . a . 

carrying numerous guns, being in process of replace- 


ment by the steam screw-propelled iron ship, pro- 
tected by armour, and mounting a much smaller 
number of larger and more powerful guns. In 1845, 
after many full-scale experiments, the Admiralty 
had decided on the screw propeller for future war- 
ships, and a number of wooden ships, designed for 
sailing, then on the building slips, were altered to 
screw steamers. During the Russian War, Arm- 


| are now familiar to all naval architects. It was not | 
| until some years later that the results of the investi- | 
|gations and experiments of William Froude, | 
| strongly supported and encouraged by Reed and 

his assistants, simplified and offered a solution of 
|the problems of speed, resistance, and propulsion. 
| Until these became available, the Admiralty 
| designers had to remain contented with the roughly 


‘approximate method of the Admiralty coefficients. 


The situation was a more difficult one than had 





strong had introduced rifled breech-loading guns, | : 
firing an elongated projectile, whose range, striking | been presented to the graduates of the First School 
power and accuracy were far in advance of those of | of Naval Architecture, or afterwards to those of the 
the old smooth-bore cast-iron cannon firing a_| Third School, and the success with which it was | 


spherical shot. Shell had shown its superiority 
over shot for the attack of ships and forts. The 
power of the gun had vastly increased as a result, 
and larger and heavier weapons were promised by 
the artillerists. These developments in armament 
necessitated the armouring of the sides of warships, 
and the French built La Gloire, followed shortly 
afterwards on the part of this country by the 
Warrior. 

Although advised by the most eminent ship- 
builders, Ditchburn and Scott Russell, amongst 
them, to adopt iron for the structure of warships, 
the British Admiralty for many years would not 
agree to its use for this purpose. In the middle 
*forties, several small iron warships were ordered to 
be built, but were condemned in 1850, almost before 
completion, and for 10 years no more were ordered. 
Iron ships were included in the Navy List, but their 
use was confined to packet-boats, dispatch vessels, 
troopships and store ships, all non-fighting vessels. 
In addition, there were a few small floating batteries 
built for service during the Crimean War. In 1859, 
this prejudice on the part of the Admiralty was 


overcome, and it was decided that the hull structure | 


of the Warrior should be of iron. 

With such changes in progress, a variety of types 
was being added to the Navy. In 1864, the vessels 
launched included: Three armour-plated wooden 
ships, the Zealous of 20, Lord Clyde of 24, and 
Royal Alfred of 36 guns, all designed as sailing line 
of battleships, but razeed, converted to screw 
ships, and fitted with an iron upper deck; two 


overcome reflects the greatest credit on those 
trained at the Central Mathematical School. On the 
practical side of iron shipbuilding a large amount 
of information had been accumulated by private 
shipbuilders, who had been engaged on such work 
for many years, and this was placed at the disposal 
of the constructive staff at the Admiralty. Barnes 
was appointed visiting overseer of the Minotaur, 
laid down at Blackwall, where the Warrior had 
been built, and was thus enabled to discuss all 
details of construction with shipbuilders fully 
experienced in iron construction, settle them on the 
spot, or consult his chief at the Admiralty on any 
points upon which he felt uncertain. Similarly, 
Barnaby visited Chatham, when the Bellerophon, 
Reed’s first ship, was laid down there. Some others 
of the Central Mathematical School were appointed 
overseers on ships building at private shipyards, 
| and amongst these was W. J. Letty, one of the last 
four entrants to the school, then an Inspector of 
Shipwrights, who assisted Barnes on the Minotaur. 
In 1864 he read a paper before the I.N.A. on 
“ Arranging and Securing the Plates of Iron Ships,” 
| parts of which are quoted by Reed in his book on 
Iron Shipbuilding. Letty, a young man of some 
promise, unfortunately died in 1866, before the 
Minotaur was completed. One of his colleagues on 
the overseeing staff of the Minotaur was Mr. (now 
Sir James) Williamson. 

Reed resigned the post of Chief Constructor of 
the Navy in July, 1870, after having designed 28 
armoured vessels and numerous other types for the 








armour-plated turret ships, Prince Albert of four,| Navy. Previous ironclads had a relatively short 
and Royal Sovereign of five guns, the former of iron, | armoured belt, but Reed’s ships were all distinguished 
and the latter a converted wooden three-decker ; | by a belt extending from stem to stern. The uncer- 
and a converted armour-plated corvette—the | tainty existing at the time as to the most efficient 
Favorite of 10 guns—with wooden hull but iron | arrangement of the armament is reflected in his 





topsides. In addition, two armoured-plated turret 
ships of iron construction were purchased and 
named Scorpion and Wivern. For several years 
around this date, 1864, the variety of types was 
just as strongly marked. 

When Reed took office, the Warrior, Defence, 
Resistance, Black Prince, and Hector had been com- 
pleted or launched, and the Minotaur, Achilles, 
Valiant and Prince Albert laid down. All were of 
iron construction, and with the exception of the 
Achilles were built in private shipyards. The 
Achilles, laid down at Chatham in 1863, was the 
first iron ship to be constructed in the Royal Dock- 
yards. The policy of the Admiralty before 1859 
towards the use of iron for warship construction, 
had prevented the officers and workmen of the 
Dockyards from becoming acquainted with the 
technique of iron shipbuilding, and this lack of 
knowledge was shared in some degree by Reed 
and his assistants, when they took over the responsi- 
bility for the design of British warships. The 


| designs. The Bellerophon (1863), Reed’s first 
|capital ship, had a central armoured battery, in 
| which were mounted ten 12-ton and six 6-ton 
| breech-loaders on one deck, firing through gunports, 
| one-half on either broadside, as in the Warrior and 
| her successors, a natural step from the old sailing- 
|ships of the line. In later designs, Pallas (1863), 
| Penelope (1865), Audacious (1867) and Sultan (1868), 
Reed arranged for end-on fire from the corner 
battery guns by cutting embrasures in the ship’s 
side, before and abaft the battery. In Audacious 
and Sultan a double-storied battery was introduced. 

The turret system had been used in the naval 
operations of the Crimean and American Civil 
Wars, but in 1863 was confined in the British Navy 
to coast-defence vessels. The system was fitted 
for sea trial in the Royal Sovereign, designed as a 
sailing-ship of the line of 131 guns, but cut down, 
armoured, fitted with iron deck, steam machinery, 
and screw propeller and five turrets, and re-launched 
jn 1864. The trials of her turrets proved satisfac- 








ships of all navies prior to the advent of the Dread- 
nought (1906) type. In Reed’s last Admiralty 
design, the Dreadnought (1870), modified in some 
particulars after his departure, the general arrange- 
ment of the Devastation’ was repeated ; the turrets 
were further apart, and carried 38-ton in place of 
35-ton guns. 

During Reed’s seven years at the Admiralty, he 
introduced many improvements in the design and 
construction of warships. Some of the former have 
already been referred to, but in addition, he modified 
the form of ships by the adoption of finer lines and 
the substitution of U for V-shaped sections forward. 
He introduced the bracket-plate system of framing, 
which simplified construction and reduced the cost 
of building, and, by the extension of the cellular 
double bottom, secured greater subdivision and 
safety. The science of naval architecture was 
greatly extended during his tenure of office, and, in 
nearly all its branches, the leading principles were 
established and placed on a sound and permanent 
basis. Reed’s own investigations on the strength and 
stability of ships, and those of Barnes on stability, 
are classical contributions to the theory of naval 
architecture. Shortly before he left, Reed pressed 
William Froude into the service of the Admiralty, 
secured funds for a model experiment tank at 
Chelston Cross, Torquay, and encouraged him to 
continue those researches and experiments whose 
results have been of such benefit to the maritime 
nations. Lack of space prevents any reference to 
the later career of Reed, but it was a most dis- 
tinguished one, not only in naval architecture, but 
in many other fields of activity, and easily charac- 
terises him as the outstanding figure of those 
trained at the Central Mathematical School. 

Reed’s term of office as Chief Constructor had 
proved so successful that on his resignation, the 
Controller of the Navy, Sir Spencer Robinson, was 
faced with the difficulty of finding an adequate suc- 
cessor. He finally decided that the absence of any 
likely candidate from outside the Admiralty limited 
his selection to Reed’s three principal assistants. 
These, he stated, had in great measure contributed 
to the success of their chief, and their training and 
thorough and detailed knowledge of the design and 


| construction of warships were unrivalled. He felt 


unable to choose one of the three for the vacant post, 
and as an alternative suggested a Council of Con- 
struction consisting of Barnaby, Barnes and Cross- 
land, with James Wright of the engineering depart- 
ment, who later became Engineer-in-Chief, to carry 
out the duties of Chief Constructor of the Navy. 
Barnaby was to preside over the Council, and Morgan, 
who for the previous eighteen months had acted as 
professional secretary to Reed, was appointed for the 
same duty to the Council. The Board of Admiralty 
approved this proposal, and although it was intended 
to function for a period of three months only, it 
continued until August, 1872, when on the 17th, 
Barnaby was appointed Chief Naval Architect to the 
Board of Admiralty, and Morgan and Crossland, 
Constructors. On April 1, 1875, Barnaby became the 
first Director of Naval Construction and Ba.nes, 
Crossland and Morgan, Chief Constructors. On 
April 1, 1872, Barnes had been selected for the new 
post of Surveyor of Dockyards, responsible to the 
Controller for the administration of the Royal Dock- 
yards, a duty which had been previously carried out 
by Reed, and his predecessors. With the appoint- 
ment of Barnaby as Chief Naval Architect, the old 
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Council of Construction was abolished, but a — 
and enlarged Council consisting of Barnaby and his | 
two chief assistants, the Engineer-in-Chief, the | 
Surveyor of Dockyards and his two chief assistants, 
with Barnaby as chairman, was formed to consider | 
and decide upon any question which the Controller, 
the Chief Naval Architect, the Engineer-in-Chief, or 
the Surveyor of Dockyards, might consider neces- | 
sary to refer to it. This Council, however, appears | 
to have had little brought before it for decision. 

Barnes continued as Surveyor of Dockyards until | 
April 1, 1886, when by a reorganisation of the office, | 
it was decided to increase its importance to that of 
Director of Dockyards, and to appoint Professor 
Francis Elgar to the new post. Barnes, who had been 
in indifferent health for some time, retired on a 
pension. The pupils of the third School of Naval 
Architecture were beginning to replace those of 
the Central Mathematical School. 

Barnaby remained Director of Naval Construction 
until October 1, 1885, when ill-health compelled him 
to retire. The first capital ship of Reed’s successor 
was the Inflexible (1873), which differed in many 
respects from previous designs. The gun had deve- 
loped far more rapidly than the resistance of armour 
to withstand it. This necessitated a greater thickness 
of belt armour, 24 in. being used in the Inflexible, 
compared with 14 in. in Dreadnought ; and a shorter 
length of belt, which in the Inflexible was barely 
one-third the length of the vessel. To protect the 
waterplane area before and abaft the belt, a thick 
underwater deck was fitted, and the space between 
this deck and that at the level of the upper edge of 
the belt was minutely subdivided, and almost com- 
pletely filled with cork and coal. The two turrets, 
each mounting one 80-ton ML gun, were placed 
en échelon, and a middle line superstructure fitted 
forward and aft. Reed, who had entered Parlia- 
ment in 1874, strongly criticised the design of his 
former schoolmates and assistants, pointing out 
that the cork and coal were a poor protection and 
were likely to be blown out of the ship in a gun 
attack. His objections were supported by several 
prominent naval officers, and as a consequence, a 
Committee was appointed to investigate the criti- 
cisms and objections. This Committee reported in 
favour of the Admiralty designers. The Ajax and 
Agamemnon (1875), of smaller displacement but on 
thesame general principles of design as the Inflexible, 
followed, and these were succeeded by the Admiral 
class (1880). The latter had the guns on the middle 
line, and mounted en barbette, the bases being pro- 
tected by a thick deck and the ammunition and 
shell supplies by armoured tubes rising from the 
extremities of the belt to the rear of the barbettes. 
B.L. guns were adopted in this class for the main 
armament, the Benbow mounting two 110-ton, and 
the others four 67-ton guns of this type. The 
belt was 18 in., and extended only to the main deck 
the sides above being “soft.” The design of this 
class also met with severe criticism, which, judged by 
later standards, appears to have been justified. Short- 
range fighting was apparently assumed in deciding 
on the thickness of armour, but as at the time 
ramming was considered a very likely operation in 
fleet actions, the assumption was not an unreason- 
able one. Other capital ships of Barnaby were 
Conqueror (1878) and her later sister Hero (1884), 
Colossus and Edinburgh (1878), and Victoria and 
Sans Pareil (1885), all rather odd designs, the first 
and last pairs having only one turret placed slightly 
forward of amidships, training from ahead to 30 deg. 
abaft the beam, and mounting two 12-in. and two 
16}-in. B.L. guns respectively, whilst Colossus and 
Edinburgh each had two turrets placed off the 
middle line en ¢chelon each mounting two 12-in. 
B.L. guns. The Victoria and Sans Pareil had a 
powerful secondary armament of twelve 6-in. B.L. 
. guns placed in the poop and protected by 3-in. 
armour, with a 10-in. B.L. gun right aft firing 
over an arc left unswept by the 16}-in. guns. The 
armour belt in Colossus and Edinburgh was very 
short, in Victoria and Sans Pareil slightly longer, 
but in Conqueror and Hero was almost a complete 
one. Towards the end of Barnaby’s term of 





office, the Nile and Trafalgar were designed, and a 
marked improvement is noticeable, the armour belt 
extending over two-thirds the length of ship, and 
being continued to the upper deck to form a battery 





| class of seven vessels, the displacement being 5,000 | 


| two 9-2 and ten 6-in. guns. The criticisms to which | 
| Barnaby’s earlier designs were subjected, and the 





weapon of war; and the installation of electric plant 
on shipboard, were among the chief. In many 
of these developments, the ex-pupils of the Second 
School of Naval Architecture took a leading part. 


(To be continued.) 


for the secondary armament, the lighter guns on the 
upper deck being placed behind a protected bulwark. 
The barbettes, each with two 13}-in. guns, were 
on the middle line and 160 ft. apart. Barnes and 
Morgan were responsible for this design, their 
chief being on the sick list. The armoured cruiser | 
appears during this period, the Nelson and North- | 
ampton (1874), Imperieuse and Warspite (1883) | 
being followed, in 1885, by the famous Undaunted | 
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of ships; the improvements in guns and armour ; 


the adoption of the automobile torpedo* as a 


completed in March, 1875. She was fitted with two decks 
and one submerged torpedo tube, and carried nine 16-in. 
torpedoes. Two years after her completion, the first = 
* The first torpedo vessel for the British Navy was the | the fast torpedo craft, which were the forerunners of t 1e 
Vesuvius of 245 tons, 350 i.h.p., and 10 knots speed, | large numbers of torpedo boats, destoyers and leaders of 
designed by Barnaby in 1873, built at Pembroke, and | later times, was designed and built by Mr. Yarrow. 
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three sizes with 
hourly outputs 
of 700, 1,500 and 
3,000 litres, re- 
spectively. <A 
cock is provided 
to enable sam- 
ples of the 
purified oil to 
be drawn off, 
while a gauge 
glass allows the 
operation of the 
centrifuge to be 
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Cuts on a bevel can also be effected. The control 
of the machine is simple, it being only necessary 
to press one of two push buttons, w hich are placed 
above the guiding handle. One of these buttons | 
opens the oxygen valve and starts the motor, so that 
the machine moves forward, while the other closes | 
the valve and stops the motor. The cutting speed 
necessarily depends on the thickness of the material 
being dealt with, and the correct speed to use in a 
particular case is obtainable from a table. The 
dimensions and weight of the machine are so small 
that it is easily portable. | 

The large stand occupied this year by Messrs. | 
Friederich Krupp A.-G., of Essen, contains a num- 
ber of interesting examples of the special steels 
and alloys, in the production of which this firm 
have been for so long concerned. These ‘include 
stainless steels containing from 13 to 15 per cent. 
of chromium and } to 1} per cent. of nickel, and 
from 18 to 22 per cent. of chromium and 8 to 
9 per cent. of nickel, respectively. The former is 
marketed under the name VM steel and the latter 
VA steel. In addition, the hard tool steel, 
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known as Widia, which is a tungsten-carbon alloy 
containing a small amount of cobalt, is shown, | 
while mention may also be made of the cast-steel | 
known as Izett and the _heat-resisting alloys, | 
Ferrotherm and Nichrotherm. These are all 
exhibited in various made-up forms to illustrate 
their industrial applications. 

Among products of a somewhat different charac- 





ter which the firm are exhibiting, attention may 
be drawn to the electrically-driven centrifuge, | 


inspected. The 
container can be 
removed by tak- 
ing down the 
outlet casing, the latter being secured by butterfly 
nuts and bolts. The piping need not be dismantled. 

The centrifuge is driven by an electric motor 
through a centrifugal clutch and belt. The latter is 
completely protected, and its tension is easily 
adjustable. Brakes for bringing the apparatus 
quickly to rest are fitted. For dealing with liquids 
carrying suspended matter the specific gravity of 
which does not differ greatly from that of the liquid 
itself, filter trays are provided through which the 
liquid flows after leaving the centrifuge. 

Another exhibit on this stand to which attention 
may be called is the magnetic chuck illustrated 
in Fig. 25 on Plate XXXIV. This has been designed 
for use on surface grinders. The chuck is completely 
watertight, and the surfaces are arranged so that the 
heat generated is readily dissipated. The number 
and distribution of the poles used is determined 
by the character of the work to be performed. 
Overloading and overheating are prevented by the 


use of a series resistance and by the methods | 


used for insulating the coils. 

From among the examples of machine tools 
exhibited by Messrs. Frederick Schmaltz G.m.b.H., 
of Offenbach-on-Main, we have selected two for 
illustration and description. The first is a crank- 
shaft grinding machine which is illustrated in 
Figs. 19 to 22 on Plate XXXIII. 


grinding machine which we illustrated in connection | 
with the Leipzig Fair in 1927.* The machine| 


|centres, and grind the whole of the main and 


Fig. 16. Oxy-AcrTYLENE CuTTER; MEssRs. 


MESSER 
uND Co., G.m.B.H. 


The machine consists of a bed carrying two tail- 
stocks between the centres of which the shaft is 
held. The grinding is carried out by a pair of 
grinding wheels carried by a central grinding head, 
through the centre of which the shaft is passed. 
This head may carry either a roughing and a 
finishing wheel, or a grinding and a buffing wheel. 
The grinding wheels are each independently driven 
by their own 6-h.p. electric motors, while the 
ring carrying them is rotated by worm gearing 
from a separate electric motor mounted in front 
of the cross-traversing slide and shown in Fig. 20. 

The grinding head is split horizontally, and the 
ring carrying the grinding-wheel motors is similarly 
made in two parts,so that the machine may be 
opened up when placing the work in position. 
The general lines of the operation of the machine 
will be clear from the illustrations and from what 
we have already said. The grinding wheels, them- 
selves rotating on their axes, revolve sun and 
planet fashion around the journal being ground, 
and traverse along their work owing to longitudinal 
movement of the whole grinding head, which is 
driven by the motor to be seen below the main 
slide in Fig. 19. The grinding wheels and their 
self-contained motors are carried on arms normally 
clamped to the rotating ring, but which can be 
swung outward when required to allow the wheels 
to clear the crank webs when operations are being 
transferred from one journal to the next. The 
centre of a long crankshaft may be supported 
during the grinding operation by adjustable steadies 
of the type shown in Fig. 21. Two of these narrow 
steadies can be seen in position on the crankshaft 
in the middle of Fig. 19. 

Crankpin journals are ground in exactly the 
same way as main journals, the grinding head 
being off-set the necessary amount to correspond 
with the crank throw. The crankpin which is 
being ground lies in the same horizontal plane 
with the centre of the shaft as shown in Fig. 20, 
and to allow other crankpins in turn to be brought 
|into position for grinding the shaft is rotated. 
This operation is carried out by the hand wheel 
operating the chuck on the left-hand _ tailstock. 








This machine | 
is a development of the firm’s locomotive- -axle | with worm turning gear. 


The shaft is held in this chuck, which is fitted 
A divided scale on the 
tailstock ensures that the crankshaft is rotated 
exactly through the correct angle when another 


| will take a crankshaft 6 ft. 6 in. long between its |crankpin is being moved into position. 


The grinding- wheel motors are of the Lauer- 


which we illustrate in Fig. 17, on page 324. This | | crankpin journals with the one setting-up. The | Schmaltz type, and are characterised by the fact 
centrifuge is intended for use in ship yards, garages | general layout will be clear from vii 19 and 20./| that they are only 33 in. in overall width, and so 


and workshops generally, and is adapted for clean- | 
ing either lubricating or fuel oils. It is made in| 





> See ENGINEERING, Vol. cxxiii, page 301 (1927). 


between crank cheeks. 
on the 


‘will enter narrow spaces 
| The grinding wheel is mounted directly 
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Fie. 17. 
Messrs. FrRreEpRICH Krupp, A.-G, 


The motor lies entirely inside the width 
indicated by the grinding wheel in Fig. 22. The 
motor is of the squirrel-cage type, so that alternat- 
ing current is necessary for running the machine ; 
in a shop supplied with direct current, a small 
converter must be used. 


rotor. 


is fitted to the machine with bell mouths brought up | 


close to the edge of the grinding wheels, as shown 
in Fig. 20. Connection is made from these to a 
flexible pipe, shown in Fig. 20, which leads to 


ELECTRICALLY-DRIVEN CENTRIFUGE ; 


A dust-extraction system | 


an extraction header connected to the motor-driven | 


suction fan to be seen to the right of Fig. 19. 


As shown in this figure, three positions are provided | 


for the flexible pipe connection to the header, to 
allow of considerable movement of the grinding 
head. 











Fic. 18, 


on Plate XXXIII, is equipped with two saddles, | 
which can be operated together or independently. | 
They are mounted on the front of the bed so that | 
they can be moved in front of the tailstock, and can | 
also clear the steadies so that any disturbance of the | 
latter is avoided. Any number of tool holders, up to | 
four, can be carried on each of the two saddles, and | 
used simultaneously, adjustments being made so | 
that all four finish their particular operations at the | 
same time. The tool holders, the arrangement of | 
which is clearly shown in Fig. 24, are adjusted | 
transversely by means of screws and longitudinally | 
by rack and pinion gear. The screw for the | 
transverse motion is fitted with a micrometer 
for fine adjustment. Where the collars on the | 


|shaft to be turned are closely spaced. multiple | 


The second machine shown by Messrs. Friedrich | 


Schmaltz to which we may refer is the circular- 
table surface grinder illustrated in Fig. 18 on this 
page. 
tables ranging from 600 to 1,200 mm. in diameter, 
but the pattern on view is the 1,000-mm. size. It 
is intended, in the main, for the treatment of 
small articles which can conveniently be held on a 
magnetic chuck, and is capable of taking heavy 
cuts and large outputs. It will be clear from our 
figure that it is of a rigid and powerful build. 


{the production of curved and tapered work one 


The machine is made in various sizes with | 


| tool holders are used in place of separate tools. For 


or more special tool holders, which are operated 
by a former bar of appropriate shape, are employed. 

The machine is provided with an all-gear head- 
stock driven by a single belt pulley from an electric 
motor or line shafting. The spindle runs in 


|eylindrical phosphor-bronze bearings, which are 


The | 


grinding head is directly driven by an 18 h.p. | 


motor, other motions being operated from a second 
motor which cannot be seen in our figure. To 
facilitate the placing in position and removal of the 
work, the table is arranged tv be traversed forward 
in the manner shown in the illustration. This 
motion is controlled by a simple lever movement. 
The table is traversed by a hydraulic ram, operated 
from a pump system self contained in the machine. 
The operator and surroundings are protected from 
splashes by a rectangular screen, which has been 
removed in the illustration. 

Messrs. Heidenreich und Harbeck, of Hamburg, 
are showing a multi-tool lathe which has been 
specially designed for machining motor-car axles, | 
camshafts, &c., by mass production methods. | 
This lathe, which is illustrated in Figs. 23 and 24 


'a more uniform distribution of the stresses. 


provided with ring lubrication, Eight spindle speeds 
are obtainable, and there are six feeds, the latter 
being varied by the movement of a single lever | 
shown on the left of Fig. 23. 

The bed is relatively high and of very rigid 
construction to avoid vibration. Its section 
such that the front part, on which the greater | 
part of the cutting loads is taken, is deeper 
than the back part, the object being to obtain 
The | 
tailstock is mounted on the bed in a special vee | 
guide, and is clamped by an eccentric bolt and 
lever fitted with a locking screw. The steadies, 


is | 


/like the tailstock, are carried on the rear vee of 


the bed, and can be clamped on the latter in any 
desired position. 

The same firm are also exhibiting the bevel-gear 
planing machine illustrated in Fig. 31 on page 325. 


| As will be seen from the figure, the work is mounted 


on a spindle carried in the tailstock, which is capable ! 
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SURFACE GRINDER ; Messrs, FRIEDRICH 
ScHMALTz, G.M.B.H. 


of rotating about a vertical axis and of sliding 
radially. The cutting tools, of which there are 
two, are mounted in slides on the headstock, and 
are arranged so that one is cutting while the other 
is on the return stroke, a continuous cutting action 
being thus obtained. The tools are of triangular 
section, and the slides in which they work are 
inclined to the extent necessary to suit the work. 
Both the tool holders and the work are given a 
rotary motion during the cutting stroke in order 
to produce the correct tooth form, the whole 
operation being fully automatic. Four sizes are 
made of which that illustrated is the largest, being 
capable of cutting wheels up to 750 mm. in diameter. 

Messrs. Siemens-Schuckertwerke, A.-G., of Berlin, 
are showing a selection of their products on a large 
stand in the Haus der Elektrotechnik. The exhibits 


| may be conveniently divided into five classes com- 


prising motors and motor-driven tools, industrial 
heating apparatus, switchgear, installation devices, 
and domestic equipment. In the first section, an 
important development is the motors with self-con- 
tained reduction-gear, an example of which is shown 
in Fig. 26, on Plate XXXIV. This gear, which is 
applicable to motors with outputs from 0-5 to 
10 h.p., is practically noiseless in operation. The 
friction rollers employed are very simple, as com- 


| pared with wheels, and there is no slip between the 


driving and driven shafts with the small powers for 
which the gear is used. The efficiency is claimed to 
be as high as that of single-reduction toothed gear- 
ing. The reduction ratios range from ] : 3 to 1 : 60, 
though ratios as high as 1 : 600 can be made. The 
space occupied is very small. 

As an example of the industrial heating apparatus 
shown attention may be called to the spot welder 
illustrated in Fig. 28, on Plate XXXIV. As will 
be seen, the arrangemen* of the machine follows 
familiar lines. The step-down transformer is carried 
inside the pedestal and a handwheel for controlling 
the tapping switch is arranged on the front. The 


| upper electrode arm is pivoted and is operated by a 


pedal. Another interesting machine is one that has 
been designed for the hard soldering of copper wire. 
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Fie. 30. Country-House PumpPpine SET; 
Messrs. SIEMENS-SCHUCKERTWERKE, G.M.B.H. 


This is arranged for connection to one phase of a 
three-phase network, and consists of two clamping 
electrodes in which the ends of the two wires that 
are to be connected together are secured. These 
ends are brought into contact by moving the elec- 
trodes together. Hard solder and flux are then 
applied and the current switched on, thus heating 
the joint and running the solder. A plug contact 
connected to tappings on the transformer enables 
different currents to be obtained. The model shown 
is intended for wires up to 10 sq. mm. in cross section, 
and only consumes 500 volt-amperes at full load. 

Fig. 27, on Plate XXXIV, shows a 2,000-kg. 
electric-battery truck which has been designed for 
use in factories. It is built with rather more clear- 
ance between the bottom of the battery box and 
the floor than is usual, so that it can be run over 
objects lying on the ground. 

Fig. 29, on Plate XXXIV, is an example of the 
latest pattern of Siemens ironclad switchgear. It 
comprises an oil switch with a rupturing capacity 
of 150,000 kv.-a. The ’bus-bars are immersed in 
thick fluid insulating compound, and all current- 
carrying parts are protected or covered by automatic 
flaps. Complete interlocking against operating faults 
is provided. The switch is usually arranged for 
remote or hand control, but the example exhibited 
is operated by compressed air. 

Fig. 30, on this page, illustrates an electrically- 
driven pump, which has been designed for the auto- 
matic supply of water to country houses. It can be 
mounted directly on the tank and is operated by 
switch controlled by the water pressure. The pump 
is self-priming. 

Messrs. Béttcher and Gessner, of Altona-Bahren- 
feld, are showing a variety of wood-working 
machines on their stand in the Machine Tool Hall. 
Among these mention may be made of the triple- 
drum surface sander which we illustrate in Fig. 32, 
on page 326. This machine is equipped with a chain 
feed, and the drums are above the table. The 
arrangement of the machine is claimed to be particu- 
larly accessible, and the worn sandpaper can be re- 
placed simply by swinging back the dust hood, with- 
out it being necessary to adjust either the table 
or the drum frame. 
short pieces of wood to be dealt with. 








The chain feed also enables | 


The three sanding drums are carried in double | 


roller bearings, and are each driven by a separate | 





Fig. 31. 


A fine adjustment of the drums in the vertical 
direction can be effected from the operator’s 
position, each drum being movable separately or all 
three drums can be shifted together. The drums are 
movable laterally, so that angle cutting can be 
effected. Each drum is braked, so that it can be 
rapidly brought to rest. The drums are arranged 
for spiral winding, so that their periphery can he 
completely covered with narrow sand paper. 

The chain bed is covered with rubber blocks of 
special shape, and can be raised or lowered by a 
separate electric motor. The bed itself rests on two 
eccentric shafts, which are carried on the frame and, 
in addition, the pressure is taken up by four eccen- 
trics placed close to the side of the frame. The bed is 
driven by a separate motor, which is placed directly 
beneath its underside and moves up and down with 
it. As the motor is of the variable-speed type, a 
change-speed gear box is unnecessary. The whole 
of the feed gear is fully enclosed, and each drum 
is provided with a suction hood which can be 
swung free of the drums when a change of paper 
is being effected. 

The same firm are showing the scraping machine, 
an illustration of which appears in Fig. 33. In 
this machine, which has a feeding speed of 82 ft. 
per minute, the ordinary cutter box is replaced 
by a light cutter holder, which is guided on a 
steel cross bar. The machine is also fitted with 
a device so that the scraping effect can be adjusted 
during operation, in accordance with the character 
of the wood and the condition of the tool. This 
adjustment is effected by a hand wheel without it 
being necessary to remove the cutter holder. 

The part of the table behind the irons can be 
raised or lowered, so as to bring it into register 
with the front part, as the latter becomes worn. 
The table itself can be adjusted in the same way, 
both automatically and by hand. The wood is 
fed in by eight cast-steel rollers, four of which are 
mounted in the table and the remainder in the upper 
part of the frame. The pressure on the upper 
rollers can be adjusted by hand. The wood is 
pressed on to the table by a rubber roller, which is 
placed immediately above the irons. The driving 
motor is self contained in the machine, so that all 
belts are eliminated. 

Messrs. Maschinenfabrik Ernst Carstens, of 
Nuremberg, are showing a number of their sand- 


motor, which is mounted directly on the shaft.' papering machines, and brief details may be given 





BrvEL-GEAR TootH PLANER ; Messrs. HEIDENREICH 
uND HARBECK. 


of two of the latest models. Fig. 35, on page 326, 
illustrates a drum sander with automatic feed. The 
two drums are driven by separate self-contained 
three-phase motors, while the feed is effected by 
a two-speed motor of the same type. The position 
of these three motors will be clear from the illustra- 
tion. Theaxes of the twosander drums are inclined 
to the direction of the feed, so that, during straight 
grinding, the work is in contact with the drum over 
the whole of its breadth, a condition which, in the 
earlier models, was only obtainable by placing the 
work in an inclined position, with the consequent 
disadvantage that the whole width of the drum was 
never wholly utilised. 

The second new sander exhibited by this firm is of 
the belt type and is illustrated in Fig. 34. The band 
runs round vertical pulleys, and at the same time 
oscillates vertically up and down. The table is 
fully adjustable, so that a great variety of work 
can easily be dealt with. 

Though Leipzig is mainly an exhibition of 
German products, there are sufficient foreign firms 
showing to give ita slightly international character. 
Sometimes, as in the case of Czechoslovakia and 
Russia, these exhibits are to be found in special 
buildings under Government direction, while in 
others, as in the case of Great Britain, the 
organisation is left to private enterprise. This 
year, for the first time, our display was being 
shown under the general direction of the Association 
of British Exhibitors, whose London offices are at 
3, Gower-street, W.C.1. This body has been formed 
to look after the interests of firms who are enter- 
prising enough to take part in the Fair, as well 
as to provide assistance to those who visit Leipzig 
as buyers. It is to be hoped that its efforts will 
be successful enough to encourage more firms to 
become members. It may be noted that, while 
a number of non-engineering firms are grouped 
together in one of the Fair buildings in the centre 
of the town, the products of the engineering and 
allied undertakings are to be found alongside 
those of their appropriate German competitors, 
so that direct comparison is facilitated. 

Among the British exhibitors we may especially 
refer to the interesting displays made by Messrs. 
Alfred Herbert, Limited, of Coventry, and the 
Associated British Tool Makers, Limited, of 17, 
Grosvenor-gardens, London, S.W., which are 
placed side by side among the overflow of 





326 


ENGINEERING. 





[MARCH 15, 1929. 


EXHIBITS AT THE LEIPZIG FAIR. 








Fie. 32. 


THREE-DRUM SANDPAPERING MACHINE ; 
THREE-D 1S Macu 











ENGINEERING 





Messrs. BOTTCHER 


UND GESSNER. 





BELT SANDER ; Messrs. MASCHINEN- 
FABRIK ERNST CARSTENS. 
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German machine tools in.the large hall, which 
was last year occupied by commercial motor 
vehicles. The first of these firms are showing 
a good selection of their lathes and other tools, 
as well as an example of one of the smaller models 
of their Atritor pulverisers. This equipment is 
so familiar to our readers as to require no further 
description here, but mention nay be made of the 
fact that considerable troubie has been taken to 
translate the appropriate pamphlets dealing with 
these appliances into German and to convert the 
dimensions and other statistical information from 
the English into the metric system, the former 
being retained for purposes of accurate comparison 
where necessary. The second firm are showing 
examples of the grinders made by Messrs. The 
Butler Machine Tool Company, Limited, of Halifax, 
by Messrs. The Churchill Machine Tool Company, 
Limited, of Broadheath, near Manchester, and by 
Messrs. James Archdale and Company, Limited, of 
Birmingham. A puncher and slotter manufactured 





by the first of these firms is falso on exhibition, 
while Messrs. John Lang and Sons, Limited, of 
Johnstone, near Glasgow, and Messrs. H. W. Ward 
and Company, Limited, of Birmingham, are 
represented by lathes, and Messrs. J. Parkinson 
and Son, of Shipley, by a milling machine. It is 
to be hoped that the example of these firms will 
be more widely followed another year, as their 
enterprise would seem to be warranted. 

Other British firms exhibiting in various parts 
of the Fair include Messrs. Brooks and Doxey 
(1920), Limited, of West Gorton, Manchester, and 
Messrs. Foxwell, Daniel and Son, of Cheadle, who 
are showing textile machinery; Messrs. Rose 
Brothers (Gainsborough), Limited, of Gains- 
borough, who are exhibiting packing and wrapping 
machinery ; and Messrs. Rushton Tractors, Limited, 
of Southall, and Messrs. Barford and Perkins, 
Limited, of Peterborough, who are represented by 
tractors and road rollers. 

Before concluding our account of the Fair, men- 
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Two-DruM SANDPAPERING MACHINE; 


Messrs. MASCHINENFABRIK ERNST C'ARSTENS. 


tion should be made of the display of constructional 
steelwork which is centred in yet another new 
building in the Technical Fair Grounds. This has 
been jointly organised by the Deutscher Stahlbau- 
Verband, of Berlin, and the Stahlwerks-Verband, 
of Diisseldorf, to show, principally by means of 
models, drawings, and photographs, the extent 
to which steel is being used in buildings of all 
kinds, the various ways in which it is erected, and 
the materials, such as brick and concrete, which 
are being employed in connection therewith. To 
make this demonstration more practical, a steel- 
frame tower some 22 metres high has been erected 
at one end of the building, and is being bricked in 
with Torkret bricks during the Fair. It is inter- 
esting to learn that work on the steel frame was only 
begun on January 14, so that its construction 
was entirely carried out during some of the 
severest weather ever experienced in this part of 
Germany. 





In this necessarily brief account of this year’s 
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Fair we have been obliged to omit mention of 
a great deal that is interesting, and of some things 
that are novel. To do otherwise would make too 
great a claim upon our space. As an exhibition, 
Leipzig Fair probably suffers, to some extent, from 
its miscellaneous character, and the short time it is 
open. It is fairly certain that the large majority 
of visitors to Leipzig go there with some definite 
object in view, and disregard a large part of the 
exhibits, unless they have some spare time at their 
disposal. 


THE HAUGHTON-HANSON 
THERMOSTAT.* 
By P. J. Durrant, M.A., Ph.D. 

In the course of an investigation on the constitution 
of the cadmium-rich alloys of the system cadmium- 
gold, the author employed a method of mapping out 
the boundaries of a solid solution, in which it was 
necessary to bring the furnace containing the annealed 
specimens rapidly and accurately to a given temperature 
from some higher temperature. In order that the 
results obtained should be reliable, it was important 
not to cool below this given temperature. This was 
found to be difficult if the furnace was controlled 
merely by means of the taps on the U-tube of the 
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Haughton-Hanson thermostat,t as there w1s usually 
a small change in the temperature of the furnace after 
the taps had been closed, so that the temperature 
attained by the furnace at equilibrium might be 
2 deg. or 3 deg. above or below its temperature when 
the taps were closed. This difficulty was overco.ue by 
means of the piece of apparatus described below. 

As Haughton and Hanson recommend, the cold- 
bulb of the thermostat was kept at a steady tempera- 
ture near 25 deg. C., and, for this purpose, a small toluene 
thermostat, on designs similar to theirs, was made. 
[t consisted of two co-axial bulbs A and B, both made 
of glass, Fig. 1. The volume of B was about 200 c.c., 
and the annular volume between A and B about 500 c.c. 
A capillary tube led from B to one limb of the con- 
trolling U-tube of the main thermostat. A tube of 
internal diameter 0-5 cm. was sealed into A and bent 
into the form of the U-tube C. A was filled with toluene 
up to the top of the U-tube C, and mercury was then 
dropped into the U-tube until a column about 10 cm. 
long was in the tube. A steel rod, to one end of which 
was soldered a platinum wire P and to the other a 
copper lead Y, was supported by a clamp, so that the 
platinum wire just touched the surface of the mercury. 
Another platinum wire was fused into the U-tube at X, 
thus making contact with the mercury column, and 
completing an electrical circuit containing a two-volt 
cell and a relay. The outer bulb A was wound with 
four layers of Constantan wire (34 S.W.G.), of resistance 
4,000 ohms, which was heated by a current from a 
110-volt circuit. When the relay circuit was closed, 
the 110-volt circuit was broken by the relay and the 
bulb A cooled a little, until the contraction of the 
toluene caused the relay circuit to break at P, when 
the main current commenced to heat the bulb until the 
relay circuit was closed again. By the continued 
repetition of this process the inner bulb B was kept at a 
very constant temperature. 

The exact value of this temperature depends upon 





* Paper read before the Institute of Metals, London, 
on Wednesday, March 13, 1929. Abridged. 
__t For a general description of the thermostat, see 
ENGINEERING, vol. ¢, page 378 (1915), and vol. civ, page 


to drive the mercury up to it, while if the wire be 
depressed into the mercury, the toluene contracts until 
the mercury falls to the level of the tip of the wire, 
thus leading, respectively, to a rise or fall in the tempera- 
ture of the inner bulb B. If the air in B contracts in 
volume, it follows that the air in the Haughton-Hanson 
bulb must do so also, and so a fall in temperature of the 
bulb B is accompanied by a fall in temperature of the 
main furnace. If T, be the temperature of the main 
furnace and T, be the temperature of the bulb B, 
(T, and T, being measured on the absolute scale), then 
the change in temperature ¢, of the main furnace, 
consequent upon the change in temperature ty of the 
bulb B, is given by the relation— 


T, 
ty = 2m 


Since T, is practically constant, it follows that for a 
given very small movement of the platinum point P, 

t, =k.T,, 
where & is a constant. 

The change in temperature of the main furnace’ 
caused by a given movement of the platinum point P. 
is therefore dependent on the temperature at which the 
main furnace is running. For the adjustment of the 
main furnace temperature by means of the apparatus 
described in this paper, it is necessary to make preli- 
minary experiments to determine the relation between 
the temperature of the main furnace and the amount 
of movement of the platinum point P required to 
change this temperature by 1 deg. C. . It is convenient 
to make such experiments at intervals of 100 deg. C., 
and to record the results in the form of a graph. When 
the author’s furnace was running at 300 deg. C., the 
depression of the platinum point 5 cm. produced a fall 
in temperature in the main furnace of 4-2 deg. C.; 
when the main furnace was running at 480 deg. C. 
the same depression of the platinum point produced 
a fall in temperature of 5-4 deg. C. A scale in milli- 
metres and centimetres was pasted on the outside of 
the open limb of the U-tube C, so that the amount of 
movement required by the platinum point P to alter 
the temperature of the main furnace by a given small 
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amount could readily and accurately be seen. 
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It was found that the main furnace followed tempera- 
ture changes in the smaller furnace very readily and 
without any lag whatsoever. The tracing of the 
thread recorder, Fig. 3, shows one hour’s undisturbed 
run followed by a fall in temperature of 3 deg. C., which 
was maintained for another three hours and then 
followed by a rise of 4 deg. C. The method employed 
to bring a specimen exactly to a given temperature, 
without even momentarily falling below it, was as 
follows :— 

The specimen was annealed at, say, 450 deg. C., 
and it was required to bring it, while still in the 
furnace, to 350 deg. C. The furnace was allowed 
to cool with both taps on the main control U-tube 
open until the couple read 354 deg. C. The taps were 
then closed and the furnace left for 10 minutes. At 
the end of that time the temperature would be quite 
steady at, say, 352-5 deg. C. The platinum point of 
the small furnace would then be depressed 2-8 cm., 
and in about 15 minutes the mercury would have fallen 
this amount, and would have brought about the 
requisite fall in temperature of 2-5 deg. C. in the main 
furnace. Without further handling or adjustment the 
thermostat would continue to run at this temperature 
for the period desired. 

Since a fall in temperature of 2 deg. C. of the cold- 
bulb leads to a contraction of toluene corresponding 
to a fall of 5 cm. in the open limb of the U-tube C, 
it follows that the fall of temperature of 10 deg. C. 
which would occur when the thermostat was allowed 
to cool to room temperature would result in the sucking 
over of air into the bulb A. This would be very 
undesirable, and it can be easily prevented in the 
following manner :— 

The furnace is allowed to warm up until nearly all 
the mercury is in the open limb of the U-tube. The 
greater part of this is removed by means of a dropping 
tube. Toluene is then added until the open limb is 
almost full. The tube of a syphon containing toluene 
is then inserted into the limb of the U-tube, as shown 
in Fig. 2. The current may now be cut off, and, 
whatever the fluctuations of room temperature may 
be, the toluene will not overflow, neither will air be 








LAUNCHES AND TRIAL TRIPS. 
“‘ SaRnraDoc.”—Single-deck, single-screw, Canadian 
lakes and canals cargo steamer;  triple-expansion 
engine. Launch, February 27. Main dimensions, 
263 ft. by 43 ft. 4in. by 20 ft. Built by Messrs. Barclay, 
Curle and Company, Limited, Scotstoun, for Messrs. 
Paterson Steamships, Limited, Fort William, Ontario, 
Canada. 


““MetrosE ABBEY.”—Single-screw passenger and 
cargo steamer; triple-expansion engine. Launch, Feb- 
ruary 28. Main dimensions, 280 ft. by 38 ft. by 18 ft. 
3 in. Built by Messrs. Earle’s Shipbuilding and Engi- 
neering Company, Limited, Hull, for Messrs. Hull and 
Netherlands Steamship Company, Limited, Hull. 


*“Lapy Meratu.”—Cattle and cargo’ twin-screw 
steamer; triple-expansion engines. Launch, February 
28. Main dimensions, 320 ft. length by 40 ft. beam. 
Built to the order of Messrs. British and Irish Steam 
Packet Company, Limited, Dublin, by Messrs. Ardrossan 
Dockyard, Limited. 


“ THEOFANO.’’—Cargo steamer; triple-expansion en- 
gines. Trial trip, March 6. Main dimensions, 405 ft. 
by 54 ft. 2 in. by 27 ft. 6 in. Built by Messrs. 
William Gray and Company, Limited, West Hartlepool, 
to the order of Messrs. Michael and John Livanos, 
Chios, Greece. 


“ DuHairyA.”’—Twin-screw tug; triple-expansion en- 
ines. Launch, March 8, Built for the State of Baroda 
y. Messrs. Ferguson Brothers (Port Glasgow), Limited, 

Newark Works, Port Glasgow. 


““SypnHav.”—Single-screw oil-tank motorship; six- 
cylinder, single-acting, two-stroke cycle oil engine of 
the Wallsend-Sulzer enclosed type. Trial trip, March 9. 
Main dimensions, 465 ft. by 61 ft. by 32 ft. 3in. Built 
by Messrs. Swan, Hunter and Wigham Richardson, 
Limited, Wallsend-on-Tyne, for the Sydhav Shipping 
Company, Oslo, Norway. 


“Gananpoc.”—One of six Great Lakes and St. 
Lawrence cargo steamers; triple-expansion engine. 
Launch, March 11. Main dimensions, 263 ft. by 
43 ft. 4 in. by 20 ft. Built by Messrs. Swan, Hunter 
and Wigham Richardson, Limited, Wallsend-on-Tyne, 
for Messrs. Paterson Steamships, Limited, Fort William, 
Ontario, Canada. 








BritisH COMMERCE WITH THE UniTED StaTes.—Mr. 
A. J. Pack, Commercial Secretary in the United States, 
will be at the offices of the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, for a 
few days, commencing on March 18 next. dHe will 
subsequently visit some of the principal commercial 
centres in the United Kingdom. Representatives of 
firms interested in the export of British goods to the 
United States and desiring an interview with Mr. Pack, 
in London, should communicate with the Comptroller- 
General of the Department, quoting reference No. 
12796/1. 





BAte Farr.—tThe thirteenth annual Swiss Industries 
Fair, which will be held at Bile from April 13 to 23 next, 
shows a notable increase on previous years, both in 
the number of exhibitors and in the range of national 
industries and crafts represented. Some 1,500 exhibitors 
have booked floor space, and the industries represented 
have been grouped into 17 sections, among which are 
chemistry and pharmacy; dwelling-house equipment ; 
applied arts and ceramics; office equipment and 
furniture ; technical goods, inventions and patents ; 
electrical plant and equipment; machinery and tools ; 
transport; and natural produce and raw materials. 
A feature of the machinery and tools section will be 
the varied exhibit of woodworking machinery. 





PrERSONAL.—Owing to ill-health, Mr. C. Erith has 
resigned his position as managing director of Messrs. 
Riley Stoker Company, Limited, 9, Bridge-street, 
London, 8.W.1, and has severed his connection with 
the company. Mr. J. O. Murgatroyd, the chairman, 
has taken over the management of the business.— 
Dr. E. W. Smith, technical director of the Woodall- 
Duckham Companies, Allington House, Victoria-street, 
London, S.W.1, we are informed, has been appointed 
chief technical officer of the Area Gas Supply Commit- 
tee of the Board of Trade. Dr. Smith will, however, 
continue to act as technical director of the Woodall- 
Duckham Companies.—The Minister of Transport has 
appointed Sir John Brooke, C.B., to be an Electricity 
Commissioner. Sir John, who has been secretary to 
the Central Electricity Board since its formation, is 
resigning that post and will take up his new duties 
at once.—Mr. T. Cooke has been elected to the Board 
of Directors of Messrs. T. F. and J. H. Braime, Limited, 
The Pressed Steel and Metal Works, Hunslet-road, 
Leeds.—Messrs. Herbert Hunt and Sons, Elsinore-road, 
Old Trafford, Manchester, have purchased, from 
Messrs. Smith and Coventry, Limited, Manchester, 
the sole manufacturing rights of the Pearns tapping 
attachments, along with the plant and stock of tappers 
and taps.—We are informed that the following gentle- 
men have been appointed to the Board of Messrs. The 
English Steel Corporation, Limited :—Mr. G. R. T, Tay- 
lor (Deputy Chairman), General Sir J. F. Noel Birch, 
Commander C. W. Craven, and Messrs. W. L. Hichens, 
T. L. Taylor and R. Whitehead. Commander Craven 
has also been appointed Managing Director of Messrs. 
Vickers-Armstrongs’ shipyards and works at Barrow and 
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SUPERMISER INSTALLATION AT | 
ELLESMERE PORT. | 

Tue majority of boilers in use in this country are | 
of either the Lancashire or Cornish types, and any | 
apparatus designed to increase the efficiency of such | 
boilers is therefore of very general interest. It is| 

































































now many years since a marked improvement in| 














efficiency was effected by the introduction of the | 
economiser, and some years later a further advance | 
was made by pre-heating the air for the furnaces. | 
It is somewhat remarkable that the economiser, | 
apart from modifications to render it suitable for | 
high-pressures, has remained substantially as it was | 
first introduced, but marked developments on the | 
usual accepted practice are ‘ncorporated in the} 
‘“‘ Supermiser ’’ manufactured by Messrs. Galloways, | 
Limited, of Manchester. In this apparatus, which | 
combines the functions of an economiser and an air pre- | 
heater, not only is a relatively high velocity imparted | 
to the flue gases, but also to the feed water and the 
air, and this results in a marked improvement in the 
efficiency of the heat transmission through the tubes. | 

The general arrangement of the Supermiser installa-| tube of larger diameter, through which the gases 
tion at the Ellesmere Port Works of the Wolver-| pass, while the space surrounding the outer tubes 
hampton Corrugated Iron Company, Limited, is} forms part of the air duct. The paths of the water, 
shown in Figs. 1 to 4, 6 and 7 on this and the} gas, and air are shown by arrows in the figure, and 
opposite pages, and Fig. 5 is a diagrammatic | will be followed without difficulty. The inner tubes are 
section through the Supermiser itself. Referring first | supported in the centre of the outer tubes by means of 
to Fig. 5, it will be seen that the apparatus consists of a| light stream-lined longitudinal fins, welded on to the 
horizontal steel shell with a tube plate at each end. 
























































~ Gas Outlet 








Each water tube is surrounded by a second concentric! tubes is expanded into the tube plate, while at the 


surface at intervals. One end of each of the larger | 





























Water Inlet 
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other end, the tubes are merely a close fit in the holes 


| in the plate, so that they are free to expand and contract 


under temperature variations. The tube plates 
extend beyond the shell at the bottom, and one of 
them is provided with feet, not shown in the diagram- 
matic section, which enable it to be bolted to the 
foundations, while the other is mounted on a roller to 
allow the shell to expand or contract independently of 
the foundations. The ends of the water tubes are 
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Fic. 6. SupeRMISER UNIT SHOWING FoRCED-DRAUGHT Fan. 

















Fie. 7. Borer Fronts sHowine Hort-Atr Detects. 


connected together by means of headers in the form of | contoured in the manner indicated in the illustration. 
U bends. These headers are held on with a central | This results in a scouring action by the swiftly moving 
bolt and clamp, rendering it possible to remove them | gases, and it is found in practice that the annular 
very expeditiously to examine the tubes. The unit is| passages and the end chambers of the Supermiser 
arranged so that the air and the gases travel through it | are self-cleaning. With a view to avoiding corrosion, 
in two passes, a central partition plate being mounted | pockets on the gas side are carefully avoided in order 
horizontally between the tube plates. This partition | that condensation from the flue gases may be prevented. 
is of such a length as to permit the air to pass from | On the water side, apart from facilitating heat transfer 
the lower to the upper section at one end, and the! through the tubes, these relatively high velocities are 
space to the right of the tube plate, at the same end, | employed with a view to lessening any tendency to de- 
is arranged to allow the gases leaving the ends of the | posit solid matter in the tubes. Induced- and forced- 
upper set of tubes to pass into the lower set. Both | draught fans, of the multivane high-speed type, and 
end chambers are provided with balanced hinged doors, | generally motor-driven, are used for impelling the gases 
giving ready access to the headers already referred to.| and air through the Supermiser, these fans being 
[t will be noticed that the air always flows in a counter | designed to overcome the small resistances set up in 
direction to the flue gases, while, in the case of the! the circuit. 
water, counterflow occurs in alternate tubes, and, since | The flue gases are cooled down to temperatures 
the velocities of all the media is high, the heat trans- | much lower than has usually been the case in normal 
mission through the different surfaces is correspond- | boiler installations, particularly of the Lancashire type, 
ingly rapid. |and if a Supermiser is employed, the chimney loss 
_In order to lead the gases into the tubes without| becomes very small. It is hardly necessary to stress 
diminishing their high initial velocity, and thereby | the advantages of forced draught and of pre-heating the 
causing the deposition of dust, the ducts are carefully | air to the furnaces, both of which are secured by the 








apparatus, as these will be well-known to our readers. 

The particular Supermiser plant illustrated in Figs. | 
to 4, 6 and 7 is designed for use with a battery of four 
30-ft. by 9-ft. Lancashire boilers of which three units 
are normally working. The general disposition of the 
installation is indicated in Figs. 1 to 4. The capa- 
city of the plant was made suitable for an evaporation 
of 30,000 Ib. per hour with steam at 160 Ib. per square 
inch, superheated 150 deg. F., the feed-water inlet 
to the Supermiser being at 120 deg. F. In addition 
to the battery of three Lancashire boilers, provision 
had to be made for the Supermiser to supply hot 
feed-water to another part of the works. 

The battery was originally fitted with an economiser, 
and the old flue arrangement was modified, as shown in 
Figs. 2 and 3, for the accommodation of the Supermiser 
gas-inlet duct. The inlet gases are taken from a brick 
chamber, formed from the old flue, and are conducted 
by a mild-steel duct tothe top part of the front Super- 
miser end chamber, as shown in Fig. 3. The gases then 
travel along the upper bank of tubes and return along the 
lower bank. The temperature is reduced from 700 deg. 
F., at the inlet end, to approximately 250 deg. F. at 
the outlet. At this latter temperature, they enter an 
induced-draught fan and are delivered to the. chimney 
flue by the mild-steel trunk shown in Fig. 2. An 
adjustable damper is installed on the discharge side of 
the fan for the regulation of its output. As will be 
seen from the heat-balance sheet, which is given later, 
the amount of heat lost up the chimney at this outlet 
temperature is very low, the figure for this particular 
installation being only 6-21 per cent. 

The air for combustion is delivered by a fan which 
discharges from a short trunk into the air-inlet branch 
arranged on the side of the shell. The air travels 
along the lower bank of tubes in the opposite direction 
to the gas, and retraces its path along the upper bank of 
tubes, emerging at a temperature of about 320 deg. F., 
into the mild-steel hot-air discharge duct shown in Figs. 1 
and 2. This duct enters the socket of an underground 
cast-iron distributing main, which is led along the fronts 
of the boilers. At intervals along this main, branches 
are fitted for the reception of the hot-air connections 
to the undersides of the boiler furnaces. These con- 
nections, which are shown in Figs. 1, 4 and 7, are fitted 
with butterfly dampers and levers working in a quad- 
rant, so that very fine regulation of the air supply to the 
boilers can be obtained. Removal of ashes from the 
furnaces can be easily accomplished, as the branch pipes 
are fitted with hinged doors and guides for the reception 
of suitable curved slip-in ash plates. The boiler furnaces 
are fitted with Hodgkinson’s sprinkler stokers with 
hand-rocked grates, and a feature of the plant is that 
steam jets are not required. 

The water is fed to the system by a Mather and 
Platt motor-driven centrifugal pump, or by a direct- 
acting steam pump, which acts as a standby, the inlet 
to the Supermiser being by means of a horizontal 
header to which several tubes are joined. The water 
then traverses the Supermiser in the manner explained, 
until it is collected in the outlet header from the top 
row of tubes, and is thence led away to the boilers, 
an independent pipe line, already referred to, going to 
a part of the works situated some distance from the 
Lancashire boiler plant. 

The photograph reproduced in Fig. 6 shows the 
Supermiser with the fans and ducting. Attention may 
be drawn to the arrangement of the Supermiser end, 
the balanced hinged doors, which enable the interior 
of the plant to be quickly inspected, being clearly 
visible. Fig. 7 is a view along the fronts of the boilers, 
and shows the hot-air connections, and also the neat 
arrangement they make with the mechanical stokers. 

When the order for this plant was given, a thermal 
efficiency of 82 per cent. was guaranteed by the makers. 
The installation was started to work on September 10, 
1928, and between December 4 and 8, an extended 
series of tests was carried out with a view to deter- 
mining the efficiency of the plant. 

We give below the main details of the test, together 
with particulars of the heat account. The duration of 
the test was from 1.5 p.m. on December 4 to 11.15 a.m. 
on December 8, 1928. 

Average net calorific value of coal 

(i.e., heat available for boilers and 
Supermiser) per lb. ad ... 10,788 B.Th, U. 

Average steam pressure .-. 160 1b. per sq. in. 

Average superheat temperature 416 deg. F. 

Average heat per lb. of steam 1,158 B.Th.U. 

Equivalent evaporation of water 

in pounds per pound of coal eo §=7°76 Ib. 
Equivalent evaporation from and at 

212 deg. F.... 0 ves eee wes 9°25 Ib, 
Average heat to water, 1,158 x 7-76=8,986 B.Th.U. 
Mean CO, measured at inlet to Super- 


miser fae «ae wee --- 11-3 per cent. 
Mean outlet gas temperature to 

chimney... ve ‘40 -.. 255 deg. F. 
Average rate of firing coal ... 3,520 lb. per 

hour. 

Efficiency of boilers and Supermiser. 

ae 100 83-3 per cent 

10.788 eee eee te ore pe y . 
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Heat Balance. 
Heat to water and steam (effi- 


ciency of plant) ret mae 8,986 83-3 
Heat value of combustible in 

ash and clinker uae bee 541 5-01 
Heat in flue gases at chimney 

base... ee a ne 670 6-21 
Heat in steam in gases due to 

moisture of coal =e air 55 0-51 
Balance (radiation and _ un- 

accounted for) a ny 536 4-97 


10,788 100-00 


This efficiency in working has been continuously 
maintained since the plant started, and we think that 
it will be generally agreed that the installation affords 
a good example of the high efficiency possible with 
Lancashire boilers fitted with the apparatus described 
under suitable conditions of working. 








THE LATE MR. A. C. PAIN. 


Mr. ALBERT CHARLES Parn, whose death occurred 
on March 7, at the age of 72, was responsible for 
solving the problem of applying forced lubrication 
to the double-acting steam engine. It is recounted 
that the idea occurred to him when he was acting 
as third engineer on a collier during the Russo-Turkish 
war of 1878, and it was found that a heavy knock 
on one of the engine’s bearings almost entirely dis- 
appeared directly after the greaser had made his 
rounds. From this he argued that to make a double- 
acting engine run quietly, the bearings must be kept 
constantly filled with oil. Development was, however, 
delayed by the then existing prejudice against en- 
closing the engine, which was a necessary consequence 
of the use of the forced-lubrication system, and it was 
not until twelve years later, when he had joined the 
firm of Messrs. Belliss and Morcom, that he was able 
to put his idea into practice. The new principle quickly 
proved superior to splash lubrication, and has since been 
universally applied to high-speed engines. The first 
engine built on these lines had an output of 25 h.p. 
at 625 r.p.m., while the first sold developed 300 h.p. 
at 350 r.p.m., and, until a short time ago at least, 
was still in operation. Engines of this type were, 
of course, largely used in electric power stations 
before the coming of the steam turbine, since their 
high speed and compactness rendered them particularly 
suitable for direct coupling to generators. The first 
station to be so equipped was the one at Kingston- 
on-Thames. 

Mr. Pain was born on March 23, 1856, at Micheldever, 
Hampshire, and was educated at Cranleigh and Clewer 
House Schools. He was subsequently apprenticed to 
Messrs. Day, Summers and Company, and, on the 
completion of his time, signed on as engineer of a 
screw collier. It was during his voyage on this vessel 
from the Solent to Bezika Bay that he first conceived 
the idea of forced lubrication in the way already 
described. On his return from this voyage he was 
employed as draughtsman in the engineering depart- 
ment of Portsmouth Dockyard, at a time when the 
late Mr. Alfred Morcom was assistant to the chief 
engineer. In 1884, Mr. Morcom joined forces with 
Mr. Belliss, who had for some years been engaged in 
business in Birmingham as a manufacturer of general 
engineering and contractors’ machinery, as well as 
of fixed, portable and locomotive engines and _ boilers. 
In conjunction with Mr. J. 8. White, of East Cowes, 
he had also built and equipped the first steam service 
cutter. 

Mr. Pain was appointed chief draughtsman of the 
new firm, and was soon engaged in the design of 
high-speed engines of much greater output than had 
previously been customary. These included one of 
1,400 h.p. for H.M. Torpedo Boat No. 81, and one 
of 3,000 h.p. for a torpedo boat destroyer for the 
Chinese Government. Later the gunboats Swordfish, 
Spitfire, Sharpshooter, Spanker, Boomerang and 
Karakatta were equipped with 4,500 h.p. engines, 
while a great deal of auxiliary plant, including air 
compressors, was manufactured to Mr. Pain’s designs. 
In fact, it is stated that during the period of forty-five 
years that he was connected with the firm he was 
responsible for the design of 8,5¢0 high-speed engines 
of outputs up to 2,500 brake horse-power and 2,000 
reciprocating compressors in units up to 7,000 cub. ft. 
of free air per minute compressed to normal pressures 
of 100 Ib. per square inch, as well as special compressors 
for pressures up to 6,000 Ib. per square inch. 

Mr. Pain was elected a member of the Institution 
of Mechanical Engineers in 1910. 








New York Moror-Boat ExuisiTion.—A report on 
the 24th annual Motor-Boat Show, held in New York 
during January last, has been prepared by H.M. Consul 
in that city. British firms desirous of securing a copy 
of the report should communicate with the Department 
of Overseas Trade, 35, Old Queen-street, London, S.W.1, 
quoting reference No. A.X. 7584, 


B.Th.U. Per cent. 





WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each 
case. 

Tug Pumping Engine.—The supply of a steam-driven 
pumping engine suitable for installation in a tug. The 
Auckland arbour Board, New Zealand; May 14. 
(Ref. No. A.X. 7605.) 

Street-Cleaning Vehicles.—A firm in Valparaiso, Chile, 
is desirous of getting into touch with British manufac- 
turers of modern street and road cleaning and scavenging 
motor vehicles. (Ref. No. A.X. 7630.) 

Tramway Cars.—The supply of tramway cars and 
trailers. La Société Nationale des Chemins de Fer 
Vicinaux, Belgium; March 27. (Ref. No. A.X. 7639. 


Generator Set.—The supply and delivery of an oil- 
engine generator set. India Store Department, New 
Delhi; March 26. (Ref. No. B.X. 5157.) 


Air-Compressing Plant.—The supply of Diesel engine, 
air compressors, cooling-water circulating system, &c. 
Main Drainage Department, Egyptian Ministry of Public 
Works; May 1. (Ref. No. A.X. 7632.) 

Structural Bridgework.—The supply of structural 
bridgework. South African Railways and Harbours; 
April 25. (Ref. No. A.X. 7623.) 

Floating Cranes.—The supply and erection of two 
floating cranes with a hoisting capacity of 10 metric tons. 
Direction de l’Outillage du Port, Antwerp; May 6. 
(Ref. No. A.X. 7642.) 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Business in Cleveland pig 
is on only a moderate scale, due to so little iron being 
available for disposal in the open market. Producers 
themselves continue to absorb the bulk of the output, 
but they have sold fair parcels to Scotland and to home 
consumers, while customers abroad have _ recently 
bought a few lots from both makers and merchants. 
The latter have command of more iron than for a long 
time, but their terms of purchase from producers preclude 
their selling large quantities to North East Coast con- 
sumers. Output of Cleveland pig is expected to be 
increased by one, and possibly two, additional furnaces 
being put into operation. Makers’ fixed minimum prices 
stand at: No. 1 quality, 69s. 6d.; No. 3 g.m.b., 67s. ; 
No. 4 foundry, 66s. : and No. 4 forge, 65s. 6d. 


Hematite.—Consumers of East Coast hematite, at 
home and abroad, are pressing for larger supplies. 
Production is expected to be enlarged shortly by the 
re-starting of a furnace at one of Messrs. Dorman, Long’s 
Middlesbrough works, and the re-kindling of one at the 
Jarrow ‘works of Messrs. Palmer; the increase of 
output promises to be promptly absorbed. Makers have 
no saleable stocks, and they are understood to have dis- 
posed of their output for the next few months. Quotations 
are a matter of individual negotation and consequently 
vary somewhat, but they are moving upward, and it is 
now difficult to place orders at below the equivalent of 
ordinary qualities at 73s. 6d. Little other than sales 
of iron made to stipulated analysis suitable to the 
customers are heard of nowadays. 


Foreign Ore.—Consumers of foreign ore are reluctant 
to follow the rise in prices, but merchants are in a very 
strong position, and they confidently predict still further 
upward movement. Market rates are ruled by best 
rubio at 23s., c.i.f. Tees. 


Blast-Furnace Coke.—Local users of Durham blast- 
furnace coke are seeking to cover their requirements to 
the end of the year, and substantial forward business is 
stated to have been put through, but threatened shortage 
is causing uneasiness. Spot lots command high figures, 
and for any delivery to works here, 19s. has to be fixed 
for good average qualities. 


Manufactured Iron and Steel.—Producers of all descrip- 
tions of finished iron and steel have good order books, 
and demand continues on a fairly good scale. Inquiries for 
semi-finished steel keep heavy, but the volume of buying 
shows some shrinkage. Manufacturers have, however, 
more work on hand than for a very long time past. As 
regards finished steel, home requirements necessitate 
more buying, and signs of early further expansion of 
export trade are not absent. Al] quotations are strong. 
Common iron bars are 10/. 5s.; best bars, 107. 15s. ; 
double best bars, 111. 5s.; treble best bars, 111. 15s. ; 
packing (parallel), 8/.; packing (tapered), 10/.; iron 
rivets, 11d. 10s. ; steel billets (soft), 61. 15s. ; steel billets 
(medium), 7/. 5s8.; steel billets (hard), 7l. 15s.; steel 
rivets, 11/. 5s. ; steel ship plates 8/. 7s. 6d. ; steel angles, 
Tl. 17s. 6d. ; steel joists, 71. 17s. 6d. ; heavy sections of 
steel rails, 87. 10s.; black sheets (No. 24 gauge), 101. ; 
and galvanised corrugated sheets (No. 24 gauge), 131. 15s. 








CHINESE RaILway-ENGINEERING BuREAU.—In order 
to assist in the building of new railways, the Chinese 
Ministry of Railways has decided to establish an 
Engineering Bureau to supervise the surveying and 
subsequent construction of projected lines. The Bureau 
is to be comprised of four departments, namely, general 
affairs, engineering, accounting, and land. Further 
departments will eventually be added, 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Tron and Steel.—The Sheffield district is now sharing 
more noticeably in the forward movement shown in 
the iron and steel trades. At most of the leading 
works, furnaces are working full-time in order to cover 
forward contracts, and though acid steel is still unsatis- 
factory, there are prospects of development within the 
next few months. The trend of output is shown in 
the latest official statistics. The gross production in 
the Sheffield area in January was 103,000 tons. This 
was 27,000 tons greater than in the preceding month, 
and 21,000 tons more than in the corresponding month 
last year. The improvement was chiefly in _ basic 
steel. A similar measure of progress was recorded in 
Lincolnshire, where the month’s output, of 51,000 tons, 
was 10,000 tons greater than in December, and 13,000 
tons more than in January last year. Pig-iron output 
in Lincolnshire also showed an appreciable advance. 
In most classes of basic steel there is a disposition to 
enter more freely into forward contracts. That many 
deliveries have been made during recent months at 
unremunerative prices is an acknowledged fact, and 
users are anxious to cover themselves for future supplies 
before quotations take a further upward turn. Already 
an advance of 10s. per ton is notified in Yorkshire 
Crown iron bars, following an advance in mild-steel bars. 
Hematites, forge and foundry iron, and _ particularly 
basic-steel scrap, are all sharing in the added strength 
of the market. Quotations per ton delivered are as 
follow : Siemens acid-steel billets, 87. 15s. to 91.: hard 
basic billets, 7/7. 5s., 71. 15s. and Sl. 15s8.; soft basic 
steel billets, 7/.; Derbyshire foundry pig iron, 62s. 6d. ; 
Derbyshire forge iron, 59s.; Lincolnshire foundry and 
basic, each 62s. 6d. (the latter on trucks); crown iron 
bars, 101. 10s. ; steel hoops, 9/. 5s. to 10/.; basic steel 
scrap, 66s. 6d. None of the orders given out by the 
Central Electricity Board for work in connection with 
the South-East England Scheme, the Central England 
Scheme, and the North-West England Scheme has 
been placed in this district, but the immediate bene- 
ficiaries include well-known firms who ordinarily draw 
substantially upon steel produced in the Sheffield area. 
Several sections of the tool trades sound a more opti- 
mistic note. Expansion is reported in agricultural 
steel. Valuable orders have just been received by 
Sheffield manufacturers from Australia, New Zealand, 
France, and the Argentine. 

South Yorkshire Coal Trade.—House coal deliveries 
are gradually being brought up to date. The demand 
is still substantial, though somewhat less urgent than 
a week ago. There is still, however, a wide avenue 
for better qualities. Export trade generally is in a 
much healthier condition, and, with pits working at 
extra pressure, there are fewer complaints of inadequate 
tonnage. Inland requirements on industrial account 
show a steady expansion. More active conditions are 
reflected in coke. The improved tendency has spread 
to blast-furnace sorts, which are going to inland works 
in larger quantity. Quotations :—Best branch hand- 
picked, 27s. to 28s. 6d.; Derbyshire best bright house, 
23s. 6d. to 25s. ; best house coal, 21s. to 22s. ; screened 
house coal, 18s. to 19s.; screened house nuts, 17s. 
to 19s.; Yorkshire hards, 15s. 6d. to 16s. 6d.; Derby- 
shire hards, lds. 6d. to 16s. 6d.; rough slacks, 8s. 6d. 
to 9s. 6d.; nutty slacks, 6s. to 7s.; smalls, 3s. 6d. 
to 4s. 

Hull Coal Traffic.—-The decided improvement registered 
in the South Yorkshire coal trade is reflected in the 
latest official returns relating to traffic via Hull. The 
gross tonnage sent to that port during January and 
February was 78,000 tons greater than that for the 
corresponding period last year. Shipments for the 
two months aggregated 200,000 tons, compared with 
163,000 tons in January and February, 1928. The 
January total was 86,000 tons, while that for February 
advanced, by 27,000 tons, to 113,000 tons. South America 
was the principal buyer. France was second on the 
list, and substantial business was done with other coun- 
tries, including Germany, Italy, Egypt, Esthonia, Sweden 
and Iceland. 


NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

Liners for Cardiff.—The decision of the Canadian 
Pacific Railway to experiment in the embarkation of 
passengers for Canada at Cardiff has given rise to hopes 
that liner traffic, direct to the Dominions and the United 
States, will become an accomplished fact in the future. 
The capacity of the South Wales docks to deal with the 
ocean leviathians was demonstrated last year, when 
the George Washington was safely berthed at Cardiff. 
The Canadian Pacific Railway are bringing the Montrose, 
of 16,500 tons gross, to Cardiff early next month and 
also in the beginning of May, and, if this facility is 
supported regular sailings will doubtless follow. At 
present, travellers from South Wales and the West of 
England are compelled to undertake rail journeys to 
Liverpool and Southampton, involving extra expense 
and time. 

Welsh Coal Trade.—Tight conditions continue to 
rule in the coal trade. Prices have advanced, but shippers 
find it extremely difficult to secure odd parcels, even 
at the higher prices, as collieries generally are booked up 
and have practically no free coal to spare. Best Admiralty 
large now readily commands 21s. to 21s. 3d., compared 
with the schedule price of 19s. 3d., which operated at 
the commencement of the year, while smalls realise from 
13s. to 15s., against the minimum schedule of 10s. 6d. to 
12s. 6d., with other classes of coal at relative figures. 
The improvement which has taken place in the export 
trade will be gathered from the fact that, in the past 
week, shipments of coal and coke at the Welsh docks of 
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the Great Western Railway amounted to 655,645 tons, 


compared with 503,250 tons in the first week of the year. | 


Last week’s total, which was the best since the middle of | 
1927, would have been exceeded had the collieries | 


been able to supply larger quantities of coal to the dock 
authorities. There is every reason to anticipate a 


are fully booked up with orders for the next couple of 


months, and chartering has been active, with the promise | 


of increased animation, in view of the fact that shipping 
is offering more freely and, with the probability of lower 
freights, shippers will endeavour to recoup something of 
the extra cost of coal by way of lower steamship rates. 
Pits which have been idle for a couple of years are 
restarting, but the efforts to increase output are handi- 
capped to some extent by a shortage of skilled miners, 
many of whom have migrated in consequence of the 
deplorable conditions which have ruled for such a long 
time past. 

Contract for New Steamer.—Messrs. W. E. Hinde & Co., 
Cardiff, directors and managers of the Portfield Steamship 
Company, Limited, have placed an order with Messrs. 
Craig, Taylor & Co., Stockton, for a new steamer of 
7,600 tons, to be fitted with engines by Messrs. Blair and 
Company (1926), Limited. 

Tron and Steel Trades.—Exports of iron and _ steel 
goods last week amounted to 29,003 tons, compared 
with 16,695 tons in the preceding week. Shipments 
of tinplates and terne plates increased from 8,791 tons 
to 10,583 tons, blackplates and sheets from 258 tons to 
2,348 tons, and other iron and steel goods from 3,000 tons 
to 11,748 tons, but those of galvanised sheets decreased 
from 4,646 tons to 4,329 tons, 








NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Scottish Steel Trade.—In the steel trade of Scotland, 
« quiet yet fairly confident tone prevails at present. 
Contracts on hand are managing to keep the mills running 
steadily, but the fresh demand is not very large, as most 
of the consumers have already covered themselves for 
their immediate requirements. The slowing down of 
new contracts for steel material is considered to be of a 
temporary nature only, and producers are quite hopeful 
that another buying movement will develop before long. 
A lull in the placing of orders for new vessels has naturally 
affected the call for plates and sections, but with a 
tendency for betterment in freights, improvement in 
conditions is sure to come along in due course. In the 
black-sheet trade, the outlook is a trifle better again, 
and quite a fair demand has been experienced of late. 
The lighter gauges and galvanised sorts have both been 
a better market, but the heavier gauges have not been 
in much request. Prices are keeping firm, and the 
following are the current quotations :—Boiler plates, 
101. 10s. per ton ; ship plates, 8/. 7s. 6d. per ton ; sections, 
7l. 17s. 6d. per ton; black sheets, } in., 87. 15s. per ton ; 
and galvanised corrugated sheets (No. 24 G.), 13/. 15s. 
per ton, all delivered Glasgow stations. 

Malleable-Iron Trade.—Since the resumption of opera- 
tions at the works of the malleable-iron makers, a fair 
amount of activity has been in evidence clearing off the 
orders which had accumulated. The fresh demand during 
the past week has been fair, but no distance ahead can be 
seen. The re-rollers of steel bars are still well employed, 
and order books represent quite a good tonnage. The 
current prices are :—‘‘ Crown ”’ bars, 101. 5s. per ton for 
home delivery and 91. 15s. per ton for export; and 
re-rolled steel bars, 8/. per ton for home delivery, and 
71. 15s. per ton for export. 

Scottish Pig-Iron Trade.—Movement in the Scottish 
pig-iron trade is very limited at present, and the output 
from the small number of furnaces in blast is quite 
sufficient to meet the current requirements, The 
demand for hematite iron is fairly good, but foundry 
qualities are rather dull. Prices have hardened up, and 
are as follows :—Hematite, 75s. to 76s, per ton, delivered 
at the steel works; foundry iron, No. 1, 75s. per ton, 
and No. 3, 72s. 6d. per ton, both on rail at makers, 
vards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
last Saturday, March 9, amounted to 593 tons. Of that 
total 522 tons went overseas and 71 tons coastwise. 
For the corresponding week of last year, the figures were 
766 tons foreign and 96 tons coastwise, making a total 
shipment of 862 tons. 

Shipbuilding.—Messrs. A. and J. Inglis, Limited, 
Pointhouse, Glasgow, have received orders from the 
Argentine Navigation Company (Nicolas Mihanovich), 
Limited, London and Buenos Aires, for two twin-screw 
motor vessels. This is the fourth order of a similar 
kind which these owners have given to Messrs. Inglis, 
since 1925. These two vessels are to be similar to the 
second pair, the Glasgow and the Cardiff, launched 
this year, and will be 1,500 tons gross, and of the follow- 
ing dimensions :—Length, 275 ft.; breadth, 43 ft. 2 in. ; 
and depth, 12 ft. 3in. They will have two six-cylinder 
four-stroke, trunk-type. internal-combustion engines, of 
Harland—B. and W. design, made by Messrs. Harland 
and Wolff, Limited, Glasgow, developing about 9,000 
aggregate horse-power. The Greenock Dockyard Com- 
pany, Limited, Greenock, have secured another order 
trom the Clan Line (Cayzer, Irvine and Company), 
Glasgow, for a cargo steamer of about 10,600 tons 
deadweight. This new vessel, which will be commenced 
almost immediately, will be similar in most respects to 
the Clan Macpherson, which was launched last Saturday, 
the dimensions of which are 450 ft. in length, 62 ft. in 
breadth and 39 ft. 6 in. in depth to shelter deck. Messrs. 
John G. Kincaid and Company, Limited, Greenwich, 
will supply the machinery, which will be triple-expansion 
“ngines and a Bauer-Wach low-pressure turbine. 
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continuance of the present activity, inasmuch as collieries | 





ENGINEERING. 


NOTICES OF MEETINGS. 

INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 
6 p.m., Storey’s-gate, S.W.1. ‘* Research in Mechanical 
Engineering by Small-Scale Apparatus,” by Mr. F. C. 
Graduates’ Section, London : Monday, March 
18, 6.30 p.m. ‘‘ Locomotive Lubrication,” by Mr. K. 
Brinsmead. Western Branch; Monday, March 18, 
7 p.m., Merchant Venturer’s Technical College, Bristol. 
** Modern Development in Steam-Turbine Practice,” by 
Mr. H. L. Guy. Midland Branch : Thursday, March 21, 
6.30 p.m., Queen’s Hotel, Birmingham. ‘‘ Sub-Atmo- 
spheric Heating,” by Mr. A. J. Assheton and Mr. A. G. 
Engholm. North-Western Branch ; Thursday, March 21, 
7.15 p.m., Engineers’ Club, Manchester. ‘‘ Research in 
Mechanical Engineering by Small-Scale Apparatus,” by 
Mr. F. C. Johansen. 

InstituTION OF ELEctTRICAL ENGINEERS.—Londop 
Students’ Section: To-night, 6.15 p.m., Victoria-embank- 
ment, W.C.2. ‘‘ Wave-form Analysis,” by Mr. C. F. J. 
Morgan. South Midland Centre: Tuesday, March 19, 
6.45 p.m., Town Hall, Loughborough. Faraday Lecture : 
‘“* How Electricity Does Things,”’ by Mr. Ll. B. Atkinson. 
London : Thursday, March 21, 6 p.m., Victoria-embank- 
ment, W.C.2. “* Direct Generation of Alternating Current 
at High Voltages,” by Sir Charles A. Parsons and Mr. 
J. Rosen. ‘‘ Recent Developments in Turbo-Generators,”’ 
by Mr. J. A. Kuyser. Preceded at 5.30 p.m. by Demon- 
stration of a ‘“ Portable Electric Harmonic Analyser,” 
by Mr. R. T. Coe. 

JUNIOR INSTITUTION OF ENGINEERS.—To-night, 7.30 
p.m., 39, Victoria-street, S.W.1. ‘‘ Locomotive Rating,” 
by Mr. T. Grime. Friday, March 22, 7.30 p.m. “‘ Venti- 
lation,” by Mr. D. A. Collin. 

Roya Instirution.—To-night, 9 p.m., Albemarle 
street, W.1. ‘“‘ The Distribution of the Chemical Ele- 
ments,’’ by Professor V. M. Goldschmidt. Saturday> 
March 16, 3 p.m. “ Molecular Motions in Rarefied 
Gases’ (Lecture III), by Sir E. Rutherford. Friday, 
March 22,9 p.m. ‘‘ Penetrating Radiations,” by Sir E. 
Rutherford. Saturday, March 23, 3 p.m. ‘“* Molecular 
Motions in Rarefied Gases *’ (Lecture IV), by Sir E. 
Rutherford. 

INSTITUTE OF 
Monmouth Branch : 
Technical College, 
Mr. A. E. Taylor. 
Saturday, March 16, 





BRITISH FOUNDRYMEN.—Wales and 
Saturday, March 16, 6.30 p.m. 
Newport. ‘‘ Foundry Coke,” by 
Lancashire Branch, Junior Section : 
7 p.m., College of Technology, 
Sackville-street, Manchester. ‘‘The Salvage of Defec- 
tive Castings,” by Mr. E. Longden. Hast Midlands 
Branch: Saturday, March 16, Loughborough College, 
Loughborough. ‘‘Dry Sand for Oil Sand Cores,’’ by 
Mr. W. West. 

HULL ASSOCIATION OF ENGINEERS.—Saturday, March 
16, 7.15 p.m., Technical College, Park-street, Hull. 
‘* Aeroplane Design,’’ by Mr. G. E. Petty. 


RoyaL AERONAUTICAL SocrETy.—Monday, March 18, 
6.30 p.m., Royal Society of Arts, John-street, Adelphi, 
W.C.2 ‘The Helicogyre,” by Mr. V. Isacco. 

BRADFORD ENGINEERING Socrety.—Monday, March 18, 
7.30 p.m., Technical College, Great Horton-road, Brad- 
ford. ‘‘ Hydraulic Transmission Gears,” by Mr. W. 
Anderson, 

Socrirk pes INGkNiEuRS CiviLs DE FrRANCE.—-British 
Section : Tuesday, March 19, 5.30 p.m., Institution of 
Mechanical Engineers, Storey’s-gate, S.W.1. “‘ Evolu- 
tion and Tendencies in the Coal Industry, Coal Washeries, 
and Modern Methods of Carbonisation,’’ by Mr. M. C. 
Berthelot. 

InstiturvE oF TRanspoRT.—Tuesday, March 19, 
5.45 p.m., Institution of Electrical Engineers, Victoria- 
embankment, W.C.2. Informal Meeting. ** What 
Education Does a Transport Man Need ?” by Mr. P. 
Burtt. Birmingham and District Section: Tuesday, 
March 19, 6 p.m., Queen’s Hotel, Birmingham. ‘ Trans- 
port on Inland Navigations: Its Advantages and 
Limitations,” by Mr. E. W. -Bayliss. 

INSTITUTION OF CIVIL ENGINEERS.—Tuesday, March 19, 
6 p.m., Great George-street, S.W.1. Further discussion 
on “Impact in Railway Bridges, with Particular 
Reference to the Report of the Bridge Stress Committee,” 
by Mr. C. Gribble. Birmingham and District Association : 
Friday, March 22, 6 p.m., Chamber of Commerce, 
New-street, Birmingham. Institution Lecture: ‘‘ The 
Development of the Generation and Distribution of 
Electricity in the British Isles,” by Mr. A. Page. 

ItLuMINATING ENGINEERING  Socrety.—Tuesday, 
March 19, 6.30 p.m., E.L.M.A. Lighting Service Bureau, 
15, Savoy-street, Strand, W.C.2. ** Architectural 
Lighting,” by Mr. W. Maitland. 

Institute oF Metats.—Birmingham Local Section : 
Tuesday, March 19, 7 p.m., Engineers’ Club, Waterloo- 
street, Birmingham. ‘‘ Aluminium,” by Mr. N. F. 
Budgen. North-East Coast Local Section: Tuesday, 
March 19, Armstrong College, Newcastle-on-Tyne. 
Annual General Meeting. Exhibition of Metallurgical 
Preparations and Products. 

SHEFFIELD METALLURGICAL ASSOCIATION.—Tuesday, 
March 19, 7.30 p.m., 198, West-street, Sheffield. ‘‘ The 
Zinc Coating of Iron and Steel,’’ by Mr. E. A. Atkins. 

InstituTION oF Nava ArcurtEcts.—Annual General 
Meeting. Wednesday, March 20, to Friday, March 22, 
Royal Society of Arts, John-street, Adelphi, W.C.2. 
Wednesday, March 20, 1l a.m. Address by the President, 
Right Hon. LordWester Wemyss. ‘ H.M. Battleships 
Nelson and Rodney,” by Sir W. J. Berry. ‘‘Sea Trials 
of Italian Destroyers,” by Lieut.-Colonel F. Dondona. 
At 7.30 p.m., Annual Dinner, Connaught Rooms, 
Great Queen-street, W.C.2. Thursday, March 21, 11 a.m. 
*‘' The Propulsion of Ships by Modern Steam Machinery,” 
by Mr. J. Johnson. ‘ Some Considerations Regarding 


International Loadline Regulations,” by Dr. J. Bruhn. 


At 3 p.m., “New Results Obtained in Measuring 
Frictional Resistance,” by Dr. G. Kempf. ‘The 
Practical Use of the First British-built Bauer-Wach 
Exhaust Steam Turbine Installation in the Booth 
Liner Boniface,” by Mr. C. F. A. Fyfe. At 8 p.m., 
“Natural Frequencies and Modes of Vibration in 
Beams of Non-Uniform Mass and Section,’’ by Professor 
C. E. Inglis. ‘‘ The Behaviour of Stiffened Thin Plating 
under Water Pressure,” by Mr. 8S. A. Hodges. Friday, 
March 22, 11 a.m., ‘* Powdered Coal for Ships,” by 
Eng.-Rear-Admiral W. Scott-Hill: ‘‘ Modern Develop- 
ments of the Water Tube Boiler for Marine Purposes,”’ 
by Mr. A. Spyer. ‘‘ Suggested Modifications to Marine 
Water-Tube Boilers,” by Eng.-Rear-Admiral A. E. 
Hyne. At 3 p.m., ‘‘ Motor Life-Boats of the Royal 
National Life-Boat Institution,” by Mr. J. R. Barnett. 


InstrtuTION OF CHEMICAL ENGINEERS.—Annual 
General Meeting, Wednesday, March 20, 11.30 a.m., 
Grosvenor House, Park Lane, W.1. Presidential Address : 
“The Co-ordination of Engineering Institutions and 
Societies,” by Sir A. Gibb. At 2.15 p.m., “ Chemical 
Action in Relation to Fatigue in Metals,” by Professor 
B. P. Haigh. At 7.30 p.m. Annual Dinner, Grosvenor 
House, Park Lane, W.1. 

Soctety or GuAss TEcHNOLOGy.—Wednesday, March 
20, 2.30 p.m., The University, Leeds. ‘‘ The Distribution 
of Temperature in Glass Tank Furnaces,” by Mr. E. A. 
Coad-Pryor. ‘‘ The Selection of Coal for Gas Producers,”’ 
by Mr. EK. J. C. Bowmaker, and Mr. J. D. Cauwood. 

BELFast ASSOCIATION OF ENGINEERS._-Wednesday, 
March 20, 7.30 p.m., Municipal College of Technology. 
Belfast. ‘‘ Induction Motors and their Application,”’ 
by Mr. A. C. Wendon. 

RoyaL METEOROLOGICAL Socrety. — Wednesday, 
March 20, 7.30 p.m., 49, Cromwell Road, South Kensing- 
ton, S.W.7. G. J. Symons Memorial Lecture. “‘ Weather 
and Wireless,” by Mr. R. A. W. Watt. 

Royat Socrety or Arts.—Wednesday, March 20, 
8 p.m., John Street, Adelphi, W.C.2. “‘ Modern English 
Architecture,” by Professor A. E. Richardson. 

Roya Sanrrary Instrrute.—Thursday, March 21, 
3 p.m., 90, Buckingham Palace-road, S.W.1. Lecture : 
“ae Satentsia’ Disease and its Prevention,” by Sir H. 


Rolleston. Saturday, March 23, 10.30 a.m., Town Hall, 
Lancaster. ‘‘ Smoke Abatement,” by Professor F. KE, 
Wynne. 


INSTITUTION OF AUTOMOBILE ENGINEERS.— Western 
Centre : Thursday, March 21, 7.30 p.m., Technical School, 
Gloucester. ‘‘The Inspection of Metals and _ their 
Alloys,” by Mr. L. W. Johnson. 

INSTITUTE OF MARINE ENGINEERS.—Friday, March 22, 
6.30 p.m., 85-88, The Minories, Tower Hill, E. Annual 
General Meeting. 

InstituTIoN oF LocomoTiIvE ENGINEERS. — North- 
Eastern Centre : Friday, March 22, 7 p.m., Hotel Metro- 
pole, Leeds. ‘‘ Experiments on Buffer Springs,” by Mr. 
T. Robson. 








Brruminous Coat In THE UNITED Strares.—During 
the fourth quarter of 1928 the average we2kly consump- 
tion of bituminous coal in the United States was 10,416,000 
tons. Exports during the same period averaged 359,000 
tons a week. 


Contrracts.—The Brighton Corporation Electricity 
Department has recently ordered from Messrs. Yarrow 
and Company, Limited, Scotstoun, Glasgow, two 
boilers, each having an evaporative capacity of 75,000 lb. 
an hour and a working pressure of 350 lb. per square inch. 
The boilers will be equipped with Yarrow superheaters, 
economisers, and airheaters. Two Yarrow boilers have 
been in operation at Brighton power station since 
1922 and have given completely satisfactory service. 
Messrs. Sir W. G. Armstrong, Whitworth and Company, 
Limited, Scotswood Works, Newcastle-on-Tyne, have 
received an order for the construction of 20 heavy 
4-8-4 locomotives from the Central Argentine Railway 
Company. Theze locomotives will weigh over 123 tons 
in running order, and will be shipped fully erected. 
Delivery is to be completed in 34 weeks.—Following 
upon a recent order for an eight-cylinder cold-starting 
spring-injection crude-oil engine, made by Messrs. 
Davey, Paxman and Company, Limited, Aldwych 
House, Aldwych, London, W.C.2, the Ashford (Kent) 
Urban District Council has placed a repeat order for 
a more powerful engine of the same type. The second 
engine is almost identical with a 1,500 b.h.p. engine 
recently purchased by the Basingstoke Council.— 
Twelve months’ requirements of Osram gas-filled and 
vacuum lamps have been ordered from the General 
Electric Company, Limited, Magnet House, Kingsway, 
London, W.C.2, by the Borough of Holborn and the 
London, Midland and Scottish Railway Company.— 
The Central Electricity Board has just placed contracts 
to the value of about 3,250,000/. for cables, switchgear 
transmission lines, &c., required in connection with the 
South East, Central, and North West England schemes. 
Cables for the London area have been ordered from 
Messrs. British Insulated Cables, Limited, Messrs. 
Callenders Cable and Construction Company, Limited, 
and Messrs. Pirelli-General Cable Works, Limited, and 
Messrs. British Thomson-Houston Company, Limited, 
have been awarded the contract for 66,000-volt switchgear 
for this area. For the Central England Scheme, contracts 
for 132,000-volt overhead transmisslon lines and outdoor 
switchgear have been awarded'to Messrs. Balfour, Beatty 
and Company, Limited, and Messrs. General Electric 
Company, Limited, respectively,- while that for 132,000- 
volt overhead transmission lines for the North West 





England and North Wales scheme has been secured by 
Messrs. The Foundation Company, Limited. 
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ELECTRIC WELDING PLANT. 


THE production on economic lines of articles for 
both engineering and non-engineering: purposes is 
constantly being assisted by the design of equipment | 
which allows a large output per day to be obtained | 
with a minimum of labour and that of a relatively | 
unskilled type. An example of this development is to | 
be found in the welding plant which is now being | 
utilised at an increasing rate, as this enables high | 
quality work to be turned out easily, at high speed, and | 
under good conditions. In this connection, reference 
may be made to an electric spot welder which has 
recently been supplied by Messrs. Allen-Liversidge, 
Limited, of Victoria Station House, London, 8.W. 1, to | 
Messrs. Foster Wheeler, Limited, of Aldwych House, 
Aldwych, London, W.C.2, for use in the manufacture 
of their Tracy steam purifiers. As is well-known, an 
essential feature of these purifiers is a cast-iron housing 
enclosing a series of V-shaped gutter baffles, which are 
arranged in staggered formation and through which 
the steam passes in thin streams. The contact of the 
steam with the metal of the baffle causes any moisture 
in it to be eliminated and returned to the boiler by a 
drain pipe, so that the steam itself reaches the boiler | 
stop valve in a dry and clean condition. These gutter | 
baftles are made of Monel metal, and are held in position 
in the purifier by longitudinal strips to which they are | 
welded. 

The spot welder used to perform this operation is 
shown in Fig. 1, from which it will be gathered that the 
baffles and strips are first assembled in a jig which is | 
then brought under the electrode of the welder. The 
jig itself is mounted on a carriage which can be moved | 
along in stages. This motion is effected mechanically, 
the operating mechanism being interlocked with the 
treadle of the welder, so that the points at which the 
welds are to be made are brought accurately in turn 
under the electrode. The electrode itself can be moved 
transversely so as to bring it over the outer rows of 
welds when the first row has been completed. The | 
electrical capacity of this particular welder is 15 kw., | 
and it is capable of making about twenty j-in. welds | 
per minute. It weighs about 9 cwt., and can be fitted | 
with arms 9 in., 18 in., 24 in., or 36-in. long. 

The necessary current is supplied through a single- 
phase transformer, which is housed in the base of 
welder so that it is fully protected from dust or acci- 
dental contact. The transformer cores are built up | 
from Stalloy stampings, which are insulated from one | 
another and clamped together. The primary windings | 
are taped and thoroughly impregnated with insulating | 
varnish. The secondary circuit is composed of high- | 
conductivity copper strips of great flexibility, which | 
are connected to the arm sockets and are so arranged 
that they are not liable to fray and break away in 
service. There are, therefore, no sliding contacts to 
overheat or wear. Cooling is effected by a natural 
air circulation, ample space being allowed for the air 
to reach all parts of the transformer. 

The welding temperature can be adjusted by means of | 
a regulator of the plug-box type. The switch is closed by | 
depressing a footlever. Further depression of the latter | 
cuts off the current, but maintains the pressure between | 
the parts. Releasing the lever causes the switch to | 
be automatically reset for the next weld. The arms 
and electrodes are made of high conductivity copper, | 
and, generally speaking, are arranged, as regards shape 
and spacing, in accordance with the particular class of 
work to be done. The lower arm is secured by two bolts 
to a tee-slotted face plate, and the electrodes are water- 
cooled close up to the tip, so that a long working life is | 
secured. 

The same firm are making a number of patterns of | 
are welder, one example of which is illustrated in 
Fig. 2. This consists of a direct-current motor gene- 
rator, the dynamo end of which has been specially | 
designed to give a drooping volt-ampere characteristic. 
The result is that the pressure falls immediately the 
are is struck, and the use of a series resistance is there- 
fore obviated. A fixed resistance is, however, con- 
nected in the are circuit, and this, in conjunction with the 
series field, ensures that the generator responds rapidly 
to the variations in the are conditions, with the result 
that there is little tendency for the electrode to stick 
on striking. The resistance just mentioned consists of 
an iron core wound with a copper coil of ample 
section, so that the power absorbed is small. The 
dynamo is provided with four main laminated poles, 
and a similar number of solid wrought-iron commutat- 
ing. poles.. The soft-iron stampings forming the arma- 
ture are mounted directly on the shaft, while the wind- 
ings are secured in the slots by steel binding wires. 
Ball and roller bearings are used throughout.’ The 
general arrangement of the switchboard, which is 
supplied with this set, will be clear from the illustration. 
The stepped switch on the left is used for adjusting 
a diverter resistance across the series windings of 
the machine, so .as to obtain coarse regulation. Fine 
adjustment is effected: by a rheostat in the circuit of 
the shunt field windings. 
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ELECTRIC WELDING PLANT. 


CONSTRUCTED BY MESSRS. ALLEN-LIVERSIDGE, LIMITED, ENGINEERS, LONDON. 
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Fig. 1. Spot-WELDING oF BAFFLES FOR STEAM PURIFIER. 




















Fig. 2. Arc-WELDING SET. 


An important feature of these machines we have 


| described, which applies also to the butt and seam 


welders, as well as to the rivet heaters, made by the 
firm, is the high speed at which the work can be carried 
out. 


THE INTERNATIONAL EXHIBITION, BaRCELONA,—In 
connection with the International Exhibition to be 
held at Barcelona, Spain, from May to October of the 
present year, a strong British committee has been 


formed. The members include Sir Philip Cunliffe 
Lister, President of the Board of Trade, Lord Kylsant, 
Lord Melchett, Sir Charles Wakefield, and Sir Arthur 
Balfour. It is hoped that the exhibition will be the 
means of extending British commercial interests in 
Spain. Arrangements are being made with the British 
Chamber of Commerce for Spain, and the Spanish 
office of the Federation of British Industries, to put 
exhibitors in touch with reliable established firms likely 
to be interested in taking up their agencies. The 
British-Section office of the exhibition is at 42, Pall Mall, 





London, S.W.1. 
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EXHIBITS AT THE LEIPZIG FAIR. 


(For Description, see Page 322. 


Fig. 25. Magnetic Cyuck; Messrs. FriepRicH Krupp, A.-G. 

















Fie, 26. Exectric Moror with REpuction GEAR ; Messrs. SIEMENS-SCHUCKERTWERKE, A.-G. 


= 


Fie. 27. 





Ler wml 


ELEctRIc-BATTERY TRUCK ; MEssrs. SIEMENS-SCHUCKERTWERKE, A,-G. 

















Fig. 28. Spot WELDER; MEssrs. SIEMENS- 
ScHUCKERTWERKE, A.-G. 
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Fic. 29. Ironctap Switch PANEL; MEssRS. 
SIEMENS-SCHUCKERTWERKE, A.-G. 
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WASTE-HEAT STEAM GENERATOR FOR WATER-GAS PLANT. 


CONSTRUCTED BY MESSRS. THE 
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THE AGRICULTURAL-IMPLEMENT 
INDUSTRY. 

WHEN one reads in Lamentations of the city 
which ‘‘ weepeth sore in the night, and among 
all her lovers hath none to comfort her,” and of 
whom “all her friends have dealt treacherously 
with her, they have become her enemies,” one 
feels that Jeremiah, beyond others, could really 
have done justice to the state of our agricultural 
industry. Of course, we would not like to suggest 
that her friends have been so fickle as those of 
Jerusalem. Such a policy would, in fact, be 
exceedingly foolish, since on the prosperity of 
agriculture largely depends that of more than one 
other industry. It would be anticipated, for 
example, that the makers of agricultural imple- 
ments would feel the depression severely, and it is 
therefore somewhat surprising to find that the 
output of such machinery is not only being main- 
tained, but has shown a slight increase in the last 
year or two. The explanation no doubt is that the 
home market is comparatively limited at the best 
of times, and that the trade in agricultural machinery 
has always been mainly an export one. This is 
undoubtedly a disadvantage to us in competing 
with those nations possessing a large home market. 
The parallel of the motor-vehicle industry of the 
United States is at once brought to mind, since it 
has been stated almost ad nauseum that the enormous 
home market of that country enables her to build 
cars at a very low price, and that the saving in 
first cost is reflected in the selling price on the 
foreign market. What is frequently overlooked, 
however, is that the large foreign trade in motor 
vehicles, enjoyed by the United States, could never 
have been built up unless the cars were suitable 
for the countries in which they were sold. We 
believe that this fact is now very generally appre- 
ciated by our own car manufacturers, but it is 
somewhat doubtful whether the same appreciation 
extends to all branches of the agricultural implement 
industry. 

Before discussing this point, however, it may 
be as well to give the actual export figures of 
such machinery for the two countries. In. 1926, 





the last year for which complete figures are available, 
the value of exports from the United States 
amounted to some 9,263,000/., while that from 
the United Kingdom was only about 1,323,000/. 
These figures are exclusive of tractors, of which 
the corresponding values are almost too painful 
to mention. On the principle, however, that the 
most nauseous medicine is the most efficacious, 
it may be stated that the corresponding figures 
were 7,684,000/. and 161,000. For the first ten 
months of 1928, the exports of the United States 
had risen in value to 10,450,000/., while the value 
of those from the United Kingdom—perhaps 
mercifully—is not available. These very striking 
figures include tractors for other than agricultural 
purposes, and a conjecture may be hazarded that 
the enormous difference between the exports of 
the two countries is due in great part to the fact 
that a particular United States tractor has proved 
to meet all reasonable requirements in all parts 
of the world, including even the British Isles, 
and that, until extremely recently, this country 
has produced nothing to compare with it at all 
adequately on a performance-price basis. 
Comparing export figures for the two countries, 
we do not overlook the fact that, in the British 
Isles, manufacturing costs in the immediate post- 
war years have of necessity been high, and that 
in the early period of the war, British industry, 
in this as in most other peace-time developments, 
was almost completely paralysed; the require- 
ments of the Ministry of Agriculture, although 
abnormal for the home market, being a mere 
drop in the ocean of normal world trade. The 
situation is very aptly summed up in the report 
of the Imperial Economic Committee on Agri- 
cultural Machinery, which has just been issued, 
where it is stated that the market ultimately goes 


.to the country which most closely satisfies local 


requirements in design, in service for repairs, and 
in methods of sale. 

An interesting light on the position of the 
tractor industry of the United Kingdom is given 
by a table in the report, from which it appears 
that, whereas in 1922 we exported 913 machines 
of an average value of 204/., in 1927 we exported 
only 164 machines of an average value of 4391. As 
the compilers of the report somewhat dryly remark, 
it is evident that the machines exported from 
the United Kingdom are of very different types 
from those exported from the United States. 
Point is given to this comment by the fact that 
the average values per tractor exported from the 
United States in the corresponding years were 
1627. and 1451. 

No doubt the British machines are capable of 
a much higher performance, but the magnitude 
of the figures certainly suggests that they apply 
to a type of machine for which there is a 
limited market. Before leaving the subject of 
tractors, it is interesting to note the proposal to 
establish the Ford works in Southern Ireland, 
which, if it eventuates, will no doubt intensify 
competition on the European market. On the 
other hand, it is satisfactory to record that a 
new British tractor has recently been put into 
production at a price comparable with the most 
popular American models, and perhaps it is not 
too much to hope that this machine will do some- 
thing to improve our position in the markets of 
the world. 

Turning now to our trade in agricultural machinery 
generally, the information given in the report, 
already referred to, merits the closest examination. 
We do not propose to attempt to summarise the 
figures givenin this document, as such a process would 
be quite impossible in the space at our disposal. It 
may be commended to our readers as an admirable 
example of the succinct presentation of a mass of 
detail relating to the trades of a large number of 
countries; and that the figures are not always 
strictly comparable is due rather to a lack of 
conformity in compiling statistics as between the 
different countries concerned, than to any fault 
of the compilers. The figures given are entirely 
based upon exports, and attention may conveniently 
be concentrated upon those of the four larger 
exporting countries, the United Kingdom, Canada, 
the United States, and Germany. Of the total 
exports of the four countries in 1926, taken 
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together, the percentages in the order given were | doubt fully realised by our old-established manu- 


7-8, 19-5, 53-5 and 19-2. 


It will thus be seen | facturers, who have built up their business mainly 


that the United States did a greater export trade |on exports, but many of the machines exhibited 


than the three other countries put together. From | at the various agricultural shows cannot possibly | 
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when individually they are below the optimum size, 
and any other measures of financial reconstruction 
taken. The road to the ultimate solution of the 
problems of reconditioning will become easier 


a table giving the exports to individual countries, | have other than a local appeal, if only because | with each such step, and the new capital necessary 
it appears that the European market (excluding | they are too complicated to be placed in the hands | for solving them will flow in. In no other way, as 


Russia) was the largest, closely followed by South | of native labour. 


That, in general, our products 


| the Committee believes, can competitive efficiency 


America, these two markets together exceeding) make a wide appeal, is shown by the fact that | be restored, and though industries must be prepared 


those of all the rest of the world. 


The United | our exports consist for the greater part of compara- 


|to deal with hardships through unemployment 


States supplied about 75 per cent. of the require- | tively small consignments of goods to a very large | arising out of the transition, they will ultimately, 
ments of the South American market, and about | number of countries. 


41 per cent. of the European market. The British 


Without being too it is perhaps 


sanguine, 


exports—which, as stated, amounted to about | justifiable to hope that our somewhat unfortunate 
7-8 per cent. of the total—were distributed amongst | experiences in tractor manufacture have been taken 


the chief importing countries as follows : 


furope | to heart, and that the same mistakes will not be 


(excluding Russia), 15-5 per cent. ; South America, | made in developing other new classes of machinery. 


6-3 per cent. ; 


North America, 0-5 per cent. ;|'The creation of new world markets is a slow process, 


Australia, New Zealand, South Africa and India, | but it is none the less certain, and there appears 


35:3 per cent.; and Russia, 2-0 per cent. 


remaining 40-4 per cent. was very widely distributed | our manufacturers, why we should 
| considerably more of the exports to these markets 


among the various other countries, both Empire 
and foreign. 

The questions which most concern British manu- 
facturers are whether our export trade to existing 
markets can be increased, and whether we can 
obtain a satisfactory share in new markets in 
process of development, while working under the 
handicaps which have been mentioned. In the 
case of tractors, we have already suggested in other 
words that our manufacturing policy has hardly 
been the best that could have been devised, and 
to a modified extent we believe that the same is 
true of certain other types of implement. 
quality of British agricultural machinery will 
undoubtedly bear comparison with that of any 
other nation, and the whole issue really turns on 
two points—whether, in the first instance, it is 
manufactured at a low enough cost, and in the 
‘second, whether it is sufficiently adapted to the 
markets for which it is intended. Both these 
questions present extremely difficult problems, 
which cannot be adequately discussed in the length 
of a short article. Many of the issues involved 
apply equally to all types of British manufactures, 
and, at the best, only one or two of the more 
outstanding points can be touched upon. As 
regards the selling price of our products, it was 
argued strongly some years ago, when the American 
invasion of the British market was at its height, 
that our manufacturers should lower the quality 
of their products with a view to reducing the 
price, the implication being that British implements 
would outlast their usefulness. Rightly or wrongly, 
the home manufacturer refused to agree to any 
reduction in quality, and, in favour of his attitude, 
it may be said that the international reputation 
for high-class workmanship and material, which 
all our engineering products enjoy, has always 
been our greatest asset in world competition. 
It is questionable, however, whether sufficient 
attention has been given to the design of implements 
with a view to reducing production costs without 
sacrifice of efficiency or reliability. 

The second method of cheapening production 
is manufacture in large quantities, and without 
the development of new markets, this can only 
be achieved by a reduction in the number of 
British designs. Visitors. to the larger agricultural 
exhibitions in recent years cannot fail to have 
been struck by the large number of alternative 
makes of such products as ploughs, harrows, and 
so on, and an examination of these machines would 
show that they did not differ in any essential 
feature. However advantageous it may appear 
to the local farmer to choose a machine embodying 
his own particular idiosyncrac‘es, trifling variations 
in design achieve no useful object even in the 
home market. The recent formation of an asso- 
ciation representing a number of the leading firms 
in the industry shows, however, that our manu- 
facturers are alive to this point. 

The suitability of agricultural implements for 
differing local conditions must always be a matter 
for compromise, since it is impracticable to manu- 
facture a distinct model for each market. At the 
same time, it is evidently important that British 
designs should not be based exclusively on local 
experience, but that they should be, on the 


contrary, suitable for the conditions ruling in as 
many countries as possible. 


This point is no 





| 





The | 





The | to be no real reason, given co-operation amongst 


not secure 
than the modest 7-8 per cent. which represents 
our present contribution to world trade. A large 
proportion of such markets lie within the borders 
of the British Empire, and that this is decidedly 
to our advantage is shown by the relatively large 
proportion of our existing exports to countries 
within the Empire. 





THE COMMITTEE ON INDUSTRY 
AND TRADE. 


Witn the publication of its Final Report, the 
Committee on Industry and Trade appointed in July, 
1924, under the chairmanship of Sir Arthur Balfour, 
has completed the most circumstantial survey 
of its subject undertaken in recent years. In 
six previous volumes it has collected the bulk of 
the information obtained during its enquiries, 
and, in the light of these data and of oral and other 
evidence received but not used previously, it now 
gives a statement of the Committee’s findings, 
practical conclusions, and specific recommendations. 
The Committee, which was appointed by Mr. Ram- 
say Macdonald, was unanimous both in the state- 
ment of facts contained in its previous volumes, 
and in the introductions which summarised and 
commented on them, and to some extent pointed 
the way to the findings to which they appeared to 
lead. Of its 17 surviving members, 15 sign the 
present report, but five of these, together with the 
other two, add a memorandum in which reasons 
are given for thinking the report inadequate to 
the present serious situation without a number of 
socialist measures. The Committee’s reference 
related specially to the export trade of Great 
Britain, and in particular to its present position, 
its future prospects, and the relations between 
those engaged in production. It had therefore had 
to consider a great number of complex problems, 
towards the solution of which it has been at extra- 
ordinary pains to collect statistical and other 
information. 

It adopts an eminently judicial tone, even 
with subjects that are more often treated as 
controversial or even political. Its numerous con- 
clusions must be studied individually, but two 
or three capital points may be cited, to which the 
remainder must be regarded as subsidiary. The 
Committee is satisfied that to compete successfully 
in overseas markets both the organisation and the 
equipment of British industry must be, as it says, 
reconditioned. This will require not only the will 
to reorganise, based on a recognition of the changes 
that are going on in the national and international 
economic situation, but also the power, including 
the financial and technical resources for material 
and equipment, and the sincere co-operation of all 
parties to industry. In each of these purposes the 
industries will have to look primarily to themselves. 
The general economic policy of the State may, 
indeed, help to ease the difficulties of financial 
transition, under which industry will have to 
escape from the vicious circle of requiring for 
renewed industrial health an increased capital that 
only renewed health can attract. In the Com- 
mittee’s view, the only way out is for the industries 
to take the first step themselves without relying on 
the help of outside authorities. Where necessary, 
capital must be written down, business amalgamated 





|as they regain their prosperity, be more than able 
to absorb workers who for the time being have 
been displaced. The reluctance to depend on 
outside mechanism is seen more than once in the 
proposals. Sometimes it is coupled with objection 
to set up a mechanism unless it has specific work 
to do. While, for instance, the institution of joint 
works councils is regarded with approval, the 
National Industrial Councils are not. In the recon- 
ditioning of the relations between employers and 
workmen the chief difficulty is seen in dealing with 
demarcation problems. A prime condition of 
putting a manufacture in a competitive condition 
is that each man shall do his honest best on any 
| work within his competence that may be available 
|for him. With the introduction of time-saving 
| machinery the craftsmen, who in earlier days had a 
monopoly of his craft, found his all-round skill 
converted into a number of lesser skills, for which 
the men who practised them claimed also a mono- 
poly. The familiar demarcation position thus arose, 
and as often as not was imposed on the man by his 
union. The demarcation troubles were thus fos- 
tered. by the unions as much as, or even more, than 
by the men. To regain a competitive position, on 
the other hand, an industry must be able to employ 
any man on any work within his capacity, for only in 
this way can low costs be combined with high wages. 
For the most part the relations between workmen 
and employers are good, and the problems of 
demarcation, on the importance of which the report 
lays repeated stress, would be much easier of 
solution if it were not for the rivalries of the 
unions. 

These, unfortunately, are familiar troubles, and 
their importance in connection with this report is 
that it assigns them so important a place among the 
problems to be solved. On the many questions 
which lie less within the control of the industries 
themselves—financial, fiscal, international—the 
report has well-considered opinions, which will be 
considered with the attention due to the authority 
of the Committee and the prolonged investigation 
it}has given them. By the side of the Committee’s 
report an interim report on unemployment has also 
appeared from the Conference on Industrial Reorga- 
nisation and Industrial Relations, which has been 
proceeding for some time past between the group of 
employers associated with Lord Melchett and the 
General Council of the Trades Union Congress. 
The scope which this body has given to its delibera- 
tions is even wider than that of the Committee. 





|not being confined specially to the export trade, 


and it puts forward a number of bold and far- 
reaching suggestions, which it is to be hoped will 
receive the consideration due ‘not less to their 
intrinsic interest than to the high authority of 
their sponsors. Of its 15 recommendations, all but 
two call either for Government enquiry or action, or 
for legislation, and for the next two or three months 
it may be assumed that they do not come within the 
pale of practical politics. The two to be effected 
independently of Government, are the widest 
rationalisation of industry, and the establishment of 
‘a more authoritative contact ’’ between agriculture 
and industry. Whatever the outcome of. these 
proposals may be, engineers, and indeed the entire 
community, must hope that the discussion of the 
many fundamental measures on which the two 
sides of the Conference have arrived at agreement 
will help each side to the improved understanding 
both of the question and of each other for which 
every one has been waiting. The recommendations 
are given circumstantially, but still further infor- 
mation would be necessary before the prospect 
of their being translated into practice can be esti- 
mated. In general terms, however, two observa- 
tions may be made in regard to what is suggested 
in respect to rationalisation. There are, doubtless, 
many works which, both in size and in equipment, 
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fall short of what is necessary for the most efficient 
working. It is, however, hardly to be imagined 
that their extension, whether by amalgamation or 
otherwise, and their re-equipment can be done to the 
best advantage only in one way, nor similarly does 
it seem likely that only one scheme of working 
arrangement can do what is required to “ rationa- 
lise” the relations of firms with each other. To 
find single methods or schemes to fit all the firms 
in an entire industry must surely be a longer and 
more difficult matter than if a smaller number are 
to be accommodated, and, moreover, seems likely 
to eliminate those individual differences in methods 
by the comparison of which natural progress is 
evolved. Ultimately, trade-wide arrangements may 
be desirable and feasible, but in the first instance it 
seems a pity that the unit should not be the works 
rather than the trade. The smaller unit could be 
dealt with more quickly and easily, and would 
give the prospect of instructive alternatives. The 
assumption that rationalisation must necessarily 
be conducted by whole industries seems like trying 
to insert the thick end of the wedge. It may 
possibly be done if the wedge and the material are 
strong enough, but it is not mechanically advan- 
tageous, and the material may be in some danger 
of splitting. The chief advantage of the process is 
apparently that, if it can be made to work, it is 
convenient for administration, but that convenience 
may be bought too dearly. 

Another point, perhaps of even more serious 
importance, is that it is proposed to leave the 
co-ordination of the arrangements to the National 
Industrial Council suggested by the Conference, 
but as yet not accepted by any body representative 
of employers. The situation in regard to the 
institution of such a council, or of any other 
regulative body of which one-half is derived ex 
officio from the Trades Union Council, is a little 
delicate, but all genuinely industrial interests will 
prefer that it should be discussed in plain terms. 
It is a matter of the utmost satisfaction to find 
the present members of that body discussing, in 
earnest, matters of common interest with their 
colleagues on the Conference. It is still more 
satisfactory to learn that with a single unnamed 
exception all the members of the Conference were 
unanimous in their adoption of the report. There 
is no difficulty in believing that the members of 
the Council who so voted were actuated, as both 
sides professed to be, by purely industrial motives, 
and so long as that is so, their politics are as little 
in question as their religion. It cannot, however, 
be forgotten that there is nothing in the constitution 
of the Council to warrant that its members, acting 
on its behalf, are necessarily actuated by purely 
industrial motives. It requires only an unhappy 
turn of the ballot box to give it representatives 
of a political colour, who may deadlock the industrial 
mechanism to serve a political purpose. Neither 
employers nor industrial trade unionists will take 
the risk that such an influence may share in the 
control of their industry. The honour, loyalty 
and sagacity of numbers of trade union leaders 
during the war were beyond question and beyond 
praise ; yet it did not prevent trade union influences 
from perverting their power to an extent of which 
at the time we, in these columns, told a part, 
though we could not tell all we knew. What 
happened in the coal strike is still fresh in men’s 
memories. 

It is excellent that industrial trade unionists 
should be in conference with employers, and 
so long as the members of the Trades Union 
Council are such, no men can be more welcome 
or more useful to their industry. At present, 
however, as much cannot be said necessarily of 
those whom a future council may delegate to such 
a conference or similar body. Industrial trade 
unionists and employers would be equally glad to 
be sure that the Council will always act for indus- 
trial, and not for political, reasons. That certainty 
can, unfortunately, be obtained at present only by 
the method of M. Coué, who died before he had 
established the validity of his methods. It is, more- 
over, to be remarked that the test proposed by the 
Joint Conference for a trade union is that it should 
be recognised by the Council, which presumably 
would exclude a non-political union not affiliated 
to their body. 





At a conference held last year between repre- 
sentatives of the Home Office and of the Association 
of Technical Institutions on the suggestion of the 
Board of Education, it was agreed that it was 
desirable for technical schools to co-operate with 
the Factory Department in bringing the essential 
facts in regard to industrial safety to the notice 
of teachers and students. As a result of this con- 
ference a paper on Industrial Safety was read by 
Sir Gerald Bellhouse at the annual meeting of the 
association, held in London, on February 22. Sir 
Gerald described in some detail a series of proposals, 
which by very simple means would give effect to this 
resolution, and outlined the type of works organisation 
by which the prevention of accidents could be made 
a definite part of works management, in which 
ultimately students from technical schools would 
take their share. The paper should appeal there- 
fore to a wider audience than that to which it was 
read, and coming as it does by itself, and not em- 
bedded in the large amount of statistical and other 
information with which such suggestions are coupled 
in annual reports, it may be hoped that it will 
attract wide attention. 

In substance the proposals are three. In the 
first place, it is suggested that, both by visits to the 
Home Office Industrial Museum in Horseferry 
Road, and by lectures by factory inspectors 
to students at the schools and to Old Students’ 
associations, the schools should be put in possession 
of the leading information at the disposal of the 
Factory Department. The Museum is not an 
exhaustive collection of all types of machinery, 
plant and appliances employed in the industries of 
the country, but it illustrates amply and variously 
the main principles by which the safe working of 
machinery may be secured, and forms a more 
instructive collection of industrial safety appliances 
and designs than can be seen elsewhere. A second 
proposal is that the machinery and equipment of the 
workshops injthe schools themselves should be fitted 
with approved safety devices, which would not only 
serve to accustom students to their use, but also 
might be inspected by manufacturers in the district, 
whose own machinery, as it is assumed, would be 
of similar types to those represented in the schools. 
A start was made on these lines just before the war, 
but had then to be dropped and does not appear to 
have been renewed. It is thought that such a use 
of the technical schools as local safety museums 
would be of considerable service, and might now 
be attempted again. In regard, finally, to accidents 
not connected with machinery, which, though 
containing a smaller proportion of the more serious 
cases, are twice as numerous as the others, it is 
proposed that literature and notices regarding 
industrial safety should be placed in suitable 
positions in the technical schools, possibly—though 
this is not expressly stated—including bulletin 
boards with often changed graphic posters illus- 
trating what workmen can do to protect them- 
selves. The proposals in regard to safety organisa- 
tions in works are not applicable to technical schools, 
but they include a short summary of the essentials 
of such organisations which experience has shown 
to be necessary. Up to now no large number of 
works in this country have set up such organisations, 
but where they have been introduced reductions 
of from 60 per cent. to 70 per cent. in the total 
number of accidents are said to have been secured. 

The extent to which safety precautions have 
been introduced into industry in this country is 
much smaller than it is in the United States. 
To some extent, doubtless, this is due to the far 
greater number of accidents from which, at least 
not so long ago, they used to suffer. 
accidents, even as measured by those reported to the 
Factory Department, are intolerably large if there 
is any possibility of reducing them. In 1927, for 
instance, the last year for which figures are available, 
over 150,000 such accidents were reported, of which 
just on 1,000 were fatal—amounting, as Sir Gerald 
Bellhouse points out, to three deaths and 500 
injuries every day. The costs of, and connected 
with compensation are estimated at 5,000,000I., 
and to this evidently must be added the indirect 
expense arising from absences. It may be ques- 
tioned whether these sums, though they are con- 
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siderable, are as impressive as the bare number of 
accidents, and, no doubt, every interest in industry 
will be of a single mind in wishing to reduce them. 
The suggestion that the technical schools should 
initiate some such movement as has been suggested 
appears to be both practicable and feasible. In 
many cases the obvious difficulty would be the cost 
of the extra equipment, as technical schools seldom 
have surplus funds of any kind. Possibly manu- 
facturers of approved safety appliances might do 
something to meet this difficulty. It is said that 
already the principles of the Safety First movement 
are taught in a general way in many elementary 
schools, and if the teaching is effective, that, doubt- 
less, is so much to the good. The application of these 
principles to engineering shops cannot, however, be 
taught sufficiently ina general way. To be effective 
it must be learned in connection with the machinery 
and equipment of the shops, and it comes into the 
category of habits as well as of knowledge, which 
form an essential and not the least valuable part of 
technical as of other education. The commoner such 
instruction becomes, the more effective it should be, 
and the less time it should take. While it is a 
separate subject, apt to be regarded as a fad, it will 
give more trouble than when it is taken as a matter 
of course, and comes almost imperceptibly into the 
day’s work. 








THE ENGINEERING OUTLOOK. 





Nevertheless, |_ 


| VII.—Locomotive Inpustry. 

| Last year it was stated that the increase in 
|employment in the locomotive industry, towards 
the end of the year 1927, might be taken as an 
indication that the improvement in trade, apparent 
at that time, might be expected to continue in the 
early part of 1928, at least. It was further stated 
that whilst it was difficult to anticipate in advance 
further placing of contracts, it seemed legitimate to 
assume that, as the world demand for locomotives 
had of recent years been on the small side, replace- 
ments must soon be inevitable, and that, therefore, 
further contracts might be expected in the course 
of time, a good proportion of which British manu- 
facturers would stand a chance of securing on the 
quality factor. It was suggested that the close 
of the year would see an improvement in the position 
of locomotive manufacturers in this country, but 
it was pointed out that any such improvement 
would start from a level of acute depression, and 
could not be expected to lift the industry into a 
condition of prosperity. 

It has to be kept in view that, since the war, the 
locomotive industry has been consistently depressed, 
and therefore any actual or comparative improve- 
ment requires to be set against the bad trade of 
the past years. In the course of this review it 


TABLE I.—Employment in the Locomotive Industry. 
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Wear Numbers | Index 1914 
ora! Employed. | = 100. 
| 
r , 
1914 mE -| 15,248 100-0 
1920. May | 14,510 95-1 
| 1923— 
Ist half year .. wel 4,192 27-5 
2nd ~ os «< <a 7,709 50-5 
| 1924— 
| lst half-year .. mr ns 4,905 32-2 
| 2nd me i aa aa 5,940 39-0 
1925— 
1st half-year .. a oe] 7,242 47-5 
2nd ” os ee oa 7,453 | 48-9 
1926— | 
Ist half-year .. a al 6,502 | 12-7 
2nd , 5,044 33-1 
1927— 
Ist half-year .. a eal 6,499 42°6 
2nd Be ae “ aol 7,614 49-9 
1928— 
1st half-year .. 7,504 49-2 
2nd fe ‘ 7,876* 51-6* 


* Estimated on incomplete returns. 


will be shown that the improvement in trade, which 
was anticipated during 1928, has been more fully 
realised than was hoped. . 

In order that the employment position in the 
industry may be appreciated, it is necessary, as on 
previous occasions, to resort to statistics of employ- 
ment obtained by investigation by sample in the 
seven principal locomotive manufacturing districts 
in the country. The Ministry of Labour employ- 
ment statistics are not available for the locomotive- 
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building industry as such, but there is no reason to | 
question the accuracy of the movements indicated | 
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exported from this country, during the year 1928, 
amount to 40,641 tons, and compared with 26,932 
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| included steam tractors and steam rollers. It is 
/not possible to get a satisfactory division between 


by the sample enquiry, as for the past seven years|tons in 1927 (which was a bad year, reflecting | these commodities, and so it must only be assumed 


now they have adequately and accurately reflected 
the situation. 

It will be seen that employment in the locomotive 
industry in 1928 has been consistently higher than | 
at any period since the year 1920. 
is a very satisfactory feature, but, when compared | 
with the employment level of 1914, it is found that 


fully the effect of the coal and general stoppages in 
1926), and 33,968 tons in 1926. In value there is 
an improvement of half a million pounds on the 
1926 level, and 1,300,0001. on 1927. 


South American countries, and to British India, 
have improved very satisfactorily, but there has 


| 
‘of locomotives had declined from 53,500 tons in 
Exports to | 1913 to 16,000 tons in 1928, and it is clear that 
This in itself | Spain and the Canaries, to the Argentine and other | although British exports are by no means what they 


that the largest percentage of the decline is due 


to this exclusion. The volume of German exports 


should be, due mainly to the incursion of electric 
power and the general decline in world demand, 


the number employed now is rather less than half | been a marked decline in Australian requirements | we constitute the largest factor in the satisfaction of 


the number employed before the war. There seems | 
to be little prospect of the pre-war capacity of the | 


industry as regards employment being restored | also noteworthy. The total value of parts exclud- | 


during the past year. 


locomotive requirements in the free markets of the 


The improvement in the exportation of parts is world. 


Even allowing for the fact that the electrification 


for the present, due largely to the much greater | ing axles, tyres and wheels, exported in 1926, was | of railways has come to stay, and will extend, 


service got out of locomotives than formerly, 


just over half-a-million pounds; in 1927, it was 


thus reducing replacements. At this stage it | 604,000/.; in 1928, it was 1,132,000. The increased 
may be desirable to emphasise that this review is | exportation of completed locomotives in 1928 
confined purely to the competitive manufacture | indicates a further expansion of parts in due course, 
of locomotives by firms distinct from railway | and this is a very important consideration, which is 
companies. It is not necessary to take the railway | not to be lost sight of in considering any export 
companies into account, as the whole of their pro- | trade of the relative magnitude of the locomotive 
duction is for their own consumption ; they are not | industry. The foreign selling of completed articles 
competitors in the world market in the sense inevitably means the exportation of parts in due 
that they seek to sell their product to other con- | course, a side of the business which is remunerative 
sumers. | and worthy of development. 

* will peas that od the — half -o In past years, imports have been a negligible 
the a oe oe eb ment has oe ac Aer the | quantity, and fortunately they continue to be so, 
first half, and keeping in view the lag between | ,. is shown in the following brief table, which gives 
employment and sales it may be fairly assumed that | ¢5, the years 1924-28 inclusive, the value of im- 
the first half of this year will prove at least a8 | norted locomotives and parts :— 





satisfactory as 1928. £ 

The 1924 Census of Production figures permitted the | 1924 5.303 
deduction that about 60 per cent. of the locomotives | 1925 9,079 
manufactured in this country are on export account. oeee 12,736 
If there has been any change in this percentage | nea con 


during the past four years, it is reasonable to suppose | ia ; 
that it has been in favour of an increase in the! It has already been stated that the locomotive 


export quota, due to the continuation and expan.- | industry is essentially an export one, and therefore 
sion of the building policy of the home railway | the next criterion, and probably the most important, 
companies already mentioned. Consideration of | of the position of the industry is to be found in a 
the export statistics relating to locomotives, there- | consideration of the international exports of loco- 
fore, serves to present a satisfactory guide to the | motives. 

state of the industry, and to confirm the employ- | Tasre ITI.—Jnternational Exports of Locomotives. 
ment statistics which have been already given. (Value 0001.) 
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TaBLe I.—U.K. Exports of Locomotives. Countries. | 1913. | 1924. | 1925. | 1926. | 1927. | 1928. 
: ee | | 
: | Volume | Index | Value Index | United a ae Sat aS Bea 
Fosrcneg | of 1913 per Ton | 1913 Kingdom | 2,782 | 1,852 | 2,649 | 3,043 | | 3,501 
Average | Exports. 100. | Exports. | 100. | France ae 85 325 | 431 220 | | 248*+ 
| Germany ..| 2,698 1,042 | 1,338 | 1,228 | 1,100* 
ony ¢ }US.A. ..] 1,824] 1,279 | 1,456 | 1,054 | | 670* 
1913 3,927 100-0 59-0 100-0 [era 7 Re TeT RSS PROS oe (Gr as se 
1929— | 6,889 | 4,498 | 5,874 | 5,545 | 4,930 | 5,519* 
Ist Qr 4,268 108-6 164-9 5 Leer. ahve 
2nd ,, 1,741 44°3 168-6 : ’ 
3rd, 1,748 44-4 150-8 * Estimate on incomplete returns, 
ith .. 2.979 75-8 144°5 + Locomotives only. Totals for previous years include steam 
1923— tractors and steam rollers. 
Ist. Qr. 110-9 188-0 : 
2nd ,, a4 nie Table III has been compiled so as to show, over a 
: 81-8 38-6 . . 
ith 85:5 144.9 | period of years, the value of the exports of locomotives 
1924- ‘ se |from the four principal producing countries. The 
: a 68-5 72-2 22° | . . . 
a 64-4 72-8 123-4 | values are given in pounds sterling converted at the 
- = 3 a 2 average rate of exchange for each year. 
3l- 98-2 36° | 1 : : ° ° 5 
sens Hi | __ The analysis given in this table shows more effec- 
Ist Qr. 3,548 90-2 83-0 140-6 | tively than any other means the relatively satis- 
2nd ,, 3,344 85-1 85-2 Mig Woo apa Sa mena 
Sra” 1520 39-6 97-9 165-9 | factory progress which has been made by the British 
: ath cs 1,363 34-6 91-5 155-1 | industry during 1928. The world demand is still 
926— | : . . 
Ist Qr 4.387 W1-7 90-6 153-5 | Very much lower than it was in 1913, but during 
me ” ares =? -> =e - | 1928 it improved on 1927, and the improvement 
‘ 955 9-8 91-2 54:7 4 mae + : 
—” 2046 51:1 84-4 143-2 fell entirely to the British producer. Not only is 
1927— ‘this so, but the other competing countries lost 
ist. Qr. 921 23-5 99-3 168-4 G si 
ond 2193 54-1 89-4 151-6 | ground to our manufacturers. Germany before the 
one a4e8 é ‘8 5-3 aes war was our keenest competitor, and in value 
1998—"" ‘ ‘ “| exported almost as much as this country. Germany 
oar. ames 5-4 =? as |is still our keenest competitor, but in value its 
2nd ,, 5, g- 30-5 36- . : 
3rd 2°77 70-6 83-6 141-8 | exports in 1928 were half of ours, whilst the United 
4th , 2,593 66.0 97-1 164-4 | States have dropped heavily during the same year 


—--—-— ——____________-— | to reach a level very much below its pre-war exports 
It will be seen that the exportation of locomotives | value. Unfortunately, statistics of the volume are 
during the year 1928 reflects a very satisfactory | not issued in the United States, but they are avail- 
improvement on recent years. The monthly | able for the three remaining countries, and it is 
average for the second quarter of the year consti-| worth while to consider a table giving for periods 
tutes a post-war record, measured in quarters. The corresponding to those shown in Table III, the 
value per ton has declined still further, with the | volume of exports. 
result that the prices ruling for the export of loco-| Table IV shows that in volume the exports of 
motives are barely 50 per cent. higher than the the United Kingdom in 1928 were 7,000 tons lower 
pre-war prices. Bearing in mind the increased cost|than in 1913. The French exports were very 
of materials, labour, transport and other considera- | slightly greater than in 1913, although lower than 
tions, it is clear that, on a comparative basis, prices | they have been since 1924. This is accounted for 
are practically down to pre-war bed-rock level. | by the fact that in 1928 the figures given relate to 


The total volume of locomotives, steam and other, | locomotives only, whilst in previous years they 





further expansion of world demand in locomotives 
seems more than probable, and with the pronounced 
superiority of the British article and the strong hold 
which we have at the present time, it is not un- 
reasonable to expect that this country will continue 
to get the major share of the demand. It is known 
that certain satisfactory contracts will be executed 
in the course of the current year, and whilst anything 
approaching optimism would be unwise, there is a 
probability that the industry will at least maintain 


TABLE IV.—Jnternational Exports of Locomotives. 
(Volume—Long Tons.) 














Countries. | 1913. | 1924. | 1925. | 1926. | 927. | 1928, 
| | 
United | eit iis Sas eee 
Kingdom) 47,121] 23,563 | 30,437 | 33,968 | 26,936 | 40,641 
France 3,291] 4,522 | 7,070 | 4,118 | 4,612 | 3,330*4 
Germany... 53,560 | 16,900 22,220 | 16,850 | 15,980 | 16,150* 
103,972 | 44,985 | 59,727 | 54,936 | 47.528 60,121* 

















* Estimate on incomplete returns, 

t Locomotives only. Totals for previous years include steam 
tractors and steam rollers. 
the position which it achieved during the past year, 
although this will only be done in the face of very 
fierce competition from America, and particularly 
Germany. The fact that Germany has so far failed 
to re-establish its pre-war level is not to be taken as 
an indication that it will fail ultimately. The 
strenuous efforts which are being made by that 
country have their reflection in the very low prices 
which our manufacturers succeed in obtaining for 
their product, and this state of affairs must be 
expected to continue to an even greater degree. 

The British industry does not stand still. Techni- 
cal advances in locomotive construction are being 
carefully studied, and adopted, and the methods of 





management and production are as modern as 
can be. At present the capacity for construction is 
very much greater than demand. One cannot hope, 
| that capacity will be strained in the near future, 
| but it can be said with confidence that locomotive 
builders in this country are prepared to respond 
with success to any movement in the direction of an 
expansion of world demand. 








THE IRON AND STEEL INstITUTE.—The council of the 
Tron and Steel Institute has, this year, awarded the 
Bessemer Gold Medal of the Institute to Sir Charles A. 
Parsons, F.R.S. The Williams prize of the Institute 
has been awarded to Messrs. J. E. Holgate and R. R. F. 
Walton, authors of the paper ‘‘ Blast-Furnace Practice 
in Natal,”’ and to Messrs. A. Crooke and T. Thomson, 
authors of “‘ The New Plant of the Appleby Iron Company, 
Limited.”” The prize, which is of the total value of 
100 guineas, has been awarded in equal portions to the 
four metallurgists concerned. 





CoMMERCIAL AND MuwnicrpaL GLascow.—We have 
recently received two brochures dealing with the commer- 
cial and social life of Glasgow, and issued by the Corpora- 
tion of that city. The first is entitled ‘‘ Glasgow Com- 
mercially Considered,”’ and, in addition to much informa- 
tion regarding the industry and commerce of Glasgow 
and the West of Scotland, the book contains interesting 
historical data concerning the City and its port. The 
book is well printed in large readable type, and its value 
|is enhanced by a number of excellent plates. The 

work has been produced under the auspices of the 

| Kelvingrove Publishing Company, Limited, 108, Renfield 
| street, Glasgow, and may be obtained gratis on applica- 
| tion to the Town Clerk, City Chambers, Glasgow.. The 
second brochure is entitled ‘‘ Glasgow, its Municipal 
Undertakings and Enterprises,’ and gives, in succinct 
form, some facts and figures concerning the municipal 
administration of Glasgow in its various departments. 
The gradual development of the City is described in 
the opening pages, and the activities of each department 
are then dealt with in turn. Numerous plates are 
included. The brochure has been prepared by Mr. David 
Stenhouse, J.P., Town Clerk of Glasgow, to whom 
application should be made for copies of the work. 
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of one of the components forming the eutectic. 
He did not feel able to agree with this concluding 
remark, and suggested that the presence of internal 
stress might have a bearing on the question. The 


THE INSTITUTE OF METALS. | eutectic series of alloys, but a considerable amount 


THE twenty-first annual general meeting of the | of work had ier: Contin’ wh, = cast doubt on 
Institute of Metals opened at 10 a.m. on Wednesday | the validity o an pce 9% When it had been 
of this week, in the hall of the Institution of Mecha- | discovered, in the course of a research on the elec- 





nical Engineers, Storey’s Gate, London, S.W.1, and 
was brought to a conclusion in the evening of yester- 
day. The chair was occupied by the president, 
Dr. W. Rosenhain, at the opening meeting on 
Wednesday morning. 

REPORT OF THE COUNCIL. 

A brief outline of the report of the Council for the 
year ending December 31 last, was given by the 
Secretary. This showed that the number of 
members on the roll of the Institute was 2,003, 
compared with 1,903 on December 31, 1927, and 
1,801 on December 31, 1926. The Council recorded 
with regret the death of a number of members, 
among whom were Sir A. T. Danks, Mr. J. Appleton, 
Mr. D. Bray, Professor André Job, Mr. G. G. Popple- 
ton, Mr. H. F. Richards, Mr. Alexander Siemens, 
Mr. R. Traill, and Mr. H. Watson. Many of the 
above were original members, of whom only 166 now 
remained on the register. Much of the work 
conducted during the past year in connection with 
the Institute’s condenser tube corrosion research, 
had been planned with the object of obtaining the 
necessary information on the mechanism of impinge- 
ment attack. This work had proceeded satis- 
factorily, and the results obtained had been included 
in the eighth report to the Corrosion Research 
Committee, which had been presented at the last 
autumn meeting of the Institute. The information 
now available cleared up many of the difficulties 
experienced during previous tests with the experi- 
mental condenser, and should enable this apparatus 
to be used more effectively during the present year. 
The difficulty of obtaining certain known types of 
pitting action in tests carried out in the laboratory 
had led to renewed attention being given to the 
corrosive conditions which might occur in condensers 
in service, but which were difficult to imitate on a 
small scale. Several condensers had been closely 
investigated, and an extension of this line of work 
during the present year was thought to be most 
desirable, and should do much to make the research 
more directly practical. The Corrosion Research 
Committee had acceded to a request for permission 
to reprint all the eight reports in the German 
language. The pamphlet, entitled Notes on the 
Corrosion and Protection of Condenser Tubes had 
already been translated into the Japanese language. 

The Secretary also announced that, in order to 
mark the occasion of the twenty-first anniversary 
of the foundation of the Institute, the Council 
had decided to bestow the rank of fellow on all the 
past presidents and on the present president of the 
Institute. The new fellows comprised, therefore, 
Dr. W. Rosenhain, Professor H. C. H. Carpenter, 
Engineer Vice-Admirals Sir George Goodwin and 
Sir Henry J. Oram, Mr. L. Sumner, Professor T. 
Turner, and Sir John Dewrance. 


Hon. TREASURER’S REPORT. 


The report presented to the meeting by the 
honorary treasurer, Mr. John Fry, showed that the 
income for the financial year ended June 30, 1928, 
amounted to 7,741/., and the expenditure to 7,591/. 
It was pointed out that whereas increased liabilities 
had resulted from the sudden expansion of the 
Institute’s premises, the increase in membership 
had been normal. Consequently, the surplus of 
1501., on June 30 last, was less than that standing 
at the end of 1926-27, namely, 546/. 


PROPERTIES OF EUTECTICS AND EvTEcTorDs. 


_The first paper put before the meeting bore the 
title, “ Special Properties of Eutectics and Eutectoid 
Alloys in Binary Metallic Systems.” It was by 
Professor P. Saldau, and was originally written in 
Xussian. After translation into English, it had been 
rewritten by Dr. J. L. Haughton, who, in presenting 
the contribution on behalf of the author, stated that 
if the physical properties of a mixture of two different 
metallic phases were plotted against their composi- 
‘ion, the graphs obtained would be straight lines 
joining the values of the properties of the com- 
ponents. It had generally been assumed that the 
straight-line relationship was true in the case of 


| trical resistance of iron and steel at high tempera- 
| tures, that the specific resistance of annealed eutec- 
| toid steel did not obey the straight line relationship, 
|the problem of the specific properties of eutectic 
| and eutectoid alloys became a general one. As it 
| was unanimously agreed that chilled eutectoid alloy 
| deviated from the straight-line relationship, it was 
| only necessary to investigate the behaviour of 
|annealed alloys under similar conditions. The 
| mechanical and physical properties of the annealed 
eutectic alloys in the systems tin-lead, lead-anti- 
mony, tin-zine, gold-zinc, and gold-cadmium, and 
also the properties of annealed eutectoid carbon 
steel had, therefore, been studied. It had been 
found that these alloys possessed a_ relatively 
greater hardness and electrical resistance and a 
relatively lesser conductivity and temperature 
coefficient than alloys adjacent to them in com- 
position. Eutectic alloys, consequently, even after 
annealing, did not obey the straight-line relation. 
This characteristic persisted up to the melting point 
of the eutectic, or to the transition point into a 
solid solution of a eutectoid, and reappeared again 
on cooling. 

The first speaker in the discussion, Dr. M. Haas, 
referred to the polymorphic changes taking place in 
pure zinc, and stated that the purity of the zinc 
employed entered largely into the question. Professor 
Saldau had used alloys prepared from Kahlbaum’s 
pure materials. In order to study the effect of 
impurities on the polymorphic change in zinc, it 
was necessary to carry out a complete investigation 
by commencing with spectroscopically-pure zinc 
and gradually adding impurities and noting the 
effects of the latter. He desired to know if further 
work on the polymorphic transformations in zinc 
had been conducted in this country since the publi- 
cation of Miss Bingham’s paper on the subject. 
The next speaker, Dr. H. W. Brownsdon, emphasised 
the importance of small impurities present in the 
zinc employed. With reference to the next paper 
on the agenda, that by Messrs. Hargreaves and Hills, 
he thought that some of the phenomena recorded 
therein might be due to the presence of impurities. 
He had conducted some research work in this 
connection, and had found that the effect of various 
impurities on the age-softening of commercially- 
pure zinc was somewhat considerable. Cadmium, 
in particular, had a great influence in this respect. 
He reiterated that in dealing with the problem of 
work-softening, it was necessary to pay great 
attention to the purity of the zinc employed. 

Dr. S. W. Smith said that Professor Saldau had 
referred to the degrees of dispersion of eutectic alloys. 
He had not, however, dealt with the silver-copper 
eutectic, which was used to a considerable extent in 
various countries for coinage purposes. The secret 
of the successful working of this alloy lay in obtain- 
ing a correct degree of dispersion. Unless the casting 
conditions were such that the dispersion of the 
copper and of the silver was of a high order, diffi- 
culties in working would inevitably arise. The 
author had stated that in considering the properties 
which had been observed for the eutectic and eutec- 
toid alloys, it was to be noted that the relative 
increase in hardness and electrical resistance, and 
the corresponding decrease in conductivity and 
temperature coefficient made the alloys resemble 
solid solutions. This was a convenient way of 
regarding these highly-dispersed eutectics. Professor 
Saldau had also stated that just as in liquid mixtures 
there existed systems with a lower degree of disper- 
sion than true solutions, so in solid systems there 
must exist alloys, the state of dispersion of which 
was coarser than that of solid solutions, where the 
particles approximated to molecular size. An 
instance of this was afforded by the alloys of gold 
and copper. They were regarded by many metal- 
lurgists as constituting a continuous series of solid 
solutions. 

Mr. F. Hargreaves said that Professor Saldau 
had indicated that there was no trace of any 
coalescence in eutectic alloys, after prolonged anneal- 
ing, and had remarked that coalescence did take 
place in cases in which there was present an excess 











next speaker, Mr. W. B. Clarke, emphasised once 
again that the purity of the ingredients employed 
must have the greatest consideration. The electri- 
cal resistivity of nickel, for instance, was given in 
standard works of reference as ranging from 6-9 to 
12-8 microhms per centimetre cube. The ultimate 
analysis of all metals used in the course of a research 
should, therefore, be quoted. Dr. J. L. Haughton, 
who continued the discussion on his own behalf, 
stated that all recent work had shown that the 
purer the zinc employed the less marked were the 
allotropic change points. Professor D. Hanson, 
who next addressed the meeting, questioned whether 
the term allotropy in connection with zinc was a 
correct one to use. He was not aware that zinc 
could exist in two distinct forms, and he thought 
that the term allotropy should be retained for those 
cases in which two separate modifications of an 
element had been recognised. The discussion was 
closed by Dr. Rosenhain, who referred to the 
question of the dispersion of eutectics and their 
alleged similarity, under certain conditions, to 
solid solutions. This, he thought, was confusing. 
The difference between the degree of dispersion of 
a solid solution and that of a eutectic, even if the 
latter were very finely dispersed indeed, was of 
the order of 10,000 : 1. He agreed, however, 
that there was an intermediate condition between 
the solid-solution state and what might be termed 
the two-phase state. The structure of an alloy 
at the beginning of age-hardening constituted an 
instance of this intermediate condition. 


WorkK-SOFTENING AND INTERCRYSTALLINE 
COHESION. 


The second paper dealt with was by Messrs. 
F. Hargreaves and R. J. Hills, and was upon the 
subject of ‘ Work-Softening and a Theory of 
Intercrystalline Cohesion.” It was read in abstract 
by Mr. Hargreaves, who explained the theory of 
intercrystalline cohesion put forward. Briefly this 
theory postulated the existence of a transition 
zone between two orientations. This zone was not 
to be regarded as amorphous metal, for, given the 
same two orientations and the same relative position 
of the boundary, the same pattern of atomic 
arrangement was always found in the unstressed 
metal. This contribution to the proceedings will 
be reprinted in abridged form in a forthcoming 
jssue. 

Dr. H. J. Gough, who opened the discussion, 
said that, in his opinion, the only difference between 
the new theory of intercrystalline cohesion and the 
older amorphous cement theory, was in connection 
with the arrangement of the transition layer. If 
that were indeed the case it was scarcely worth 
while introducing a new theory. The amorphous 
cement theory did account for certain phenomena 
which could not be explained experimentally, and 
the new theory threw no fresh light on the problems 
concerned. In speaking of creep in metals and 
alloys, the authors had offered the explanation that 
the principal cause of this phenomenon was viscous 
flow at the boundaries. Whatever was meant by 
the term boundaries, the fact remained that it 
was possible to have creep in a single crystal. The 
only other speaker, Dr. W. Rosenhain, said that he 
found difficulty in supposing that atoms could be 
arranged in such a way as to defy laws relating to 
limiting atomic distances. Turning to the effect 
of cold-work on eutectics and on soft metals, if 
one supposed that the movement of the solid 
surfaces of a metal over one another was accom- 
panied by disruption and disarrangement of the 
crystalline spacings of the atoms, then a regular and 
disturbed structure would be obtained, which, 
however, would still consist of atoms of one kind. 





When, on the other hand, such displacement occurred 
on the interface of two crystals of different composi- 
tion the resulting irregular structure would be built 
up of two kinds of atoms, and would have properties 
markedly different from those of the irregular 
structure resulting from slip in a homogeneous 
single crystal. He thought the authors had empha- 
sised the really important difference between the 
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behaviour of eutectics under cold working and that 
of the soft metals themselves. That difference was 
accounted for-by the very rational considerations 
they had put forward. 

In the course of his reply, Mr. Hargreaves said 
that Fig. 12 in the paper was intended to convey 
an idea of the formation of transition-zone patterns. 
It was, however, purely a diagrammatic repre- 
sentation of what took place. Dr. Rosenhain had 
spoken of a difficulty in reconciling the authors’ 
theory with limiting atomic distances. In answer 
to this he ventured to state that, in this respect, 
there was no difference between the new theory 
and the older amorphous-cement theory. In 
answer to Dr. Brownsdon, he was quite prepared 
to admit that zinc did not show softening. The 
metal, however, gave a high flow factor under 
the ball test. 


ELECTRO-DeEposits ON ALUMINIUM. 

The third and last paper dealt with on Wednesday 
morning was a “* Note on the Testing of Electro- 
Deposits on Aluminium,” by Messrs. G. B. Brook 
and G. H. Stott. The contribution was placed 
before the meeting by Mr. Stott, who said that 
the work outlined represented investigations carried 
out during the past year on a considerable number of 
samples of commercial electroplating on aluminium. 
The contribution was not concerned with the 
actual plating of the material, but was confined 
to the development of tests which would indicate 
the stability of the deposit. We intend to reproduce 
this communication to the proceedings in a forth- 
coming issue. 

The first speaker in the subsequent discussion, 
Dr. R. 8. Hutton, welcomed the effort made to 
arrive at standard tests to determine the value 
of electro-deposits on aluminium. The time factor, 
however, was an important one, and it would 
have been interesting to know how the plated 
specimens responded to the tests laid down after 
having been submitted to atmospheric corrosion 
for different periods. The second speaker, Dr. M. 
Haas, said that it was the first duty of scientific 
men to take into consideration the demands of the 
user. The tests made on electro-plated aluminium 
might well be extended to include tensile and 
Erichsen cupping tests. The use of caustic alkali 
in testing the porosity or resistance to penetration 
of the film was also to be recommended. With 
regard to corrosion, a standard test was wanted 
and he would welcome any attempt to establish 
such a test. Professor D. Hanson, who spoke 
next, thought that the twisting test was a severe 
one, and it was interesting to find that half the 
specimens had withstood the treatment well. 
Dr. Rosenhain, in closing the discussion, stated 
that scientists engaged upon the investigation of 
corrosion problems in this country, thought that, 
at the present time, it was impossible to devise 
a standard laboratory test for corrosion. It was 
useless to put forward a test which, in the end, 
would not prove reliable. An effort in this direction 
had been made in Germany, but it had proved 
a failure because the service behaviour did not 
always agree with the results obtained in the 
laboratory. Cases had orcurred in which a speci- 
men giving bad results in a laboratory corrosion 
test had behaved, in service, better than another 
specimen which had yielded good results in the 
laboratory. Broad distinctions could, of course, 
he discerned by laboratory methods, but when 
the more accurate determination of the corrosion- 
resistance of metals was desired the difficulties 
became very great. 

Mr. G. B. Brook, in his reply to the discussion, 
first referred to the remark, regarding the influence 
of the time factor, made by Dr. Hutton. He went on 
to say that the tests on the samples lettered A and B 
in the paper, had been carried out on material which 
had been plated at least ten years previously. Actu- 
ally, they were different deposits on the same sheet, 
and consisted, in the one case, of a simple deposit 
of copper on aluminium, and, in the other, of a 
multiple deposit of nickel-copper on aluminium. 
In the twisting test, the single deposit of copper 
had stood up well, whereas the multiple deposit 
had shown a separation under the test, as stated 
in the paper. He contended that the corrosion 


test described in the paper was, after all, not a 
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laboratory test, and, taking all the circumstances 
into consideration, could be regarded as more 
or less a standard test. In the course of a 
conversation he had had recently with Mr. F. 
| Mason, of Sheffield, the latter had referred to 
/a burnishing test for plated materials. The bur- 
|nishing not only enhanced the properties of the 
|plated surface, but also constituted a test for 
| adhesion. 

At this stage, the President adjourned the meeting 
until 2 p.m., on Wednesday. We intend to deal 
with the remainder of the proceedings in subsequent 
issues of ENGINEERING. 


(T'o be continued.) 





Heavy-O1. ENGINES FoR TRANSPORT PURPOSES. 

Attention is being increasingly concentrated on 
the employment of heavy-oil engines for road 
vehicles, and several such engines, of both British 
and Continental manufacture, are at present on test 
under service conditions in Great Britain. All the 
engines are of the solid-injection type, as the weight 
of the auxiliary plant associated with a Diesel engine 
renders the use of the latter quite impracticable. 
Solid-injection engines of large size and relatively 
slow speed have now fully proved their reliability, 
and it might, at first sight, appear a comparatively 
simple matter to apply the experience gained on 
these engines to smaller units suitable for road work. 
Several difficulties arise in this application, however, 
of which the most serious is probably that of metering 
the fuel: that is, of ensuring that the exceedingly 
small quantity required for each charge is regularly 
and accurately delivered to the atomisers. As 
pointed out by Mr. A. E. L. Chorlton in a paper on 
“The Heavy-Oil Engine on Road and Rail,” read 
before the Institution of Automobile Engineers on 
Tuesday last, the actual quantity of fuel per 
injection, on an engine suitable for road use, when 
running on light load, is equivalent to a cube of 
2-69 mm. side. Another difficulty, referred to 
during the discussion on Mr. Chorlton’s paper, is 
that there is a very perceptible time lag between 
the injection of the fuel and its ignition, and this 
increases the difficulties of constructing a high- 
speed engine, such as is required for road work. 
A question of somewhat minor importance, which, 
however, is said to have caused considerable 
trouble in Germany, where these engines are in 
regular service, is that of the obnoxious exhaust, 
which may involve the use of a special fuel 
when operating in densely-populated areas. At 
the present time, a wide difference of opinion 
exists as to whether a design of combustion chamber 
incorporating some form of ante-chamber is prefer- 
able to a single chamber such as is usually employed 
in Diesel engines, and although the engine which 
has been most successful on the road employs the 
former, the latter has obvious advantages, and has 
been employed with marked success in the Beard- 
more rail-car engines. A large part of Mr. Chorlton’s 
paper was historical, and particular attention was 
directed to the fuel pump. The various types 
developed may be divided into two broad classes, 
in one of which the usual spring-loaded valves are 
employed to regulate the points of admission 
and cut-off of the fuel, while, in the other, the same 
effect is obtained by a recessed or drilled plunger, 
the fuel being delivered and cut off by the recesses 
or holes in the plunger registering with suitable 
ports. The latter design is positively driven, and 
is free from inertia effects, but has the disadvantage 
that the seal cannot be so effective. 


THe Arr ESTIMATES. 


The net estimated expenditure on the Air Services 
for the forthcoming year amounts to 16,200,0001. 
as compared with 16,250,0001. for the current 
year; the gross expenditure, taking into account 
the appropriations in aid, will, however, be higher, 
the estimated figure being 19,645,100/. as compared 
with 19,135,1007. in 1928. In introducing the 
Estimates in the House on Thursday the 7th instant, 
Sir Samuel Hoare, Secretary of State for Air, 
explained that the expenditure provided for the 
increase in strength of the Air Force by the equi- 





valent of seven new squadrons, bringing the total 
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strength to 82 squadrons; the latter figure, he 
added, was considerably lower than those of some 
other great powers. Allowance had been made for 
the development of Imperial air communications, 
including the commencement, in a few weeks’ 
time, of a regular air service to India and, at a later 
date, of a similar service to the Cape. Referring 
to the progress made in technical and scientific 
development, Sir Samuel mentioned that, on the 
completion of the year’s programme, the whole 
Air Force, with the exception of four squadrons 
in India, would have been equipped with new 
engines and machines ; the four Indian squadrons 
were due for re-armament in the following year. 
In this connection, it is interesting to note the 
extent to which metal is replacing wood in the 
construction of aircraft, evidence of which may be 
gathered from the fact that, whereas four years 
ago only one machine in every 19 ordered by the 
Air Ministry was of metal construction, at the 
present time seven machines of the latter material 
are ordered to one of wood. Special attention is 
being directed to the improvement of the design 
and performance of aero engines of both the air- 
cooled and water-cooled types, and the development 
of heavy-oil engines for aircraft was also referred 
to by Sir Samuel as a development of great promise. 
An interesting item in the civil aviation vote is 
the grant it is proposed to make to the National 
Flying Services Company, with the object of 
stimulating the air sense of the nation and of improv- 
ing the facilities available for young civilians 
wishing to learn to fly. One of the conditions 
to the grant is the provision, either directly or 
indirectly, of a hundred new aerodromes and landing 
grounds, which would obviously be of service in 
connection with home defence. In view of the 
urgent need for economy in national expenditure, 
it is satisfactory to note that every effort is being 
made to avoid material waste and to economise 
labour by the introduction of labour-saving devices 
in the Air Force. As an instance of the former, it 
may be mentioned that a considerable economy in 
petrol consumption has been found to result from 
the fitting of flow meters in the fuel systems of 
aeroplanes. Labour, it is anticipated, will be 
economised by the provision of the seaplane tank 
and variable-density wind tunnel for which pro- 
vision was made in last year’s Estimates, since this 
equipment will enable investigations to be made 
on models for which full-sized machines and their 
crews are needed in existing circumstances. 








LETTER TO THE EDITOR. 


WILLIAM MURDOCH. 
To THE Epitor oF ENGINEERING. 


Str,—I entirely agree with your correspondent’s 
letter, which appeared in your issue of the 8th 
instant. It should be generally agreed by engineers 
who appreciate the value of the epoch-marking inven- 
tions of William Murdoch, that some lasting and useful 
form of memorial is due to him ; in fact, is along time 
overdue. 

When the cosmopolitan visitors to our national 
fane of Westminster Abbey view the beautifully- 
executed windows there to the memory of Lord Kelvin, 
Thomas Telford, John Wolfe Barry, Benjamin Baker, 
and other notable engineers who have left their mark 
in the realms of engineering science, they cannot but 
wonder why one of the vacant lights has not been 
devoted to a window to perpetuate the memory of a 
man, who, as your correspondent quite rightly points 
out, is worthy of rank with his great master, the im- 
mortal James Watt, of whom there are many memorials 
of various descriptions. Can nothing be done now 
to give effect to your correspondent’s most opportune 
suggestion ? 

I am, Yours faithfully, 

Watrter T. Dunn, M.I.Mech.E. 

4, Wavertree-road, 

London, S8.W.2. 
March 11, 1929. 





Tue New YEAR’s Honours: Erratum.—We regret 
that in our note on the New Year’s Honours, published 
in our issue of last week (page 393 ante) it was stated 
that Mr. L. H. Savile, Civil Engineer-in-Chief at the 
Admiralty, had received the C.B. Mr. Savile has 
actually n made K.C.B., having been made C.B. in 





1925. 











MARCH 15, 1929.] 


AN IMPROVED FORM OF ELECTRIC 
RESISTANCE FURNACE.* 


By W. Rosrenuary, D.Se., F.R.S., and W. E. 
PrytHercn, M.Sc. 


Exist1ING types of electric resistance furnace, whether 
for laboratory or industrial use, suffer from certain 


limitations. Those which are heated by means of wire | 


resistances are limited, as to maximum temperature, by 
the nature of the wire. The use of the high-melting 
metals, such as tungsten, molybdenum, &c., is rendered 
difficult by the necessity of heating them either in a 


neutral atmosphere or in vacuo. The platinum metals | 


are excessively expensive, except for quite small 
furnaces, while wire windings of nickel-chromium 
alloys can rarely be used for any length of time at 
temperatures exceeding 1,200 deg. C. On the other 
hand, furnaces working with carbon resistors either 
entail the use of heavy currents or, where granulated 
carbon or similar material is employed, suffer from 
the difficulty of securing and maintaining uniformity of 
heating throughout the resistor. In the carbon-resist- 
ance furnaces as hitherto constructed, moreover, com- 


Fig.1. HEATING ELEMENT. 
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| be necessary to secure high temperatures. Further, the 
| use of solid end-pieces of graphite oricarbon provides 
| the resistor with comparatively cool ends, to which 

electrical contact can be made without the necessity 
| of introducing water-cooling. The most characteristic 
| feature of the present type of furnace, however, is that 
|the carbon resistor, consisting, for example, of short 
rods or pellets, is placed in a sheathing tube of a 
| refractory material rendered as impervious to the 
| passage of gases as possible. 

The carbon rods or pellets are made to fit only loosely 
|into the refractory sheath or sleeve, since otherwise 
| thermal expansion and contraction might lead to the 
| fracture of the sheath. It is found, however, that, for 
example, with pellets having a diameter of 6-2 mm., a 
| clearance of 0-4 mm. is sufficient to prevent risk of 
| fracture from such a cause. At the same time, it is 
| found that diffusion of gas through this narrow clearance 
| zone is extremely slow, and that, even with a slightly 
| pervious sheath, the diffusion of gas through the 
| sheath is also very slight. The result is that the carbon 
| or graphite pellets within the sheath, although heated 

to a very high temperature, such as 1,300 deg. to 
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Fic. 2. Evectric FURNACE WITH 


bustion of the carbon has to be prevented by maintain- 
ing around it a neutral atmosphere, such as hydrogen 
or nitrogen, and, in these circumstances, the presence in 
the furnace of a strongly reducing carbon-bearing gas 
can scarcely be avoided. The type of furnace to 
be described below has been developed mainly for the 
purpose of furnishing, for laboratory purposes, an 
inexpensive type of electric resistance furnace capable 
of continued use at temperatures well above those ob- 
tained by means of ordinary wire-wound furnaces, 
i.e. up to and above 1,400 deg. C. The absence of 
any serious combustion of a carbon resistor was also 
regarded as essential. The type evolved, however, 
has proved particularly adaptable, so that it is possible 
that it may find application on a much larger scale 
than that originally contemplated. 

In the type of furnace in question, a carbon resistance 
is employed. Following the lines of the carbon-ring 
furnace previously developed by one of the authors and 
Mr. E. A. Coad-Pryor,+ the carbon resistor has been 
cut up into slices or sections, and the heat in the furnace 
is generated not by the passage of a heavy current 
through uninterrupted carbon, but by the passage of 
a relatively small current through the contact surfaces 
between successive rods or pellets of carbon or graphite. 
The use of this device makes it possible to operate with 
much lower current densities than would otherwise 


* Paper read before the Institute of Metals, London, 
on Thursday, March 14, 1929. Abridged. 

Tt Rosenhain and Coad-Pryor, “‘ A High-Temperature 
Electric Resistance Furnace,” Trans. Faraday Soc., 
vol. xiv, page 264 (1918). 





CARBON-PELLET HEATING ELEMENTS. 


1,400 deg. C., do not suffer appreciable oxidation even 
when heated for many hours continuously. Carbon 
resistors of this type can therefore be used at high 
temperatures for long periods of time without appre- 
ciable change of resistance or deterioration of any kind. 
In one instance, a small furnace of this type was kept at 
a temperature ranging from 1,200 deg. to 1,400 deg. C. 
for several days, and at the conclusion of this period the 
pellets from the heaters were removed and examined. 
They were found to have undergone no appreciable 
change of appearance or dimensions. 

The principle of the sheathed carbon-contact resis- 
tance may, obviously, be applied in a variety of ways, 
and upon whatever scale is desired, provided that 
refractory sheathing tubes of the requisite size and 
strength can be obtained. It is, in fact, only the 
question of obtaining suitable tubes that sets a limit 
either to the temperature to which the furnace can be 
raised or the size in which it can be constructed. 
In one of the most satisfactory forms of this furnace, 
the principle has been applied to the heating of a small 
muffle measuring 11 cm. by 11 cm. in cross-section and 
28 cm. in length. The muffle itself is made of a car- 
borundum body, and holes in the sides of the muffle are 
provided for the passage of the heating elements. In 
the floor, recesses are provided to take the heating 
elements in such a manner as to leave a comparatively 
level floor for the muffle. A completely level floor can, 
of course, be secured by superposing a thin flooring 
slab of suitable refractory material. The furnace in 
question is heated by fourteen heater elements passed 
horizontally through the muffle, seven near the top and 
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seven through the floor. These heater elements consist of 
refractory tubes, 7 mm. in internal diameter and 40 cm. 
in length, packed with pellets of ordinary arc carbon 
15 mm. long, occupying a length of 10 cm. in the middle 
of each tube. The ends of the tubes are filled with 
solid rods of graphite which project at each end 
beyond the refractory sheathing tube. The detailed 
arrangement of the heating element is shown in Fig. 1, 
where R. is the refractory tube, Ay, Ag, &c., are the 
carbon pellets, and E; and E, the graphite rods referred 
to above. At each end, the graphite rod is held in a 
brass sheath, which is pushed against the graphite rod by 
means of a spring at one end, pressing against a suitable 
abutment. In this way, a constant pressure is main- 
tained between the contact elements of the heater, 
thus securing constancy of electrical resistance in the 
element. 

The external appearance of such a furnace is seen in 
Fig. 2, which shows the arrangement of the ends of the 
heater elements on one side of the furnace, the covering 
sheet of uralite having been removed for that purpose. 
It will be noticed that the casing of the furnace is so 
arranged as to allow of free air cooling of these ends. 
The resistance of the furnace can be so arranged by the 
choice of pellets of suitable length that, when a control 
resistance is used in series with it, any ordinary main 
supply voltage can be employed. In the particular 
furnace described, a 140-volt supply was used. With a 
current of 30 amperes this is sufficient to raise the 
temperature of the furnace rapidly. Considerably less 
power than this (about 2 kw.) is sufficient to maintain 
the furnace at 1,200 deg. C. The electrical resistance 
of the furnace decreases with increasing temperature, 
the decrease being about 50 per cent. between room 
temperature and 1,200 deg. C. This is an advantage, 
since a smaller control resistance is sufficient. At any 
given temperature, however, the resistance of the 
furnace remains unchanged, since no change in shape 
of the pellets has yet been found to occur, even after 
prolonged periods. The constancy of the resistance of 
the furnace is evident from the current consumption, 
which does not change appreciably during prolonged 
use. No actual measurements of change of: resistance 
with time have, however, been carried out. 

In another form, a furnace on the same principle 
has been constructed for the purpose of experimental 
steel melting in the laboratory. In this case, the 
resistor is of the type ordinarily used in the “ carbon- 
ring” furnaces, but, instead of packing these rings on 
the outer side with finely divided carbon (soot) the rings 
are enclosed between two refractory sheathing tubes. 
Some difficulty has been experienced in obtaining tubes 
of the size required for this furnace, which is 10-5 in. 
in diameter and 27 in. in length internally. Some tubes 
which have been obtained from a British maker, how- 
ever, have proved reasonably satisfactory, even when 
the furnace has been kept for many hours at a tempera- 
ture sufficiently high for steel-melting purposes. 
There is, however, a tendency for the outer tube to 
contract, and it is feared that this may ultimately 
damage the graphite rings. In this particular furnace, 
the refractory tubes employed could not be obtained of 
sufficiently accurate dimensions to give the desired 
close fit upon the graphite rings ; neither is the imperme- 
ability of the refractory to gas as high as could be 
desired. In consequence, a certain amount of carbon 
monoxide gas makes its presence felt in the interior 
of the furnace. Nevertheless, the graphite rings, after 
repeated use, show very little sign of attack. 

It will be seen that both in this special type of ring 
furnace, and in the furnaces constructed with a number 
of separate heating elements, the real limitation to the 
range of applicability of the furnace resides in the 
refractory materials. For small tube heater elements, 
sheathing tubes capable of withstanding temperatures 
between 1,300 deg. and 1,400 deg. C. for prolonged 
periods are now obtainable. It is, however, probable 
that in the near future tubes capable of working at 
considerably higher temperatures may be produced. 
Even with the above-named limit of temperature, 
however, this type of furnace offers possibilities which 
cannot be obtained by the usual wire-wound type of 
resistance furnace, while it avoids many of the difticul- 
ties and disadvantages inherent in ordinary carbon- 
resistance appliances. 


Prizes FOR STUDENTS IN AERONAUTICS.—The Aero- 
nautics division of the American Society of Mechanical 
Engineers is offering, for competition among student 
associates of the Society, three annual prizes, valued at 
60 dols., 25 dols., and 10 dols., respectively, for the best 
papers submitted on subjects connected with civil 
aeronautics. The awards are designated the Black and 
Bigelow prizes, and the papers presented may be his- 
torical, analytical, experimental, or practical in character, 
and may deal with such subjects as aerodynamics, air- 
ships, airports and airways, aeronautical instruments and 
equipment, aeroplane design, aircraft operation, and 
aerial photography. The papers should be sent in to the 
secretary of the Society, 29 West 39th-street, New York, 
N.Y., U.S.A., not later than June 30 next. Envelopes 
should be marked “ Black and Bigelow Prizes.” 





340 


LABOUR NOTES. 


In the March issue of the Amaigamated Engineering 
Union’s Monthly Journal, Mr. Brownlie, the President 
of the organisation, gives an account of the recent 
conference in London of engineering trade union 
executives on the wages question. Over a hundred 
delegates attended the meeting, representing 31 
organisations. The small committee appointed to 
investigate the state of the industry had, in the 
earlier stages of its deliberations, it was explained 
to the conference, divided the industry into 11 
sections, viz., Electrical Engineering, Motor Engin- 
eering, Constructional Engineering, Machine Tool 
Makers, Textile Machinery Makers, Marine Engin- 
eering, Agricultural Implement Makers, General 
Engineering, Locomotives and Railway Materials, 
Boiler Makers, and Aircraft Manufacturers. Appar- 
ently it was possible to go into the accounts of 
only 197 of the 2,500 firms in the Directory of Federated 
Firms, 1926, and the report submitted to the con- 
ference showed that the average declared dividend 
for 1926 on preference and ordinary shares was 6 per 
cent. on a combined capital of 161,025,636/. The 
investigation was carried out, it was stated, by the 


staff at the General Office of the Amalgamated 
Engineering Union. th 
A resolution that the report be accepted was 


agreed to, and the conference proceeded to apply its 
mind to the consideration of future policy. “* During 
the discussion on this question,” Mr. Brownlie says, 
‘in which many of the representatives of the unions 
took part, the conditions of the engineering industry, 
the percentage of unemployment, the position of 
the various unions, and the future prospects of tlie 
industry were reviewed. Ultimately a resolution was 
carried to the effect that the whole matter be referred 
back to the respective Executives for consideration, 
and that the conference stand adjourned until a date 
in May.” 

Mr. Brownlie also gives an account of a conference 
with representatives of Imperial Chemical Industries, 
Ltd., in which the National Federation of Building 
Trades, the National Union of General and Municipal 
Workers, and the Transport and General Workers’ 
Union, also took part. The purpose of the meeting 
was to consider the Labour policy of Imperial 
Chemical Industries, Ltd., and the following were the 
subjects discussed: (a) The right to strike and the 
position of the workpeople arising out of collective 
trade union action, either when in conflict with the com- 
pany itself, or in conjunction with other federations, 
or arising out of district disputes. (6) Recognition 
of shop stewards. (c) The question of the methods of 
appointment to staff grading. (d) The question of 
information being given to the unions as to which 
of their members should be promoted. (e) Age of 
entry into the company’s service. 


In the absence of Lord Melchett, who was abroad, 
the Hon. Henry Mond presided. A very lengthy 
and frank discussion took place, Mr. Brownlie says, 
to which the chairman fully replied, and although 
no definite decisions were arrived at, certain mis- 
apprehensions that appeared to exist Were removed. 
The conference was assured that the submissions of 
the trade union representatives would be duly reported 
to, and considered by, the Management Board of the 
company, and a further conference would be held at 
a mutually convenient date. During the discussion, 
Mr. Brownlie adds, the Chairman stated that the 
company had no intention cf destroying or embarrass- 
ing the trade unions ; on the contrary, they recognised 
the trade unions, and would place no difficulties in the 
way of their workpeople becoming members. More- 
over, there was no official rule as to the age of entry of 
workpeople into the company’s service. 


In February the home branch membership of the 
Amalgamated Engineering Union increased from 
189,647 to 190,881, and the colenial branch member- 
ship from 27,991 to 28,046. The number of members 
in receipt of sick benefit increased from 6,984 to 
8,946, and the number in receipt of superannuation 
benefit decreased from 10,279 to 10,266. The total 
number of unemployed members decreased from 
13,529 to 12,178. 


The writer of an editorial note in Man and Metal, 
the journal of the Iron and Steel Trades Confederation, 
says that the rejection of the Melchett-Turner report 
by the Federation of British Industries and the 
National Confederation of Employers’ Organisations 
does not surprise him ‘* because employers as a class 
have never been in favour of peace in industry unless 
it was on their own terms.’’ ‘ Nor,’ he goes on to 


say, “ are they in favour of consultation with workmen 
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on any point whatever, and have only done so in 
times past. because of the fear that ultimately a stoppage 
of work might occur and seriously interrupt the carrying 
out of their plans. If it is possible for the 
General Council to confer with the representatives 
of the two employers’ associations and get some 
understanding which will prevent friction and give 
the worker some assurance that his position is going 
to be improved as wealth production increases, this 
would be an immense step in the right direction. In 


the meantime, those who have expected so much | 


from the Melchett-Turner conferences will be keenly 
disappointed. These conferences were a distinct step 
forward, and we still hope that these efforts will bear 
good fruit. A breakdown in the negotiations would 
be welcomed by the disruptive elements in our industrial 
and political life. We have no appeal to make to 
employers, but would suggest that it is undesirable 
to force the workers of the country into the acceptance 
of strikes as a policy rather than as a last resort for 
the settlement of differences.” 


On March 4, 1929, the number of unemployed workers | 


on the registers of Employment Exchanges in Great 
Britain was 1,387,300. Of these, 1,013,900 were wholly 
unemployed, 291,800 were temporarily stopped, and 
81,600 were persons normally in casual employment ; 
1,114,200 were men, 36,900 boys, 202,600 women, 
and 33,600 girls. Of 1,391,861 on the registers on 
February 25, 1929, 1,022,966 were wholly unemployed, 
289,815 were temporarily stopped, and 79,080 were 
persons normally in casual employment; 1,111,676 
were men, 38,396 boys, 206,956 women, and 34,833 girls. 
The number of unemployed persons on March 5, 1928, 
was 1,094,452, of whom 880,107 were men, 32,788 boys, 
149,837 women, and 31,720 girls. 


The Federation of Shipbuilding and Engineering 
Trades has asked the Shipbuilding Employers’ Federa- 
tion for a conference to discuss the wages question. 
No specific demand is made for an increase, but one 
will, it is expected, be put forward after this preliminary 
conference has taken place. The boilermakers, wood- 
workers, plumbers, painters, electrical workers, and 
shipwrights have not yet moved in the matter, but if 
the suggested conference takes place they will, no 
doubt, desire to be represented. 


When the Shipbuilding Employers’ Federation 
refused last year to include the woodworkers amongst 
the plain time workers entitled to the 3s. per week 
increase in war bonus, the Executive Council of the 
Amalgamated Society of Woodworkers gave six months’ 
notice to terminate, so far as their members were 
concerned, the Overtime and Nightshift Agreement. 
At a joint conference in London early last month, the 
employers declined to admit that the Society was 
justified in tendering the notice, and added that they 
were not prepared to accept a position involving prefer- 
ential treatment to the Society in the matter of overtime 
as compared with the other shipyard unions. The 
rejoinder of the men’s representatives was to the effect 
that they claimed the right to end any agreement to 
which their organisation was a party. Accordingly, 
instructions were issued to all ship joiners to cease 
overtime on both new work and old work after 
February 25. 


Replying to a question in the House of Commons | 


last week, the Minister of Labour (Sir A. Steel-Mait- 
land) said :—‘* When the Unemployment Insurance 
Bill was discussed in 1927, I pointed out that if the 
expectation then current as to the improvement of 
unemployment in the distressed areas was not realised 
by 1929, when the thirty weeks’ qualification would be 
due to come into operation, it would be possible to 
deal with whatever situation was found to exist. 
I have had the position carefully under review in 
recent weeks ; and, although there has been consider- 
able improvement in those areas, an improvement 
which I hope will continue, the change has come too 
late to affect materially the circumstances of a number 
of claimants to benefit. It has therefore been decided 
to introduce a Bill immediately to extend the tran- 
sitional period for another year.” In answer to a 
further question, Sir Arthur said the Bill would be 
introduced before Easter. 
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— should be the same. Law Officers had 
| advised the British Government that if the points of 
the London Agreement were embodied in an Act of 
Parliament, the Government would not then be entitled 
| to ratify the Convention. The opinion of the Law 
Officers was that the working of a 47-hour week on 
| five days would not be admissible under the Convention. 
| Having detailed the points of difficulty which occurred 
| to the British Government, Sir Arthur added that if a 
satisfactory settlement of these points were embodied 
in an amended Convention, the British Government 
would consent to ratify. 


| 
| 
| 
| 





| Mr. Poulton criticised the British Government for 
| having taken nine years and five months to prepare 
| its case against the Convention, and quoted instances 
| to show that at various times, since the Washington 

Conference of 1919, the British Government had been 
|advised by its experts that the ratification of the 

Convention was practicable. Mr. Poulton contended 
| that the Convention possessed sufficient elasticity to 
|} enable the British Government, if it desired to do so, 
| to get over any of the difficulties it had now raised. 





| Mr. Forbes Watson, the British employers’ delegate, 
| gave additional reasons why revision appeared to be 
| necessary even in international interests. He said 
that only 12 countries had ratified the Convention, 
and, of those 12, some had stated frankly that they had 
no intention of putting it into practice. On the other 
hand ,there were 40 countries, which had not ratified 
the Convention. It was to cure this state of things, 
and not to kill the Convention, that Great Britain was 
now proposing a revision. Referring to a proposal by 
the German Minister, that satisfaction might be given 
to Great Britain and others, by including in the Conven- 
tion the decisions taken at the London Conference of 
Ministers in 1926, Mr. Watson pointed out that this 
proposal would be quite unacceptable to employers, 
as there were 47 Governments which were not repre- 
sented at the London Conference, and, apart from that, 
it would be contrary to the Treaty of Versailles to 
accept those conditions. Mr. Watson said it was not 
clear whether, in the case of hours, signatories were to 
be bound to eight hours a day and 48 hours a week, or 
to eight hours a day or 48 hours a week. On this point 
it was necessary to be quite precise, as the British 
workman had his games on Saturday afternoons. 


At Tuesday afternoon’s sitting, a resolution was 
proposed by the British Government, through Sir 
Arthur Steel-Maitland, who stated that he had 
realised that some of his Government colleagues had 
had little time to examine the proposals he had made 
on the previous day. He was willing that every one 
should have the necessary time for their examination, 
and he moved “ That a further examination of the 
points of difficulty is required, and they, the Governing 
Body, accordingly appoint a sub-committee to consider 
all the relevant documents, and to report to them at 
the May meeting of the Governing Body as to what 
points, if any, special attention should be drawn.” 
Eight votes were given in favour of the resolution 
and eight against—the German Government voting 
in favour and the French Government abstaining. 
The motion, therefore, was put aside. M. Albert 
|Thomas, the Director of the International Labour 
| Office, stated later that the I.L.O. would not wait 
| until 1931 for a solution of the difficulty, but mean- 





| while “‘ would propose such solutions as seemed likely 
| to be adopted.” The year 1931 is the date originally 
| fixed for a possible revision of the convention. 


| At a meeting in London on Tuesday of the Con- 
ference on Industrial Reorganisation and Industrial 
| Relations, the interim report on the subject of Unem- 
| ployment was adopted. Moving its adoption, Lord 
| Melchett said that the Joint Committee had worked 
together with the utmost cordiality to make its 
contribution towards a solution of the greatest 
| national evil of the present time. He felt sure that 
| the report would commend itself not only to industry, 
| but to the whole country. It was not framed in 
| any political sense, nor had any political considerations 
| been allowed to enter into the discussions of the 
| recommendations. Its effect upon the country would 
be of a far-reaching and most beneficial character. 





The British cases for and against ratification of the| Mr. Ben Tillett, in seconding, said that it would 
Washington Hours Convention were fully put at this | prove a landmark in the history of the country. With 
week’s conference, in Geneva, of the Governing Body | reference to the invitation to a conference sent by 
of the International Labour Office. According to The|the Federation of British Industries and the National 
Times’ correspondent, Sir Arthur Steel-Maitland | Confederation of Employers’ Organisations to the 
enumerated the points of difficulty which prevent | General Council, Mr. ‘Tillett read the council’s reply 
Great Britain from ratifying the Convention, putting, | accepting the invitation, and said that such a develop- 
as he said, all his cards upon the table. He insisted on | ment would have been impossible but for Lord Mel- 
the importance of international conventions being so! chett’s wise and courageous action in initiating the 
drafted that the obligation on all the participating | present conferences. 
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THE LA MONT WASTE-HEAT STEAM 
GENERATORS. 


THE efficient transfer of the heat from the furnace 
gases to the water, which is a matter of importance in 
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with the tube walls in the form of a film, leaving the 
central part of the tube free for the passage of the 
|steam produced. The hot gases travelling upwards 
between the tubes evaporate a part of the water 
passing down the tubes, and the remainder, together 
any class of boiler, presents particular difficulties in the | with the steam formed, is collected at the lower ends 
case of boilers intended to be fired by waste heat, | of the tubes and delivered into a horizontal drum, 
since, in the latter type, the temperature difference | from which the steam passes out through a separator 
between the gases and the water is usually considerably | and non-return stop valve to the mains. The water 
less than is the case with a directly-fired boiler. | from the horizontal drum, to which the feed water is 
The factors affecting heat transmission, at a given | 

temperature difference, are the velocity and length | Fig.15 ' i 
of travel of the gases, the spacing of the heating surface, | 

and the velocity of the water, the general flow of which a 
should be in the opposite direction to that of the gases. 

Particular attention has been given to these factors in | 
the design of the La Mont steam generators, which have 

been developed in the United States by the La Mont 

Corporation, 200, Fifth-avenue, New York City, during | 
the last few years, while another interesting feature of 
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The casing of the generator at the Everett plant 
consists of a cylindrical shell, 7 ft. in diameter and 
37 ft. 4} in. in height, constructed of 3-in. steel plates, 
and supported on a steel structure 15 ft. in height, 
which also forms a platform, accessible by a ladder. 
The door, already mentioned, giving access to the 
heating surface, is manipulated by a chain from the 
ground level, ease of access to all parts, both internal 
and external, being a notable feature of the design, 
as will be clear from Fig. 4. The casing is lined with 











the design of these generators is that free-surface 
evaporation is obtained throughout the whole length 
of the tubes. As a result, the makers state that the 
rate of heat transmission has been increased to over 
16 B.Th.U.’s per square foot of heating surface per 
hour, per degree Fahrenheit temperature difference. | 
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This feature renders the La Mont steam generator | supplied, is returned to the top of the tubes by a 
particularly suitable for utilising waste heat, and as | pump, circulation being effected by this means only, 
its other characteristics also appear to be satisfactory | and being entirely independent of the usual convection 
for this application, we propose to give below some | effects. It should be noted, however, that since the 
particulars of an installation workingin conjunction with | water enters the cooler ends of the tubes and is not 
a water-gas plant at the Everett plant of theBoston | completely evaporated in passing down them, the 
Consolidated Gas Company, and believed to be the | principle employed in the La Mont steam generator 
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firebrick, arranged to leave a space in the form of a 
truncated square pyramid, having 4 ft. sides at the 
base, into which the waste gases from the water-gas 
generator are led through an inclined pipe, shown in 
Figs. 1 and 2, and also visible in Fig. 4. The gases 
pass out to the atmosphere through a valve on top of 
the casing, also shown in Fig. 1; a dust pocket and 


largest waste-heat unit at present in use. The external | is essentially different from that of a flash boiler. |explosion door are provided at the bottom of the 





arrangement of the generator is shown in Figs. 1 and 2, | 
while photographs of it are reproduced in Figs. 4 and 6, | 
Plates XXXV and XXXVI. _ In Fig. 6, it will be | 
seen, a door provided in the cylindrical casing of the | 
generator has been removed, giving easy access to | 
the whole of the heating surface. Fig. 3 is a vertical | 
section showing the internal assembly. 

It should first be explained that, in the La Mont | 
steam generator, a comparatively small quantity of | 
water is injected into the top of each of a large number | 
of practically vertical tubes of small diameter, in | 
such a manner that the water travels down in contact | 


|speed positive circulation of the water, keeps the 


| Another point which should be mentioned is that | casing, as shown in Fig. 2. The heating surface consists 


most of the scale is deposited in the drum to which | of 1,600 seamless-steel tubes, §in.in diameterexternally, 
the feed is first admitted, but a duplex strainer, which | and each 25 ft. 6 in. in length, the tubes being straight 
can be blown down daily, is fitted in the delivery pipe of | for the greater part of their length, but curved near 
the circulating pumps to collect any other scale-forming | the upper ends where they enter the top headers ; in 


material, and this fact, in conjunction with the high- | Fig. 3, the shape of the tubes is indicated by heavy 
solid lines. Details of the top headers are given in 


Figs. 8 to 10, Plates XX XVI, and of the bottom headers 
in Fig. 1l.on the same page. There are 40 of each type 
of header, and each header carries 40 of the 3-in. tubes. 
The headers, which are all placed horizontally, are 
connected at one end to inclined distributing and 


tubes practically free from scale. In an inspection 
of the installation illustrated in Figs. 4 and 6, which 
was carried out early this year, the generator and tubes 
were found to be in perfect condition after one year’s 
operation. 
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collecting pipes, and at the other end are closed by | 
In the walls of the distributing and | 


screwed plugs. 
collecting pipes opposite the headers, hollow steel plugs 
are expanded in place, and by removing these plugs, as 
well as the screwed plugs, a clear passage is obtained 
through the headers. Similar hollow plugs are ex- 
panded into the headers opposite the ends of the 3-in. 
tubes forming the heating surface. 

The collector pipe of the bottom headers, the diameter 
of which is 8 in., conveys the mixed steam and water 
to the horizontal steam and water drum, while that 
connected with the top headers distributes the water 
drawn from the drum by the circulating pump uniformly 
among the heating-surface tubes. Referring first to 
Figs. 8 and 9, it will be seen that a bronze tube, of D 
section, is fitted inside the top header, the tube being 
pressed into a bronze plug near the collector-pipe end 
of the header, and held in place by a spring at the 
opposite end, which is closed by a plug. In the curved 
surface of the D-shaped tube, a small hole is drilled 


opposite the end of each of the heating-surface tubes, | 
and through this hole the water is delivered into each | 


of the tubes in the form of a jet. The latter opens 
out shortly after leaving the hole, and the water passes 
down the vertical part of the tubes adhering to the 
walls, as previously mentioned. The quantity of 


water thus supplied to the tubes is, however, four or | 


five times the quantity evaporated in passing through 
them. 
In a waste-heat boiler used with a water-gas plant, 


in which the hot gases are necessarily supplied for only | 
a minute or two during the “ blow,” and* are cut off | 


entirely during the ‘ make,” the boiler is subjected to 
considerable temperature fluctuations, and particular 
care must be taken to avoid trouble from the effect of 
expansion and contraction. For this reason, flexible 
lengths are included in the pipe connection between 
the circulating pump and the upper distributing pipe, 
as indicated in Figs. 1 and 2, and the top headers are 
carried on a form of spring suspension, details of which 
are given in Figs. 15, 16 and 17, on page 341. It will 
be seen that the collector pipe, and an angle-iron frame 
to which the headers are attached, as shown in Figs. 12 
and 13, are suspended by bolts from the top of the 
casing, the weight being transmitted to the latter 
through helical springs; the arrangement of the latter | 
will be clear from Fig. 17 without a detailed explanation. | 
As the tubes forming the heating surface are of small | 
diameter and of considerable length, some intermediate 
support is necessary, and this is provided by two sets 
of tube spacers, the position of which is indicated in 
Fig. 3; a plan of one of the tube spacers is given in 
Fig. 14, page 341. They consist of j-in. rods running 
parallel with the headers and supported at one end by 
an inclined bar, $ in. by 24 in. in section, shown on the 
right of Fig. 14, the other end of the rods being free. 
The rods, of which there are 39 in each of the spacers, 
are pressed into short lengths of tubing welded into 
the inclined bar, as shown in Fig. 5. Between the lower 
tube spacer and the bottom headers, baffles are fitted 
to distribute the hot gases uniformly among the tubes, 
as indicated in Fig. 3. 

Figs. 18 and 19, on page 341, show the arrangement 
of the steam drums, in which the steam and water, 
returned through the collector pipe from the heating- 
surface tubes, are separated. It will be noticed that 
these illustrations, as well as Figs. 4 and 6, previously 
referred to, show two drums, although only one is shown 
in other figures, particularly in Fig. 7, which has been 
reproduced from a photograph taken shortly after 
the completion of the installation. The second drum, 


we should explain, was added in order to stabilise | 


the water-level control. The drums carry the usual 
boiler mountings, which call for no particular com- 
ment. An injector is employed for supplying the 
feed, and a water-level indicator is also fitted to show 
the water level in the distributor pipe supplying the 
top headers.. As shown in Fig. 18, two circulating 
pumps are provided, one being electrically driven, and 
the other steam driven ; either pump can be employed 
as desired, by operating the stop valves indicated in 
the figure in the usual conventional manner. 
(7'o be continued.) 


Scrence Hovsr In Sypnrey.—-On page 107 of our 
issue of January 25 last we gave some particulars 
regarding Science House, which is to be erected in 
Sydney by the Royal Society of New South Wales, the 
Linnean Society of New South Wales, the Institution of 
Engineers, Australia, and allied technical bodies. We 
now learn that the site of the building on the corner 
otf Gloucester and Essex-streets has been given by the 
New South Wales Government. As previously stated, 
the estimated cost of the structure is 50,0001. On the 
ground floor there will be two lecture halls with seating 


accommodation for 250 and 100 persons, respectively, | 


a reading room, and the main library. Suites for the 


various societies will be located on the upper floors 
and various portions of the building other than the | 
premises occupied by the several technical bodies will 
be available for renting for business purposes. 
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THE AGE-HARDENING OF SOME 
ALUMINIUM ALLOYS.* 
| By M. L. V. Gaver, D.Sc.. and G. D. Preston, B.A. 


Tus paper forms part of a research carried out for the | 


| Engineering Research Co-Ordinating Board on behalf 
of the Aeronautical Research Committee, who have 
granted permission for publication. The research con- 
stitutes a continuation of the systematic study of 
aluminium alloys, which has long been in progress in 


the Metallurgy Department, National Physical Labora- | 


tory, under the direction of Dr. W. Rosenhain, F.R.S. 
| An attempt has been made to correlate the physical 


properties of five typical aluminium alloys so that | 
| further light may be thrown on the mechanism of age- | 


hardening. The alloys in question have been subjected 
throughout to similar heat-treatments, and each pro- 
| perty has been investigated under similar conditions. 


The compositions of the five alloys are given in Table I. | 


TABLE I. 
~ ate 
: , ar Equivalent 
,N Magnesium. | Copper. Silicon. oSi 
Alloy No. Per cent. Per cent. | Per cent. ipa 
Hy 0-85 0-5 1°35 
H> 0-51 4-0 0:3 0-8 
H; | 45 - — 
Hy 0-425 2-0 0-25 0-67 
H; 0-68 ma 0-4 1-08 





The age-hardening caused by the presence of copper 
| and magnesium silicide, respectively, in aluminium has 
| been studied, as well as when both constituents are 
| present together. With the exception of Hg, an alloy 
| containing 4-5 per cent. copper, which is the maximum 
amount of copper held in solid solution in aluminium 
at 500 deg. C., the other four alloys contain magnesium 
and silicon in the proportion of the compound mag- 
nesium-silicide, Mg,Si. H, contains 1-35 per cent. 
Mg.Si, which is the maximum amount soluble in 
aluminium at 500 deg. C.; H, is a Duralumin without 
any manganese; H, contains copper and Mg,Si in 
the respective amounts which can be held in solid 
solution in aluminium at 500 deg. C. in the presence 
of each other ; while H, contains slightly less than the 
maximum amount of Mg,Si which is soluble in alu- 
minium at 500 deg. C. The alloys were cast into 1 in. 
square moulds and annealed for about 1 hour at 
450 deg. C., and forged down to a thickness of 3-in. 
approximately ; forged material only was used through- 
out*this research. 

The heat-treatment throughout consisted of a pre- 
| liminary annealing at 500 deg. C., for one or more days, 
| followed by one or other of the following heat-treat- 
|ments: (a) Quenching from 500 deg. C. into water at 
| room temperature and then ageing at room tempera- 
ture, followed by further ageing at higher temperatures. 
(6) Quenching from 500 deg. C. into water at room tem- 
| perature, and immediately ageing at high temperatures. 
| During the ageing periods determinations were made 
|of the following properties: (1) Brinell hardness ; 
| (2) tensile strength; (3) density; (4) electrical con- 
| ductivity ; (5) changes in the crystals, as determined 
| by X-ray analysis. 

1. Brinell Hardness.—In the case of hardness 
| measurements, the heat-treatment at high temperatures, 
lafter quenching from 500 deg. C., consisted of an 
| annealing at 100 deg., 150 deg., 200 deg., and 250 deg. C., 
| respectively, for periods from } hour to 3 or 4 days; 
| the time of heat-treatment being taken from the time 
| the specimen attained the temperature of the furnace. 
| From the results obtained it was seen that the form 
| of the curves for each alloy, respectively, was the same 
| whether aged at room temperature and then heat- 
| treated, or heat-treated immediately after quenching 
| from 500 deg. C.: but there were marked differences 
in the hardness numbers and tensile strengths, the 
| alloys heat-treated immediately after quenching giving 
| higher values. Four facts appear from the results 
| obtained, which are in agreement with the results of 
| Archer and Jeffries’} researches: (a) The rate of age- 

hardening increases rapidly as the temperature of the 
heat-treatment is raised. (5) There is a maximum age- 
|hardness for each temperature of heat-treatment. 
|(c) The temperature for which the maximum has the 





greatest value is approximately 150 deg. C. (d) As the | 


| temperature of the heat-treatment rises up to 150 deg. 
| C., so the maximum hardness increases, but when the 
| temperature of the heat-treatment is above 150 deg. C., 
| then the maximum hardness obtainable is much less. 
| If, however, the maximum hardness is plotted against 
| the temperature, curves are obtained as shown in Fig. 6, 
| on the opposite page, and it will be seen, in the case of 


* Communication from the National Physical Labora- 
| tory, read before the Institute of Metals, London, on 
| Wednesday, March 13, 1929. Abridged. 

t Archer and Jeffries, ‘“‘ New Development in High- 
Strength Aluminium Alloys,’’ Trans. Amer. Inst. Min. 
| Met. Eng., vol. Ixxi, page 828. (1925.) 


~|2-in. gauge). 
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|all five alloys, that there is a critical temperature, 
corresponding to a maximum hardness, which lies 
very close to 150 deg. C. 

2. Tensile Strength—In the case of tensile tests, 
the heat-treatment of the alloys was carried out at 
two temperatures only—i.e., 150:deg. and 200 deg. C. 
These temperatures were chosen since they gave high 
maximum hardness values in a very short time. The 
final results corresponded closely to those obtained 
from hardness measurements; 7.e., the maximum ten- 
sile strength was reached in approximately the same 
| time as the maximum hardness, also, with the exception 
of H, (4:5 per cent. copper), greater values for the 
tensile strength were obtained on heat-treating the 
alloys immediately after quenching from 500 deg. C. 
Since heat-treatment at 150 deg. C. gave maximum 
hardness values, a few heat-treatments were carried 
| out_at 150 deg. C. immediately after quenching from 
500°deg. C. The results obtained are plotted in Fig. 9. 
Very high tensile strengths have been obtained accom- 
panied by a high percentage elongation. In the case 
of H, (4-5 per cent. copper), after one day at 150 deg. 
|C., a tensile strength of 23 tons per square inch is 
| obtained with 20 per cent. elongation (measured on 
Under the same heat-treatment, H, 
(1-08 per cent: Mg,Si) gives 13 tons per square inch 
| and 15 per cent. elongation, while H, (2 per cent. copper 
|0-6 per cent., Mg.Si) gives 19 tons per square inch, 
with 26 per cent. elongation. This last alloy is of great 
interest, for the amounts of copper and Mg.Si in the 
alloy are the maximum amounts soluble in aluminium 
lat 500 deg. C. Theoretically, therefore, this alloy 
should give the greatest age-hardening of all copper- 
| Mg.Si aluminium alloys. 

3. Density.—Density measurements were made on 
specimens of 20 c.c. volume cut from the forged alloys 
| H,, H;, H,. As in the previous experiments, one 
| series was quenched from 500 deg. C. and aged at 
|room temperature, during which density measure- 
| ments were made at successive intervals. The speci- 
| mens were then heat-treated at 200 deg. C. for definite 
| lengths of time, after each of which the density of the 
| specimens was determined. The second series was 
| quenched from 500 deg. C. and immediately heat- 
treated at 200 deg. C., frequent density measurements 
| being made between the heat-treatments. The 
| specimens were returned to the furnace immediately 
| after each density determination, and were quenched 
|in water at room temperature prior to each measure- 
|ment. The density values given in the following 
| paragraphs are expressed as grammes per millilitre 
| of specimen at about 18 deg. C. 

(A) Aged at Room Temperature and then Heat- 
Treated at 200 deg. C., H,.—On ageing at room 
temperature it was seen that the density fell from 
| 2-751 and reached a minimum value (2-7747) in 





2-775 
four hours, after which there was a very gradual 
decrease during eight days’ ageing to 2-7742. On 
heat-treating this specimen at 200 deg. C. a very 
marked decrease in density occurs until a minimum 
value is reached after 111 hours’ heat-treatment 
(2-7678). 

H;.—There is a very slight increase in density from 
2-7894 to 2-7898, which attains its maximum value 
in some period up to one day, after which the value 
remains constant. On heat-treating at 200 deg. C. 
the density decreases, but at a less rapid rate than 
Hy, until a minimum (2-7799) is reached at some 
period of annealing between 39 and 135 hours. From 
curves obtained, the period is probably about 85 hours. 

H,.—As in the case of Hg, the density, 2-6947, at 
first falls sharply on ageing at room temperature, 
a minimum value, 2-6940, being reached in four to 
six hours; after which the value remains practically 
constant. Heat-treatment at 200 deg. C. causes the 
density to fall slightly during the first five hours of 
heat-treatment, after which it remains practically 
constant at about 2-6936. 

(B) Aged at 200 deg. C. Immediately after Quenching. 
H,.—The density immediately decreases rapidly when 
the alloy is aged at 200 deg. C., attaining a minimum 
value in about 40 hours, after which it is constant at 
about 2-7662. The rate of decrease in density is 
greater than that found when the aged alloy is heat- 
treated at 200 deg. C. 

H,.—The first effect of heat-treating at 200 deg. C. 
|immediately after quenching is to cause only very 
| slight, if any, decrease in density during the first 
|3-5 to 5 hours, after which period the density falls 
| rapidly until a constant value, at about 2-7812, is 
| obtained after three days approximately. Here again 
| the rate of decrease of density differs appreciably from 
| that observed in the aged and heat-treated alloys. 
| H,.—The results obtained differ little from those 





| yielded by the aged and heat-treated alloy ; there is a 
| fall in density taking place over the first four hours, 
| from 2-6964 to 2-6960, after which the value remains 
constant. 

4. Electrical Resistance.—The electrical resistance of 


| the alloys was determined in two ways: (a) by the 
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| 

autographic method due to Haughton and Griffiths,* | 
and (b) the measurement of the absolute values. 
In the present research small changes in electrical | 
resistance were sought, and the first method was an | 
extremely sensitive means of observing those changes, 
the absolute values of which were afterwards deter- | 
mined. The specimens tsed consisted of rods about | 
27 em. long with cross-section 2 mm. square, which 
were accurately cut from forged material or else made | 
by drawing through a die. Previous to cutting out! 
the specimens, the forged bars were annealed for several 
days at 500 deg. C. The after heat-treatment of these | 
specimens was similar to that described in previous | 
experiments and consisted of: (1) quenching from | 
500 deg. C. and ageing at room temperature, followed | 
by further heat-treatment at 200 deg. C. ; (2) quenching | 
from 500 deg. C. and ageing immediately at 200 deg. C. | 
In order to obtain values during ageing at 200 deg. C., | 

a specially wound nichrome furnace was used. This | 
was uniform to + 1 deg. C. over a length of 28 cm. at a | 
temperature of 220 deg. C. In order to even out this | 
variation, a copper tube was placed in the furnace. This 
tube fitted closely inside the furnace tube and would 
just take the holder and its specimen. In order to | 
minimise the time the specimen would take to reach the | 
temperature of the furnace, the holder was heated in| 


AGED AT ROOM TEMPERATURE 
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| 
Previous workers have noted the decrease in electrical | 


| resistivity at 200 deg. C., but not the initial increase. | 


The curves given in Fig. 17 show that in the case of | 
H, two maximum values for the electrical resistivity | 
occur. The first maximum is reached in less than 
0-5 hour on heat-treating at 200 deg. C., followed 
by a minimum value in one hour, after which the 
electrical resistivity steadily increases until the second 
maximum is reached in three hours, approximately. 
After this the electrical resistivity falls rapidly. 

(c) Quenched from 500 deg. C. and Immediately Heat- | 
Treated at 200 deg. C.—H, and H, both show a prelimi- 
nary increase in electrical resistance which is followed 
by a decrease. This result has also not been observed 
by previous workers. 

5. X-Ray Analysis.—Lange, using the Seemann- 
Bohlin method, found that a new lattice appears with | 
aged Duralumin, the lattice constant of which is a 
little larger than that of the unaged material. He | 
concluded that the small expansion of Duralumin | 
during ageing was therefore explained and Konno’s | 
| theory that the change during ageing is analogous to | 
| that of carbon-rich steels confirmed, and consequently 

that it was impossible to explain the appearance of the 
new lattice on the theory of Fraenkel and Scheuer. | 
Anderson* found that Duralumin has a face-centred | 
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P 6 . ; 
so that for a given value of —*, 5 @ increases with tan @. 


To obtain the most sensitive conditions, we must 
select for any given material a plane (hkl) and a wave- 
length \, which will make @ as large as possible. In 
the present case the planes (511) and (333) of aluminium 
with the Ka radiation of copper give a value of @ 
equal to about 82 deg., so that tan @ is about 7 and 
oe = Oe 
a ‘ 
Inspection of the photographs showed that with the slit 
used the lines are rather broad, but a change in 8 of 


1 mm. could be easily detected. Since 
Ss 
- = = — 0, 
8r 2 
we have 
6s : Sa 1 
tlie 66,oré6 §@ = 200 and — = 5500" 


or rather less than 0-04 per cent. The same result'may 
be obtained directly from the expressions*(1) \and 
(2) given above ; eliminating 0, we have : 

Ave +R+P 1 


2 S 
cos {— 
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Fig. 9. QUENCHED FROM 500° C. INTO WATER & IMMEDIATELY HEAT-TREATED AT 150°C. 
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the furnace up to 200 deg. C. for some hours before 
use. It was then pulled out and the specimen quickly 
inserted and returned to the furnace. This operation 
usually took less than 2 minutes, and the time the 
specimen took to acquire the temperature of the furnace 
was thereby reduced to a minimum. The method 
used for measuring the absolute values of the electrical 
resistance of the specimen is that due to Haughton.t 
The specimens were those used for the previous‘ experi- 
ments, but they were annealed for about 24 hours at 
500 deg. C. in order to get them back into equilibrium 
conditions after their previous heat-treatments. 

The electrical resistivity values of the bars are 
plotted in Fig. 17 on page 344. A review of all the 
results obtained shows the following facts :— 

(a) Alloys Quenched from 500 deg. C. and Aged at 
‘oom Temperature.—The electrical resistance of all 
the alloys increases on ageing at room temperature, a 
naximum value being attained in 3 to 5 hours, according 
to the composition of the alloy, after which the value 
remains constant. This result agrees with that of 
previous workers—viz., that ageing at room tempera- 
ture is accompanied by an increase in electrical resis- 
tance. 

(b) Alloys Quenched from 500 deg. C., Aged at Room 
Temperature, and then Heat-Treated at 200 deg. C.— 
The electrical resistivity of all three alloys shows a 
definite increase to a maximum value during a period 
varying from 1 to 5-5 hours, according to the composi- 
tion of the alloy, which is followed by a decrease. 


} 


i 








(1924.) 


* See J. Sci. Instruments, vol. 1, page 225. 
(1920.) 


t See Trans. Faraday Soc., vol. xvi, page 392. 


cubic lattice of parameter 4-064, substantially identical 
with the aluminium lattice, and that the effect of cold- 
work and heat-treatment on the lines in diffraction 
patterns of Duralumin indicated recrystallisation and 
grain-growth. An X-ray examination of Duralumin 
by Schmid and Wassermannt+ has shown that, in the 
annealed and age-hardened condition, the lines of 
CuAl, are present on the photographs in addition to 
those of aluminium. The presence of Mg.Si was not 
detected with certainty. 

The object of the X-ray investigation has been to 
devise a method’sufficiently sensitive to detect small 
variations in the parameter of the space lattice of 
aluminium caused by the precipitation or solution of 
small percentages of the alloyed metals copper, mag- 
nesium, and silicon during the processes of age- 
hardening and heat-treatment. Attention has been 
directed only to the changes in the aluminium lattice, 
and not to the nature of the precipitated crystals, which 
presumably consist of compounds of the alloyed metals 
with one another or with aluminium. The percentage 
of alloyed metals present in the materials examined is 
so small that the detection of the presence of the 
compounds by X-ray methods would require special 
arrangements. The X-ray camera used to study the 
changes in the lattice, is shown diagrammatically in 
Fig. 18, on page 344. It consists of a circular cylindrical 
drum ABC of radius 5 cm., which carries the specimen 
in the form of a thin flexible sheet at B, and has a slit at 
S to admit a divergent beam of X-rays through a hole 
punched in the film which is wrapped round the arc 
ASC. The rays reflected from different parts of the 
specimen are brought to a focus at points PP’ of the 
film, and the angle of reflection, 0, is thus determined 
by the relation : 


Ss 
ra — 96, (1) 
where S = PP’ and r is the radius of the drum. The 
parameter of the (cubic) lattice is given by : 

ASR +R+R 

said 2 sin 0 

where h, k, 1 are the Miller indices of the plane which 
reflects radiation of wave-length \ through an angle @. 
Regarding a and @ as variables, we obtain— 
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* Anderson, ‘An Atomic Picture of Duralumin and its 
Crystal Structure,” J, Franklin Inst., vol. 201, page 465 
(1926). 

+ Schmid and Wassermann, 
page 77 (1927). 
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and hence 
Se = tan (=) 3 ( 
a 8r 


. 8. 
or, since a7 is small, 


The advantage of employing a large value of 0, i.e., 
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a small value of - is apparent from this last expression, 
the percentage error in the measurement of S being 
multiplied by the square of the small quantity PS in 


arriving at the percentage error in a. 

In a favourable case, such as that of pure aluminium, 
the value of S, the distance between the lines on the 
film, can be measured to within + 0-3 mm. and the 
parameter determined with an error of about + 0-01 
per cent. ; 

Alloy H,.—X-ray photographs indicate that the 
solution of copper is attended by a small contraction of 
the lattice of aluminium. The photographs show 
that prolonged slow cooling precipitates copper until 
there is so little left in solution that the lattice para- 
meter does not differ appreciably from that of pure 
aluminium. The process is, however, a slow one; 
slow cooling during one day precipitates some copper, 
while three hours annealing at 200.starts the process, 
which is not completed by the subsequent one-day 
treatments at 200 deg. and 250 deg. C. The results 
suggest that copper is almost (if not quite) insoluble 
in aluminium at temperatures below 250 deg. C., when 
the alloy is in equilibrium. The density of the alloy 
can be calculated from the known composition. In the 
case of the slowly cooled material, the assumption that 
it consists of a mixture of pure aluminium of density 
2-699 grm. per cubic centimetre with 8-1 per cent. 
CuAl, of density 4-35 grm. per cubic centimetre leads to 
a value of 2-783 grm. per cub. centimetre, while the 
observed density is 2-781 grm. per cubic centimetre. 
In the case of the alloy quenched and aged at room 
temperature, taking a = 4-031 + 0-002A, and assum- 
ing all the copper to be in solution, the average weight 
of an atom is 27-67 x 1-663/1-008 x 10-*4 grm., and the 
density as calculated is 2-789+0-004 grm. per cubic 
centimetre, compared with 2-7894 grm. per cubic centi- 
metre observed. 

Alloy H,.—Before examining the alloys, the effect 
of magnesium and of silicon alone on the spacing of the 
aluminium lattice was determined. A specimen con- 
taining 8-8 per cent. magnesium by weight (0-03 per 
cent., iron, 0-007 per cent. silicon, and 0-03 per cent. 
copper) annealed for four days at 405 deg. C., and 
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quenched in water, gave a value a = 4-0705 A., so form of a solid solution if kept at room temperature. 


that, if the expansion of the lattice is taken to be pro- 
portional to the magnesium in solution and the alu- 
minium lattice constant is 4-0412 A., 1 per cent. of 


magnesium in solution will expand the lattice by | 


0-0037 A. An expression of half this amount would 
increase the distance S on the film by rather more than 
1 mm., and should be detected. An alloy containing 
0-92 per cent. silicon (0-04 per cent. iron, 0-02 per 
cent. copper), annealed for three weeks at 513 deg. C. 
and quenched, gave a value of a = 4-039+0-001 A., 
a little smaller than the lattice of aluminium. The 
quantity of silicon in the alloy H, was too small to 
produce any measurable effect on the photographs 
taken. 

The figures for the parameter of this alloy hardly 
differ from the value for pure aluminium by more than 
the error of observation, so that it is difficult to draw 
any conclusion from the values of the spacing. The 
density of the alloy, calculated on the assumption 
that all the magnesium and silicon are in solution on 
a lattice of parameter 4-042 40-001 A., is 2:693+ 
0-001 grm. per cubic centimetre, which compares 
favourably with the value 2-6940 grm. per cubic 
centimetre observed for the alloy quenched and aged 
at room temperature. The assumption that after 
prolonged annealing the alloy is a mixture of alu- 
minium of density 2-699 grm. per cubic centimetre with 
1-08 per cent. MgSi of density 1-94 grm. per cubic 
centimetre gives a density of 2-689 grm. per cubic 
centimetre, compared with 2-6936 grm. per cubic 
centimetre observed, suggesting that only part of the 
dissolved magnesium and silicon combine to form 
Mge Si during ageing. 

Alloy H,.—The observed effects, in this case, are 
very similar to those found for the alloy H,. Copper, 
retained in solution by quenching, reduces the para- 
meter of the lattice ; slow cooling during one day from 
500 deg. C. precipitates part of the copper, while slow 
cooling during nine days or annealing at 250 deg. C. 
for one day precipitates the majority of the copper. 
The density of the alloy quenched and aged at room 
temperature is observed to be 2-7745 grm. per cubic 
centimetre, and assuming that all the copper, magnesium, 
and silicon are in solution and arranged on a face- 
centred cubic structure of side 4-0333 A., the density 
by calculation is 2-776 grm. per cubic centimetre. For 


the specimen after prolonged annealing the assumption | 
that the material is a mixture of pure aluminium | 


(92-1 per cent.) of density 2-699 grm. per cubic centi- 
metre, CuAl, (7-17 per cent.) of density 4-35 grm. per 


cubic centimetre, and MgoSi (0-73 per cent.) of density | 


1-94 grm. per cubic centimetre, leads to a value 2-767 


grm. per cubic centimetre, compared with 2-7678 grm. | 


per cubic centimetre observed. 


Existing Theories of Age-hardening.—Merica and his | 


colleagues put forward the first theory of age-hardening 
viz. the precipitation theory. 


They attributed the | 


ageing of Duralumin to the compound OuAls, of which | 


a greater amount can be held in solid solution in 
aluminium at high temperatures than at room tem- 
perature. On quenching from a high temperature, the 
precipitation of CuAly is suppressed, but after a lapse 
of time particles are precipitated, and these gradually 
coalesce to form larger particles. Merica 


and_ his | 


colleagues associated the condition of increased hard- | 


ness with a critical degree of dispersion. Hanson* 


and one of the authors, in the course of their investiga- | 


tion of the ternary system aluminium-magnesium-silicon, 
showed that the ageing of Duralumin was due primarily 


to the precipitation of the compound MgpSi, and later | 
one of the present authorst supported that conclu- | 


sion by an investigation of the quaternary alloys of alu- 
minium-magnesium-silicon-copper, which showed that, 
while the precipitation of CuAl: caused a certain 
amount of age-hardening, MgoSi caused far more. 

Jeffries and Archer next put forward the “ slip- 
interference ” 


| 


theory, which involved the conception | 
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therefore, be expected here, as indeed everywhere, that 
mechanical hardness and electrical resistance would go 
together.” 

Masing*, in his recent researches on the ageing of 
copper-beryllium alloys, has discussed the relation in 
the case of Duralumin between ageing and the presence 
of a supersaturated solid solution, and states that the 
theory that ageing is caused by the decomposition into 
highly dispersed particles of the supersaturated solid 
solution presents difficulties, since the electrical 
conductivity and its temperature coefficient decrease on 
ageing instead of increasing. Masing has shown that on 
ageing copper-beryllium alloys, the electrical conduc- 
tivity partially falis, but the changes in the elastic 
modulus and in the volume which take place are in 
accordance with those expected from the dispersion 
theory. Masing has concluded that ageing is related tc 
the decomposition of the supersaturated solid solution, 
and that the abnormal change of electrical conductivity 


| If the alloy were kept at higher temperatures, the pro- 
duct of the reaction would be precipitated and would 
cause hardening in the manner already described. 
This theory was based on the fact that the electrical 
resistance of the alloys increases on ageing at room 
temperature. 

Meissner found, in the case of Lautal, that the loss in 
weight on corrosion increased with rise in ageing 
temperature, and that the loss reached higher values 
with a longer ageing period. He assumed that the 
age-hardening of Lautal was due to the highly dispersed 
precipitation of CuAlg. In the case of Duralumin, 
however, the loss in weight was found to decrease on 
ageing at room temperature, which Meissner stated was 
in accordance with the results of Fraenkel. 

Rosenhain,* in reply to the discussion of his paper on 
“The Hardening of Steel,” has discussed the effect of 
deposition of a separate phase from a solid solution 
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5 A |is due to the extraordinary high dispersion of the 
Fi a 18 | Separating particles. 


Conclusions from the Present Investigation.—(1) The 
| changes in density which take place during ageing at 
|room temperature or higher temperatures, together 
| with the changes in lattice pirameter, suggest that 
| precipitation from the solid solution takes place. On 
| prolonged annealing, it is definitely known that precipi- 
| tation of the compounds CuAl, and Mg>Si, or both, 

occurs according to the composition of the alloys. 
| (2) Maximum values for electrical resistance are 
obtained which occur at the same time as maxima in the 
| hardness curves, in the case of alloys heat-treated at 
| 200 deg. C. If, however, the alloys are aged at room 
|temperature only, the maximum hardness value is 
reached in two to three hours, while the maximum 
resistance is reached in one to three hours. 

(3) X-ray analysis shows that, besides a change in the 
| lattice parameter taking place on ageing, the crystals 
themselves are in a disturbed state, which is gradually 
relieved by further ageing at high temperatures. 

(4) It is seen from the electrical resistance curves that 
a maximum is reached on ageing at room temperature, 
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| 
on the electrical resistance. He pointed out that! 
. the high electrical resistivity of a solid solution | 


was due to the distortion of the space lattice of the | 


metal crystals by the presence in them of stranger | 
jatoms. That distortion increased with increasing 
concentration of the solid solution, and if anything 
oceurred to diminish the concentration of such a solid | 
solution the electrical resistance would also diminish ” | 

. “if the view of the hardening of metals by the | 


that Merica and his colleagues had advanced, that 
hardness increases as the fine particles coalesce and 
grow to a critical size. They suggested that the small | 
particles of CuAly acted as “ keys,” and hence caused 
interference with slip. Konno, however, observed that 
the effect of quenching and the accompanying changes 


and that on ageing at high temperatures a further 
increase in resistance occurs, followed by a decrease. 
According to Rosenhain,+ therefore, the increase in 
resistance corresponds to a distortion of the space 
lattice of the solid solution, caused by the presence of 
minute particles due to the decomposition of the solid 


in the physical properties of Duralumin were exactly 


and stated that the hardening of Duralumin could be 


explained by Honda's theory of the hardening of steel. | 


Konno disagreed with the precipitation theory of 
hardening, since ageing at room temperature is accom- 
panied by an increase in the specific electrical resistance. 


Fraenkel Seng, and Scheuer suggested that the ageing | 


of these alloys could be explained by a chemical reaction 
taking place in the quenched alloy, which resulted in 
a stable, not a metastable, condition, and that the alloys 


contained the product of the chemical reaction in the 


* Hanson and Gayler. 
(1921.) 

See J. Inst. Metals, vol. xxviii, page 213 | 7 
* See ENGINEERING, vol. cxviii, page 391 (1924). | 


See ENGINEERING, vol. exii, 
page 519. 

+ Gayler. 
1922); vol. xxx, page 139 (1923), 


bat . | correct, the rectilinear space lattice arrangement of the | 
similar to those in severely cuenched carbon steels, | ‘ ? : : 2 5 | 
ae | atoms of the solid solution, already partially disturbed | 


decomposition of a supersaturated solid solution was | solution. 


The precipitation of the dissolved substance from the 
supersaturated solid solution entails, first, the rejection 
| of the atoms of the dissolved metal from the lattice of 
seriously disturbed and, in fact, to a large extent the solid solution accompanied by the possible forma- 
destroyed by the deposition of a very large number of | tion of molecules, a process which entails a profound 
minute crystallites of the new phase separating during | disturbance of the lattice. In the second stage of the 
the hardening process. In those circumstances, the rocess, which may, however, follow closely upon the 
passage of electrons through or between the atoms | tirst, and probably largely overlaps it, a * coagulation ” 
would be more completely hindered in the decomposed | of these rejected atoms or molecules takes place, 
solid solution than it was before such decomposition | resulting in the formation of minute crystallites. This 
took place, and accordingly, during the hardening coagulation process, except perhaps in its earliest stages, 
process, so long as the disturbance in the lattice | py removing the dissolved metal entirely from the 


| by the pressure of the solute atoms, would be much more | 





. . “4: | 
| structure increased with further deposition, so long | 


| would the electrical resistance increase also. It would, 








* Masing, Arch FEisenhiittenwesen, vol. ii, page 185 
(1928). 


¢ Loc. cit. 
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crystal lattice of the matrix, will tend steadily to 
lessen distortion of the lattice, and thereby to diminish 
hardness and electrical resistivity. It is interesting to 
note that if the age-hardening is due to the precipitation 
of a metal and not a compound of that metal, that the 
age-hardening is very much less. This is evidence in 
support of the above theory, for the separation of 
the metal would not cause as much distortion as a 
compound, since the formation of molecules does not 
-_ and hence the distortion of the space lattice 
is less. 

If the formation of a compound involves the com- 
bination of atoms of the solute with those of the matrix, 
a greater distortion of the crystal lattices will occur, 
and hence the age-hardening will be comparatively 
larger. When, however, the compound is formed by 
the combination of two or more different solute atoms, 
then still greater distortion occurs and marked age- 
hardening takes place. The age-hardening of H, 
(4-5 per cent. copper) is due to the combination of 
atoms of copper with those of aluminium to form the 
compound CuAl,, while that of H, (1-08 per cent. 
Mg,Si) is due to the formation of the compound Mg,Si. 


This latter alloy shows a much greater percentage | 


increase in hardness on ageing than H3. 

The lattice distortion makes itself felt by the increase 
of electrical resistivity which accompanies the first 
stages of precipitation and age-hardening. While, 
up to the present, the existence of lattice disturbance 
caused in this way has been inferred on theoretical 
grounds, the evidence from the X-ray spectra of age- 
hardened alloys which is given in the present paper 
clearly indicates, by the visible broadening of the lines, 
that such lattice disturbance exists to a marked extent, 
and that it varies, as the dispersion theory of hardening 
requires, in accordance with the degree of hardness and 
electrical resistivity attained at successive stages of the 
process. In the later stages of the ageing and precipi- 
tation process, when “ coagulation’’ has become 
appreciable and the precipitated substance has formed 
small crystals, the electrical resistivity begins to fall, 
the hardness diminishes, and the lines of the X-ray 
spectrum become less diffuse. This evidence may, 
therefore, be regarded as strong confirmation that the 
hardening is due to distortion of the matrix by the 
precipitation of highly dispersed particles. 








CATALOGUES. 


Concrete Mixers.—A special catalogue of the Aveling 
concrete-mixing machine has been issued by the makers, 
Messrs. Aveling and Porter, Limited, Rochester. The 
machine is made in two sizes, to mix a large or small bag 
of cement, the aggregate and water being automatically 
measured. The principal parts are fully described, and 
show that great care has been taken in the design to 
render the machine efficient and reliable, as well as easy 
to handle. 


Monel Metal Products.—Messrs. Monel-Weir, Limited, 
Cathcart, Glasgow, have issued a catalogue dealing with 
the applications of Monel metal and pure nickel in the 
textile trades, including machines, utensils and appli- 
ances for the dyeing, bleaching, finishing and laundering 
of cotton, wool, silk and artificial silk. The information 
given is mainly of direct practical application, and 
numerous illustrations of the apparatus to which it 
relates are included. 


Mine and Quarry Plant.—Messrs. Edgar Allen and 
Company, Limited, Sheffield, have issued a catalogue 
dealing with machines, replace machine parts, tools, 
materials for tools and parts, to suit the special require- 
ments of mine and quarry working. They include a 
full range of crushing, grinding, screening and other 
machinery, and many parts in manganese steel. Practical 
information is given on many points where a wide know- 
ledge of special steels is advantageous. 

Conveyor Chains.—The new edition of the catalogue 
of conveyor chains and accessories issued by Messrs. The 
Ewart Chainbelt Company, Limited, Colombo-street, 
Derby, follows on previous lines, but has been carefully 
revised and amplified. The chief standard patterns are 
made in blackheart malleable iron, the parts consisting 
of links, sprocket wheels and chain attachments. Nearly 
all the usual requirements can be met with these, and 
special provision is made for other cases. 


Hospital Equipment.—A catalogue of metal fittings 





specially designed for hospitals, is to hand from Messrs. | 


James Gibbons, Limited, Wolverhampton, whose 
London address is 15, Fisher-street, Southampton-row, 
W.C.1. The catalogue deals with window frames, 
shelving, cupboards, locks, keys, springs, door fittings, 
and a variety of tables, cabinets, trolleys, and special 
utensils. The object of the design, in all cases, is to 
combine strength and convenience in use with easy- 
cleaning properties. 

Coal Distillation.—A catalogue of plant for the low- 
temperature distillation of coal is to hand from Messrs. 
Babcock and Wilcox, Limited, Farringdon-street, London, 
K.C.4,_ The plant described as an example is attached 
to the Dunston electric power generating station of the 


Newcastle-on-Tyne Electric Supply Company, Limited. | section in Fig. 1, are keyed to the main shaft, and | 


It has been in operation for three years, and is capable of 
distilling 100 tons of coala day. The solid fuel resulting 
from the distillation is burned under the boilers. A full 
description of the plant is given with figures showing 
the economic advantages of the system. 
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THE ASSAY OF COAL FOR CARBONI- 
SATION PURPOSES, 


| Tue introduction of the Gray-King assay apparatus 
| was recognised as providing a means of predicting 
|the probable behaviour of coal and of adding to 
|the information obtainable from other processes. 
| Seven years’ experience of its working has shown that 
|it has considerable practical value. It provides 
| reliable data on the suitability of a coal for carbonisa- 
| tion, and enables the gaseous and liquid products to be 
|measured. The Department of Scientific and Industrial 
| Research has now published an account* by Dr. J. G. 
| King, Mr. C. Tasker and Mr. L. J. Edgecombe of the 
| considerations that led originally to its design, some 
| experience obtained with it, and some modifications in 
| contemplation for special purposes. 
| The ordinary ultimate and proximate analyses 
| give information of value about the final results to be 
| expected from a coal, but say little or nothing of the 
| stages by which these will be reached, the products 
| that will be formed, and the behaviour of the coal. In 
the Gray-King apparatus, a small sample is made to 
perform in miniature the operations through which it 
goes during carbonisation on a large scale. The 
conditions of carbonisation in its tiny retort, and 
notably the extent to which its products are decomposed 
before removal, differ necessarily from those of a full- 
scale plant, which, for that matter, are seldom the same 
in the large retorts themselves. The components of the 
gas will not be the same and the assay thus gives no 
distribution of them comparable with what is obtained 
in manufacture. So far, however, as concerns its volume 
and thermal value, and also the quantities of tar, gas and 
coke, the results obtained in a given plant will stand in 
much the same ratios to those of the assay, whatever 
the coal may be, and coals that behave similarly in the 
assay will behave similarly in the full-size plant. By 
carbonising a sample of strongly swelling coal with some 
non-swelling coal, it is found, also, that the quantity 
of admixture required in order to produce a coke of 
standard texture is an informative index of the caking 
power of the coal. The method has proved constantly 
useful in enabling an opinion to be formed on the 
suitability of a coal for a particular form of carbonisa- 
tion, and has, indeed, been adopted for other purposes, 
such as the study of hydrogenation. In the survey of 
coal seams it has been found to indicate more marked 
differences than are shown by analytical methods, and 
adds considerably to the information to be recorded. 
The apparatus has not necessarily reached its final 
form, and varieties of it have been designed to pro- 
duce more extensive cracking, and also to operate on 
larger samples. The results obtained by these modified 
apparatus will doubtless be compared, as occasion offers, 
with those of full-size working. The usefulness of the 
present form has, however, been shown sufficiently to 
make it desirable that, for the time being, it should be 
adopted as a standard, the general use of which will 
make results of different observers comparable with one 
another. 


THE MALCOLM-FEUERHEERD PUMP. 


| THe Feuerheerd rotary pump, manufactured by 
Messrs. Stothert and Pitt, Limited, has been on the 
market for a number of years, and will, no doubt, be 
familiar to the majority of our readers. It is of remark- 
ably ingenious construction, and the same may be said 
of a new rotary pump, also designed by Mr. Feuerheerd, 
which should not be confused with the older model, 
from which it differs fundamentally. The new pump, 
which is known as the Malcolm-Feuerheerd, and is 
| manufactured by Messrs Bever, Dorling and Company, 
| Limited, 47, Victoria-street, S.W.1, is illustrated in 
| Figs. 1 to 6, on page 346. Of these, the first two figures 
show a fuel pump fitted with automatic control, 
| Figs. 3 to 5 illustrate a small model of a special type 
| for high-speed work, and Fig. 6 is reproduced from 
| @ photograph of a variable-capacity pump having an 
| output from zero to 22,500 gallons per hour. Before 
| passing on to a detailed explanation of the illustrations, 
| we may say that the pump has certain outstanding 
| features which result in a very high efficiency, coupled 
| with freedom from wear. It is undoubtedly adaptable 
| to a wide variety of purposes, and although still in the 
|early stages of production, has already proved very 
/successful. The principle of its action can be applied, 
on the one hand, to small pumps such as are used for 
circulating the lubricating oil in petrol engines, and, 
on the other, to units for handling large quantities of 
| water or other liquids. 














The essential features of the pump will be followed | 


| most readily from Figs. 1 and 2, the automatic-control 
gear, shown on the right in Fig. 1, being, for the moment, 
disregarded. The two discs or end plates, shown in 


| between them there is a sliding block which is shown 
| ——_______ ra 
_* Department of Scientific and Industrial Research. 
Fuel Research : Technical Paper No. 21. H.M. Stationery 
| Office, 1s. net. 
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in end elevation in Fig. 2. This block is mounted in 
side guides, and is roughly circular in form, a large 
hole being bored through the centre to form a track 
for a number of rollers. These rollers are mounted 
on swinging brackets, the latter being pivoted on bolts 
passing through the two discs. The assembly is 
completed by an internal floating ring, which is located 
concentrically with regard to the roller track by the 
rollers themselves. This ring, shown in section in 
Fig. 1, and in end elevation in Fig. 2, is entirely free from 
the centre shaft, there being an open space between the 
two. The suction and delivery ports are cut in the 
sliding block, and are continued through the side 
guides into the pump casing proper, terminating in the 
usual flanged openings. 

In order to follow the action of the pump, it must be 
remembered, that the ring of fulcrum bolts rotates 
eccentrically with respect to the roller path, the degree 
of eccentricity being regulated by raising or lowering 
the sliding block. It can be seen from Fig. 2 that 
the rollers approach each cther as they travel towards 
the top of their path, and recede towards the bottom, 
although the reason for this, at first sight, is by no 
means obvious. If, however, it be realised that the 
pivot points, which are all equidistant, revolve round 
the point o!, whereas the rollers revolve round the 
point 0, in another circle, eccentric with the former, it 
will be clear that the roller brackets must make 
varying angles with the lines joining the pivot centres. 
Actually, the angles become smaller towards the top of 
the roller path, with the result that the rollers are 
closer together in this position, and farther apart at 
the bottom of the path. This can be checked by 
measuring the actual length of the lines ad and cd. The 
action of the pump is thus equivalent to one of the 
sliding-vane type, the pumping effect depending on the 
fluid entering the space between the vanes—in this 
case, the rollers—when this space is a maximum, and 
being delivered as the space becomes reduced. It has 
the advantage over the vane type of pump, however, 
that the motion is a rolling instead of a sliding one. In 
addition to this important advantage, it will be noticed 
that the pressure on the delivery side of the pump tends 
to press the floating ring on to the rollers on the suction 
side, thus ensuring an effective seal between the two 
sides; the rollers being, of course, held firmly on their 
track by centrifugal force. Inter alia, it may be 
pointed out that the pump lends itself to economical 
manufacture, as the majority of the parts can be 
machined on the lathe and grinder. 

The automatic-control mechanism, shown in Figs. 1 
and 2, may now be considered. The illustrations 
are of a pump manufactured for supplying the fuel 
to a marine oil-burning installation, and it will be 
noted that it has seven rollers, this large number 
being necessary to ensure that the oil is delivered 
without any perceptible pulsations. We have had an 
opportunity of examining a diagram taken by con- 
necting a pencil indicator to the delivery side of one of 
these pumps, and the variations in pressure, as traced 
by the pencil, are quite imperceptible. From the 
description of the pump, it will be clear that its capacity 
will vary as the sliding block is raised or lowered, and 
to effect this variation in accordance with the number 
of burners in use, the block is supported on a spring 
at the bottom, and is connected at the top to the 
lever shown in Fig. 1. The outer end of this lever is 
pivoted on a nut engaging with a screwed spindle, 
the latter terminating in a bevel wheel at the bottom. 
Two other bevel wheels, running freely on the main 
pump shaft, are in permanent engagement with this 
wheel, as shown, and a central sliding clutch is provided 
by means of which one or other wheel may be driven 
from the shaft. It is evident that if one end of the clutch 
is engaged, the roller track in the pump will be raised, 
while if the other is engaged it will be lowered. The 
clutch-operating lever is connected at the bottom with 
a block, poised between a compression spring and a 
diaphragm box, the interior of the latter being in 
communication with the delivery side of the pump. 

To illustrate the operation of this mechanism, it 
may be assumed that, at a given instant, the 
delivery or working pressure is 50 lb. per square 
inch, the spring being adjusted so that, at this 
pressure, the clutch is floating. If further burners 
are brought into operation, the pressure in the 
diaphragm box will fall, when the spring will engage 
the clutch, and the eccentricity of the pump will be 
increased until the pressure again rises to 50 lb. per 
square inch. Presuming that all burners are now in 
| operation, and the order is received to increase speed, 
| and therefore to increase the pressure on the delivery 
| side, to, say, 100 lb. per square inch, the engine-room 
| operator will alter the spring adjustment until the 
| required gauge pressure is attained. The clutch will 
| then automatically be released, and the pump eccen- 
tricity will remain constant in a position corresponding 
| to this pressure. If, on the other hand, the order to 
reduce steam is received, the spring is adjusted in 
the other direction until the capacity of the pump is 
equivalent to the lowest pressure required. If, in 
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these circumstances, any of the burners are cut out, | 
the pressure will again rise in the diaphragm box, | 
when the gear will come into operation automatically 
to restore the pre-determined pressure to the remaining 
burners. If all the burners are extinguished, the | 
pressure in the diaphragm box will reduce the capacity 
of the pump to zero, and the clutch will then float. 
In the conditions then ruling, the roller path in the 
pump will be concentric with the driving shaft. The | 
neat appearance of the pump can be seen in Fig. 6, the 
model there illustrated only differing from that shown 
in section in Fig. 1 in minor details, although it is of | 
larger size. 

As already stated, the small pump, shown in Figs. 3 to 
5, has been designed for high-speed work, and it 
actually constitutes a separate patent. The pump 
consists of a cylindrical casing containing two rollers, | 
the diameter of which is slightly less than the radius | 
of the roller track. A disc, formed on the driving 
shaft, is let into one of the end covers of the casing, 
the disc being eccentric with respect to the roller 
track. In this disc are two pins, on which two smaller 
discs are mounted. The rollers, which, in this case, 
take the form of rings, rotate on the periphery of these 
discs, and the holes for the pins are drilled eccentrically 
in the latter. The small discs thus take the place of 
the swinging brackets in the larger pumps, giving a 
simplified construction, but it will be appreciated that 
the amount of movement between the two rollers is 
limited by the clearance between them. This will be 
apparent if the case is considered in which the two rollers 
touch one another, and also touch the roller track, as, 
in these circumstances, there could be no relative 
movement between them. To take an example from 
an actual pump, if the diameter of the track is 
24 in. each roller will have a diameter of 1} in., less 
half the clearance between them. In a pump of this 
size, the clearance is 0-020 in., and the maximum 
capacity of the pump is actually 22} per cent. of 
the volume contained by the roller track. This type 
of pump is incapable of maintaining an appreciable 
delivery pressure at low speeds, since there is no central 
sealing ring, but it may be noted that, as the surfaces 
of the rollers at the centre of the pump are moving in 
opposite directions, an eddy is formed between the 
rollers which maintains an effective seal between the 
suction and delivery sides at high speeds. 

We may conclude our description of these very 
interesting pumps by a reference to a series of tests 
carried out by the National Physical Laboratory. 
Space does not permit of our giving the Laboratory 
report in full, but a few extracts may be quoted. 
The fluid pumped was Messrs. Wakefield’s Castrol 
XL oil, of which the temperature was maintained 
at an average of 33 deg. C., the higher and lower 
limits being 39 deg. C. and 29 deg. C. Tests were 
made over a range of speeds of 20 r.p.m. to 
2,000 -r.p.m., and at delivery pressures of 10, 20, 
60, 100 and 150 Ib. per square inch. Owing to 
the frictional resistance of the pipes, a pressure as 
low as 10 lb. per square inch was not obtained over 
about 700 r.p.m., and 20 lb. per square inch over 1,550 
r.p.m. Over the whole range of tests, the lowest 
recorded discharge was 7-24 milli-litres per revolution, 
and the highest was 8-02 milli-litres per revolution, | 
the great majority of the readings lying between 7-75 
and 7-90. Taking the maximum delivery as 8-0 milli- 
litres per revolution, the lowest volumetric efficiency 
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recorded, at 40 r.p.m. against a pressure of 100 lb. per 
square inch, was 92-5. The average volumetric 
efticiency was found to be about 98, while at 2,000 r.p.m. 
the recorded efficiencies against pressures of 30, 40, 60, 
100 and 150 lb. per square inch were, respectively, 
100, 100, 99-5, 99 and 99. It is stated in the report 
that when the pump was rotated slowly by hand, with 
the outlet closed, the pressure could be raised to 
150 lb. per square inch, although this pressure decreased 
owing to back leakage through the pump when the 
motion was stopped. The rate of decrease of pressure 
was greater when the oil was warm. The pump, how- 
ever, will deliver oil at a very low speed of revolution. 
Finally, it is stated that the pump made practically 
no noise, and very little vibration was felt, even at 
high speeds and pressures. 


MINIATURE RIFLE-SHOOTING CoMPETITION.—The sec- 
retary of the Society of Miniature Rifle Clubs, 15, Arundel- 
street, Strand, London, W.C.2, informs us that the small- 
bore rifle-shooting competition, promoted by the Engi- 
neers’ League of the Society, will shortly be held. The 
contest is limited to engineering firms and the closing 
date for receiving entries is Monday, March 25 next. 


BritisH STANDARD SPECIFICATION FOR ELECTRIC 
Lamps.—In connection with the recent issue of the British 
Engineering Standards Association Specification No. 
161-1928, for tungsten-filament electric lamps, it is in- 
teresting to note that the publication gives evidence of the 
results of the large amount of research work carried out 
in recent years by British manufacturers. The specifica- 
tion indicates that the efficiencies of gas-filled electric 
lamps have been substantially increased whilst still 





retaining the average life of 1,000 hours. 
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GASES. 
On Saturday, March 9, at the Royal Institution, | 
Sir Ernest Rutherford, P.R.S., delivered the second 


lecture of his course of the above subject. 


discourse Sir Ernest said that he would reply to 
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MOLECULAR MOTIONS IN RAREFIED | mechanical, not electrical, principles, which however, 


electron was 


were necessarily involved, since the 
a negative charge. 


To measure the free path of the electrons in a/| 
Ransauer had used the apparatus represented | the ordinary way from viscosity measurements, 
: : ? In this Z represented 
Before commencing the main theme of his/ 4 metal plate exposed in a high-vacuum to ultra 


gas, 
s 
diagrammatically in Fig. 7. 
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this figure, instead of the mean free path, the ordi- 
nates represented a correlated dimension, viz., the 
apparent effective cross sections of the molecules 
encountered. The value of these as deduced in 


| were plotted as horizontal lines on the right of the 


| figure, and it would be seen that the values deduced 


| violet light. which streamed on to the plate from L. | from the experiments with electrons only agreed 


an interesting point raised by one of his auditors, | Fjectrons were thus shot off, which were speeded up| with these at high speeds. As the speed dimin- 


viz., the nature of the forces involved in the mutual 
collisions of molecules. The evidence as to this | 
was unfortunately somewhat indefinite, but taken | 
as a whole suggested that round each of the | 
molecules was a weak attractive field extending to | 
distances which were considerable as compared with | 
molecular dimensions. Nevertheless, repulsive 
forces must also be brought into play if the molecules 
came within less than a certain distance of each 
other. The sign of the force was, however, quite | 
immaterial to his argument in the last lecture. If | 
the forces were attractive the molecules would pass | 
round each other, whilst if the partners to a collision 
got into the region where the force was repulsive, 
the orbit would be altered, but momentum and 
energy would still be conserved. It might, he 
thought, be possible to settle by detailed calcula- 
tion what actually happened. 

Returning next to the discussion of mean free 
paths, it had proved possible in this connection to 
verify experimentally the general correctness of 
the kinetic theory. The molecules, though at 
ordinary temperatures their speed was of the order 
of that of a rifle bullet, could not, owing to their 
sensible size, proceed far in a straight line, but 
collided with other molecules after traversing 


. : 1 
a distance, which, as an average, measured 700.000 


cm. in the case of air at normal temperature and 
pressure. Hence, owing to the smallness of this 
quantity, and the chaotic motion of the molecules, 
it might take a considerable time for any selected 
molecule to travel a net distance of 1 cm. from its 
starting point. The essential accuracy of the theory 
had been verified by experiments made by Professor 
Born in 1920. The apparatus used consisted of 
an exhausted vessel in which were mounted four 
horizontal plates spaced 1 cm. apart, each being 
pierced at the centre with a fair-sized hole. Near 
the bottom of the apparatus, vapour of silver, 
evaporated by an electric current from a silver wire, 
streamed through a small aperture, thus giving a 
conical stream of molecules proceeding up the axis of 
the vessel. Successive quadrants in each of the 
central openings were covered by a thin plate, with 
which some of the silver molecules collided and were 
condensed and retained. With a very high vacuum 
in the vessel the stream of silver molecules suffered 
very few impacts, and since they came from what 
was effectively a point source the density of the 
deposit on each of the different quadrants varied 
as the inverse square of its distance from the source. 

The experiment was next repeated with a little 
gas introduced into the vessel. There were then 
many collisions between the silver atoms and the 
molecules of the gas, so that the former were scat- 
tered, and far fewer accordingly found their way 
to the uppermost quadrant. The deposits were 
photographed and the density measured by optical 
methods. By comparing the results obtained in the 
two cases it was possible to deduce the mean free 
path which proved to be in fair agreement with the 
theory. No one, in short, doubted that calcula- 
tions based on the latter were substantially right, 
though not perfectly exact. 

The mean free path could also be determined by 
examining how electrons were scattered by a gas. 
In molecular collisions the length of the free path 





depended on the sum of the radii of two colliding 
molecules ; but the electron was so small that its | 
sphere of action could be neglected in comparison 
with that of the molecule with which it might 
collide. Moreover, the speed of the electrons might 
be so high compared with that of the gas molecules, 
that the latter, in any encounter might be regarded 
stationary. With these approximations 
Maxwell’s law showed that the mean free path of 
the electrons was 4 ./2 times as much as if their 
dimensions had been the same as those of the 
molecules with which they collided. It might be 
noted that the above figure was based solely on 
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by establishing an electric field between Z to B,. 
In the latter was a small aperture, through which a 
number of the electrons streamed, and were directed 
into a circular path by establishing a magnetic 
field at right angles to the plane of the drawing. 
On completing the circuit the electrons were trapped 
at A,, which was coupled up to a Faraday cylinder, 
which thus collected a charge of electricity, the 
amount of which gave the number of electrons 
traversing the circuit. The experiment was next 
repeated with a little gas in the apparatus. Many 
of the electrons then collided with molecules, and 
were thereby thrown out of the normal circular 
path, to which they were unable to return. Fewer 
electrons were therefore collected at A,, the number 
falling off geometrically with the density of the gas. 
From measurements made thus the mean free path 
of the electron could be deduced, and the results 
were rather surprising, as indicated in Fig. 8. In 


| ished, however, the apparent cross-section of the 
| molecule, in the case of the noble gases, increased 
|to a maximum, and then fell rapidly to zero. 
| Theorists had for years been trying to explain these 
| observations, but were still at fault. It appeared 
|that somehow the electron could, at very slow 
| speeds, penetrate the argon molecule, but could 
| not do this when the speed rose. The fact that the 
curves had maxima, might have been more or less 
| anticipated, since these were located at just the 
speeds at which the colliding electron was able to 
excite the atom of the gas concerned to give out 
light. At one time it was thought that the 
peculiar shape of these particular curves was a 
special property of the rare gases, but it had since 
been shown that similar results were obtained 
whenever the gas employed had a weak and fairly 
symmetrical stray field. Further work was now 
in progress directed to determining the free path 
of positively-charged gaseous molecules. 

A fundamental problem in the kinetic theory of 
gases was the nature of the collision between a 
gaseous molecule and a solid surface. If the 
surface were perfectly flat and smooth, and if the 
molecules could be regarded as perfectly elastic 
spheres, then in any collision between a gaseous 
molecule and this surface, the molecule would be 
“regularly reflected,” the angle of incidence being 
equal to the angle of reflection. As a matter of 
fact, the molecules were so small that any surface 
struck by one must be regarded as so exceedingly 
rough that the rebound might be made at practi- 
cally any angle. In fact, such molecules as struck 
the surface acted much as if they were condensed 
there, and then re-evaporated. This explained the 
fact that if we had two parallel plates, of which, say, 
the lower was moving and the upper fixed, then 
if the two were separated by a layer of gas the 
motion of the lower plate would be resisted, whilst 
a force would be developed on the upper plate 
tending to set it in motion. The phenomena pro- 
ceeded as if each plate were clad by a very thin 
layer of molecules which moved with the surface, 
whilst in the space between the plates, the velocity 
of successive layers of the gas varied uniformly from 
one plate to the other, being at mid-point, just 
one-half that of the moving plate. 

Experiment showed that if v denoted the velocity 
in centimetres per second of the lower plate, and d 
the distance in centimetres between the plates, 
then the force developed per square centimetre of 
each of the opposing plates was given by the 





, 


. v . 
expression f = 7 Z dynes per square centimetre, where 


7 was known as the coefficient of viscosity. In 
air at normal temperature the value of n was about 
0-00018 dynes per square centimetre. Ordinarily 
the direct effects of viscosity were little apparent, 
but experiment did show that the resistance to the 
motion of a gas through a capillary tube might be 
very high. It varied, in fact, as the fourth power 
of the radius, and thus the motion of a gas through 
fine passages became exceedingly slow. 

Glass tubes, moreover, were now made with such 
accuracy that the internal diameter did not vary 
from end to end by more than a small fraction of a 
millimetre. Ifa closely fitting steel ball were inserted 
in such a tube, and the ends closed, then it would 
be found that quite a long time was required for 
the ball to pass, under its own weight, from the 
top of the tube to the bottom. In fact, it was 
probable that this simple device might be used for 
comparative measurements of gaseous viscosities. 

How were these facts to be explained on the 
kinetic theory ? Well, he must, he was afraid, 
jump some of the difficulties. As already noted 
in the case of the two parallel plates, there was at 
each surface a very thin layer of molecules, which 
shared the motion of the surface. Between the 
plates the directed velocity of the gas varied with 





the distance, and hence, if a molecule, coming 
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348 
straight from an intermediate layer without oelli- | generators, and, owing to the high air and gas 
sion with another molecule, hit the plate, it would | pressures used, the grates were totally enclosed. 
carry with it, in addition to the momentum due to} The main operating valves for the generators, 
its chaotic motion, also momentum due to the | which are still in service, are worked hydraulically, 
directed motion superimposed on this. This latter | those for each unit being controlled from a board 
component momentum was, on the average, can-|on which the necessary gauges and instruments 
celled at the plate, and thus gave rise there to the | are also mounted. The fuel distribution for each 
viscous force. | generator in the first installation is effected by means 
One of the great triumphs of the kinetic theory | of a double-headed jib crane, the rope of which passes 
was Maxwell’s demonstration that it implied that | over pulleys on each head, one end carrying a dis- 
the viscosity of a gas was independent of its pres- | tributing chute and the other end the cover of the 
sure. He showed that the coefficient of viscosity was | feed door of the generator. In charging a generator, 
connected with p the density of the gas and c an| the cover is raised and swung sideways, the same 
average speed of the molecules by the relation »|™ovement bringing the distributing chute into 
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= 4 cL, where L denoted the mean free path. 
The density e was directly proportional to the 
pressure of the gas. Hence, if the latter were 
halved, so also was p. The very act of halving 
the pressure, however, doubled the value of L, so 
that the product p L was unaffected by a change 
of pressure. Hence, the value of 7 was also inde- 
dependent of the pressure. This was a most sur- 
prising result, and could not have been anticipated, 
since it seemed to conflict with common sense. 
The interest to-day lay, no longer, in confirming 
this result, but in determining the conditions in 
which Maxwell’s law broke down. It only held 
good, in fact, so long as L the mean free path was 
very small compared with the dimensions of the 
vessel containing the gas. 
Thus in normal viscous flow the discharge of a 
4 


gas through a capillary was proportional to # “Ps 


where R denoted the radius of the tube, / its length 
and p the pressure producing the flow. At very low 


pressures, however, the quantity discharged was | 


independent of the pressure and viscosity, but varied 
RS ° 
as» and was, moreover, proportional to the square 


root of the molecular weight. 

This fact was very important in the case of pumps 
producing high vacua, since with narrow connecting 
tubing the exhaustion became very slow. Knudsen 
had investigated, both by theory and experiment, 
the flow of gases at these very low pressures, and 
had obtained concordant results. Some of his 
experiments on CO, were plotted in Fig. 9. It would 
be seen that over a wide range the discharge was 
accurately proportionate to the pressure difference, 
as it should be according to Maxwell’s law. At 
very low pressures, however, the graph bent round, 
and an enlargement of this portion of the curve 
was given in the lower part of the figure. 








WATER-GAS AND PRODUCER-GAS 
PLANT AT BILLINGHAM. 


For the synthetic manufacture of ammonia at 
their works at Billingham-on-Tees, Messrs. Synthetic 
Ammonia and Nitrates, Limited, employ a modified 
and improved form of the Haber process in which 
the ammonia is formed by bringing hydrogen and 
nitrogen gases tegether at a high pressure and tem- 
perature in the presence of a catalyst. Preliminary 
work was commenced in 1920, but, owing to the 
magnitude. of the proposed operations, it was neces- 
sary to carry out extensive experiments on a com- 
mercial scale in order to ensure that the whole of 
the plant eventually installed should be of the most 
suitable design and construction. For this purpose, 
a number of full-size units were installed in 1921 for 
experimental operation on a commercial scale. The 
hydrogen and nitrogen required for the reaction are 
obtained by the chemical treatment of water-gas 
and producer-gas, respectively, and the first instal- 
lation put down comprised three water-gas gene- 
rators, with the necessary auxiliary plant, capable 
of gasifying from 80 to 100 tons of coke a day of 
24 hours. 
Power Gas Corporation, Limited, of Stockton-on- 
Tees. As it was intended that these units should 
form part of the permanent plant, their design was 


evolved on that basis, the essential requirements | 
being a high rate of gas production, simplicity and | 


convenience in operation, the minimum of labour, 


and the conservation of waste heat to the greatest | 
To obtain the required rate of | 


possible extent. 
production and to avoid the labour involved in hand 
clinkering, mechanical grates were used for the 


| position on the feed-door frame. The chute is then 
| rotated by hand gearing, while a weighed quantity 
of coke passes through it from an overhead hopper, 
| the flow of coke being controlled by a baffle plate. 
|_In this way, the coke is distributed uniformly over 


| the fuel bed in the generator. The latter is suspended 


| from steel joists, so that the bottom is raised above 
| the floor level and the ashes and clinker can thus be 
| discharged directly into trucks. This arrangement 
|also renders it possible to lower the bottom plate, 
| together with the mechanical grate and driving gear, 
/on to the ground for repairs. The first three units 
| were started up in 1923 with entirely satisfactory 
| results, but the blow gases in these units were at 
| first allowed to escape directly into the atmosphere. 
| Provision, however, was made in the original design 
for the subsequent installation of waste-heat boilers 
to extract the heat from the blow gases, as well as 
from the water gas, and after a few months’ experi- 
| ence with the working of the units, these boilers were 
|installed. To meet the increasing demand for gas, 
|a fourth unit, generally similar to the first three 
|units but supplied complete with a waste-heat 
| boiler, was installed in 1925. This unit was designed 
|to be operated by an automatic-control machine, 
| which will be described later, although it was at 
| fees operated from the hand-control board of the 
previously existing No. 3 unit. The automatic 
control machine for the No. 4 unit was actually put 
into service in July, 1926. 

In 1925, by which time the ammonia process had 
been proved to be commercially successful, Messrs. 
Synthetic Ammonia and Nitrates, Limited, decided 
to extend the whole of the works at Billingham, 
and they accordingly ordered five additional water- 
gas generators complete with waste-heat boilers, 
bunkers and the building for housing them. A view 
of the exterior of the building, at this stage in its 
development, is given in Fig. 18, on page 372. These 
later units, which we propose to describe in some 
detail, include certain new features in addition to 
»the automatic-control machines. The generators, 
for instance, are provided with low-pressure jacket 
boilers, automatic coke-feeding gear, high-pressure 
waste-heat boilers, and superheaters for the steam 
produced by the latter. Incidentally, it may be 
mentioned that heat-resisting alloy steels and iron 
have been largely used in their construction. Before 
these units had been completed, however, it was 
decided to instal another three generators, so that, 
when these are in service, the plant will contain 
twelve water-gas units capable of gasifying over 
400 tons of coke in 24 hours. To supply the nitrogen 
of which the volume required is, of course, one-third 
|of that of the hydrogen, two mechanical gas pro- 
ducers were provided in the first installation in 1924, 
a third being installed in 1926, while a fourth will 
be supplied with the last three water-gas generators. 
At the present time, further large extensions are in 
course of erection for the production of both water 
gas and producer gas. The general design and 
layout of this new plant is similar to that here 





The plant was manufactured by the | 


described, although many further improvements 
| have been incorporated. 

A plan showing the layout of the plant, which 
| was designed and constructed by Messrs. The Power 
|Gas Corporation, Limited, is given in Fig. 1 on 
| page 349, and a cross section through the building 
showing the general arrangement of one of the 
water-gas generating units with its auxiliaries, as well 
| as one of the gas producers, is given in Fig. 2, on Plate 
XXXVII. The whole of this plant, as now installed, 
is the subject of several patents granted to, or 
applied for by, Messrs. The Power Gas Corporation, 
Limited. Figs. 3 to 5, on this Plate, are sectional 











plans of a water-gas unit, and Fig. 6 is a vertical 
section through the generator. We may, perhaps, 
first remind our readers that, in the production of 
water-gas, steam is blown through a bed of incan- 
descent coke contained in a spitable chamber, 
and that, in passing through the hot coke, the 
oxygen in the steam combines with the carbon in 
the coke forming carbon monoxide and leaving the 
hydrogen free. Water-gas is thus a mixture of 
hydrogen and carbon monoxide, which would be 
present in equal proportions by volume if the 
reaction were complete. The reaction involving 
the dissociation of the steam is, of course, an 
endothermic one, so that the bed of incandescent 
coke is rapidly cooled down to a point at which the 
reaction ceases, or becomes inefficient. At this 
stage, the steam is cut off and a blast of air is passed 
through the coke to restore its temperature to the 
required degree. In practice, steam and air are 
passed through the bed of fuel alternately, the water 
gas resulting from the steaming stage, or “run” 
as it is called, being collected and the products of 
combustion from the “blow” being allowed to 
escape to the atmosphere. 

The cycle, as actually carried out at Billingham, 
consists of five stages, which are illustrated, respec- 
tively, by the diagrams reproduced in Figs. 7 to 11, 
on PlatesXXXVII. In these diagrams, the arrows 
indicate the direction of the steam, air and gas in each 
stage of the cycle. In the blow stage, Fig. 7, air is 
passed up through the fuel, for a period of about 1 
minute, the products of combustion escaping to 
atmosphere through the stack on the left. Air is then 
cut off and steam passed up through the fuel for about 
10 seconds, during which time the gas formed, mixed 
with air remaining from the blow stage, is allowed to 
escape to atmosphere, this stage being known as the 
“blow purge.” In the next, or “up-run” stage, the 
outlet to atmosphere is closed and the steam supply 
continued, the pure water gas formed being directed 
into the gas-collecting main. The up-run continues 
for about 2} minutes, during which time the tem- 
perature of the fuel, especially that in the lower 
portion of the bed, falls. The upper part of the 
fuel bed, however, remains sufficiently hot for gas 
making, so that the direction of flow of the steam 
is reversed for the next or “down run” stage, which 
is continued for about 1 minute, the steam then 
entering at the top of the generator and the gas 
leaving from the bottom. Finally, air is passed 
upwards through the fuel for a few seconds to drive 
out the gas remaining in the generator and its 
connections into the collecting main, the stage 
being known as the “run purge.” These five stages 
are continued, under automatic control, for the 
whole time that the plant is in operation. It will 
be noticed that both the gas and the products of 
combustion from the blow on their way to the collect- 
ing main and stack, respectively, pass through a 
recuperator and a waste-heat boiler. We shall deal 
with these auxiliaries later, but we may now explain 
that the object of the recuperator is to burn any 
combustible gases in the blow gases with secondary 
air, and thus to recover the heat which would 
otherwise be lost. 

The design of a water-gas generator must provide 
means for supplying the fuel and for removing the 
ashes and clinker. The fuel bed must be kept of the 
same density throughout, in order that the steam 
and air may spread equally over the whole area, 
and provision must be made for preventing fused 
ash from adhering to the generator walls. The 
recovery of waste heat is also an important considera- 
tion in a large plant, and the elimination of dust 
carried forward with the gases must also be provided 
for. The design of the valves, which have to be 
opened and closed continuously and in the correct 
sequence to control the flow of steam, air and gases, 
also presents a number of problems for which satis- 
factory solutions have been found in the plant with 
which we are now concerned. 

Dealing first with the coke-handling arrange- 
ments, we may mention that the coke, delivered by 
rail, is raised to a storage bunker, extending over 
the whole length of the building, by an automatic 
skip hoist having a capacity of 20 tons per hour, the 
net vertical lift being 135 ft. The skip bucket 
discharges into an elevated receiving hopper having 
two outlets, through which the coke is delivered 
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MECHANICAL GRATE FOR WATER-GAS GENERATOR AT BILLINGHAM. 


CONSTRUCTED BY MESSRS. 


THE 


POWER GAS CORPORATION, 








Fig. 12. 


pipes to a vertical steam and water drum, mounted | two are provided, and above the ash boxes inwardly- , extensions. 


Bottom PLATE SHOWING SUPPORTING AND GUIDE ROLLERS. 
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3. COMPLETE GRATE AND AsH Box. 


This additional blowing plant has been 


on the upper operating platform. The steam drum, | projecting adjustable ploughs are fitted to sweep | constructed by Messrs. Daniel Adamson and Com- 


three of which are visible in Fig. 19, on page 372, 
is provided with the usual boiler mountings, and 
the steam produced, at a pressure of 15 lb. per square 
inch, is delivered into the low-pressure steam 
main, from which steam is supplied to the generators 


for gas making. The upper portion of the sides and 
the top of the generator are lined with firebrick, and 


above the top plate is a water jacket in the form of 
a shallow tank, the object of which is to prevent 
the radiation of heat to the upper operating plat- 
form. Pokeholes, closed by conical plugs, are 
provided in the top of the generator for testing the 
fuel bed for ash and clinker; other poke holes and 
doors for hand clinkering are provided at the level 
of the grate. These, and other details of the 
generators, are most clearly shown in Figs. 14 and 
15, on page 351, which are, respectively, a longitu- 
dinal section and a sectional plan of one of the earlier 


generators, in which the water jacket forming the 


low-pressure boiler was not provided. Fig. 14 also 
shows part of the hand-operated coke-distributing 
gear with which these generators were fitted, as 
mentioned above, but the main dimensions and 
most of the details are identical with those of the 
later design. 

In all the generators, the fuel bed is carried on 
a mechanical grate of the Lymn-Rambush type, 


which is constructed of hematite iron with renew- | 


able conical plates of hardened steel for the faces 
subjected to wear. The construction of the grate 
can be followed by examining Figs. 14 to 17 on 
page 351, in conjunction with the photographs 
reproduced in Figs. 12 and 13, on this page. It 
will be understood that, as the grate slowly rotates, 
the curved upper surfaces raise and lower the fuel 
bed, with the result that a uniform density is main- 
tained throughout the whole of the mass. The 
conical formation of the grate also tends to move 
the lower strata of the fuel from the centre to the 
sides, where it falls between a wearing strip on 
the bottom of the generator wall and the vertical 
sides of the grate, which are shaped as shown in the 
plan, Fig. 15. In this space, the clinker is crushed 
to a suitable size for removal. The revolving table 
on which the grate is mounted also carries the 
crushed clinker round to the ash boxes, of which 


| the crushed material into the boxes. It is desirable 
| that the ashes should not be removed too rapidly, 
since a sufficient quantity should be left round and 
above the grate to protect it from the heat. For 
this reason, the rate of extraction can be regulated 
| by altering the speed of rotation, by adjusting the 
| position of the ploughs, or by working the grate 
|intermittently. The ash collected in the boxes is 


and is then discharged through hydraulically- 


| operated outlet valves at the bottom, as shown on | 


the left of Fig. 14. The rotating parts of the grate 
are carried by conical rollers mounted on the bottom 
plate of the generator and clearly shown in Fig. 12. 
which also shows the vertical rollers provided to 
keep the rotating parts central. The bottom plate, 


it should be mentioned, is bolted to the bottom curb | 


of the generator shell, so that this plate, together 
with the revolving table and grate, can be lowered 


bodily on to the ground for examination and repair, | 
The grate is driven by a vertical | 


when necessary. 
reciprocating steam engine, through the friction 
wheel, and worm and spur gearing shown in the 
bottom right-hand corner of Fig. 14. 

The air required for blowing the generators is 
supplied from a plant located in a separate building 
at the northern end of the main building, as shown 
on the plan, Fig. 1, on page 349. The hydraulic 
pumps which supply oil under pressure for operating 


the control valves, &c., are also housed in this | 


building. For the first installation of four genera- 


tors, two Rateau fans of the double-inlet type were | 


provided. These are each driven by a 150-h.p. 
direct-coupled motor running at 2,360 r.p.m., and 
each is capable of supplying 30,000 cub. ft. of 
air per minute at a pressure of 28 in. of water. 
The delivery mains from each blower are connected 
to the air main extending along the whole length of 
the main building, as shown in Fig. 1, a non-return 
valve, with a specially-designed explosion door, 
being fitted in each connection, in addition to the 
usual isolating valves. For the subsequent exten- 


sions, two additional blowers, driven by low-pressure 
condensing steam turbines, running at 3,300 r.p.m., | 
have since been installed in a separate building, in 
which adequate provision has been made for further 


|allowed to remain in them for some time to cool, | 


| pany, Limited, of Dukinfield. 

From the air main, the air is led through the pipe 
connections and hydraulically-operatedcontrol valve, 
shown in Figs. 2 and 4 on Plate XXXVII, to the 
bottom of the generator, whence it passes upwards to 
the grate and out through the louvres into the fuel 
bed. The joint between the ascending pipe and the 
rotating grate is maintained by means of a water 
seal, the construction of which can be followed from 
| Fig.14. The blow products leave through an outlet 
at the top of the generator, and, as already stated, 
| pass through the recuperator and waste-heat boiler 
|on their way to the stack. The steam for gas 
|making is supplied from a main at a pressure of 
|15 lb. per square inch, entering the generator 
| through the air passage at the bottom for the up 
| 





run and through a side connection at the top of the 
generator for the down run. The gas produced in 
the latter is conveyed to the top of the recuperator 
by an uptake pipe, best shown in Fig. 4, while that 
produced in the up run passes into the recuperator 
through the same outlet as the blow gases. The 
flow of air, steam and gas, as already stated, is 
entirely controlled by hydraulically-operated valves 
the opening and closing of which is effected by 
} an automatic-control machine. 

(To be continued). 








THE INSTITUTE OF METALS. 
(Continued from page 338.) 

On Wednesday afternoon, the 13th instant, at 
2 p.m., the members reassembled in the hall of the 
Institution of Mechanical Engineers, and_ the 
adjourned annual meeting was continued. Dr. 
Rosenhain, the President, again occupied the Chair. 

THe System CapMivumM-GoLp. 
The first paper taken dealt with ‘‘ The Constitution 


of the Cadmium-Rich Alloys of the System 
Cadmium-Gold.” In presenting the contribution, 
Dr. P. J. Durrant, the author, stated that the con- 


stitution of the alloys of cadmium and gold, from 0 
to 48 atoms per cent. of gold, had been re-investigated 
by the methods of thermal and micrographic 


analysis. The results of the investigation had been 
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such that important modifications had been made 
in Professor Saldau’s equilibrium diagram, published 
in 1915. 

The only speakers in the discussion were Drs. 
J. L. Haughton and M. L. V. Gayler. The former 
took exception to the use, by the author, of the 
term “brass,” when referring to certain gold- 
cadmium alloys, dnd the latter asked Dr. Durrant 
if he had given attention to changes which might 
occur at temperatures below 380 deg. In his reply, 
Dr. Durrant stated that he had employed the term 
brass because Professor Saldau had done so in a 
paper presented to the Institute of Metals in 1923. 
He agreed about the importance of the question of 
charges below 380 deg. This subject had not been 
dealt with in his paper, and he was unable to speak 
with any certainty on the matter. 


AGE-HARDENING OF SOME ALUMINIUM ALLOYS. 


The second paper to be dealt with on Wednesday 
afternoon was upon the subject of “The Age- 
Hardening of Some Aluminium Alloys.” It was pre- 
sented by Dr. M. L. V. Gayler and Mr. G. D. Preston. 
The contribution will be found on page 342 of our 
issue of last week. 

In the course of a long contribution to the dis- 
cussion, Dr. K. L. Meissner stated that he first 
wished to comment on a statement contained in the 
paper which was to the effect that by ageing at 
elevated temperatures, immediately after quenching, 
higher values could be obtained for the Brinell 
hardness and the tensile strength than were yielded 
by ageing at room temperature, followed by further 
ageing at higher temperatures ; although the general 
form of the curves was similar in both cases. He 
preferred to employ the term “ tempering’ when 
referring to the process of ageing at elevated tempera- 
tures. In 1925 he had arrived at similar results for 
alloys of the H, and H, type. He had come to the 
conclusion, however, that if a tempering treatment 
were resorted to, instead of the natural ageing at 
room temperatures, such a treatment was only useful 
if carried out immediately after quenching. In a 
more recent research on Duralumin, he had not 
obtained the same results. His tests differed from 
those of the authors in that he had used constant 
ageing periods, namely, 20 and 40 hours, and had 
employed a large number of temperatures between 
the limits of 50 and 200 deg. C. The curves he had 
plotted for each tempering temperature were not 
only similar in form but the values obtained, in 
each case, for yield point, maximum stress, and 
elongation were almost identical. 

The authors had stated that there was a maximum 
age-hardness for each temperature of heat-treatment, 
and that the temperature for which the maximum 
had the greatest value was approximately 150 deg. 





C. He had found, in 1927, that in the case of the 
Lautal alloy, the highest value of the maximum was | 
reached at 140deg.C. Turning now to the questions | 
of density dealt with in the paper. The decrease | 
in density, which occurred very markedly when | 
H; was subjected to tempering treatment at 200 deg. | 
C, suggested that a precipitation of CuAl, from | 
the solid solution took place. The process must be | 
accompanied by a decrease in density, in accordance | 
with the calculation given in the paper, in the para- | 
graph headed, Alloy H,, on page 343 ante. On! 
the other hand he would like to know. what occurred | 
during ageing at room temperature. If it be | 
supposed that, in this case also, some precipitation of | 
Cu Al, took place, then a similar decrease in density | 
should result. On the contrary, however, a slight | 
increase in density occurred. If the authors divided | 
the process of age-hardening into two stages, namely, | 
the rejection of the atoms of the dissolved metal | 
from the lattice and the coaguiation of the rejected | 
atoms or molecules into crystalline particles, one | 
had to assume from the observed values that the 

first stage was accompanied by an increase in 

density. There did not seem, however, to be any | 
reason for such an assumption, If, on the other | 


hand, the authors believed that after quenching and | 


ageing all the copper was still present in solid | 
solution, he could not understand why any change in | 
density took place at all. | 

He was of the opinion that the decrease in density | 
of the Duralumin alloy H, on tempering appeared | 
to be entirely caused by the copper. 


In this | 


connection the suggestion of the authors that only 
part of the dissolved magnesium and silicon com- 
bined to form Mg,Si during ageing was somewhat 
unexpected. The suggestion was in accordance 
with Archer’s and with his own results, which 
indicated that the compound Mg,Si had no influence 
upon the age-hardening of Duralumin, but that the 
presence of magnesium without silicon sufficed. 

Mr. F. Hargreaves asked the authors if the effect 
of strain on ageing had ever been investigated. He 
desired to know if such an investigation would be of 
any practical utility. The next speaker, Professor D. 
Hanson, said that the authors had stated in their 
conclusions that the precipitation of the dissolved 
substance from the supersaturated solid solution 
entailed, first, the rejection of the atoms of the 
dissolved metal from the lattice of the solid solution 
accompanied by the possible formation of molecules, 
a process which entailed a profound disturbance of 
the lattice. He desired to know whether this 
statement was an expression of opinion or whether 
it was substantiated by experimental facts. Again, 
when speaking of the formation of a compound in 
the process of age-hardening by the combination 
of atoms of the solute with those of the matrix, the 
authors had stated that a still greater distortion of 
the crystal lattices occurred. He also wished to 
know whether the experiments carried out had 
proved that this occurred or whether the authors 
had merely put this statement forward to explain 
their results. 

Dr. W. Rosenhain, said that, owing to the volume 
changes which took place in the alloys under 
discussion during ageing, the time of the machining 
operation had to be selected with care. If age- 
hardening alloys were heat-treated before machining 
they were liable to distortion. Machining must, 
therefore, be completed, to a large extent, before 
the heat-treatment operation was carried out. Turn- 
ing now to the X-ray evidence contained in the 
paper, there was a contraction of the aluminium 
lattice caused by solution of the copper; it was 
definite, although very minute. It might have been 
supposed, on broad grounds, that under these 
conditions the lattice would expand, but, on the 
contrary, it had been found to contract. He desired 
to know if this constituted an exception to the 
general rule or whether there were other factors at 
work. It was difficult to determine, but he con- 
tended that if it were possible to measure the lattice 
of the aluminium alloy at high temperatures an 
expansion would be found to have occurred. In the 
age-hardening phenomenon it should not be for- 
gotten that there were two processes at work. In 
the first place, there was the precipitation itself, 
which, however one looked at it, always entailed a 
hardening and an increase in the electrical resistance. 
Secondly, there was a re-arrangement of the whole 
of the crystalline structure, and this made for 


|softening and a decrease of electrical resistance. 


These two processes would go on at different rates, 
and different maxima for hardness might be secured 
under different conditions. Too much importance 
should not, therefore, be attached to the maxima 
hardness figures determined. 

Mr. G. Preston, who first replied to the discussion, 
emphasised, in his answers to some of the points 


raised by Dr. Meissner, that the density changes of | 


the specimens aged at room temperatures were very 
small indeed, and entirely different from those 
obtained on ageing at high temperatures. There 
was no doubt at all from the X-ray evidence that the 
lattice matrix was in a very disturbed state. Dr. 
M. L. V. Gayler, who also briefly replied, said that 
she was sorry to hear Dr. Meissner state that he did 
not think Mg,Si caused age-hardening, because 
investigation at the National Physical Laboratory 
had definitely proved that it did. 


VRITTLENESS IN ARSENICAL COPPER. 


The next paper, which bore the title “ Brittleness 
in Arsenical Copper—II,” was by Mr. Clement 
Blazey, an Australian member of the Institute. In 
the absence of Mr. Blazey it was taken as read, but 
was thrown open for discussion. The author stated 
that in a communication to the proceedings at the 
1927 spring meeting of the Institute,* a description 
had been given of a type of brittleness in arsenical 





* See ENGINEERING, Vol. cxxiii, page 298 (1927). 





copper characterised by low tensile strength and 
elongation, a non-necked, intercrystalline fracture, 
and inability to withstand repeated bending after 
annealing below from 600 to 650 deg. C. After 
annealing at a higher temperature the brittleness 
disappeared, but it reappeared when the copper was 
cold-worked and again annealed at a relatively low 
temperature. A series of melting and working tests 
had been carried out since the publication of the 
last paper. It had been found that, under certain 
conditions, a small amount of bismuth, 7.e., about 
0-004 per cent., could produce a susceptibility to 
brittleness remarkably like that described. The 
addition of phosphorus after bismuth, however, 
destroyed the susceptibility. Nevertheless, the 
phenomenon under discussion was not more easy to 
understand now that it appeared to be associated 
with bismuth. The curious fact still remained that 
it was characteristic of low-temperature annealing 
only, and was recurrent. 

The first speaker in the discussion, Mr. J. H. 
Grant, stated that he was glad that the author had 
confirmed that antimony in small amounts was not 
deleterious to copper. Mr. Blazey now, however, 
ascribed the brittleness to the presence of bismuth. 
He himself thought that it was not so much the 
bismuth itself which was dangerous; it depended 
entirely on the form in which that metal was 
present. Bismuth allied with oxygen would most 
certainly be deleterious. The author had stated in 
the course of his paper that, under certain conditions, 
bismuth was believed to be volatile. He wished to 
emphasise that bismuth was not volatile in the 
ordinary way in the furnace and that the contents of 
the metal in an alloy did not vary at all. Mr. 
Blazey had obtained one strange result; he had 
made up a melt containing 0-24 per cent. arsenic, 
0-125 per cent. phosphorus, and 0-132 per cent. 
sulphur, and had found that the alloy forged well 
and was also satisfactory when in strip form. He 
himself did not understand how an alloy containing 
such a large percentage of sulphur could have been 
forged satisfactorily. The next speaker, Professor 
C. H. Desch, said that the paper contained no 
mention of tellurium. In the course of an investi- 
gation of some copper stay rods he had ascertained 
that 0-005 per cent of bismuth by itself gave no 
trouble. When, however, this percentage of bis- 
muth was associated with as little as 0-002 per cent. 
of tellurium, the alloy was completely useless. He 
supposed that Australian copper had been used by 
Mr. Blazey and this often contained tellurium. 
The last speaker, Dr. H. W. Brownsdon, reiterated 
that the manner in which the bismuth was present in 
the alloy should be taken into consideration rather 
than the actual chemical percentage of the metal. 
He thought there was evidence that even in other 
metallic alloys, such as the ordinary brasses, 
difficulties in forgeability and in ductility sometimes 
occurred, which were removed on remelting in the 
presence of phosphorus. In this connection, he 
saw a possible analogy between Mr. Blazey’s results 
and what might be expected to happen on adding 
| phosphorus to these types of copper alloys. 











| THE HavuGutTon-HANSoN THERMOSTAT. 


The last paper discussed on Wednesday afternoon 
was “A Note on the Haughton-Hanson Thermo- 
stat. A Method of Fine Adjustment,” by Dr. P. J. 
Durrant. It was read by the author and will be 
found on page 327 of our issue of last week. 

Dr. J. L. Haughton, who opened the discussion, 
stated that Mr. C. H. M. Jenkins, of the National 
Physical Laboratory, had also introduced a method 
of fine adjustment somewhat similar to that 
described in the paper. This modification, however, 
involved the use of mercury side tubes. The method 
of stopping the thermostat, put forward by Dr. 
| Durrant at the end of his contribution, was a most 
| ingenious one. 

Dr. W. N. Hindley stated that the thermostat 
| used at the Research Department, Woolwich, had 
been made by Dr. Haughton when at the Depart- 
ment, and the high-temperature furnace was still 
in use. The “ cold bulb,” however, had had several 
modifications. At one time, one limb of the 
U-tube was connected to a large glass bulb immersed 
in a water bath maintained at constant temperature, 
and for variations in temperature the two limbs of 
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the U-tube were connected by a long capillary tube 
and stop-cock. Owing to its fragility, this apparatus 
had now been abandoned. The “ cold bulb” used 
at present was the same as that described by the 
author, with the exception that no toluene was 
used, the annular space and tube being filled with 
mercury. It had been found necessary to lag the 
tube (corresponding to C in the author’s Fig. 1), 
as variations in atmospheric temperature had an 
appreciable effect on the control. The rise or fall 
in the tube for a given difference in temperature 
was, of course, less than when toluene was used, and 
consequently the relation scale was not so open. 
The rod carrying the platinum wire was attached to 
a graduated micrometer head and _ preliminary 
experiments were made to determine the relation 
between the rise or fall in temperature of the master 
furnace for each turn of the micrometer screw. A 
relation curve could be obtained for any given 
temperature of the master furnace. When the 
mercury made contact with the platinum wire 
the winding of the cold bulb was shunted by a lower 
resistance, thereby decreasing the current and 
lowering the temperature of the bulb. This method 
had the advantage that, should the electric power 
fail overnight, no inconvenience was caused, as was 
the case when toluene was used. 

In the course of his reply, Dr. Durrant stated 
that mercury was not only heavy, but it was a 
good conductor of heat. These considerations had 
caused him to use toluene, which was light and 
certainly not a good conductor of heat. Dr. 
Hindley had drawn attention to one of the difficulties 
brought in by the use of mercury, in that he had 
mentioned the necessity for lagging the U-tube 
containing it. 

The fifth and last paper on the agenda for Wednes- 
day afternoon—namely, that dealing with ‘‘ The 
System Magnesium-Zinc,” by Dr. W. Hume- 
Rothery and Mr. E. Rounsefell—was taken as read 
in the absence of the authors. As no member 
came forward to discuss the paper, the President 
adjourned the meeting until 10 a.m. on the following 
day. 

KETTLES FOR REFINING METALS. 


When the members re-assembled in the hall of 
the Institution of Mechanical Engineers on Thursday 
morning, the 14th instant, Dr. Rosenhain, the 
President, again occupied the chair. The first 
paper taken was that entitled, “‘ The Importance of 
Design and Setting of Large Kettles used for 
Refining and Low Melting-Point Alloys,” by 
Mr. H. C. Lancaster. The author, who presented 
his contribution to the meeting, dealt with some of 
the problems met with in increasing the size of 
kettles from 20 tons to 50 tons capacity, and showed 
how the larger units required radical alteration in 
design to be successful in practice. We reproduce 
this paper on page 380 of this issue. 

Mr. D. F. Campbell asked Mr. Lancaster what 
was the cost of replacing a kettle and also what were 
the costs of heating. His company was considering 
the feasability of heating kettles of the type described, 
but of smaller capacity, by means of electricity. 
The kettles in question were to be used for melting 
lead alloys for coating cables, and were to be installed 
at Algiers and in various parts of France. The 
next speaker, Mr. A. H. Mundey, said that in his 
works they used kettles of all sizes from 3 cwt. to 
15 tons. Many methods of heating had been tried 
and solid fuel had been abandoned, chiefly on 
account of lack of space and want of cleanliness. 
Gas and oil heating and, in some cases, electrical 
heating were used. Gas and oil heating required 
careful regulation otherwise hot spots were apt to 
develop. The chief trouble experienced, however, 
was the formation of spongy areas in the cast iron. 
Sometimes, after quite a long period, a spongy spot 
formed in a kettle and the liquid metal percolated 
through. His firm had tried to issue specifications 
for standard heat-resisting cast iron, but it had 
been found that this procedure only succeeded if a 
relatively large order were placed with the kettle 
maker, Generally speaking, a pot could not be 
designed for endurance, the design was regulated 
by the type of machine in connection with which 
it was used. The pot which held the stereotyping 
alloy on the machines in a printing works, for 
instance, usually had a very peculiar shape. One 
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such pot had given satisfactory service for 15 years 
and had suddenly failed by cracking. 

Dr. W. Rosenhain asked if, in the matter of 
electrical heating, an immersion heater could be 
employed. This would relieve much of the wear in 
the pot as the heat would be generated within the 
metal contents. It was remarkable to find that a 
cast-iron pot which did duty at temperatures of 
850 deg. C., and presumably was cooled at intervals, 
could last for such long periods. He contended 
that the pot, mentioned by Mr. Mundey, which had 
been in daily use for 15 years had certainly done 
its duty, and the owners had no cause whatever to 
find fault with the material. He was interested to 
find that cast iron “ pulled down,” as indicated 
in the paper. It was not a plastic material; the 
phenomenon might, however, be caused by growth. 
A number of heat-resisting cast irons had been 
developed in recent years, and he was sorry to 
hear Mr. Mundey state that, in order to secure 
standard cast iron pots, it was necessary to place 
large orders with manufacturers. Mr. Mundey here 
interposed with the remark that electric immersion 
heaters were regularly used. The last speaker, 
Professor C. H. Desch, stated that the bulging 
of the bottom of the kettle was due to growth of 
the cast iron and not to plastic flow. His own 
experience with large l-ton to 2-ton kettles used 
in the sugar industry certainly showed that the 
kind of growth described in the paper took place, 
although the temperature employed was only 200 
deg. C., or a little more. 

In his reply, Mr. Lancaster said that he had no 
experience of melting lead by electricity. He 
could not answer Mr. Campbell’s questions unless 
further information were supplied. The determina- 
tion of costs was a difficult matter. He believed 
that the time would come when electricity would 
be used for melting lead in the cable and other 
industries, but the question of cost would be the 
determining factor. He could not quite agree 
with some of Mr. Mundey’s remarks. He had 
been in daily contact with the lead industry for 
the past forty years and he could assure the meeting 
that with one or two exceptions he had never 
had a really spongy casting. Firms who specialised 
in the manufacture of kettles invariably produced 
sound and satisfactory castings. 


ImproveD Form or ELEctTrRIc RESISTANCE 
FURNACE. 

The second paper dealt with on Thursday morning 
was by Dr. Rosenhain and Mr. W. E. Prytherch, 
and was read by the latter. The contribution was 
entitled ‘‘ An Improved Form of Electric Resistance 
Furnace,” and was reproduced on page 339 of our 
issue of last week. 

Dr. M. Haas said that a high-temperature electric 
furnace was a necessity in the modern laboratory. 
The high-frequency furnace was a useful piece of 
apparatus but the investigator demanded a cheaper 
form of furnace. Would it be possible to have a 
vertical furnace, of the type described in the paper, 
into which crucibles could be placed, having an 
internal diameter of from 5 cm. to 8 cm. and 
capable of being heated to temperatures in the 
neighbourhood of 1,500 deg. C. He would also 
like to know the nature of the ceramic material used 
for enclosing the carbon rods. The second speaker, 
Mr. A. G. Lobley, said that the authors had remarked 
that the constancy of the resistance of the furnace 
was evident from the current consumption, which 
did not change appreciably during prolonged use. 
No actual measurements of change of resistance 
with time had, however, been carried out. He 
desired to know if any figures had been obtained 
in this connection since publication of the paper. 
He also would like to know the nature of the 
refractory tube, and if any carbide formation or 
reduction of the refractory took place. 

The discussion was continued by Mr. A. B. 
Winterbottom, who asked the authors if they had 
any data regarding the best voltage to use per 
contact, and the approximate current density. 
He would also like to know if they had carried out 
any experiments with different qualities of carbon. 
Mr. W. B. Clarke, who spoke next, said that 
furnaces of the granular-carbon type had been intro- 
duced some twenty-four years ago. These furnaces 
were apt to develop hot spots. Nevertheless, they 





had been used with success for the purpose of 
carbonising electric lamp filaments ; they yielded 
much higher temperatures than were obtainable 
from gas or oil furnaces. He would like to know 
if there was a difference between alternating and 
direct current in the matter of the resistance of 
the carbon pellets in the authors’ furnace. 

Dr. Rosenhain, who replied to the discussion, 
said that the fundamental difference between the 
furnace under discussion and that of the granular- 
carbon type mentioned by Mr. Clarke, was that 
in the former the carbon was unaffected. It was not 
even necessary to have a gas-tight sheathing tube. 
The capillary clearance space between the pellets 
and the sheath, which was at first filled with air 
and afterwards with gas, was quite sufficient to 
protect the pellets from the outside atmosphere. 
The viscosity of carbonic acid gas was high at high 
temperatures, consequently the rate of diffusion was 
low. They did not attempt and did not advise the 
regulation of the furnace by varying the pressure, 
they therefore worked with a constant pressure. 
If the pressure were varied hot spots would result. 
The refractory used was a German product, namely, 
Pythagoras porcelain. It would not withstand 
temperatures of from 1,500 deg. C. to 1,600 deg. C., 
but it could be employed with success at tem- 
peratures up to 1,300 deg. C. The investigation 
was being continued but he did not think that 
temperatures above 1,800 deg. C. could possibly be 
obtained. A number of speakers had asked for 
further quantitative data, these were, however, not 
available at the present time. 

DINNER AND CONVERSAZIONE. 

The annual dinner, which forms a regular item 
in the proceedings of the March general meeting 
of the Institute, was held at the Trocadero Restau- 
rant on Wednesday, the 13th inst., when about 
two hundred members and guests were present. The 
chair was occupied by the President, Dr. Rosenhain. 
The speeches reached a high level of interest, the 
Government guest, Sir Samuel Hoare, Secretary of 
State for Air, who proposed ‘‘ The Institute of 
Metals,” dealing in some detail with the progress 
in the metal construction of aircraft. We need not 
deal with his remarks in detail, as these essential 
features were given in the note on “The Air 
Estimates” which appeared in our issue of last 
week. Dr. Rosenhain, in reply, naturally concerned 
himself mainly with the work and progress of the 
Institute during its twenty-one years of existence, 
and gave some account of its history. That progress 
has certainly been remarkable, and there can be 
no doubt but that this coming-of-age celebration 
is but a prelude to much further development. The 
toast of “The Guests” was proposed by Lord 
Melchett, who dealt with the question of research, 
to which few people in the country have given equal 
support and practical encouragement. Lord Mel- 
chett feared that even now few firms in the country 
had an adequate idea of what properly constituted 
research. The toast was replied to by Sir Ernest 
Rutherford and Dr. W. Rohn, who represented the 
Verein Deutscher Ingenieure and the Deutsche 
Gesellschaft fiir Metallkunde. Several German 
guests were present in view of the meeting of the 
Institute to be held in Diisseldorf in September. 

The coming-of-age celebrations also included a 
conversazione and metallurgical exhibition held 
at the Science Museum, South Kensington, on 
Thursday, the 14th inst. The guests were received 
by Dr. and Mrs. Rosenhain. The function was a 
highly successful one and was attended by a large 
number of members and guests. The metallurgical 
exhibits covered all types of non-ferrous metals 
and alloys, and specimens showing the methods 
of working and the range of application of materials, 
together with lists of mechanical test results, 
representative photo-micrographs, typical fractures, 
and apparatus for conducting special tests, consti- 
tuted an array of great scientific interest. The 
exhibitors included a number of the leading non- 
ferrous metal manufacturing firms, Universities 
and technical colleges, Government scientific depart- 
ments and laboratories, and research institutions and 
workers. At this function a brochure of interest and 
permanent value giving a history of the Institute and 
its activities was distributed to the guests. 

(To be continued.) 





354 


AIR-LOADED HYDRAULIC 
ACCUMULATORS. 


WEIGHT-LOADED hydraulic accumulators have the 
characteristic that pressures considerably in excess 
of the normal may be developed on the arrest of the 
ram after a rapid fall. In certain special cases this 
feature may be of advantage, but for most ends served 
by hydraulic methods of power distribution these 
surges of pressure are best avoided. They can be 
eliminated by replacing the weight-loaded ram by a 
cushion of compressed air, and systems of this kind 
have been extensively adopted on the Continent. 
An additional advantage attaching to these is the much 
greater ease of installation, since no massive foundations 
are required. The constituent parts of the plant are 
relatively light in weight, and the accumulator cylinder, 
moreover, may be horizontal instead of vertical. An 
example in which this arrangement was adopted is 
illustrated in Fig. 1, which represents a plant erected 
in Germany by Messrs. Werner and Pfleiderer, of 
Constatt-Stuttgart, whose air accumulators are now 
to be made in this country by Messrs. Baker Perkins, 
Limited, Westwood Works, Peterborough. In the case 
represented in Fig. 1, the designed working pressure 
is 3,000 lb. per square inch, but in other cases pressures 
as high as 600 atmospheres have been adopted. As 
will be seen, in this instance, both the accumulator 
and the air bottles are slung from beams near ceiling 
level. The hydraulic pumps can be seen in the 
background, and, as shown, are motor driven. The 
small air compressor visible in the foreground may be 
regarded merely as a stand-by, being intended for use 
in recharging the air bottles when necessary. 

A section through a high pressure accumulator 
cylinder is represented in Fig. 2, page 355, and an 
end view in Fig. 3. The connection to the air bottles 
and to the water pumps is clearly shown. The piston 
of the accumulator is represented as near one end 
of its stroke. It slides freely but air-tight both in 
its cylinder and on the central rod A, and its stroke 
is limited in both directions. Thus, should it move a 
little further to the right the striker B, shown at 
the extreme left of the figure, will come into contact 
with the end of the spindle C, and this will then be 
forced down against the pressure of the spring shown, 
and will open the valve D, thus establishing direct 
communication with the spent water main. As 
indicated in the end view, Fig. 3, two of these valves 
are provided, the second serving as stand-by, and 
coming in action after the valve C, should the latter 
for any reason fail to open. Both valves can also be 
opened by hand, by turning their spindles by the 
handles provided. Both these valves are, however, 
of the nature of safety devices, the apparatus being 
normally controlled by a hydraulic relay which short- 
circuits the pumps should the pressure on the system 
exceed a predetermined limit. On its return stroke 
the piston carries with it the rod A until this strikes 
the end of the sleeve carrying the flange B. A slight 
axial movement of this then resets the valve controlling 
the hydraulic relay. The pumps accordingly begin 
to recharge the accumulator with pressure water. 
In general, this is arranged to happen when the 
accumulator has discharged 25 per cent. of its rated 
capacity. 
the left by sliding on its rod, which is then held 
stationary by the flange E coming into contact with 
the end of the cylinder. The valve shown at F, Fig. 2, 
is used for cutting off the accumulator from the 
presses during repairs or alterations. The accumulator 
cylinder is bored out of a Siemens Martin steel forging. 
The cover G is secured in place by a ring P. This is 
split into four parts, and when these are closed together 
the outer diameter is the same as that of the cover, 
and the whole fits into the groove shown. In this 


condition the cover, carrying the ring with it, can be | 


The ry segme » ring | 5 ” . - 
The four segments of the ring | the Public Health,” was delivered by Dr. D. Mackenzie, 


pushed into place. 


The piston can, however, still move to | 
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Fig. 1. 


The automatic control of the apparatus is effected 
wholly by an hydraulic relay. To this end a branch 
pipe leads from the bottom of the accumulator to the 
weight-loaded pilot valve, shown on the right. Should 
the pressure rise above a predetermined limit, the 
pilot valve is pushed up and pressure water gets access 
to the port N (Fig. 5); and, passing through this, opens 
a valve which short-circuits the pump delivery with the 
return water tank. The arrangement will be clear 
on reference to the diagram reproduced on Fig. 5. 
Here the accumulator is shown at H and the loaded 
pilot valve at L, and as it stands it will be seen that 
there is direct communication between the ports M 
and N, so that the pressure in the pipe leading from N 
is that in the return main. If, however, the pilot 
valve rises, the communication between M and N is 
closed, and pressure water entering N passes beneath 
the piston O, pushing up the valve Q, so that the 
water delivered from the pump, instead of passing to 
the accumulator through the non-return valve shown, 
escapes back to the return water tank. 








CoMMITTEE ON Burst Water Marns.—The Council 
of the Institution of Water Engineers has appointed a 
committee to investigate the matter of burst water 
mains. The committee will comprise the following 
engineers, all of whom are members of the Institution 
of Civil Engineers: Messrs. S. C. Chapman, F. W. 
Macauley H. E. Stilgoe, A. B. E. Blackburn, F. J. Dixon, 
J. K. Swales, and Lt.-Col. J. R. Davidson. The secretary 
is Mr. A. T. Hobbs, A.M.Inst.C.E., Institution of Water 
Engineers, Parliament Mansions, Victoria-street, London, 


| S.W.1. 


are then pulled up, to lock into a groove turned in | 


the cylinder. 


The joint between cover and cylinder is made by a | 


rubber ring. This is of round section, measuring about 
fy in. in diameter. This ring is simply laid in 
place and automatically seals the joint when the pres- 
sure comes on. This type of packing is adopted for 
all joints subject to hydraulic pressure, and not subject 
to subsequent movement. It has proved satisfactory 
even under 9,000 Ib. per square inch. Each of the 
air bottles is provided with independent control valves 
so that they can be charged separately. 

When hydraulic pressures of less than 150 atmospheres 
are required, a somewhat less elaborate type of accumu- 
lator can be used, the air being allowed to come into 
direct contact with the water. In such cases the 
accumulator consists of a simple vertical cylinder, the 
upper part of which is coupled up through a non-return 
valve with the air bottles, and the bottom end with the 
hydraulic pumps, as indicated in Fig. 4. 

The float shown serves to prevent loss of air should 
there be a break on the delivery mains. Should this 


Cuapwick Pusiic Lectures.—The first Chadwick 
public lecture of the present year, entitled “‘ Noise and 


at University Hall, Gordon-square, London, W.C.1, on 
February 21 last. Dr. Mackenzie stated that the great 
increase of industrial noises in workshops and factories 
was acknowledged to have a bad effect on those who 
worked in them, and efforts had been made to reduce 
the harmful sounds and the exhaustion they produced. 
Little had been done, however, to minimise the noise 
produced by street and highway traffic. He suggested 
that zones and hours of silence should be demarcated 
by the Police or Public Health Authorities ; that streets 
in front of schools and hospitals should be paved with 
rubber blocks; that the size, weight, and speed of 
motor lorries should be reduced ; and that heavy goods 
should be relegated entirely to the railways for transit. 
The second Chadwick lecture was delivered at 8 p.m., 
on March 11 last, at the Royal Society of Arts, John- 
street, Adelphi, London, W.C.2. The lecturer was Mr. 
G. M. Burt, and the subject dealt with, ‘“* The Making 
of a Modern Building.’’ On April 23 next, at 8 p.m., 
Mr. C. E. Stromeyer will lecture on ‘‘ What Health and 
Civilisation Owe to Engineering,” at the Institution of 


Mechanical Engineers, Storey’s-gate, London, S.W.1. | . me : ORO : 
Full particulars regarding all forthcoming Chadwick | impurities on the corrosion of plain zincs by ammonium 


public lectures may be obtained from the Secretary, 
Chadwick Trust, 204, Abbey House, Victoria-street, 


happen it descends and closes the end of the outlet pipe, | London, S.W.1. 


| on Thursday, March 14, 1929. 


THE SOLUTION OF PLAIN AND 
AMALGAMATED ZINCS IN ELECTRIC 
BATTERIES.* 

By J. Newton Frienp, D.Sc., Ph.D., F.I.C. 


AxBouT a year ago a British firm inquired of the 
author whether plain high-grade 99-9 per cent. zinc 
might be used to replace amalgamated ordinary 
commercial 98 per cent. to 99 per cent. zinc in electric 
batteries, and thus enable the expensive and somewhat 
dirty process of amalgamation to be dispensed with ; 
or, failing this, if it would be more efficient to employ 
amalgamated pure zinc in such batteries. An investi- 
gation was therefore undertaken, and as the results 
may be of interest to others, it has been decided to 
make them public. 

The zinc was provided by Messrs. the London Zinc 
Mills, Limited, and was in two forms: (1) Sheet zine, 
0-35 cm. thick, bent round into a hollow cylinder 
11-5 em. long and 4-5 cm. in diameter. It was fitted 
with a tongue, to which was riveted a thin copper strip 
for electrical connection, and this latter was coated 
with black varnish. Weight, approximately 350 gm. 
(2) Cylindrical zine rods, 15-3 cm. long and 0-96 cm. 
in diameter. These were joined at the top to copper 
wire in the usual manner for Leclanché cells. Weight, 
approximately 85 gm. LEach of these forms Was 
prepared in four varieties—namely, plain ordinary 
98 per cent. to 99 per cent. zinc, OZ; ordinary zinc 
amalgamated, OZA; high-grade 99-9 per cent. pure 
zinc, PZ; and pure zinc amalgamated, PZA. The 
ordinary zinc had the following compo- sition: lead, 





1-12; iron, 0-05; arsenic, 0-006 (approx.); zinc, 
98-82 per cent. 
Dilute Sulphuric Acid Tests. Series I.—In this 


series amalgamated cylinders alone were used, for the 
| action of dilute acids upon various plain zines had 
already been made the subject of extensive inquiry by 
numerous other workers. Preliminary tests showed 
that, although the plain pure zinc was much more 
resistant to sulphuric acid attack than the ordinary 
metal, it was, nevertheless, attacked too vigorously 
to be of use in an electric cell. Thus, in one hour a 
plain pure zinc cylinder lost 5-26 grm. in 10 per cent. 
sulphuric acid solution, whilst in the same period 
|a cylinder of ordinary zine lost 29-5 gm. Cylinders 
| 
| 
| 





of the amalgamated metals were exposed to the action 
of dilute sulphuric acid for three months. The cylinders 
stood upright on a glass plate in a large glass trough 
| containing several litres of 10 per cent. sulphuric acid, 
| and were immersed to a depth of 7-5 cm. The amal- 
| gamated pure zincs lost 10 times as much in weight 
|as the amalgamated ordinary zincs, and were eroded 
| through in numerous places. 

| Ammonium Chloride Tests—Although the effects of 





* Paper read before the Institute of Metals, London, 
Abridged. 
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chloride solution have been investigated, 
notably by Drucker,* published data con- 
cerning amalgamated zincs are very 
scanty. The following results, therefore, 
possess @ special interest. 

Series II. Tests with Cylinders.—Four 
zine cylinders were exposed in a large 
glass tank to the action of saturated 
ammonium chloride solution for nine 
months. They stood on a glass plate 
and were immersed to a depth of 11-8 cm. 
The results showed the superiority of the 
pure zinc over the ordinary metal in the 
plain condition, but the amalgamated 
pure zine proved slightly less resistant 
than the amalgamated ordinary metal. 

Series III. Tests with Rods.—Eight 
rods were suspended from glass rods in a 
saturated solution of ammonium chloride 
fornine months. They were immersed to 
a depth of 11-8 cm. The plain pure zinc 
again proved superior to the ordinary, 
and the amalgamated pure zine was also 
slightly superior to the amalgamated 
ordinary metal. 

Series IV. Leclanché Cell Tests.—Hight 
cells were fitted up in series and connected 
to a bell, which was used intermittently 
for nine months. The results confirmed those of the 
previous series. The mean loss in weight of two OZ 
rods was 9-61 gm., of two PZ rods 8-77 gm., of two 
OZA rods 3-08 gm., and of two PZA rods 2°81 gm. 


TABLE I. 
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Series V. Telephone Cell Tests.—Eight rods were 
placed in Leclanché cells in the telephone batteries 
of the Central Technical College, Birmingham, which 
were in constant use. After nine months the rods 
were removed, with the results shown in Table I. 
The amalgamated metals have behaved alike, and their 
superiority over the plain pure zinc is evident. 

Comparing Series II and III, it was found that the 
plain zinc cylinders in Series II lost very much more in 
weight in proportion to the amalgamated cylinders 
than the corresponding rods in Series III. Thus, in 
Series II the cylinder ratio OZ: OZA was nearly 
12:1, whereas in Series III the rod ratio OZ: OZA 
was only 2-2: 1. Similarly, the cylinder ratio PZ: PZA 





* Drucker, Z. Elektrochem., vol. xxix, p. 412 (1928). 
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was 3-6: 1, whilst the corresponding rod ratio was 
1-8: 1. Possibly this is connected with the work 
done on the metal sheets when shaping them into 
cylindrical form. One would expect amalgamation of 
the surfaces to assist recovery to a fairly uniform 
potential. The single OZA cylinder in Series IT lost 
less in weight than the PZA cylinder, although in 
general the OZA rods lost slightly more in weight than 
the PZA rods. This may, of course, be an accident. 
In any case, one cannot safely generalise from a single 
test. The differences between the various zincs in 
Series V are somewhat less than in the other series. 
This was to be expected, since in Series V some of the 
zinc was used in service. 

It is recognised that only two varieties of zinc have 
been used in these tests, and that the tests themselves 
have been limited in character; but the metals were 
typical commercial brands, and it is thought that the 
following conclusions are justified: (1) The use of 
plain high-grade 99-9 per cent. zinc in electric batteries 
cannot be recommended in place of amalgamated zinc. 
(2) In dilute sulphuric acid the amalgamated pure 
zinc may be even less resistant to attack than the 
amalgamated ordinary metal. (3) In ammonium 
chloride solutions there is little to choose between 
amalgamated pure and amalgamated ordinary zincs. 
No change from the usual practice of using amalga- 
mated ordinary zinc is therefore recommended. 








THE Wrvypsor-DerroiIr TuNNEL._-Work on _ the 
construction of the Windsor-Detroit vehicular tunnel, 
Ontario, is progressing rapidly, and it is anticipated 
that the enterprise will be completed in 1930. Some 


35 per cent. of the dredging of the trench in the Detroit 
river has been completed, and the concreting of the 
second section of the river tunnel to be sunk at the 
foot of Randolph-street, Detroit, is almost finished. 
The second section of steel tube will be ready for launching 
shortly, and a considerable portion of the third section 
has been completed. 
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Cockatoo IsLAND DockyarD, SYDNEY, AUSTRALIA, 
—In connection with the decision arrived at some time 
ago by the Government of the Commonwealth of 
Australia, to dispose of the Commonwealth Line of 
steamships, tenders are being invited for the lease of 
Cockatoo Island Dockyard for a term of 20 years, with 
the option of renewal for a further term not exceeding 
10 years. The Dockyard is situated in the harbour 
of Port Jackson, New South Wales, and is close to 
Sydney. It has an area of about 37 acres and an ex- 
tensive deep-water frontage, and is fully equipped for 
the building of naval vessels and passenger and cargo 
ships of all types and the construction of marine pro- 
poe oh machinery, boilers and auxiliaries. The works 
are also capable of dealing with all types of general 
engineering work. There are two graving docks, the 
larger of which has a length of 690 ft. and a width of 
88 ft., and the smaller, a length of 478 ft. 5 in. and a 
width of 58 ft. 8in. Further particulars may be obtained 
from the High Commissioner for Australia, Australia 
House, Strand, London, W.C.2. 





Triats or H.M.S. “ Sanpwicn.”—H.M. Minesweeper 
Sandwich, which is being built for the British Admiralty 
by Messrs. R. and W. Hawthorn, Leslie and Company, 
Limited, left the firm’s Hebburn yard on February 26 last, 
and proceeded to sea to adjust compasses and to carry 
out anchor, preliminary full power, and gun trials, 
all of which were successfully completed. The vessel 
again left the Tyne on February 28 to undergo con- 
sumption, full power, steering gear, and other official 
trials. All the tests were carried out in a satisfactory 
manner, and the minesweeper returned to Hebburn 
early on March 1 to complete her fitting out. The 
Sandwich is the second of two sister ships built by 
Messrs. Hawthorn, Leslie; the first vessel, H.M.S. 
Bridgewater, completed her trials recently. Both ships 
are improvements on the sloop class. The overall 
length of the Sandwich is about 266 ft., and her approxi- 
mate displacement 1,150 tons. She will be armed with 
4-in. guns, and with a number of machine guns. The 

ropelling machinery comprises twin-screw turbines 
a a collective s.h.p. of 2,000, constructed at the 
St. Peter’s Works of the builders. 
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LABOUR NOTES. 


Writ1nec in the Monthly Trade Report of the United 
Pattern Makers’ Association, Mr. Findlay, the General 
Secretary of the organisation, says that all are agreed 
that ‘ rationalisation in one form or another is taking 
place in each industry.” In his opinion, it is not 
taking place because of the Mond Conferences, but 
“ inevitably because of the increasing skill and improve- 
ment in technique brought into the operations of both 
the administrative and executive departments of 
industry.” ‘‘ This is not new,’ he goes on to say. 
“‘ Invention has followed invention, and changes have 
taken place from the time when our forefathers roamed 
the wood, daubed with woad, down to the present days 
of synthetic silk. Trade after trade has lived its brief 
life and fallen into desuetude, and still trade after 
trade has been born. This man’s skill has become 
useless, and this other man’s skill has been so valuable 
because it has thrown the skill of countless thousands on 
the scrap heap. Our population has gone on increasing, 
and our ability to house and feed and cloths them has 
increased with the years, and through it all ‘man 
was made to mourn’—to use the language of the 
national bard—because we were not organised for 
service, instead of profit.’ 





In February, the number of unemployed members of 
the United Pattern Makers Association decreased from 
672 to 521. ‘“‘ Not since the back end of 1926 and the 
beginning of the year 1927,” says Mr. Findlay, ‘“‘ do we 
find greater reductions in our unemployed list, and at 
that time, the number of our members unemployed were 
from two to three times greater than they are now. 
An improvement to the extent of 151 in a month makes 
good reading. Only once since January, 1921, have 
our unemployed figures been lower. That was in 
July, 1924, when a Labour Government was in power.” 
The membership of the organisation is 10,945. 





The Ministry of Labour Gazette states that employ- 
ment during February was adversely affected by the 
severe weather, which set in towards the middle of the 
month, and continued until the end of the first week in 
March. During the first half of February employment 
steadily improved, but in the second half there was a 
heavy increase in the numbers unemployed in the 
building trade, public works contracting, brick, tile, 
cement and artificial stone manufacture, canal, river, 
dock and harbour services, and all branches of the mining 
group of industries, other than coal mining. On the 
other hand, there was an improvement throughout the 
month in a large number of industries not affected by 
the weather. In coal mining there was a substantial 
decrease both in the number of persons wholly unem- 
ployed and in the numbers temporarily stopped. The 
other principal industries in which employment 
improved included pottery, pig-iron manufacture, 
general and marine engineering, shipbuilding and ship- 
repairing, the textile trades other than cotton and 
carpet manufacture, the clothing trades, boot and shoe 
manufacture, and shipping service. 





Among the workpeople, numbering approximately 
11,880,000, insured against unemployment in Great 
Britain and Northern Ireland, the percentage unem- 
ployed in all industries taken together was 12-2 at 
February 25, 1929, as compared with 12-3 at January 
21, 1929, and 10-4 at February 20, 1928. The per- 
centage wholly unemployed at February 25, 1929, was 
9-8, the same percentage as at January 21, 1929; 
while the percentage temporarily stopped was 2-4, as 
compared with 2-5. 


In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation 
during February resulted in a reduction of about 
6,0001. in the weekly full-time wages of 100,000 work- 
people, and in an increase of 1,615/. in those of 29,000 
wor poor. The reductions occurred mainly in the 
metal group of industries. Iron puddlers and iron and 
steel millmen in the Midland: had the percentage 
addition payable on their base rates reduced by the 
equivalent of about 2 per cent. on current rates. Men 
employed in steel melting shops, with the exception of 
the lower-paid men, sustained reductions of about 
lor 1} ~ cent. on current rates in various districts in 
England and Scotland, and a reduction equal to about 
1 per cent. on the current wages was also applied in the 
case of steel millmen (except the lower-paid men) in 
the North of England and Scotland. There were also 
reductions in the wages of workpeople employed in the 
electrical cable-making industry, amounting to 1s. 11}d. 
or 28. per week in the case of men, and 1s. per week in 
the case of women. 





The principal bodies of workpeople, whose wages were 
increased, included men aagieped 


yed by electrical con- 
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tractors at various towns in England and Wales» 


building trade operatives at certain towns in England 
and iron miners and blastfurnace workers in Lincoln- 
shire. During the first two months of 1929, the changes 
reported to the Ministry of Labour, in the industries for 
which statistics have been compiled, have resulted in 
net increases of 3,7001. in the weekly full-time wages of 
138,000 workpeople, and net reductions of 11,5501. in 
those of 185,000 workpeople. In the corresponding 
period of 1928, there were net increases of 11,900/. in 
the weekly full-time wages of 205,000 workpeople, and 
net reductions of 62,6001. in those of 768,000 work- 


people. . 


The number of trade disputes involving stoppages of 
work, reported to the Ministry of Labour as beginning 
in February, was 15. In addition, 9 disputes which 
began before February were still in progress at the 
beginning of the month.- The number of workpeople 
involved in all disputes in February (including work- 
people thrown out of work at the establishments where 
the disputes occurred, but not themselves parties to the 
disputes) was about 9,100, and the aggregate duration 
of all disputes during February was about 78,000 work- 
ing days. These figures compare with totals of 9,700 
workpeople involved and 97,000 working days lost in the 
previous month, and with 13,200 workpeople involved 
and 107,000 days lost in February, 1928. 








The same official publication states that after con- 
ferring, with the workers’ organisations concerned, on 
the general state of the industry, the employers in the 
metal industry in the Cologne area gave notice in 
February of their intention to terminate the existing 
wage agreement on March 31, 1929, and advanced 
proposals for the conclusion of a new agreement 
maintaining the prevailing wage rates unchanged for a 
period of two years. In addition, they have now 
announced their intention to terminate the current 
working-hours agreement at the same date, putting 
forward similar demands. The wage agreement for 
the hardware industry in this area is also to be termi- 
nated by the employers on March 31, 1929. A concilia- 
tion award issued last month for the metal industry in 
the Upper Solingen district provides for the extension 
of the existing general agreement until November 1, 
1930, subject to certain modifications in the provisions 
governing overtime and holidays. 





Following on the notification by the employers in the 
Saxon metal industry of their intention to terminate 
on March 31, 1929, the current wage agreement, joint 
discussions between the employers’ and workers’ organi- 
sations were instituted on March 1 at the Ministry of 
Labour for the State of Saxony. As the result of 
negotiations between the employers’ and workers’ 
organisations, an agreement has been reached, under 
which the basic wage rates for the various groups and 
age classes are to be increased by from 2 to 9 pfennigs 
an hour, and in the case of apprentices, by from 2 to 5 
pfennigs an hour. Apprentice moulders and boiler- 
smiths are to receive, in addition, a special supplement 
of 5 pfennigs an hour. 


The employers in the metal industries of Baden and 
Bavaria have given notice to terminate the existing 
wage agreements for their respective areas on March 31, 
1929. In the latter case, the employers are demanding 
a 5 per cent. wage reduction. Notice has also been 
given by the employers in the metal industry in Hesse 
and Hesse-Nassau to terminate the existing wage and 
piece-work agreements on April 15. Some 50,000 
workers are affected in this area and 30,000 in Baden. 





The writer of an editorial note, in the March issue of the 
Amalgamated Engineering Union’s Monthly Journal, 
states that of over 10,000 superannuated members of 
the organisation, there are no fewer than 3,822 between 
70 and 99 years of age. There are 1,247 with member- 
ships ranging from 40 to 50 years, 1,890 with member- 
ships ranging from 50 to 60 years, 290 with memberships 
ranging from 60 to 70 years, and 11 with memberships 
ranging from 70 to 74 years. Four hundred and 
seventy-nine have been in receipt of the benefit for 
from 15 to 20 years, 230 for from 20 to 25 years, 58 for 
from 25 to 30 years, and 13 for from 30 to 38 years. 
Some have received upwards of 1,000]. in super- 
annuation benefit from the Union’s funds. This 
record, it is claimed, will bear comparison with that of 
any other similar organisation of workmen. “ Further,” 
it is added, “no annuities of a like character, either 
Government or private, can be purchased for anything 
approaching the same contributions paid by our 
members, apart altogether from the additional 
benefits.” as 


On March 11, 1929, the number of unemployed 
rsons on the registers of Employment Exchanges 
in Great Britain was 1,268,800. Of these, 951,400 
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were wholly unemployed, 236,900 were temporarily 


stopped, and 80,500 were persons normally in casual 
employment; 1,001,700 were men, 34,900 boys, 
199,500 women, and 32,700 girls. Of 1,387,332 on 
the registers on March 4, 1929, 1,013,926 were wholly 
unemployed, 291,813 were temporarily stopped, and 
81,593 were persons normally in casual employment ; 
1,114,170 were men, 36,919 boys, 202,609 women, and 
33,634 girls. The number of unemployed persons on 
March 12, 1928, was 1,071,735, of whom 866,926 were 
men, 30,747 boys, 143,972 women, and 30,090 girls. 





The ballot of the members of the Boiler Makers and 
Tron and Steel Shipbuilders’ Society for or against the 
agreement prescribing procedure for avoiding disputes, 
provisionally made by the Executive Council with the 
Shipbuilding Employers’ Federation, has resulted in 
favour of acceptance. The majority is, however, 
narrow, and the total vote small. The vote for accept- 
ance was 2,164, and the vote against 2,133. Comment- 
ing upon the figures, Mr. Hill, the general secretary, 
says that the total vote is very unsatisfactory, seeing 
that the membership of the Society is about 50,000. 
Another ballot is accordingly being taken at this 
month’s branch meetings. The procedure agreement 
originally drafted has been accepted by all the other 
shipyard unions. In respect of its main provisions, 
the agreement on which the members of the Boiler- 
makers’ Society are voting is similar; but with 
modifications to suit the ironworkers’ case. 





As is fairly well-known, there is a difference of 
opinion amongst the trade unions which have members 
employed in railway shops on the subject of the most 
suitable machinery for dealing with piecework price 
disputes. The view of the craft unions is that the 
settlement of piecework prices should be carried out 
in the same way as they were carried out before the 
shopmen’s agreement came into force. The National 
Union of Railwaymen consider that negotiating 
machinery of the kind now in operation must have 
within its scope discussions on the subject of piece 
prices. ‘As a first approach,” says a writer in the 
Railway Review, the organ of the N.U.R., ‘‘ one might 
recognise that the fixing of prices may be a subject as 
between men and company, but since the shops com- 
mittees are representative of the men, why there should 
be any feeling that something is being given away in 
utilising that source for discussion is beyond com- 
prehension. In a number of shops past practice has 
determined the course in which discussions on piece 
prices may continue, but there are a number of places 
where the foreman is the determining factor. One has 
heard it said that one morning the foreman will just 
intimate that the price for certain work on which men 
are engaged is reduced by 3d., or some other such figure. 
No discussion, no protest allowed, just the plain ‘ take 
it or leave it.’ ” 





““The whole question of piece prices,” the writer 
goes on to say, ‘“‘ is by no means a simple one, and one 
day there will need to be a very definite examination 
of it. It will be necessary to examine the subject from 
the point of view of co-ordination and the circumstances 
under which men work. To bring it into some kind 
of relationship with recognised standards may be a 
useful field for the unions, and especially will the 
methods of settling need overhauling. The new 
machinery does seem to be devoid of much of its 
utility by reason of the general absence of piecework 
difficulties from within its scope.” 





The National Minority Movement’s weekly official 
publication, the Worker, states that at a meeting in 
London recently of “the Advisory Committee” of 
the Metalworkers’ Section, a resolution was adopted 
condemning the reactionary policy of the Joint Trade 
Union Executive Councils in again delaying application 
to the Engineering Employers’ Federation for an 
increase in wages. ‘‘ Owing to the various methods 
adopted by engineering firms for speeding up and 
increasing production, the workers are,” the resolution 
goes on to state, “ producing much more than in the 
pre-war period, while the standard of living of the 
workers is not progressing in proportion, but, on 
the contrary, is deteriorating . .. During the past 
five years of official wage negotiations, the Executive 
Councils have never deemed it necessary to rally 
the workers for an official struggle for a wage advance, 
in spite of the fact that the constitutional procedure 
has been exhausted on various occasions and the 
unions have been left free to act. Therefore,” the 
resolution proceeds, “we are of the opinion that an 
immediate demand should be made by the various 
district committees for an increase of 2}d. per week 
for workers in the engineering, shipbuilding and ship- 
repairing industries, including youths and apprentices, 
and a corresponding increase in piece-work prices. 
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H.M. BATTLESHIPS ‘‘ NELSON ’’ AND 
‘* RODNEY.’’* 
By Sm Witu1am Berry, K.C.B. 

THE terms of the Washington Treaty permitted this 
country to proceed at once, after its ratification, with 
the building of two capital ships, and with this excep- 
tion, all capital ship construction by the Powers 
signatory to the Treaty was suspended until 1931. It 
is therefore hoped that an account of these vessels 
will be of interest to this Institution, and will provide 
a fitting sequel to the papers read in 1919 and 1920, 
by former Directors of Naval Construction, namely, 
“Ships of the British Navy on August 4, 1914,”+ by 
the late Sir Phillip Watts, and ‘ Naval Construction 
during the War,”{ and “H.M.S. Hood,”’§ both by 
Sir Eustace Tennyson d’Eyncourt. Before proceeding 
with the Nelson design, it may be of interest to place 
on record a short summary of the history of capital 
ship design and construction for the British Navy 
between the time of building H.M.S. Hood and the 
laying down of H.M.SS. Nelson and Rodney. During 
this period, a large number of designs was prepared 
for the consideration of the Board of the Admiralty, 
embodying the lessons of war experience and the 
recommendations of the Post-War Questions Com- 
mittee, as a result of which orders were placed by the 
Board in October, 1921, for four battle cruisers, the 
shipbuilding firms selected being Messrs. John Brown, 
of Clydebank, Messrs. Fairfield, of Govan, Messrs. 
Swan, Hunter, of Wallsend, and Messrs. Beardmore, of 
Dalmuir. These ships had an armament of nine 16-in. 
guns in three triple turrets and sixteen 6-in. guns in 
eight twin turrets, and a speed of 32 knots, requiring 
a shaft horse-power of 160,000. The legend displace- 
ment on the basis then in use was 48,000 tons, the 
corresponding standard displacement as defined by 
the Washington Treaty being 47,540 tons. Their 
size was limited by the dimensions permitting passage 
through the Panama and Suez Canals, and by the 
docking facilities at Rosyth and Portsmouth Dock- 
yards. In succession to these battle cruisers there was 
under consideration a battleship design, with a displace- 
ment about 500 tons greater, carrying nine 18-in. guns 
and sixteen 6-in. guns, with a speed of 233 knots. 
Shortly, however, after the orders for these four battle 
cruisers had been placed, and whilst the design of the 
more powerful vessel referred to above was still under 
consideration, the negotiations which culminated in 
the signing of the Washington Treaty took place. The 
construction of the battle cruisers was suspended in 
November, 1921, before any work had actually begun, 
and the building contracts were definitely cancelled in 
February, 1922. 

As affecting capital ships, the relevant conditions 
imposed by the Treaty are :—(i) That the standard 
displacement of a capital ship shall not exceed 35,000 
tons; (ii) “No capital ship ... shall carry a gun 
with a calibre in excess of 16 in.” The influence of 
these conditions on design was far-reaching. For the 
first time it was necessary to work to a fixed and 
absolute limit for displacement which on no account 
might be exceeded, although it was almost equally 
important to approach this limit very closely in order 
to achieve the maximum possible results. It was, 
therefore, all-important to seek out and adopt every 
possible means of saving weight, and, moreover, to 
estimate the weight with a very high degree of care 
and accuracy. 

Article IL of the Treaty allowed Great Britain to 
proceed at once with the construction of two new 
capital ships. The design for the vessels was prepared 
and the necessary drawings and specifications made 
during 1922, Sir Eustace d’Eyncourt being Director of 
Naval Construction. The principal particulars of the 
design, as finally approved, are as follows :—Length 
between perpendiculars, 660 ft ; length overall, 710 ft. ; 
breadth, extreme, 106 ft.; draught in standard condi- 
tion, 30 ft.; displacement (standard), 35,000 tons ; 
freeboard, forward, 29 ft.; freeboard, amidships, 
25 ft. 6 in.; freeboard, aft, 27 ft.; shaft horse-power, 
45,000 (2 shafts) ; speed, 23 knots ; revolutions, 160 per 
minute ; oil fuel capacity, 4,000 tons ; complement (as 
flagship), 1,400. The approved armament is as 
follows :—Nine 16-in. guns in three turrets; twelve 
6-in. in six turrets; six 4-7-in. ——— on ; 
eight 2-pounder pompoms; two submerged torpedo 
re. wf The poll oe locum of, main belt, 14 in.; 
barbettes, 15 in. ; turrets, 16 in. max.; deck, 6} in. 

Orders for the ships were placed, on December 11, 
1922, with Messrs. Sir W. G. Armstrong, Whitworth 
and Company for Nelson, and with Messrs. Cammell 
Laird and Company for Rodney, the keel plates being 
laid for both ships on December 28, 1922. The machinery 
for the former vessel was supplied by Messrs. The 
Wallsend Slipway and Engineering Company, and for the 


* Paper read before the Institution of Naval Archi- 
tects, London, on Wednesday, March 20, 1929. Abridged. 





+ See ENGINEERING, vol. cvii, page 479. (1919.) 
t See ENGINEERING, vol. cvii, page 482. (1919.) 
§ See ENGINEERING, vol. cix, page 423. (1920.) 


latter by the shipbuilders. Messrs. Armstrong, Whit- 
worth supplied the 16-in. gun mountings for both 
vessels, and the 6-in. gun mountings for Nelson. Messrs. 
Vickers Limited, supplied the 6-in. gun mountings for 
Rodney. H.M.S. Nelson was launched on September 3, 
1925, and was completed on September 10, 1927. The 
corresponding dates for H.M.S. Rodney were December 
17, 1925, and November 10, 1927. 

The limiting gun calibre of 16 in. imposed by the 
Treaty brought into the British Navy a weapon of a 
size not hitherto in use. New designs of and 
mountings, therefore, had to be prepared. The 
economy in weight to be obtained by mounting the 
guns in triple instead of twin gun turrets had been 
appreciated and utilised in the intermediate designs 
previously described, and in the design to which Nelson 
and Rodney were eventually built the triple turret was 
retained. Three of these turrets could be carried on 
the standard displacement, and the grouping of these 
three turrets forward (the centre turret being super- 
imposed), which had been accepted for the abandoned 
battle cruisers, was also followed in the Nelson and 
Rodney. With this grouping of the main armament 
is associated a minimum length of armoured citadel, 
so allowing the maximum thickness of armour to be 
fitted, whilst efficient protection to the main magazines 
could also be provided. The advantages so gained 
were considered to outweigh the loss of fire directly 
astern necessitated by the arrangement, which, in 
conjunction with the consequent displacement of the 
bridge structure to a position abaft mid-length, gives 
these vessels their very distinctive appearance. In 
order to avoid smoke interference with the controls, 
the boiler-rooms were placed abaft the engine-rooms, 
so enabling the funnel to be abaft the bridge structure. 
The problem of weight reduction was attacked in 
two directions—firstly, the general design of the ship 
was so disposed as to give the maximum effectiveness 
to armour and armament within the smallest possible 
compass ; secondly, by close attention to the details 
of structure, machinery, and fittings, to eliminate all 
non-essential parts, and to use the lightest materials 
appropriate to the work. By careful consideration of 
all details (involving the re-design of many of the 
Admiralty standard pattern fittings), and by tighten- 
ing up the supervision of manufacture, a large measure 
of success was achieved. One of the most fruitful 
sources of weight economy was found in the employ- 
ment of “‘D” quality steel in place of the “ H.T.” 
quality formerly used by the British Admiralty for the 
principal strength members of the hulls of heavy 
warships. A description of the development of this 
steel was given in a paper entitled “‘ Steels for Ship- 
building,”* read by the writer before the Institution of 
Civil Engineers’ Engineering Conference, 1928, (see 
ENGINEERING, vol. cxxv, page 720). This steel has an 
ultimate tensile strength of from 37 to 43 tons per square 
inch, with a minimum elastic limit of 17 tons per square 
inch; about 6,500 tons of this steel was used in the hull 
structure of each ship, and by using it higher stresses 
were accepted, and consequent reduction of scantlings 
were made. The specified rolling limits were also 
amended to ensure that no plates or sections supplied 
should be above the weight ordered. Extensive use was 
made of aluminium and its alloys in the manufacture 
of minor fittings and of such articles as kit lockers, &c. 
A number of different alloys were employed, some to 
proprietary formule and some of Admiralty specifica- 
tion, and experience so far has shown that in the main 
they have fulfilled their purpose. With further im- 
provements in design and material, these alloys should 
have very many useful applications for fittings not 
exposed to the weather, nor subject to very rough 
usage. For outboard fittings, which are exposed to 
the corroding influences of sea air and spray, the 
results have so far been disappointing, and it is evident 
that further developments will be necessary before a 
really reliable light alloy for such work is obtained. 
The weather decks were sheathed with Douglas fir in 
lieu of the customary teak, the loss in wearing qualities 
and appearance being sacrificed for lightness. Plywood 
was largely used for dwarf and divisional bulkheads, not 
of importance for strength p The heavier 
standard articles of furniture were re-designed and 
very considerably lightened, and here again plywood 
was extensively used. All wood fittings were fire- 
proofed by the ‘‘ Oxylene ”’ process. 

It will be seen from Figs. 1-3, on page 358, that the 
ships have a flush weather deck. This gives greater 
freeboard aft, and increases the space available for 
accommodation as compared with the more usual 
arrangement of breaking down one deck abaft the 
mainmast. Rather more than half the length of the 
weather deck is swept by the main armament, the 
total arcs of training of the forward, middle and after 
turrets being respectively 298, 330 and 250 deg. 
Special measures have been taken to protect the 
personnel and instruments on the bridges and control 
platforms from the blast of the after turret, which is 





very severe when the guns are trained aft at full eleva- 
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tion. The conning tower, with a revolving armoured 
director position, is placed immediately abaft the 
main armament, and astern of this, again, rises the 
bridge structure. Fire-control systems have developed 
very greatly in recent years, and many difficulties have 
had to be overcome in providing the director towers 
with adequate support and the maximum possible clear 
view for their sights and rangefinders. The bridge 
and foremast have therefore coalesced into a very 
lofty and massive structure, bearing little resemblance 
to the arrangements previously adopted. This struc- 
ture carries the directors for the 16-in., 6-in., and anti- 
aircraft guns, a bridge for the admiral and staff, and 
for torpedo control, a captain’s bridge with signalling 
position and navigating platforms, and below these, 
various sea cabins and offices. The superstructure 
encircling the base of the bridge structure, the funnel 
and the main mast, accommodates the anti-aircraft 
and machine-guns, while the central space is occupied 
by the funnel, the boiler-room air intakes and various 
workshops. Four 36-in. searchlights are carried, one 
on either side of the funnel, and two on a platform on 
the mainmast. The boats are stowed amidships, 
between the mainmast and funnels, and are handled 
by a derrick operated by electro-hydraulic variable- 
speed gear winches. Placed above the weather deck, 
on the quarters, is the secondary armament of twelve 
6-in. guns. Considerations similar to those advanced 
in the case of the main armament led to the grouping 
of these guns in three twin turrets on each side, the 
centre turret being raised in order to fire over its 
neighbours. Eight of the twelve guns can thus be 
brought to bear right ahead and astern. The magazines 
and shell-rooms are in one block, and power-worked 
hoists supply the ammunition direct to the turrets. 

It is claimed that this arrangement has great advan- 
tages over systems employing either a battery, with its 
limitations on elevation and arcs of training, or a series 
of guns in open deck mountings with shields, though 
the weight involved is, of course, greater than with the 
last-named arrangement. The magazines and shell- 
rooms for the main armament are grouped together 
around the revolving hoists, and in adjacent spaces 
are the hydraulic pumping machinery for operating 
the gun-mountings, ammunition-hoists and tran- 
sporting gear, and also the CO, refrigerating units 
for cooling the magazines. Abaft the machinery 
spaces are similarly grouped the 6-in. magazines and 
shell-rooms, with their power-operated hoists and 
independent cooling plant. 

The citadel is protected by a thick armour belt, 
extending from the foremost 16-in. turret to the after 
6-in. turret. Over the same area extends an armoured 
deck for protection from plunging shell and aircraft 
bombs; the design of this deck received special 
consideration in view of probable developments in the 
efficiency of attack from aircraft, and the openings for 
ventilation, &c., in this deck have been kept to the 
smallest possible size and number. A special design 
of hatch for access through the armoured deck was 
evolved to provide ready means of escape, in which 
the operating gear is below, under protection. Under- 
water protection of the most efficient type, developed 
from a long series of experiments, has been embodied 
in the hull structure. Special investigations were 
made into the strength of the plating and framing of 
the double bottoms, of the hull in order to reduce the 
weight to a minimum. The stresses produced when 
docking received careful examination in view of the 
great concentrated weights of the main armament and 
protection. A system of longitudinal girders, with 
widely-spaced deep beams in conjunction with web 
frames, was adopted for the principal decks in order 
to utilise the maximum amount of material for longi- 
tudinal stresses, and so reduce the thickness of deck 
plating required for strength purposes. A consider- 
able saving of weight was effected by this means. 

Provision has been made for docking on three rows 
of blocks, the side docking keels extending from the 
forward end of the citadel to the after end of the for- 
ward engine room. The construction of the armoured 
deck required that the larger units of the engines and 
boilers should be on board before launching, and, with 
the deck armour and side armour on board, the — 
to be carried on the groundways was considerably 
greater than had been usual for this class of ship. 
It was accordingly decided to launch the vessels on 
four sets of ways, instead of the usualtwo. An account 
of the investigation into loads and stresses and of the 
details of the launching arrangements was given in 
the paper which I read before this Institution in 1926.* 

The main propelling machinery of 45,000 shaft horse- 
power consists of Brown-Curtiss turbines, driving two 
propeller shafts through single-reduction gearing. 
This machinery is arranged in four engine-rooms in 
pairs abreast, divided by a longitudinal bulkhead on 
the middle line. The forward compartment of each 
pair contains the high-pressure ahead and the low- 
pressure ahead and astern turbines and the condenser, 








* See ENGINEERING, vol. cxxi, page 414, (1926.) 
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main circulating pumps, starting platform and main 
steam-control valves, and the after compartment con- 
tains the reduction gear and thrust-blocks. The 
complete set of machinery driving one shaft is thus 
entirely isolated from that of the other shaft. For use 
at low powers, cruising stages are fitted in the high- 
pressure turbines. Further aft in wing compartments 
are auxiliary engine-rooms, one on each side, contain- 
ing the evaporating and distilling plant, auxiliary con- 
denser, &c. Steam is supplied by eight small-tube 
type boilers fitted with superheaters and provided with 
forced-draught air supply, arranged two in each of 
four boiler-rooms, with central stokehold spaces. Six 
of the boilers are of 5,800 h.p. each, and two of 5,100 h.p. 
each. The boiler-rooms are arranged two abreast, 
similarly to the engine-rooms, with a longitudinal 
middle-line bulkhead, and can be similarly grouped as 
independent units on each side. Steam is generated at 
250 Ib. per square inch pressure, and supplied to the 
engines at 200 Ib. per square inch superheated 
150 deg. F. It will be seen from the above description 
that the sub-division of the machinery compartments 
has been carried out to a degree nut previously attained 
in our large warships. This close sub-division has 
been followed throughout the ship. 

Three hydraulic pumping units, driven by compound 
steam engines, are fitted, each in a separate watertight 
compartment under protection, for supplying power 
to the 16-in. mountings. Each unit has an output 
of 150 cub. ft. per minute at a pressure of 1,250 Ib. 
per square inch. Six dynamos, with a total output 
of 1,800 kw. at 220 volts, are provided. Two are 
driven by Diesel engines, situated one each side 
abreast the boiler-rooms, and the remaining four by 
geared turbines, in well-separated compartments 
forward of the engine-rooms. This arrangement ensures 
that the least possible proportion of the supply of 
electric power to the ring mains shall be put out of 





action by damage in any one spot. Electrically-driven 





refrigerating plant, using CO, gas as the medium, con- 
sisting of seven compressor units of 60,000 B.Th.U. 
capacity each, are installed. Two units are employed 
for the refrigerating chambers for meat and food 
storage, and for icemaking, and the remainder for 
magazine cooling. The anchors carried are three 
No. Byers plan 175-cwt. stockless pattern, with a chain 
cable equipment of 500 fathoms. The cables are 
made up with lugless joining shackles. Two bower 
and one sheet cable-holders are fitted. The former, 
with the middle-line capstan, are driven by an electro- 
hydraulic variable-speed gear installation, consisting 
of three separate power units, which can be used inde- 
pendently or cross-connected. This type of gear has 
the advantage of eliminating the very long run of 
steam and exhaust pipes which would have been re- 
quired with the usual steam gear, and so avoiding the 
consequent heating of the spaces through which these 
pipes would pass. A special counting mechanisn for 
indicating the length of cable run out at any instant 
has been fitted. The after capstan is driven by a 
Hele-Shaw type electro-hydraulic motor. Ten deck 
winches for working paravanes, embarking torpedoes, 
ammunition, stores and general utility purposes are 
provided. Six of these have electro-hydraulic Hele- 
Shaw type motors, and four have direct electric drive. 
The boat hoisting winches have variable-speed gear 
electro-hydraulic motors. 

A balanced rudder is fitted, operated by a steering 
gear consisting of four hydraulic cylinders, with single- 
acting rams, arranged in opposed pairs at each end of 
the rudder crosshead. The rams are operated by oil 
under pressure supplied from three variable-speed gear 
pumps operated by electric motors. Each pump with 
its motor is contained in a separate watertight compart- 
ment, and normally two pumps are in use at one time, 
the third being held as a standby pump, which can be 
brought quickly into operation in the event of failure 
of either or both of the other two, thus ensuring con- 








° 
[GS ICAPSTAN 


tinuity of power supply to the steering gear. In case 
of complete failure of the supply of electric power, a 
variable-speed gear pump, driven by a steam engine, 
is fitted in the after engine-room. The connecting 
oil-pressure pipes are arranged for quick change-over 
in the event of a breakdown of the whole of the main 
steering power units. With two of the main pumps 
in use, the gear is capable of moving the rudder from 
hard-over port to hard-over starboard, and vice versa, 
in 30 seconds, when the vessel is steaming at full speed 
ahead. This was the first steering gear of its kind to 
be designed for a British warship, and has proved 
highly satisfactory in service. About two hundred 
electric fans of various sizes are used for the general 
ventilation of the ship, in addition to special fans with 
brine coolers for the magazine cooling plant. Very 
great care was exercised in the arrangement of the 
ventilation, with satisfactory results. The engine- 
room ventilation is dealt with by four 30-in. exhaust and 
four 25-in. supply fans, and involved some difficult 
problems owing to the position of the engine-rooms 
below the bridge structure. 

Turning now to the pumping and flooding arrange- 
ments, these are extensive and are designed to deal 
rapidly with possible damage, and the correction of 
heel and trim consequent thereon. For compart- 
ments other than those occupied by the main machinery, 
eleven electrically-driven centrifugal pumps, each with 
an output of 350 tons per hour, are provided. The 
pumps are of the submersible type and are self- 
priming. The main and auxiliary circulating pumps 
are arranged to be available for pumping out their 
respective compartments and the wings in the vicinity, 
and in addition a high-capacity steam-driven turbo- 
pump is fitted in the after boiler-room. For the salt- 
water service and for dealing with normal drainage 
and bilge water, nine 50-ton electrically-driven pumps 
are fitted in those portions of the ship outside the 
machinery spaces, whilst the fire and bilge steam 
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DRAINAGE PUMP. 


CONSTRUCTED BY MESSRS. THE JOHNSON MOTOR COMPANY, WAUKEGAN, ILL., U.S.A. 



































Fig. 2. 



































out, one with the vessel at about standard displacement, 
and the other at her deep draught. For each of the 
| two groups of trials, the engines were worked at various 
| powers and runs on the measured mile, at West Looe, 
| Cornwall, were made at each of these powers. During 
the trial at standard displacement continuous records 
were made of the oil-fuel and water consumptions. 
Nelson’s speed at full power at standard displacement 
; was 23-55 knots for 46,000 S.H.P., with a fuel con- 
sumption of 0-789 lb. per shaft horse-power-hour, 
while in the deep condition the speed was 23-05 knots 
for 45,800 shaft horse-power. Rodney’s maximum 
speed under similar conditions was 23-8 knots. In 
addition, steering and circle trials, and stopping, 
| starting, reversing and astern trials were carried out 
;as usual in Admiralty practice. The diameter of the 
| turning circle at full speed was 670 yards, or rather 
|less than three ship-lengths. 




















PORTABLE PETROL-DRIVEN DRAIN- 
| AGE PUMP. 


Preruars one of the most compact types of petrol- 

| driven engine is to be found in that increasingly 
| popular form of boating in which what is known as 
|an outboard motor is used. These engines are neces- 
| sarily light in weight and completely self-contained, 
|and it is not surprising therefore that their qualities 
|of portability and ease in erection are now being 
| utilised in other directions than that of the propulsion 
|of light craft. We recently had an opportunity of 
witnessing such an application at work, in the form of 
the Johnson portable self-priming drainage pump 
| illustrated in Figs. 1 to 5, annexed. This small pump 
is made by the Johnson Motor Company, Waukegan, 
| Illinois, U.S.A., for whom the agents in this country 
|are Messrs. Vanadium, Limited, 64, Victoria-street, 
pumps carry out similar functions inside these spaces. | London, 8.W.1. The power-unit is an adaptation of 
An exhaustive series of steam trials was carried out | the Johnson light twin outboard motor, and weighs 
on each ship after completion. Following the usual | only 24} lb., though at 2,100 r.p.m. it can develop 
basin trial of the main engines, and the preliminary |2 h.p. It is coupled direct to an impeller situated at 


























run at sea, two complete groups of trials were carried | the bottom of a tube which forms at once the casing | 
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to the shaft and the delivery pipe of the pump, and is 
fitted with an automatic cut-out for stopping the 
motor as soon as water ceases to flow. As there is 
no suction pipe the impeller is always submerged, 
and there are, in consequence, no difficulties with 
priming, while, as long as any water remains, it cannot 
take in air. 

The best idea of the portability and general appear- 
ance of this pump is gained from Fig. 3, in which is 
shown the manner in which it can be transported by 
one person, but its construction will be more readily 
understood from Fig.4. The tube is belled outwards 
towards the bottom to accommodate the four-bladed 
impeller which has a clearance of } in., and is protected 
by a strainer over the end of the tube. The impeller 
shaft is protected by an inner tube, which also supports 
it by means of rubber bushings suitably placed. The 
footstep bearing is also of rubber, all of them being 
lubricated by the passing water. The top bearing 
immediately below the engine is of bronze, and is 
lubricated by the drip from the engine. The water is, 
of course, discharged up the annular space between 
the inner and outer tubes, which space it leaves by 
way of a short delivery pipe as shown in Fig. 4. A 
hose can be attached to this pipe if required. 

Nearly opposite the delivery pipe is the safety device 
for automatically stopping the motor when the water 
level is down to the grating. As will be seen from the 
section, Fig. 5, this device consists of a diaphragm to 
the centre of which is attached a spindle carrying an 
adjustable screwed collar. The collar is kept, when the 
engine is not working, by the pressure of a spiral spring 
behind it, in contact with the pin of a terminal connected 
with the primary coil of the magneto, and the magneto 
is thus short-circuited. Contact is broken by relieving 
the pressure of the spring by means of a key attached 
to a chain and inserted under the external nuts of the 
spindle. This destroys the short circuit and the 
engine can be started. As the discharge of the water 
commences it passes the diaphragm which is deflected 
by the water pressure, the key being released and 
falling out. As long as the pump is delivering water 
the deflection of the diaphragm continues, but 
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immediately it ceases, contact is made by the spring 
above mentioned, the magneto is short-circuited, and 
the engine stops. 

The small pipes which are seen in Fig. 4 coiled round 
the inner tube in a very open spiral are the inlet and 
outlet pipes for the cylinder cooling water. The inlet pipe 
commences at a strainer box just above the impeller, 
and is led up to a connection with the cylinder jackets. 
The outlet pipe is led down from a similar connection 
to a point on the suction side of the impeller, and the 
cooling water is thus automatically drawn through 
the pipes and jackets as long as the engine is working. 
The cylinders were quite cold during the test we wit- 
nessed. The pump is made in three lengths of tube, 
namely 8 ft., 11 ft., and 14 ft., weighing complete 
85 Ib., 92 lb., and 99 lb., respectively. The capacity is, 
naturally, affected by the length of the tube, the 
power-unit being the same in all cases. With an 
engine speed of 2,100 r.p.m., the 8-ft. pump delivers 
195 gallons of water per minute at the outlet, which is 
3 in. in diameter. The addition of each 100 ft. of 
hose of this diameter reduces the discharge at the 
rate of 35 gallons per minute. In the 11-ft. pump, the 
capacity is 185 gallons per minute at 2,050 r.p.m., 
and in the 14-ft. pump, 175 gallons per minute at 
2,000 r.p.m. 

The power-unit is, as stated previously, a standard 
two-cylinder petrol engine, of a pattern extensively 
used as an outboard motor. The cylinders are 2 in. 
in diameter by 1} in. stroke, and are opposed, a 
feature which minimises vibration, as firing takes place 
in both of them simultaneously. There are no valves, 
a closed crankcase and a four-ported arrangement in 
the cylinder walls being adopted. Of these ports, one is 
the exhaust port, and is uncovered by the top of the 
piston when at the bottom of its stroke. Another is 
the inlet port for the fuel mixture from the carburettor, 
and is uncovered by the bottom edge of the piston 
when it is at the top of its stroke. The remaining 
two are the end openings of a transfer passage in the 
cylinder walls. One of these ports is opposite to the 
exhaust port, and both it and the exhaust port are 
uncovered by the piston at the same moment. The 
other port is uncovered by means of a corresponding 
port in the piston wall, which establishes communica- 
tion with the crankcase. During the working stroke, 
when the pistons are moving inwards towards one 
another, the fuel mixture is compressed, and at the 
end of the stroke the charge passes through the transfer 
port into the combustion chamber. On the outward 
stroke of the pistons, the charge is compressed, 
and the partial vacuum in the crankcase, caused 
by the separation of the pistons, draws a fresh 
charge of fuel mixture into the crankcase ready for 
subsequent compression and transfer to the top of the 
piston. 

The engine is best seen in Figs. 1 and 2. The fuel 
tank, which is roughly crescentic in outline, to fit in 
compactly with the magneto, has the silencer below 
it, and is situated over the pump discharge pipe. 
The tank holds sufficient petrol for a continuous run 
of about 1} hours. Above the cylinders is the flywheel 
magneto. This is waterproof and of simple con- 
struction. The magnet extends round nearly the full 
circumference of the magneto casing, and acts as a 
flywheel rim. The fixed and lower part of the casing 
contains a large coil and a condenser, together with a 
contact breaker, which is the only moving part, and is 
operated by a cam on the flywheel hub. The speed of 
the engine is controlled by a small lever for advancing 
or retarding the spark. The lever carries a push- 
button for stopping the motor by short-circuiting the 
spark, and is connected with the contact on the dia- 
phragm device, as shown in Fig. 2, for effecting the 
same purpose. Starting 1s effected by a cord and 
notched pulley located on top of the magneto. 

All three sizes of pump, as may be seen from a con- 
sideration of the total weight, are readily portable. 
No special brackets or other supports are required 
when working, as the pump may be rested against any 
convenient part, and can be worked at practically any 
angle. It is designed for such work as pumping out 
lighters and barges, street manholes, concrete forms, 
and for irrigation, draining, and general contractors’ 
work. The fuel consumption, with throttle fully open 
and working at full load, is rather under half-a-gallon 
of petrol per hour. 








REvIcs oF A Past Rathway AGe.—The rack rails and 
wheels from the Wylam wagon-way, the earliest. railroad 
in the world, are to find a permanent home in the London 
and North Eastern Railway Museum, York. These 
interesting relics, which date back to 1812, have been 
erg to the Museum authorities by Messrs. Thos. W. 

Vard, Limited, Albion Works, Savile-street, Sheffield, 
who are dismantling Messrs. Spencer’s Newburn-on. Tyne 
Works, where the rails and wheels have been lying. It 
is interesting to recall, at this juncture, that the collection 
at York includes the actual first railway bridge ever 
built. This vehicle was constructed in 1825 by George 


Stephenson for the Stockton and Darlington Railway. 
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TENDERS. 


We have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British posses- 
sions and in foreign countries. The closing date of each 
tender is stated below. Details may be obtained on 
application to the Department at the above address, the 
reference number given being quoted in each case. 


Cables and Joint Boxes.—The supply and delivery of 
paper-insulated cables for 660 volts and 6,600 volts 
respectively, together with joint boxes and joint com- 
pound. The India Store Department, New Delhi; April 
3. (Ref. No. B.X. 5164.) 


Generator Set.—The supply and delivery of a steam- 
engine driven generator set of 30-kw. capacity. The 
India Store Department, New Delhi; April 3. (Ref. 
No. B.X. 5167.) 


Electric Crane.—The supply, delivery, and erection of 
one five-ton overhead electric, three-motor, gantry crane. 
The India Store Department, Simla; April 16. (Ref. 
No. A.X. 7652.) 

Electric Telpher.—The supply, delivery, and erection of 
one five-ton electric telpher (monorail) complete with 
track. The India Store Department, Simla; April 16. 
(Ref. No. A.X. 7653.) 


Pumping Plant.—The supply of five complete sets 
of direct-current motor-driven bore-hole pumps for pure- 
water supply. The India Store Department, Simla; 
April 19. (Ref. No. A.X. 7654.) 


Electric Signalling Apparatus—The supply and 
installation of electric signalling apparatus at Johannes- 
burg. The South African Railways and Harbours 
Board ; May 16. (Ref. No. B.X. 5165.) 


Rectifiers and Storage Batteries—The supply and 
delivery of rectifiers and storage batteries for power- 
signalling purposes. The Victorian Railways Com- 
missioners, Australia. April 5. (Ref. No. B.X. 5166.) 


Dwarf Signal Mechanisms.—The supply and delivery 
of dwarf electric signal mechanisms. The Victorian 
Railways Commissioners, Australia. (Ref. 
No. B.X. 5168.) 


Pump Trolleys.—The supply of pump trolleys and 
wheels, axles, bearings and housings for pump trolleys. 
The South African Railways and Harbours Board ; 
May 2. (Ref. No. A.X. 7655.) 


Railway Rolling Stock.—The supply of 28 suburban- 
type coaches and guards’ vans, 3 ft. 6 in. gauge. The 
South African Railways and Harbours Board; May 16. 
(Ref. No. A.X. 7658.) The supply of passenger coaches, 
baggage vans and wagons. The Bulgarian State Rail- 
ways, Sofia ; April 26. (Ref. No. A.X. 7660.) 

Railway Water Standposts.—The supply of 40 loco- 
motive watering standposts. The Bulgarian Ministry of 
Railways, Sofia ; April 26. (Ref. No. A.X. 7661.) 

University Equipment and Apparatus.—The erection 
of new university buildings at Hamilton, Ontario, 
Canada, is contemplated. Opportunities may arise for the 
supply of equipment, apparatus, and fittings. (Ref. 
No. C.X. 3003.) 

Rails and Angle Iron.—The supply of rails and angle 
iron, new or second hand, required during the year 
1929-30. The Survey of Egypt; June 3. (Ref. No. 
A.X. 7662.) 

Weighbridges.—The supply of 20 railway weighbridges. 
The Ministry of Railways, Bulgaria ; April 27. (Ref. 
No. A.X. 7663.) 


Harbour and Railway Works.—The deepening of the 
existing harbour basin at Leixoes (Oporto) and the con- 
struction of a short railway to connect Trofa, on the 
Minho e Douro line, with Senhora da Hora, on the 
Leixoes-Oporto-Povoa line, are contemplated. (Ref. 
No. A.X. 7664.) 


BOOKS RECEIVED. 


Blast-Furnace Practice. Vol. I. General Principles ; 
Source, Preparation and Handling of Raw Materials, 
By Frep CLements. London: Ernest Benn, Limited. 
[Price 63s. net. ] 

Workshop Practice. Vol. III. Steels, Lathes, Shaping, 
Planing. Vol. IV. Grinding, Slotting, Milling, Jigs 
and Tools, Turrets. Edited by E. A. ATKINs. London: 
Sir Isaac Pitman and Sons, Limited. [Price 6s. net 
each volume. } 

Electrodindmica Industrial. Teoria de los Campos 
Electromagnéticos. By Josh A. P&REZ DEL PuLGaR. 
Second edition. Madrid: Talleres Tipagraficas de 
El Financiero 8.A. 

Etudes Techniques du Groupement des Houilléres Victimes 


April 5. 








de L’Invasion. Vol. IV. Air Comprimé. By M. 
Lanovssay. Paris: Gauthier-Villars & Cie. [Price 
50 francs. ] 


Department of Overseas Trade. Economic Conditions in 
the Dominican Republic to October, 1928. Report. 
By E. A. pE Comeau. And in the Republic of Hayti 
for the Fiscal Year ended September 30, 1928. By 
R. P. F. Epwarps. London: His Majesty’s Stationery 
Office. [Price ls. net.] 

Medical Research Council. Industrial Fatigue Research 
Board. Report No. 53. The Use of Performance Tests 
of Intellig in Vocational Guid An Investi- 
gation Conducted for the National Institute of Industrial 
Psychology. By F. M. Earte and others. London: 
His Majesty’s Stationery Office. [Price 2s. 6d. net.] 





Carbonisation. Technology and Engineering. By JOHN 
Armstrone. London: Charles Griffin and’ Company, 
Limited. [Price 36s. net.] 
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NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Second bonds have fairly 
large quantities of Cleveland pig purchased, but they are 
restrained, by conditions imposed by ironmasters, from 
making large sales to North-East Coast consumers, who 
are the customers most anxious to buy just at present. 
Merchants are understood, however, to have done 
moderate business with firms elsewhere, including Conti- 
nental buyers, Makers have practically no iron to offer for 
delivery before May. They have not altered their fixed 
minimum figures, which stand: No. 1 quality, 69s. 6d. ; 
No. 3 g.m.b., 67s.; No. 4 foundry, 66s.; and No. 4 
forge, 65s. 6d. They are now, however, asking from 1s. 
to ls. 6d. above these prices for delivery over periods 
beyond June. 

Hematite.—Further upward movement in East Coast 
hematite can be reported. Makers have no arrangement 
for fixing market rates, but they intimate that individual 
negotiation results in higher figures being realised than 
have been named for a considerable time past. Transac- 
tions are almost entirely confined to business in parcels 
manufactured to stipulated analysis, suitable for the 
purpose of the customers, but market rates are still 
based on the quotation for ordinary qualities, which 
has advanced to 74s. Makers are sold well ahead. 

Foreign Ore.—Considerable sales of foreign ore have 
been put through recently, and merchants are disinclined 
to make further sales at current rates, which are ruled 
by best rubio at 23s. c.i.f. Tees. 

Blast-Furnace Coke.—Acute scarcity of blast-furnace 
coke is causing much anxiety. Unless increased supply is 
forthcoming shortly, not only will ironmasters be unable 
to carry out their intention of blowing in more furnaces, 
but some plant now running may have to be damped 
down. Durham good average furnace coke is 19s. 6d. 
to 20s., delivered here. 

Manufactured Iron and Steel.—Values of the various 
descriptions of manufactured iron and steel are steadily 
firm. Semi-finished steel producers remain busy, as do 
also finished-steel makers generally. Firms manufac- 
turing railway material, shipbuilding requisites, and 
sheets are particularly well employed. Common iron 
bars are 101. 5s.; best bars, 10/. 15s. ; double best bars, 
1ll. 5s.; treble best bars, 111. 15s.; packing (parallel), 
8l.; packing (tapered), 10/.; iron rivets, 11/. 10s. ; 
steel billets (soft), 61. 15s. ; steel billets (medium), 7/. 5s. ; 
steel billets (hard), 7/. 15s.; steel rivets, 111. 5s.; steel 
ship plates, 8. 7s. 6d.; steel angles, 7/. 17s. 6d. ; steel 
joists, 71. 17s. 6d. ; heavy sections of steel rails, 87. 10s. ; 
black sheets (No. 24 gauge), 101. ; and galvanised corru- 
gated sheets (No. 24 gauge), 131. 15s. 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Scottish Steel Trade.—In the Scottish steel trade 
movement is extremely slow and buyers are not in 
much evidence at present. As outside conditions are 
steadily improving, it is fully anticipated that work 
which has been delayed will be undertaken soon and that 
the general demand for steel will increase. In the ship- 
building industry there is considerable activity in the 
yards but there is no pressure for deliveries of plates. On 
the other hand sections are in fair request. In the 
black-sheet trade the position is nominally unchanged, 
and while there is quite a fair demand, the trade generally 
has not yet shown any sign of opening out. Prices all 
round have a firm tendency and are as follow :—Boiler 
plates, 10/. 10s. per ton ; ship plates, 8. 7s. 6d. per 
ton: sections, 7/. 17s. 6d. per ton ; black sheets, 4-in., 
8l. 15s. per ton; galvanised corrugated sheets (No. 24 
Gauge), 13/. 15s. per ton, all delivered at Glasgow stations. 

Malleable-Iron Trade.—In the malleable-iron trade 
of the West of Scotland there is only a limited amount of 
new work now on offer. Orders which had accumulated 
during the recent stoppage are being rapidly cleared off 
and unless a buying movement takes place soon it would 
look as if another spell of dullness was in store for the 
trade. Current inquiries are only moderate. In the steel 
re-rolling departments a fair amount of activity exists 
and quite a good tonnage is being put through. Prices are 
as follow :—‘‘ Crown” bars, 10/. 5s. per ton for home 
delivery, and 9/. 15s. per ton for export ; and re-rolled 
steel bars, 8/. per ton for home delivery, and 7/. 15s. per 
ton for export. 

Scottish Pig-Iron Trade.—Practically no change has 
taken place in the Scottish pig-iron trade this week. The 
demand continues on small lines and the few inquiries 
are not of very large tonnage. Prices are well maintained 
and the following are the current market quotations :— 
Hematite, 75s. per ton, delivered at the steel works ; 
foundry iron, No. 1, 75s. per ton, and No. 3, 72s. 6d. per 
ton, both on trucks at makers’ yards. 

Scottish Pig-Iron Shipmenis.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending Saturday last, March 16, was only 510 tons. Of 
this total 500 tons went overseas and 10 tons coastwise. 
For the corresponding period of last year the figures were 
510 tons overseas and 70 tons coastwise, making a total 
shipment of 580 tons. 

Shipbuilding.—Messrs. Alexander Stephen and Sons, 
Limited, Linthouse, Glasgow, have secured an order from 
the Great Western Railway Company for a passenger 
steamer for service on their Fishguard-Rosslare and 
Channel Isles routes. The new, vessel will be about 290 ft. 
in length, will have a speed of about 19 knots, and will 
be able to carry one thousand passengers. She will burn 
oil fuel and will be propelled by single-reduction geared 
turbines. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel-—Among engineers and machinery 
makers a more hopeful feeling is evident. It finds 
expression in an improved demand for practically all 
classes of raw and semi-finished materials. As was 
expected, prices show a rising tendency, but the move- 
ment has not checked inquiries, which are not only more 
numerous, but appear to be producing an increased 
number of contracts. The annual report of the Sheffield 
Chamber of Commerce points out that with the tendency 
for Continental prices of iron and steel goods to increase, 
the position of British manufacturers has improved, 
and there are strcng grounds for the belief that the 
unfair competition from the Continent will not continue 
to anything approaching the extent experienced in the 
past. The report comments on the fact that British 
manufacturers have resisted the temptation to descend 
to the low-quality levels of certain foreign producers, 
and this factor is now contributing materially towards a 
revival. There are signs that important foreign markets, 
including some of the British Dominions, are at last 
profiting by their unfortunate experiences with cheap 
foreign products, and are turning their attention once 
again to this country as a source of supply. A Sheffield 
firm has just produced what is described as the world’s 
largest hollow rolled-steel drum. It weighs 48 tons, 
has an outside diameter of 17 ft. 8 in., and is 8 ft. 3 in. 
broad and 5% in. thick. The manufacture of forged- 
steel drums for high-pressure boilers represents one of the 
most recent developments in Sheffield’s heavy industries. 
These vessels are required to stand pressures up to 
800 lb. and are produced in a single piece. There is a 
special demand in this connection from electric power 
stations and shipbuilders. A heavy demand is reported 
for drop forgings, notably for use in connection with 
aircraft and automobile engineering. Special high- 
powered lathes have been installed to utilise the latest 
high-speed tool steels, which are capable of removing 
record weights of material in machining. The chemical 
and food industries are calling for high-class non-corroding 
steel, and good business is being done in valve steel for 
motor-car and aeroplane builders. Most of the engine 
parts of the motor car in which Major Segrave estab- 
lished a new world record for land speed, were made 
in Sheffield. The vessel in which Major Segrave is 
competing for the world’s motor-boat record also em- 
bodies propeller-shaft forgings and other high-class 
manufactures of Sheffield origin. 


South Yorkshire Coal Trade.—Though house-coal 
business is easier and orders are not arriving at the rate 
recently experienced, considerable arrears remain to be 
discharged, and depots are likely to be busy for some 
time to come. Industrial needs maintain their recent 
expansion. Inland demands are fairly robust, and 
collieries are working at pressure to keep pace with the 
rise in exports. The strength of the coke market is fairly 
uniform. There is an active inquiry for furnace and 
foundry sorts. Quotations :—Best branch hand-picked, 
27s. to 28s. 6d.; Derbyshire best brights, 23s. 6d. to 
25s. ; Derbyshire best house, 21s. to 22s. ; screened house 
coal, 18s. to 19s.; screened house nuts, 17s. to 19s. ; 
Yorkshire hards, 15s. 6d. to 16s, 6d. ; Derbyshire hards, 
15s. 6d. to 16s. 6d.; rough slacks, 8s. 6d. to 9s. 6d. ; 
nutty slacks, 6s. to 7s.; smalls, 3s. 6d. to 4s. 








ContTracts.—In connection with reconstruction work 
in Tokyo, following the earthquake, a further contract 
has been placed with Messrs. The Victaulic Company, 
Limited, King’s Buildings, Dean Stanley-street, London, 
8.W.1, for sufficient Victaulic flexible joints for 40 miles 
of gas mains, in sizes up to 30-in. diameter.—A repeat 
order for Kathanode traction batteries for use on lorries 
has been received by Messrs. The D. P. Battery Company, 
Limited, Bakewell, Derbyshire, from Brisbane, Australia. 
The English Post Office authorities are now carrying out 
experiments with electric delivery vans in London and 
Leeds. At the present time seven 15-cwt. Victor vans 
are being used in London and one 30-cwt. and two 25-cwt. 
Electromobile vans in Leeds. These have been fitted 
with Kathanode traction batteries. D.P. Batteries 
have also been installed recently in seven telephone 
exchanges in London. 





TuE Late Mr. A. A. Stuon.—Mr. Antony André Simon, 
whose death we regret to have to record, which took place 
at his home in London on March 8 last, had for many 
years past held the position of Continental sales manager 
of Messrs. Metropolitan-Vickers Electrical “Company, 
Limited, Trafford-park, Manchester. He was also a 
director of several subsidiary companies operating on 
the Continent. Mr. Simon was the son of French parents 
and was born in Moscow, he received his early education 
in that city and afterwards attended the Imperial Un1- 
versity in Moscow. After graduating, he was appointed 
sales engineer of the Russian Dynamo Company, which 
concern was, at that time, representing the old British 
Westinghouse Company. In 1914, Mr. Simon was trans- 
ferred to the staff, in Russia, of the British Westinghouse 
Company. Although at first acting as a technical’ trans- 
lator, he very soon demonstrated his ability as a sales 
engineer, and carried out many important negotiations 
for the British Westinghouse Company. After the out- 
break of the Revolution he lost practically all his pos- 
sessions and eventually found his way to this country. 
He rejoined the British Westinghouse Company’s staff, 
first in Manchester, and afterwards in London, and 
eventually was appointed to the position he held at 
the time of his death. His duties entailed considerable 
travel throughout Europe and he was well known in 
electrical engineering circles on the Continent. 








CarpirFr, Wednesday. 


The Trade Improvement.—The improvement in the 
coal trade, which set in towards the end of last year, is 
reflected in the joint report of the coalowners’ and men’s 
accountants for the three months ended January. The 
report is the most satisfactory since the quarter ended 
April, 1927. It certifies a wage rate of 2-10 per cent. 
above the standard rates, compared with a percentage 
of 10-42 below the rate in the previous quarter. The 
minimum is, however, 28 per cent. above the standard. 
In the three months ended January, there was a loss of 
222,1481., or 5:54d. per ton, compared with 755,1531., 
or ls. 64d. per ton in the preceding quarter. The 
proceeds in the January period averaged 13s, 2-26d. per 
ton, against 12s. 9-62d. in the previous three months, 
the increase of 4-64d. per ton being partly due to a 
slight advance in the pithead price, and partly to the 
rebate in railway charges under the derating scheme 
which operated from December 1. The total cost of 
production was reduced from ]4s. 4:87d. to 13s. 7-80d. 
per ton, attributable to the more regular working of 
collieries. Exports, which, in the three months ended 
January, 1914, amounted to 7,449,226 tons from South 
Wales, in the quarter ended January of this year totalled 
5,568,085 tons, or 312,000 tons more than in the preceding 
quarter. Since these returns were made up, prices 
have advanced sharply, and trade has been active, so 
that there is every prospect of the report for the three 
months ending April showing a substantial improvement. 

The Coal Trade.—Active and strong conditions con- 
tinue to prevail in the Welsh steam-coal trade. Collieries 
generally are fully booked up with orders, and buyers find 
it extremely difficult to secure even oddments for ship- 
ment this month, and stems are also difficult for April. 
At the same time, a good supply of shipping is in port, 
with the result that loading operations are active, and 
collieries busily employed in meeting their commitments. 
Prices are at the highest levels touched for at least 12 
months, and even at the enhanced figures, it is difficult 
to book orders. Best Admiralty large coal rules from 
21s. to 22s., with best seconds round 21s. and dry large 
from 20s. to 21s., while Monmouthshire large commands 
from 19s. 6d. to 20s. 6d., with smalls from 13s. to 15s., 
according to quality. Shipments of coal and coke in the 
past week amounted to 604,830 tons, compared with 
655,645 tons in the preceding week, and 503,250 tons 
in the first week of the year. The totals would be 
increased if the colliery companies could supply the 
docks with larger quantities, as the capacity of the tipping 
appliances is not fully extended. 

Iron and Steel.—Shipments of iron and steel goods were 
reduced from 29,008 tons to 28,181 tons in the past week. 
Exports of galvanised sheets were raised from 4,329 to 
to 9,548 tons, but of tin plates and terne plates reduced 
from 10,583 tons to 10,582 tons, of black plates and 
sheets from 2,348 tons to 2,477 tons, and of other iron 
and steel goods from 1,174 tons to 5,575 tons, 

New Steamer Ordered.—Messrs. W. E. Hinde and 
Company, managers of the Portfield Steamship Company, 
Limited, Cardiff, have ordered a new steamer of 7,600 tons 
deadweight to be built by Messrs. Craig, Taylor and 
Company, Limited, and engined by Messrs. Blair and 
Company (1926), Limited. 








PERSONAL.—Messrs. ‘“‘K.N.” Electrical Products, 
Limited, have removed to larger premises at 5, 6, and 7, 
Singer-street, Tabernacle-street, London, E.C.2.—Mr, 
C. N. Pickworth, who has been editor of the Mechanical 
World and associated publications for the past 40 years 
has now retired from that position. He will, however, 
continue his consulting practice, his new address being 
17, Griffiths-drive, Southport. 





X-Ray Researcu.—A society, known as the Deutsche 
Gesellschaft fiir technische Réntgenkunde, has recently 
been formed with headquarters in Berlin to investigate 
all non-medical methods of employing X-rays, both as 
regards their scientific and industrial applications. The 
increasing use of these rays for testing materials has 
shown the want of a body to collect and evaluate the 
results obtained and to make them available for general 
application. The new Association has an influential 
council, representative of both the scientific and indus- 
trial sides of the work, and its future operations will be 
watched with interest. 





BritisH ELECTRICAL DEVELOPMENT ASSOCIATION,— 
The annual dinner of the British Electrical Development 
Association was held at the Piccadilly Hotel, London, 
on Thursday, March 14, the President, Sir John M. 
Gatti, being in the chair. In proposing the toast of 
“The Association,” Lord Birkenhead said that in the 
near future the economic forces of this country would be 
profoundly influenced by the development of electric 

wer. He was certain that the Central Electricity 
Board and the Commissioners were doing their best, and 
he saw many signs that they were successfully devoting 
themselves to the task of making electricity the most 
vital element in trade improvement. In reply, the 
President appealed to all branches of the industry to 
co-operate in making the advantages of electricity better 
known to the general public. Mr. J. W. Beauchamp, ’in 
es the toast of “‘The Guests,” said that one object 
of the Association was to build up and maintain a personal 
influence between the producer and consumer, which 
in these days of organisation on a large scale was often 
lacking. Sir Herbert Morgan, in reply, suggested that 
instead of telling the consumer that a lower price would 
follow an increased demand, it would be better for the 
undertakings to estimate that demand on generous lines 





and fix an economic price accordingly. 
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PuysicaL Soctety.—To-night, 5 p.m., Imperial 
College of Science, South Kensington, 8.W.7. Annual 
General Meeting. Presidential Address. ‘“‘The New 
Acoustics,” by Dr. W. H. Eccles. 

Junior INSTITUTION OF ENGINEERS.—To-night, 7.30 

.m., 39, Victoria-street, S.W.1. ‘ Ventilation,” by 

r. D. A. Collin. 

Royau InstiruTion.—To-night, 9 p.m., Albemarle- 


street, W.1. ‘Penetrating Radiations,” by Sir E. 
Rutherford. Saturday, March 23, 3 p.m., ‘“‘ Molecular 
Motions in Rarefied Gases” (Lecture IV), by Sir E. 
Rutherford. . 


INSTITUTION OF MECHANICAL ENGINEERS.—Graduates’ 
Section: Monday, March 25, 6.30 p.m., Storey’s-gate, 
8.W.1. Annual Lecture. ‘“ Aircraft Engineering in Its 
Relation to Mechanical Engineering,” by Wing-Com- 
mander Cave-Browne-Cave. Glasgow and West of Scot- 
land Branch: Thursday, March 28, 7.30 p.m., Royal 
Technical College, Glasgow. Joint Meeting with Scottish 
Centre, Institution of Locomotive Engineers. ‘‘ The 
Future Development of the Locomotive,” by Dr. D. S. 
Anderson. 

INsTITUTION OF ELECTRICAL ENGINEERS.—North- 
Eastern Centre : Monday, March 25, 7 p.m., Armstrong 
College, Newcastle-on-Tyne. ‘‘ Direct Generation of 
Alternating Current at High Voltages,” by Sir Charles 
A. Parsons and Mr. J. Rosen. 

Royat Society or Arts.—Tuesday, March 26, 4.30 
p-m., John-street, Adelphi, W.C.2. ‘The Base Metal 
and Mineral Resources of South Africa,” by Mr. H. 
Warington-Smyth. 

SHEFFIELD METALLURGICAL ASSOCIATION.—Tuesday, 
March 26, 7.30 p.m., 198. West-street, Sheffield. “‘ Oxygen 
in Steal,”’ by Professor C. H. Desch. 

NEwcoMEN Soctety.—Wednesday, March 27, 5.30 
p.m.. Prince Henry’s Room, 17, Fleet-street, E.C.1. 
* John Wyatt, and the Weighing of Heavy Loads,” by 
Mr. W. A. Benton. 

INsTITOTION OF ClvIL ENGINEERS.—Wednesday, March 
27, 6.30 p.m., Great George-street, S.W.1. Students’ 
Meeting. Informal Discussion. ‘ Roads,” by Mr. D. H. 
Little. 

InstituTION OF PRoDUCTION ENGINEERS.—Wednes- 
day, March 27, 7.30 p m. Society of Motor Manufacturers 
and Traders, Limited, 83, Pall Mall SW.1. “ Forging 
Manufacture,” by Capt. F. W. Spsncer. 








Tron AND Steet Institute CARNEGIE MepAt.—-‘The 
Council of the Iron and Steel Institute has, this year, 
decided to present the Carnegie Gold Medal of the Institute 
to Dr. Arthur Bramley, head of the metallurgical depart- 
ment of Loughborough College. ‘he medal, which was 
founded by the late Mr. Andrew Carnezie, is awarded to 
the research worker who, in the opinion of the Council, 
has produced the most meritorious piece of research work 
in each year, under the scheme of the Andrew Carnegie 
Research Scholarships of the Institute. 





Automatic SwircH For Motor-Car LicuTs.—Pam- 
phlets have reached us from Messrs. Setalite, Limited, 
1 to 4, Morley House, Regent-street, W.1, illustrating 
and describing an instrument for automatically switching 
on the lights of a motor-car which has been left un- 
attended. The instrument, which is about the size of a 
speedometer, and can be fitted on the dashboard, or in 
any other convenient position, comprises a dial on 
which time intervals up to 6 hours are graduated in 
units of 15 minutes. The dial is turned by means of 
a knob, so that the length of time from that at which 
the instrument is set to the lighting-up time appears 
opposite a pointer, and when that time has elapsed the 
lights will be switched on. The instrument uses no 
current, and no winding, other than that involved in 
turning the knob to set the instrument, is required ; 
its employment does not interfere with the control of 
the lights by switches in the ordinary way. Similar 
instruments for switching on or off lights, heaters, and 
other electrical appliances in shops, houses, garages, &c., 
are in course of preparation. 





Hrre PurcHase CHARGES AND THE SALE OF ELEC- 
tTRICITY.—The Electricity Commiesioners have appointed 
a committee, with Mr. E. W. Dickinson as secretary, to 
consider what steps should be taken to ensure that 
facilities for the hire and hire-purchase of apparatus 
can be made available to electricity consumers and to 
make proposals for a financial scheme for the purpose. 
This committee will consist of Messrs. Ll. B. Atkinson, 
representing the Cable Makers’ Association; H. Bentham, 
the Provincial Electric Supply Association; 8. E. Britton, 
the Incorporated Municipal Electrical Association; D. N. 
Dunlop, the British Electrical and Allied Manufacturers’ 
Association ; J. T. H. Legge, the Incorporated Association 
of Electric Power Companies; H. Marryat, the Electrical 
Contractors’ Association; and W. A. Vignoles, the British 
Electrical Development Association. The Commis- 
sioners have also appointed a committee, with Mr. C. E. 
Allan as secretary, to consider the various tarifis now 
offered by authorised undertakers, and to make proposals, 
whereby a greater measure of uniformity in this respect 
could be brought about. This second committee will 
consist of Messrs. H. Bentham, representing the Provin- 
cial Electric Supply Association; A. C. Cramb,. the 
Incorporated Municipal Electrical Association; J. T. H. 
Legge, the Incorporated “Association of Electric Power 
Companies ; W. Purse, the London and Home 
Counties Joint Electricity Authority; and W. A. Vignoles 





he British Electrical Development Association. 
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GAS PLANT AT BILLINGHAM SYNTHETIC-AMMONIA WORKS. 
CONSTRUCTED BY MESSRS. THE POWER GAS CORPORATION, LIMITED, ENGINEERS, STOCKTON-ON-TEES. 
(For Description, see Page 348.) 
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Fia. 18. EXTERIOR OF PLANT WITH EXTENSIONS IN PROGRESS. 











Fie. 19. IntTERIoR oF Buitpine at Pratrorm LEVEL. 
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‘*LOCOMOTIVE K.”’’ 

‘“ LOCOMOTIVE K ”’ promises, it seems, to acquire 
an historic and rather unenviable reputation, and 
we think quite unjustly. The machine so named 
has figured largely in the recently-issued report 
of the Bridge Stress Committee, as will be evident 
from the summary of this great compilation which 
we gave in our issues of February 1 and 15. 
It has also been given considerable prominence 
in the discussion at the Institution of Civil 
Engineers, lasting for three evenings, on Mr. Conrad 
Gribble’s paper, which was nothing less or more 
than a concise summary of the greater product 
of the committee. It is not our usual custom 
to deal with the discussions at meetings of the 
Institution of Civil Engineers, but, in this particular 
instance, the topic, although nominally M. Gribble’s 
paper, was to all intents and purposes a discussion 
of the report itself, a public document available 
to anyone inclined to spend the necessary 18s. 
on it, unless, indeed, he might find cheaper means 
of acquainting himself with its contents. 

In the discussion to which we have referred, 
one speaker suggested that locomotive K should 
be preserved as a curiosity, while another member 
spoke of the damage it must do “ pounding ” 
along at 60 or 70 miles an hour. Both speakers, 
|it is needless to say, were engineers interested in 
the track and bridges side of the question, and 
it was quite refreshing afterwards to have Sir Henry 
| Fowler pointing out that locomotive K was 
|really never designed to run under anything like 
‘the conditions which the committee imposed 
|upon it. The fact is that this engine is one of a 
considerable class which have done good service on 
the Lancashire and Yorkshire, in coal traffic, and is 
designed to work at a maximum speed of about 17 
miles an hour. For a member of the body in ques- | 
tion, who as such, ought to have known better, to take 
the particular effects found in the committee’s inves- 
| tigation, and imply that they were what permanent- 
| way men had to put up with, is, in our opinion, a 
| very unreasonable presentation of the case. Had 
| the speed been limited to that for which the 
engine was designed, locomotive K would not have 
become notorious. It has done so merely because 
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| the committee wanted to get pronounced or 


exaggerated effects, and it is a gross injustice to 
its designer to treat these as its normal behaviour. 
One might as well expect a dignified performance 
from an old barnyard hen chased by a motor 
car on the highway. The wonder is the old machine 
stood it so well, and did not expire in a paroxysm 
of what Terence Mulvaney described as “ locomotus 
attacks us.” 

Mr. Webb built “cast-iron ’’ coal engines, which, 
we believe, were about the cheapest machines on 
the railways at the time. They were not balanced, 
and did useful work economically, but it is doubt- 
ful how much would have been left of them if they 
had tried much running at 60 miles an hour. 

The discussion at the Institution has been, we 
consider, a little disappointing. A good deal of the 
time was occupied by members of the committee, 
who explained the special parts they themselves 
or others had played. Now, although these explana- 
tions were of interest, it is to be presumed that the 
various members of the reporting body thoroughly 
discussed all these matters among themselves, and 
that their considered ideas are embodied in the 
report. Sir Henry Fowler, not an original, but a 
co-opted member of the committee, alone in the 
discussion represented the locomotive point of view, 
and, though the report itself is correctly guarded 
in its references to the locomotive, there seems 
undoubtedly to have arisen a feeling that all the 
trouble lies with the mechanical department, 
and that if they put their house in order bridge 
troubles will cease. In fact, Sir C. Hindley pointedly 
stated that the bridge people were probably not a 
little pleased to find when they went into the subject 
that the trouble was really one of the locomotive 
and not of bridges. Sir Henry, quite rightly, 
pleaded, instead of such an attitude, for co- 


ordination and co-operation between the two 
branches. We think we are right in stating that 


it was to bring about co-ordination that Sir C. 
Hindley was appointed to the important post 
he held in India, yet recent news tells us of 
engines in that country, ordered for one line, being 
offered to another, because they were too heavy 
to run on the line for which they were procured. 
Obviously, proper co-ordination in such matters 
is essential. The traffic demands constantly more 
and more powerful engines, and the locomotive men 
are urged to meet these requirements, but clearly, 
unless the track and bridges can stand up to the 
work, the demands of the traffic officials, in the 
first place, and the efforts of the locomotive men, 
should be curbed until the permanent-way standard 
is good enough for an advance. 

Sir Henry Fowler asked if, after all, the loco- 
motive men were to ‘blame, as appeared at first 
sight. Although hammer blow is known to have 
existed for many a long year, the “‘ engineers ”’ have 
never laid down any demands related to it, but 
have always stipulated their limits in tons of axle 
load. When one of Mr. Stirling’s last and largest 
outside singles and a rail breakage resulted in the 
St. Neots disaster, although hammer blow wasclearly 
present, we believe the only change asked for, and 
made, was a reduction of the load on the driving 
wheels. The character of such blows has been the 
subject of no little experimental research by loco- 
motive men. The late Dr. W. F. M. Goss was the 
first, we believe, to study the subject in this way. 
Some forty years ago, at Purdue, he devised a scheme 
of feeding a thin wire between the tyres and the sup- 
porting rollers of his test plant, and correlating the 
indentations made on the wire and the position of 
the balance weights. The same method was used 
on the Pennsylvania testing plant at St. Louis 
and Altoona. This work proved conclusively that 
when driven over-speed, the tyre of a small wheel 
freight engine, though balanced, might even be 
lifted right off the rail. They also proved the 
superiority from this point of view of the four- 
cylinder locomotive. The results obtained with 
locomotive ‘K, under the circumstances in which 
she was made to perform, are therefore not sur- 
prising to locomotive men, and it is, if anything, 
a little”reflection on the civil engineers that they 
should think this machine one to be spoken of 
only with an awkwardly concealed smile. To-day 
we have three- and four-cylinder engines well within 





364 
the limits which the civil engineer with all his latest 
information, could reasonably expect, while as 
Sir Henry Fowler pointed out, one machine on his 
system gives no hammer blow at all. 

Locomotive men are now well alive to the fact 
that for new units improvement in balance gives them 
the equivalent of many tons extra weight in meeting 
traffic demands for more powerful machines ; but 
it may reasonably be asked, when so much turned 
on the subject, where all our locomotive represen- 
tatives were during the recent discussion ? It fell to 
the lot of Sir Henry Fowler to represent the whole of 
the mechanical side of the railways of this country, 
and in fact of the world ; and if by chance anything 
should happen to Sir Henry at any time, it really 
looks as if the locomotive men will fail to find 
another champion. With lots to be said on their 
side, it is unfortunate that they should have 
defaulted and allowed the bridge men practically to 
have things all their own way in these proceedings. 

Another point of some interest to the locomotive 
man, raised in the discussion was the damping 
effect of locomotive springs, and its relation to 
bridge oscillation. Professor Inglis, as is often the 
case with the mathematician, had been compelled 
to “simplify” his discussion of this damping 
problem in order to proceed with his method of 
analysis. In view of the complexity of types of 
locomotives, added to the complexity of springing, 
it is to be feared that for a long while to come this 
simplification will remain a plaything of the mathe- 
matician. Locomotive engineers are in the habit of 
using plate, helical and volute springs for various 
reasons. The tendency is in some cases to equalise 
the spring rigging, and it would appear that we 
must go a long way yet in knowledge to reduce a 
whole compound system of such a class to a form 
to be denoted by a simple expression. Sir Henry 
Fowler pointed out that helical springs were 
purposely adopted in certain cases, because they 
responded promptly to shock, and it will be a little 
disconcerting to the designer, to say nothing of the 
running staff, to know that really the bridge men 
would be best suited for one bridge by an engine 
on the stiff side, and for another perhaps a few 
yards further, by a machine with more lively 
springing. 


WATER POWER IN FRANCE. 


THE stabilisation of the French national currency 
has had a far-reaching influence on the industries 
of that country. The measure has put an end to 
the uncertainty, regarding future values of the 
franc, which persisted in the minds of the bulk of 
the people, in spite of official assurances to the 
contrary. The immediate result of the new policy is 
that an impetus has been given to financial move- 
ments and the negotiation of long-term loans has 
been facilitated. In all electrical undertakings, 
installation costs are high, and this applies with 
particular force in the case of hydro-electric plants. 
The high construction charges involved and the un- 
certainty of the money market, during the past few 
years, have had an adverse influence on a number 
of water-power projects in various parts of France. 
It is perhaps too early to say that the general 
slowing down of operations, which had been evident 
for some time past, is at an end, and that, owing 
to the recent improvement in the financial situation, 
a new era of activity has dawned, nevertheless, 
from a national point of view, the future of water 
power in France is distinctly encouraging. That 
the improved outlook is viewed with satisfaction in 
France is evident from the pages of the Annuaire 
de la Houille Blanche Francaise,* for 1928-1929, 
which has just been published. The writers of the 
various leading articles contained therein, which 
deal with the present position of hydro-electric 
undertakings in France, are, however, somewhat 
cautious ; while pointing out the progress made, 
they are at some pains to emphasise the difficulties 
which have still to be overcome; on the whole, 
however, their general tone is optimistic. 

Work has been definitely started on several new 
installations, the principal of which are the Eygun- 
Lescun plant on the Gave d’Aspe in the Basses 
Pyrénées, the capacity of which is to be in the 

* Paris: Revue Générale de l’Electricité, 12, Place de 
Laborde (8e.) 
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neighbourhood of 14,440 kw., the Pizancon plant, 
of 19,000 kw. capacity, on the river Isére, and the 
important 60,000-kw. Kembs installation on the 
Rhine, which is but the first step of a larger under- 
taking. Furthermore, work has been restarted on 
several partially constructed installations, the 
completion of which had been indefinitely post- 
poned. The principal of these is the Brommat 
plant on the river Truyére in the Aveyron depart- 
ment, which will have a capacity of about 56,000 kw. 
Again, the electrification of the railway line from 
Culoz to Modane, on the Paris, Lyons & Méditerranée 
system, after months of uncertainty, is being 
pushed forward actively, and it is anticipated that 
the work will be completed during 1930. The 
necessary energy will be derived from a number of 
water power plants in the Savoie, situated on the 
Doron de Beaufort, on the river Arly, and on the 
river Bonnant, all of which are owned by the 
Société d’Electro- Chimie, d’Electro - Métallurgie 
et des Aciéries Electriques d’Ugine. Several of 
these plants are in service and the remainder 
are under construction. The railway company has 
entrusted the main contract for the equipment of 
the traction sub-stations to the Compagnie Fran- 
caise Thomson-Houston. Messrs. Schneider et 
Cie, are, however, to supply some of the rotary 
converters. The third-rail system of conductors 
has been definitely adopted. 

The Midi Railway, the most active of all French 
lines in the matter of main-line electrification, is 
steadily pursuing its programme. Last year, 
this company possessed 480 miles of electrified 
lines; at the present time the total is 546 miles. 
The difference of 66 miles is due to the conversion 
from steam to electric traction of the lines from 
Pau to Laruns, from Buzy to Bedous and thence, 
across the Pyrénées, to Forges d’Abel. The full 
electrification programme of the Midi Company, 
portions of which are steadily being carried out year 
by year, comprises the conversion to electric traction 
of a further length of 1,137 miles of existing track 
and the construction of 358 miles of new line. The 
necessary current is derived from six hydro-electric 
plants, all of which are in the Pyrenees region. A 
seventh plant, that at Artouste in the Vallée 
d’Ossau (Basses-Pyrénées), is approaching comple- 
tion ; it will have a capacity of 11,000 kw. 

Turning to general considerations regarding 
the production of electrical energy in the country 
as a whole, we find that according to statistics 
issued by the Ministry of Public Works, upwards 
of 11,000 million kw-h. of electricity were produced 
during 1926, as compared with 7,480 millions during 
1923. Working at 70 per cent. of full capacity, 
the hydro-electric plants produced 4,780 million 
kw.-h. during 1926. The figures for 1923, which 
would have been interesting for purposes of com- 
parison are not, however, quoted. Much has been 
done, and is still being accomplished, in the matter 
of the linking up of hydro-electric and thermal 
power stations, and of adjacent electricity-supply 
undertakings. This procedure has been almost 
invariably followed by a decrease in running costs 
and an increase in current sales. It has been stated 
above that one of the leading French railway com- 
panies is to derive electric current for traction 
purposes from plants owned by an electro-metal- 
lurgical company. This policy of co-operation in 
order to utilise plant to full capacity is finding 
increasing support. It is felt that the figure of 
70 per cent. just quoted in connection with water- 
power plant operation, could be increased still 
further. 

As has been the case in several previous volumes 
of the Houille Blanche year book, some attention is 
given, in the present issue, to tidal power plants. 
A company formed during 1927, entitled La Société 
Civile l’Energie des Marées, which concern has applied 
for official sanction to build 10 tidal power plants 
on the northern coasts of France, is at present 
investigating the possibility of constructing such 
an installation across the estuary of the river 
Somme, in Picardy. The project includes the build- 
ing of three long sea walls which would divide 
the estuary into two huge basins, respectively, 
6°5 sq. miles and 13 sq. miles in area. Little other 
information is furnished, and the remainder of the 
space devoted, in the year book, to the Somme Bay 
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scheme, is given to the theoretical consideration 
of various problems relating to tides. Another 
projected tidal-power installation, that at Aber- 
wracht, near Brest on the North coast of Brittany, 
has made no apparent progress during the twelve 
months covered by the year book. The only 
change which seems to have been made is that all 
legal rights relative to the scheme have been trans- 
ferred from the Société Financiére pour l’Industrie, 
to the Société Internationale pour la Houille Bleue. 
The plant is said to be under construction but no 
details are available. A third scheme, presumably 
a wave-power plant, at Guyotville, on the Medi- 
terranean coast of North Africa, near Algiers, is 
also dormant. It is clear that the practical and 
economic difficulties, which must be faced before 
the erection of a tidal power plant can be envisaged, 
are greatly delaying various schemes which have 
been talked about for years. Nevertheless, the 
future development of any of the schemes men- 
tioned above will be watched with interest by 
civil engineers in all parts of the world. The whole 
scheme of a tidal power plant is so attractive that 
one may hope that some progress will some day be 
made. 








NOTES. 


COMMERCIAL CYLINDERS FOR PERMANENT GASES. 


In our issue of the 8th inst. (page 302 ante), we 
dealt with the two final reports of the Gas Cylinders 
Research Committee of the Department of Scientific 
and Industrial Research. The first report of this 
body was published in 1921, and is now out of print, 
and in the course of the past few days a summary of 
the recommendations then made has been published, 
with certain revisions. It may be recalled that 
the recommendations, made in 1921, met with 
certain criticism on the part of the industry, as 
being deficient in some very important directions. 
The Committee has throughout intepreted its 
duties as limiting it as regards trade practices, so 
that its proposals cannot be regarded as in them- 
selves sufficient for the regulation of the industry. 
It is interesting to note, however, that in the revised 
summary, now brought out, two or three new 
recommendations are made which make good 
previous omissions, by suggesting the adoption of 
practices long insisted upon by the industry itself 
for its own protection. The question of internal 
corrosion, which was hardly dwelt upon in the 
first report, is now given greater attention, and 
internal examination by means of a small electric 
lamp is now suggested as useful. Further, burning- 
out is now included among the recommendations, 
embraced among which will also be found regulations 
for painting, hydraulic testing, and fittings, including 
caps for valves. Most of the recommendations 
now added would, we believe, have been embodied 
in the first report, if the Committee had been made 
properly representative of the industry when 
appointed. As is now well known the industry was 
not invited to participate, and the whole proceedings, 
rather than being helpful, have resulted in a none too 
satisfactory position at the end of years of uncer- 
tainty. There is still the need for definite ruling 
on points which the Committee has decided were 
outside its field, and this we hope will be given with 
the least delay possible, when, as we suppose must 
now follow, the Home Office will convert recom- 
mendations into regulations amplified to meet the 
real needs of the trade in question. 


Tue British AssociaTION MEETING IN SOUTH 
AFRICA. 


A good programme has been drawn up for 
Section G (Engineering) of the British Association 
for the forthcoming meeting in South Africa. The 
technical meetings will commence in Cape Town on 
Tuesday, July 23, when the subject of refrigeration 
will be dealt with. Dr. Ezer Griffiths will describe 
the latest work in Great Britain, while a description 
of recent work in South Africa will be given by 
Mr. E. A. Griffiths, of Cape Town. In view of the 
large traffic from South Africa of soft fruit now 
despatched to this country, this subject will be of 
considerable interest. Many details of the Cape 
Town pre-cooling plant were given in a recent issue 
of Enarvgerinc. Another paper taken on the 
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Tuesday will be “ Alcohol Mixtures as Fuels in 
South Africa,” this being by Professor Duncan 
McMillan. On Wednesday, July 24, a group of 
papers will be taken on “ Roads and Problems of 
Town Planning.” Among these papers will be a 
contribution by Sir Henry Maybury, who was 
hoping to attend the meeting, but who, owing to 
other engagements, now finds it, unfortunately, 
impossible to do so. Another paper in this group 
will be one dealing with road conditions in South 
Africa, This is being arranged for locally. Mr. H. H. 
Humphries, of Birmingham, is presenting a paper 
entitled ‘“‘ The Fundamentals of City Development.” 
Sir Henry Fowler is also dealing with motor problems 
in undeveloped areas. Thursday, July 25, is to be 
devoted mainly to railway subjects, two papers being 
promised by South African members, one dealing 
with railway problems special to South Africa, and 
the other with road transport services as feeders 
to the South African railways. Lieut.-Col. Philip 
Johnson will also present a paper discussing the 
possibilities of mechanisation and transport costs 
in roadless countries. For Friday, July 26, Professor 
A. E. Snape, of Cape Town University, has promised 
a paper on “ University Training in Structural 
Design and Practice,” and asecond paper, on 
irrigation in South Africa, will also be taken. At 
the Johannesburg meeting, Wednesday, on July 31, 
mining subjects will be the chief feature. Sir Charles 
Parsons is presenting a paper on steam turbines, and 
Mr. Bernard Price one on “‘ Compressed Air Supply 
and Distribution in Johannesburg.” Dr. J. 8. Owens 
will also deal with “‘ Modern Crushing Machinery.” 
A fourth contribution by a local member will discuss 
mining operations on the Rand. On Thursday, 
Professor F. C. Lea will deliver his presidential 
address to the Section, and electrical subjects will 
be subsequently taken, These will include a paper 
by Mr. C. H. Merz on “ The National Scheme for 
Electricity Supply in Great Britain,” and a second 
by Professor E. W. Marchant on the economical 
transmission of power. On Friday, August 2, there 
will be a discussion on road matters, and a joint 
discussion with the Physiological Section, on the 
subject of deep mine ventilation. A contribution 
to this will, we understand, be given from the 
engineering standpoint, by Professor J. S. Haldane, 
while a paper will also be given by Dr. J. S. Owen 
on the dust problem. 
THe InsTITUTE OF TRANSPORT. 

This year is the tenth year of the existence of the 
Institute of Transport, and the progress which the 
body has made in this period was naturally stressed 
at its ninth dinner, held on Thursday last week, 
March 14. The Institute was fortunate this year 
in having as its principal guest His Royal Highness 
the Prince of Wales, whose travels surely entitle 
him to claim some knowledge of what the Institute, 
of which he is Hon. President, stands for. The toast 
of the Institute having been proposed by Sir Arthur 
Stanley, it was replied to by His Royal Highness, 
who reviewed a great amount of ground in the course 
of his remarks. He reminded those present of the 
several types of transport to which he had at one 
time and another resorted, and referred to the great 
co-ordinated effort which enabled him to travel from 
the heart of Africa to the bedside of his Royal 
father in an exceptionally short time. In this 
journey the Enterprise covered 4,071 miles in eight 
days, while the subsequent railway journey was so 
well organised by the Italian, Swiss and French 
authorities that eleven hours were saved on the 
previous fastest run across Europe. As was 
natural with Sir W. Sefton Brancker in the chair, a 
good many references was made during the evening 
to aviation. His Royal Highness referred especially 
to the service to India which is to be inaugurated 
at the end of this month. This, with the exception of 
a single stage between Bale and Genoa, which will 
be at present taken by train, will enable passengers 
to reach Karachi in about six days, by air. Develop- 
ments are proceeding also in Africa, and the Union 
Government has now made a substantial contribu- 
tion and promised full support to a service which 
should bring Cape Town to within 12 days of West- 
minster, Recent months, we were reminded, had 
produced many interesting feats in aviation. 
Reference, for instance, was made by speakers to the 
18,000-mile flight of Lady Bailey, who was present 
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at the function. Others mentioned by the Prince 
of Wales, in his survey, were Mr. Bentley, Mr. 
Murdock and Captain Rattray. The latter, Pro- 
vincial Commissioner in West Africa, had come 
home, learnt to fly and returned to his port in a 
Moth. The rescues from Kabul were also referred to 
as an example of the possibilities of the Royal Air 
Force. Lastly His Royal Highness mentioned the 
fact that Imperial Airways machines, since the 
beginning of 1925, had flown 3} million miles without 
a single accident involving the death of a passenger. 
The toast of “The Guests,” put in an excellent 
and racy speech by Sir Sefton Brancker, was replied 
to by Sir W. Joynson-Hicks and Mr. J. H. Thomas, 
the former dealing with the duties of policemen as 
they affected the lady motorist. The health of the 
Chairman was proposed by Mr. R. T. Smith, 
immediate past president of the Institution. 
Altogether, the evening proved one of the most 
successful functions of its kind in the ten years’ 
career of this energetic body. 
THE HELICOGYRE, 

A further attempt to produce an aircraft capable of 
rising and descending vertically, of remaining 
stationary in the air, and of flying in a horizontal 
path, has now been made by Mr. V. Isacco, who 
described the principles of his machine, to which he 
has applied the name “ Helicogyre,” in a paper 
read before the Royal Aeronautical Society on 
Monday last. The Helicogyre bears a strong 
resemblance to the Cierva autogyro, which was 
illustrated and described on pages 521 and 549 of 
our 120th volume, and also on page 247 of volume 
122, but differs from it in that, in the former, 
mechanical means are provided for rotating the 
horizontal, or lifting, airscrew, while in the autogyro 
the horizontal airscrew is kept in rotation by the 
action of the air. The method of driving the 
horizontal airscrew in the Helicogyre is to mount a 
small two-cylinder engine, fitted with a tractor 
airscrew, on the tip of each blade of the main 
horizontal airscrew, this method of driving, which 
will appear objectionable to many, being preferred 
by the inventor to mechanical gearing or other 
forms of power transmission. The blades or wings 
of the horizontal airscrew are each articulated to a 
hub in such a manner that they are free to turn in all 
directions, but are prevented from falling, when at 
rest, by wires attached to a central column. In 
flight, the wings take up the correct position as a 
result of the aerodynamic and centrifugal forces 
acting on them ; the angle of incidence can, however, 
be regulated by the pilot by means of ailerons 
fitted on their trailing edges. For horizontal flight, 
a separate engine and tractor screw are mounted 
on the front of the fuselage, and we understand that 
the method of controlling the machine in flight is the 
same as that of an ordinary aeroplane, with the 
addition of the incidence control already mentioned. 
So far, three machines of the type described have 
been constructed, two for the French Government 
and one, by Messrs. Saunders, of Cowes, for the Air 
Ministry. Of these, the first had four wings, on 
two of which 50 h.p. Anzani engines were mounted 
near the centre; a 35-h.p. Anzani engine was 
provided, in addition, for horizontal flight. This 
machine had a total weight of 1,875 lb. and is under- 
stood to have risen from the ground on several 
occasions. The second machine, weighing 1,320 lb., 
had only two wings, on the extreme outer end of 
each of which a 32-h.p. Bristol Cherub engine was 
fitted; a 50-h.p Anzani engine was, in this case, 
provided for propulsion. This machine is also said 
to have risen several times. The British-built 
machine, however, has not yet been tried. It is 
generally similar to the second machine, but has 
four wings each fitted with a 32-h.p. Bristol-Cherub 
engine, a 100-h.p. Genet engine being mounted in the 
front of the fuselage for horizontal flight ; the power 
plant thus aggregates 228 h.p. The weight of the 
machine, which is a two-seater, is not given, but 
trials are shortly to be carried out by the Air 
Ministry, and the results will be awaited with much 
interest, not unmixed, we fear, with a certain amount 
of scepticism. In any case, the trials, as Mr. 
Wimperis said in the discussion on the paper, will 
probably settle the question whether there is any 
advantage in aircraft of this type, or whether 
the advantages outweigh the disadvantages. 
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THE INSTITUTION OF NAVAL 
ARCHITECTS. 

TuE Spring meeting of the Institution of Naval 
Architects was opened on Wednesday last in the 
lecture hall of the Royal Society of Arts, John-street, 
Adelphi, W.C.2, and was continued on Thursday. It 
will be concluded to-day. Altogether twelve papers 
were presented for reading and discussion, and, 
of these, eight have been disposed of at the sessions 
held on Wednesday and Thursday, while the 
remainder are being dealt with in morning and 
afternoon sessions to-day. The annual dinner was 
again held in the Connaught Rooms, Great Queen- 
street, W.C.2, on Wednesday evening, and a brief 
account of the proceedings will be found below. 
At the opening session on Wednesday morning, 
the chair was taken by the President, Admiral of 
the Fleet, the Rt. Hon. Lord Wester Wemyss, 
who at once called upon the secretary, Mr. R.W. 
Dana, to read the annual report of the Council. 


REPORT OF THE CoUNCIL. 


The report again referred to the effect of the 
depressed condition of the shipbuilding industry on 
the membership of the Institution, particularly with 
respect to students. It was pointed out, however, 
that, as conditions improved, there would be 
additional opportunities for trained men, and that 
those who contemplated taking up naval architec- 
ture as a career would do well to commence their 
apprenticeship at a time when the competition for 
places was less than the normal. In referring to the 
losses sustained by the Institution during the year 
owing to the deaths of prominent officers and 
members, the report mentioned, among others, 
the names of Lord Durham, President from 1916 
to 1921, Sir J. I. Thornycroft, Honorary Vice-Presi- 
dent, Mr. Robert Traill, Member of Council, Sir 
Alexander Richardson, former Associate Member of 
Council, and Sir Alexander B. W. Kennedy, Member. 
Continuing, the report referred to the acquisition 
of new premises in Adam-street, and explained that 
the purchase of the freehold of these premises had 
involved the raising of a loan from the bank, and also 
the selling of the major portion of the Institution’s 
invested reserved funds. Subscriptions, were there- 
fore, invited to a fund for clearing off the loan. In 
recognition of his long and distinguished services 
on the Council, the report stated, the Hon. Sir 
Charles A. Parsons, had been elected Honorary Vice- 
President. Mr. J. Foster King had been nominated 
to represent the Institution at the Engineering 
Congress to be held in Tokio in October. 

The summer meeting, the report mentioned, 
would take place in Italy from about September 15 
to 28, the meeting being held in Rome, and the ship- 
building centres of Naples, Genoa and Trieste being 
visited in addition. A further appeal was made for 
financial support for the research work carried out at 
the William Froude National Tank, and, with 
reference to the National Certificates in Naval 
Architecture, it was mentioned that steps were being 
taken, at the instance of the Ministry of Education 
for Northern Ireland, to establish a committee to 
deal with candidates from Belfast and the neighbour- 
hood. As a result of examinations held in 1928, the 
Elgar Scholarship in Naval Architecture had been 
accorded to Mr. J. Goss, of Portsmouth Dockyard, 
and Post-Graduate Research Scholarships had 
been secured by Messrs. W. M. McKitterick and 
J. F. Allan, both of Glasgow University. The 
Martell, Fairfield and Denny scholarships in naval 
architecture, the Parsons scholarship in marine 
engineering and a post-graduate research scholarship 
were offered for competition in 1929, and, since the 
number of candidates entering for these scholarships 
had been below the average for the last few years, the 
attention of managers of shipbuilding and marine- 
engineering establishments was drawn to the 
desirability of actively encouraging their apprentices 
to enter for them. The report gave a list of 
members elected during the year to represent the 
Institution on various bodies, and also mentioned 
that two premiums had been awarded to the 
authors of papers contributed to the Transactions 
for 1928. These papers were ‘“‘Some Modern 
Developments in Rigid-Airship Construction,” by 





Lieut.-Col. V. C. Richmond, and ‘“‘ Further Notes on 
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the Relative Strength of Fine and Full Cargo Vessels,” 
by Messrs. E. Leslie Champness and F. McAlister. 
In conclusion, the report gave a complete statement 
of the general account of the Institution and of the 
various scholarships and other funds it administers. 

The Chairman proposed the adoption of the 
report, which was duly carried. 


ELECTION OF OFFICERS. 


The Secretary then read a list of officers, including 
the President, Lord Wemyss, 15 Vice-Presidents, 
and the Treasurer, Mr. Francis Henderson, who were 
proposed for re-election, the list being approved 
by the meeting. He then read the list of officers 
elected as a result of a ballot to act as Vice-Presi- 
dent, Members of Council and Associate Members of 
Council during the ensuing year. The names were as 
follows :—Vice-President, Mr. H. Ruck-Keene ; 
Members of Council, Messrs. A. L. Ayre, G. S. 
Baker, E. Leslie Champness, and Andrew Hamilton, 
Dr. James Montgomerie, Mr. G. McL. Paterson, 
Engineer Vice-Admiral R. W. Skelton, Mr. R. J. 
Walker, Professor J. J. Welch, Engineer Rear- 
Admiral, W. M. Whayman, and Mr. W. R. G. 
Whiting ; and Associate Members of Council, Sir 
Robert Hadfield, Admiral Sir Roger Keyes and 
Mr. J. Herbert Scrutton. The election of these 
gentlemen was also duly confirmed. 

PRESIDENTIAL ADDRESS, 

The next item on the agenda was the presentation 
of the premiums referred to in the report, but, in the 
absence of the authors, the President proceeded to 
deliver his address, after having expressed his 
thanks to the meeting for having re-elected him. 
After referring to the advantages to the Institution 
of the new office accommodation just acquired, and 
expressing his appreciation of the work of the Royal 
Society of Arts whose lecture hall was placed at 
the disposal of the Institution for its spring meetings, 
Lord Wemyss remarked that the attendance of more 
representatives of the large shipowning interests at 
the meetings would be welcomed. Ever since the 
short-lived boom which followed the termination 
of the war, he continued, shipowners had suffered 
from disorganised markets, the European unrest, 
and the surfeit of surplus tonnage, all of which had 
tended to delay the return to normal conditions in 
the shipping industry. A partial improvement had 
now set in, however, and the clearing off of surplus 
tonnage had led to a renewal of orders for shipping, 
although shipowners were perplexed by the conflict- 
ing views on the relative merits of competing 
methods of propulsion. The papers to be presented 
at the meetings would, he hoped, afford assistance to 
those responsible for the design of new ships. 

Another matter of importance referred to in the 
address was the unemployment among the younger 
naval architects who had completed their appren- 
ticeship and early training, and now found it difficult 
to obtain suitable positions in the industry. This, 
the President pointed out, was due to the depres- 
sion in shipbuilding having caused many firms 
to reduce their staffs, but its effect would be to drive 
many young men with excellent qualifications into 
other occupations. ‘To assist in the solution of the 
problem, it had been suggested that the Institution 
should form a Committee of Employers on similar 
lines to the Appointments Boards at some of the 
universities. He appealed to employers to consider 
this suggestion, and, whenever possible, to give 
preference to those young men who had served 
their apprenticeship and passed satisfactory exami- 
nations. It would be possible for particulars of 
any openings that might occur to be transmitted to 
the students of the Institution, if emplovers would 
make known their requiremen‘s. 

Referring finally to the position of the ship- 
building industry, the President remarked that 


although the increase in output from British vards | 


in 1928 had caused some satisfaction, part of the 
increase had resulted from work having been held up 
owing to the coal strike. The figure for the tonnage 
under construction in Great Britain and Ireland 
at the commencement of the present year was less 
satisfactory than those for the tonnage launched, the 





former being 337,000 tons less than the figures for | 
the previous year. With regard to tonnage launched, 
it might surprise those who had not studied the ship- 
building returns to learn that the next country in 


ENGINEERING. 


order of shipbuilding activity, was Germany, whose 
tonnage launched was greater than those of Holland 
and France taken together. In the production 
of marine engines, Germany had also reached the 
second place, and these facts showed how rapidly 
that country had recovered from her war-time 
reverses and her post-war difficulties. Since the 
end of 1928, however, orders for merchant ships 
placed in British yards, had shown signs of gradual 
improvement, but there was a considerable reduc- 
tion in the vote for new construction in this year’s 
Naval Estimates. All must recognise that the 
number and nature of warships to be built was a 
matter of high policy, but the curtailment of build- 
ing programmes could only tend towards a danger- 
ous reduction of the nation’s resources in plant and 
material, and also in skilled workmanship, which was 
much more difficult to supply. 

H.M. BattLesuirs ** NELSON ” AND ‘“‘ RopNeEy.” 

At the conclusion of his address, the President 
called upon Sir William J. Berry to read his paper 
on H.M. Battleships Nelson and Rodney. The 
paper is reprinted on page 357 of this issue. 

The discussion was opened by Sir Eustace Tenny- 
son d’Eyncourt, who, in referring to the inception of 
the design of the two vessels, said that it was hardly 
realised sufficiently how much new tonnage had been 
scrapped in this country as a result of the Washing- 
ton Treaty. In addition to the vessels referred to 
by the author, four vessels of the Hood type were 
cancelled after a considerable amount of work 
had been done upon them. Sir Eustace said that he 
was in a somewhat unusual position in that he 
superintended the design of the Nelson when he was 
at the Admiralty, and later the construction when 
he was with the builders. He might, however, say 
that these ships presented an especially difficult 
problem in that they had to conform to the Washing- 
ton Treaty on the one hand, and as far as possible 
incorporate war experience on the other. The 
protective armour was required to withstand attack 
from 16-in. guns, and from mines and torpedoes 
under water, and to fulfil all requirements would 
have involved a vessel of 49,000 tons, of the type 
referred to in the paper. A particular difficulty was 
that of protection from air attack. This involved a 
6}-in. protecting deck, which had never been 
approached in previous ships, and the weight of this 
deck was a very serious consideration. As regards 
the design finally adopted, it might fairly be said 
that the armament as a whole gave maximum protec- 
tion with minimum weight. The nine guns in triple 
turrets resulted in a lower weight than eight guns in 
four mountings, so that it might be said that there 
was a direct gain of one gun. With the arrangement 
adopted, it might be considered that the blind arc 
open to attack from the rear was a possible objection, 
but actually if the ship was zig-zagging, as would 
probably be the case in the presence of submarines, 
this arc was covered. In addition, no example of 
dead-astern firing occurred in the war. In giving 
examples of the weights which had to be carried on 
the new vessels, the speaker instanced the revolving 
triple turrets, whose weight approached 2,000 tons. 
The various controls and multiplicity of electrical 
fittings also involved considerable weights, as would 
be realised when it was stated that there were over 
300 miles of electric cable in the Nelson. In 
concluding his remarks, Sir Eustace complimented 
the designers and builders of the vessels, mentioning 
that the trials had been very successful. The fuel 
consumption was exceptionally satisfactory, as a 
low figure was obtained over a very wide range of 
speeds. Special attention might be called to the 
fact that the Nelson and Rodney were the first capital 
ships with twin screws since the Dreadnought era. 

Rear Admiral Sir A. Chatfield, who also dealt 
mainly with the difficulties imposed by the weight 
limitation, said that the design was the first effort 
made to reproduce the classical designs of Queen 
Elizabeth and Royal Sovereign. It was difficult to 
strike a good balance between guns and armament 





with a four-turret ship, but by utilising the three- | 


turret arrangement, and placing the engines and 
funnel aft, a very good balance had been achieved. 


|The weight limit rendered both design and material 


very expensive, and it was very difficult to ensure 
that the full allowed displacement was achieved 
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but not exceeded. It would have been exceedingly 
difficult to reduce the displacement if the allowance 
had been exceeded, but it would be observed that the 
Nelson was well within the limit. The question had 
been raised as to whether battleships were really 
justifiable, and in this connection, he would point 
out that, although they appeared very expensive, the 
actual fact was that the larger a ship was, the lower 
became the cost per ton. Thus the cost of 35,000 
tons of destroyers would be much higher than that of 
a single capital ship, and the upkeep would also be 
very much more expensive. A further point to be 
borne in mind was that a large ship had a very long 
life as compared with a small one, and it was 
reasonable to assume a life of at least 25 years for the 
Nelson or Rodney. This figure might be compared 
with the life of aircraft of corresponding value. 

Admiral Sir R. Custance devoted the greater 
portion of his remarks to naval strategy. He said 
that his view was entirely different from that of those 
who designed the vessels under discussion, in that 
he had long reached the conclusion, confirmed by 
later experience, that torpedo attack was relatively 
ineffective. An analysis of the actions in the 
Russian-Japanese war showed only about 53 per 
cent. of hits made by torpedoes, and this figure was 
confirmed in the last war, It appeared, however, 
that modern naval design was based on the theory 
that the torpedo was a very dangerous weapon, 
whereas the only real protection for a vessel was 
effective gun fire. Difficulty would no doubt occur 
in achieving close ranges, but a smoke screen 
might be employed in this connection. 

Sir John Biles briefly traced the development in 
war ship construction due to changes in tactics. 
He mentioned that the Dreadnought Committee 
had considered an arrangement of three turrets 
at each end of the vessel, and after discussion with 
the naval experts on the relative value of ahead and 
astern fire, it was agreed that the five turrets of 
the Dreadnought, giving 40 per cent. astern and 
60 per cent. ahead fire, was satisfactory. There was 
thus a saving of one turret on the proposed design. 
As illustrating the change in tactics, this might be 
compared with the Nelson and Rodney, having no 
astern turrets. He wished to point out that the 
depth of these vessels was much greater than had 
previously been usual in battleships, the length 
to depth ratio being actually about 13 to 1, which 
was about the same as that of an Atlantic liner. 
This appeared to him to be a distinct improvement 
on previous types of ship. 

M. Salmon Legagneur, following, dealt with the 
general results of the limitation of dimensions 
imposed by the Washington Treaty, and said that he 
would like to inquire how a saving of 400 tons in 
weight had been achieved in the Nelson as compared 
with the Rodney. In addition, he asked whether 
the *D” steel employed on the vessels was not 
more brittle than mild steel; and whether, where 
aluminium alloys were employed in positions ex- 
posed to sea water, they were protected by a 
coating of special paint or varnish. Referring to 
the ventilation of the engine rooms, he would like 
to know whether the temperature of the engine 
room on full speed trials had been recorded, as 
the ventilation of the machinery spaces in the French 
Navy had proved a very difficult problem. 

Mr. J. H. Narbeth, commenting on the appearance 
of the ships, suggested that the silhouette was 
possibly too distinctive, as it would make the vessels 
exceeding easy to identify at long distances. He 
did not think the ships had a good appearance. 
although it had to be admitted that they had a 
splendid freeboard, good accommodation, and were 
generally in the front line of advanced construc- 
tion. He noticed, however, that they were provided 
with two submerged torpedo tubes, and he would 
like to ask whether such tubes could ever be of use 
against an enemy. There appeared to be no aircraft 
provision on the vessels. Was he correct in assuming 
that aircraft carriers were intended to act as scouts 
and spotters? He had seen the suggestion that 
the two large American aircraft carriers were to be 
scrapped, and this appeared to open up the whole 
question of the relationship of this arm with the 
battle fleet. Continuing, he referred to the im- 
provements in both steel and iron for shipbuilding, 
nstancing the “1D” steel used in the Nelson and 
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Rodney. He was of opinion that marine construc- 
tors might learn something from flying-boat builders, 
particularly in reference to the treatment of sur- 
faces to resist corrosion. Mr. Narbeth concluded 
his remarks by stating that recent naval construc- 
tion throughout the world might be taken as em- 
bodying national characteristics, the Nelson and 
Rodney showing that the British ideal was for a 
good all-round ship, which he thought that they had 
obtained. 

The Chairmant hen called upon the author to 
reply to the discussion. Sir William Berry said 
that it was not possible, in the time at his disposal, 
to reply to all the points raised in the discussion, 
but he would endeavour to deal with one or two 
of the more important. Sir Eustace d’Eyncourt 
had explained the reasons for the turret arrangement 
adopted, pointing out that it was economical in 
weight, while giving a wide firing angle. Reference 
had been made in the discussion to the impossibility 
of direct fire astern, but it might be pointed out that 
it was only necessary to turn the ship a few degrees 
off the straight course to bring the after turrets to 
bear on the enemy. All experience obtained in the 
war tended to show that the provision made was 
sufficient. Rear-Admiral Chatfield had referred 
to the expensive design of the Nelson and Rodney, 
but actually the Navy had secured two very cheap 
ships in view of their performance. As a contrast, 
the new German vessel of 10,000 tons, costing 
4,000,000/., might be mentioned. With regard to the 
fact that the two vessels were well below the 
35,000 ton limit, it might be pointed out that no 
vessel built since the convention had exceeded the 
limit. He agreed with Rear-Admiral Chatfield 
that 25 years was quite a moderate estimate for the 
life of these ships. As regarded Admiral Custance’s 
remarks, he would say that ships did not fire broad- 
side to broadside in modern warfare, dropping 
shells from oblique fire being the form of attack 
to be guarded against. On the question of torpedo 
fire, it would naturally be ineffective in the circum- 
stancesreferred to by Admiral Custance, as the torpedo 
was moving relatively slowly and the vessel attacked 
was also in motion. It might be pointed out that the 
air bomb was also a relatively slow-moving missile. 
The attacking aeroplane must be at a sufficient 
height to achieve a penetrating velocity, and at this 
height it was subject to gunfire, while the target at 
which it was aiming was moving. Under the most 
favourable circumstances, the effectiveness of this 
form of attack would be unlikely to exceed from 
2 per cent. to 4 per cent. Referring to the remarks 
of Sir John Biles, he might say that a length-depth 
ratio of about 13 to 1 gave the most economical 
construction for large cruisers and battleships. In 
reply to M. Salmon Legagneur, ‘““D” steel had 
working properties practically the same as those 
of mild-steel, but it required careful handling when 
heat treatment was necessary. With reference to the 
corrosion of aluminium fittings, such fittings were 
only used in the open for unimportant details such 
as winch covers, and were protected by paint. He 
did not think, however, that the present alloys were 
quite satisfactory for such work. Mr. Narbeth had 
referred to the distinctive silhouette of the vessels. 
He was of opinion that such a point was not of 
much importance nowadays, as too much informa- 
tion was available. He had no information regard- 
ing the American aircraft carriers, but thought that 
future vessels of this type for the British Navy would 
probably be made smaller than formerly. 


TRIALS OF ITALIAN DESTROYERS. 


Owing to the time occupied in the discussion of 
Sir William Berry’s paper, consideration of the 
communication from Lieut.-Colonel F. Dondona on 
Sea Trials of Italian Destroyers’ was postponed 
until Wednesday afternoon, when the President 
again occupied the chair. 


This paper, which we propose to reprint in a/| 


later issue, dealt with the results of the extensive 
trials, which have been carried out on the various 
types of high-speed destroyers built by the Italian 
Navy in recent years. Full speed and consumption 
trials, were conducted on all the ships, while one in 
each group was subjected to progressive speed 
trials on a measured mile. From the results thus 
obtained, curves showing the behaviour of the ships at 
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various speeds and of the variations of the charac- 
teristic factors of propulsion, were drawn. For the 
first time in the Italian Navy, it was possible to 
carry out the systematic observation of the thrust 
generated by the propeller at certain speeds, and 
to examine the relationship between the horse-power 
necessary for towing, which had been determined 
from tank experiments, and the effective horse- 
power of the thrust delivered to the ship, as well as 
between the towing power and the shaft horse- 
power. The resistance due to the presence of the 
propeller and the action of the wake could then be 
deduced, while the efficiency of the propeller could 
also be determined. 

The characteristics of, and the results obtained, 
with three types of destroyer, sixteen ships in all, 
were given, together with curves showing the rela- 
tionship between various factors and the speed. 
All powers were referred to a single displacement 
of 1,200 tons, since the variation in power in passing 
from one displacement to another within the speci- 
fied limits varied as the displacement. The highest 
coefficient of propulsion (0-57) was reached by the 
Sauro at a speed of 23-9 knots and 235 r.p.m., 
while the highest coefficient of towing (0-89) was 
reached by the Turbine at a speed of 20 knots and 
185 r.p.m. The higher coefficients of towing were 
notably uniform. As regards propulsive coefficient 
proper, the maximum (0-71), was reached by the 
Manin at a speed of 18 knots and 180 r.p.m., but 
again the results were uniform. 

Sir William Berry, in opening the discussion, said 
that the spirit in which the author had laid so 
considerable an amount of data before the Institu- 
tion was highly commendable. Their thanks were 
due to the Italian Ministry of Marine for permitting 
them to be published, and to Colonel Dondona for 
the way in which they had been presented. The 
author’s doubts as to reliability of thrust indicators 
was confirmed by the experience of our own 
Admiralty, and it had often been very difficult to 
discover from the readings of these instruments 
what the thrust really was. It was interesting that 
| the dimensions of the Borea, about which informa- 
| tion was given in the paper, were very similar to 
|those of our own Amazon and Ambuscade, the 
| shaft horse-power of the two classes of ship being 
| 52,500 and 40,000 shaft horse-power respectively. 
|The falling off of the thrust at high speeds noted 
in paper was curious and hard to explain, but 
|he did not agree with the view expressed by the 
author on the subject. It was rather the rule than 
the exception to obtain cavitation at top speeds 
owing to the pressure, and an analysis of the results 
showed that this had happened on these trials. It 
also appeared that the best performances were 
achieved by the Crispi, which had the lowest 
propeller-tip speed, and by the Borea, which had 
the highest. He hoped the author would give the 
depth of the water in which the trials took place, 
as the required speed-length ratio showed that 
the depth should be equal to the length of the 
ship. 

Mr. H. G. Williams said that the results in the 
cases where the actual thrusts were measured were 
valuable, since these had generally to be obtained 
by calculation from the wake values ascertained in 
model experiments. The chief data lacking in the 
paper for a close estimate of the wake value were 
figures relating to the propellers themselves. For 
instance, though the pitch and diameter were 
given, there was no mention of the number of 
blades, boss diameter, developed area ratio or 
| blade thickness, all of which were required. Again, 
/in all cases the measured thrust or shaft horse- 
power given was that due to both propellers. The 
thrust or shaft horse-power of each propeller 
was only in exceptional cases half this value. 
The direction of rotation was not stated, though 
this would make a great deal of difference if the 
results were compared with those of other ships. 
An analysis of the data given for the Sauro showed 
an efficiency behind the ship not very different 
from what it was in open water, though in most 
cases this difference was considerable. He noticed 
that, in constructing the diagrams, abnormal results 
had been neglected. While this was legitimate if 
the abnormality was due to errors of observation, 
it was often the case that the data which were 
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difficult to harmonise with the remainder gave 
the most useful information. 

The next speaker was Mr. S. V. Goodall, who 
asked whether the Italian Ministry of Marine 
were responsible for the dimensions, propeller 
design, and engine output of these ships, or whether 
they merely settled the military characteristics 
and left the contractors to obtain the required 
speed in the way they found most suitable. He 
mentioned this because the prismatic coefficient of 
the various types dealt with varied considerably, and 
he was not certain whether this was due to some 
development of ideas, or merely to a difference in 
opinion .among the constructors. He also asked 
whether the propellers were designed for the 
contract or for some other displacement, as well 
as for the degree of accuracy of the torsion meters 
used and their type. 

Dr. E. V. Telfer remarked that the author's 
choice of subject was particularly happy, since the 
high-speed destroyer was in many ways the quint- 
essence of the subject of ship propulsion. Practi- 
cally no other type of vessel required so low a 
propeller thrust compared with its hull resistance. 
Hence, when this thrust was measured, definite 
knowledge of the resistance could be obtained. 
No other type of ship was tested over such a wide 
range of speed or passed through so many interesting 
phases of resistance. Finally, in no class of vessel 
was the problem of cavitation so acute or as baffling. 
The author’s results showed that in four cases out 
of seven the model was at fault, owing to laminar 
breakdown at low speeds, since they indicated no 
maximum in the Admiralty constant curve when 
the rate of decrease of viscous specific resistance 
equalled the corresponding rate of increase of 
inertia resistance. That was the inevitable conse- 
quence of using the Froude coefficients of ship 
frictional resistance. The obvious reason for the 
fact that the minimum Admiralty constant was 
only reflected in one shaft horse-power curve was 
due to the sharp occurrence of incipient cavitation 
at speeds between 28 knots and 29 knots. It was 
curious, however, that in spite of cavitation the 
thrust Admiralty constant should follow the resis- 
tance curve and not the shaft horse-power curve, 
and that, at the highest speeds of all, the thrust 
deduction should definitely decrease, the thrust 
itself practically remaining constant despite a 
definite speed increase, which required power for 
its realisation. He was not convinced that this 
phenomenon was genuine, and he suspected that it 
was due to the effect of dynamic trim having been 
neglected. 

M. Salmon Legagneur asked some questions on 
propeller design, especially about the shape 
and number of blades and the developed surface 
and thickness of material. As regards the hull, 
he said it would be interesting to know what 
precautions had been taken to reduce the value of 
the appanages in the latest destroyers. 

The author said he would prefer to reply in 
writing. 

ANNUAL DINNER. 

At the annual dinner, which, as already mentioned, 
was held at the Connaught Rooms on Wednesday 
evening, the toast of the Royal Navy was proposed 
by Sir Henry Newbolt, the Official Naval Historian, 
in a speech making an eloquent plea for a strong 
navy. In responding, Rear-Admiral R. P. C. 
Backhouse expressed appreciation of the work of 
the Royal Corps of Naval Constructors, and referred 
to the question of the use of coal or oil as fuel in 
naval vessels. Although hope had been expressed 
that the Navy would go back to the former, he 
thought the numerous advantages of oil rendered 
that course impracticable. The toast of “The 
Mercantile Marine ” was proposed by Lord Wester 
Wemyss, who occupied the chair, and was responded 
to by Sir George Higgins. Sir George, in the course 
of his remarks, expressed the hope that pulverised- 
coal firing for marine boilers would prove sufficiently 
successful to restore our prosperity as a coal- 
producing country. The only other toast was that 
of the Institution, proposed by Colonel The Master 
of Sempill, who, as President of the Royal Aero- 
nautical Society, acknowledged the indebtedness 
of aeronautics to the work of naval architects. 

(T'o be continued.) 
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INSTITUTION OF MECHANIC. 
ENGINEERS. 

Prior to the general meeting of the Institution of 
Mechanical Engineers, at Storey’s Gate, Westminster, 
on Friday, March 15, a meeting of the members of 
the Benevolent Fund was held to consider the report 
of the Commitee of Management for 1928, and to 
elect office-bearers. The chair was occupied by 
the President, Mr. Daniel Adamson. The report 
showed that the membership was 1,227 at the end 
of the year, and that the funds amounted to 
14,4967. 11s. 9d. on that date. The income for the 
year 1928 was 1,556l. 10s. 8d., but there had been 
an excess of payments over receipts of 861. 11s. 4d. 
The report was unanimously adopted. Sir John 
Dewrance, Mr. George Mitchell, and Sir Ernest W. 
Petter retired, by rotation, from the committee of 
management, and Mr. Richard W. Allen, Lieutenant- 
Commander Lord Congleton, and Mr. Loughnan 
St. L. Pendred were elected to fill their places. The 
Hon. Treasurer, Mr. Harold Robinson, the Hon. 
Secretary, Brigadier-General Magnus Mowat, and 
the hon, auditors, Mr. C. J. Haines and Mr. T. C. 
Pulman, were re-elected. 


THE 


PRESENTATION OF PRESIDENTIAL CHAIR. 


The general meeting then followed, under the 
chairmanship of the President, who, before proceed- 
ing with the more formal preliminary business, 
read a letter from Sir John A, F, Aspinall, relative 
to a chair which Sir John had presented to the 
Institution for the use of the President when on the 
dais of the lecture theatre. Mr. Adamson stated 
that the Council much appreciated the gift, and 
it was evident that it also received the full 
approval of the meeting. The chair was of oak, 
with a richly-carved panel at the back, embodying 
an enlarged reproduction of the seal of the Institu- 
tion as appended to members’ certificates. This 
design was flanked by busts of George and Robert 
Stephenson crowning the side posts. A small 
brass plate below each bust bore a reproduction of 
the signature of these two past presidents. A brass 
plate on the back of the chair, behind, recorded the 
date and manner in which it came into the posses- 
sion of the Institution. 


RESEARCH BY SMALL-SCALE APPARATUS. 


After the transaction of the routine business of 
the meeting, a paper entitled “‘ Research in Mech- 
anical Engineering by Small-Scale Apparatus,”’ was 
read, in abstract, by Mr. F. C. Johansen. This 
paper is reproduced, in abridged form, on page 371 
of this issue. 

In proposing a vote of thanks to the author, the 
President observed that, no doubt the experimental 
work which had been done on the small-scale model 
of the Golden Arrow, which model was illustrated in 
the paper, had contributed largely to Major Se- 
grave’s success with that car. The phenomenon of 
scale effect, he thought, might be looked upon as a 
concrete example of the somewhat elusive fourth 
dimension. The normal three dimensions were 
visible in the model being studied, but there was 
another factor present in the scale effect. He 
would like to remind members of the successful 
small-scale experiments which had been carried out 
in connection with the planning of the Manchester 
Ship Canal, in order to determine the effect of the 
canal on the estuary of the Mersey. Similar work 
was now being done by Professor A. H. Gibson, at 
Manchester, with a small-scale model of the 
Severn estuary. With this apparatus, the effect 
of the tides for a period of over 100 years could be 
predicted after a few weeks, and soundings had 
shown that such results were accurate and reliable. 

Professor E. G. Coker openec. the discussion by 
remarking that the paper formed a valuable com- 
pendium of information on a subject existing, up 
till then, in rather a sporadic form. The flow of 
air and water had been extensively dealt with in 
the paper, because of the important results that 
could be obtained by small-scale apparatus in 
questions involving these fluids. He thought 
this degree of reliability was due to the extremely 
fine-grained nature of air and water. This made 


their flow amenable to laboratory experiments, a 
fact which seemed to indicate that it was a waste of 
money to build large hydraulic-engineering labora- 





tories in order to examine the flow properties of so 
fine a structure as water. He thought more work 
should be done in the direction of experiments on the 
stream-lining of express railway trains, the waste of 
energy caused by the air resistance of the present 
box-like forms of carriages being evident on a station 
platform when an express ran through. Such 
research might lead to a reduction of the railway 
companies’ coal bills. 

Professor Coker went on to say that the consider- 
able amount of work done by his pupils and himself 
during the last three years had given him confidence 
in the views expressed in the paper as to the value 
of research on stress distribution in small-scale 
frames. These investigations would be published 
in due course. He disagreed with the author as 
to the use of squares ruled on the end sections of 
structures, when investigating the stresses in them 
by means of models of plastic materials. He 
thought that the best observations had been made 
with circles which, when deformed, became approxi- 
mations to an ellipse, the axes of which would give 
the direction of the principal stresses much more 
accurately than could be obtained by the deforma- 
tion of a square into a rhombus. He would look 
with some distrust on the experiments on aeroplane- 
wing frameworks quoted in the paper, as they de- 
pended on the correct measurement of curvature, an 
operation very difficult to perform accurately. There 
was some difficulty in assessing the value of a mathe- 
matical theory of stress distribution and an experi- 
mental investigation not agreeing with it, but his 
personal bias was generally in favour of experimental 
evidence. There was possibly need for caution in 
applying the results of small-scale experiments to 
full-sized machines in questions relating to heat 
flow and heat-engine performance. 

Professor W. A. Angus, of Toronto University, 
spoke next. As a University professor, he welcomed 
any encouragement of the use of models, because 
these enabled the laboratory to help the engineering 
profession in a more definite manner, while, as a 
practising engineer, he appreciated the use of models 
because they facilitated the solution of problems 
difficult to all but expert mathematicians. Many 
instances of the successful use of models in hydro- 
electric work could be quoted. A case in point was 
a power station on the Niagara river, situated where 
the river was about a mile wide and about 14 ft. 
deep. In winter, with an east wind, floating ice 
packed so densely near the power station intake, 
that it was difficult to obtain water without risk 
of damage. A large-scale model was accordingly 
constructed (about 3th), which reproduced the 
exact conditions existing in the river, the ice 
being represented by blocks of wood. This enabled 
the problem to be solved, and an intake had been 
constructed which, so far, had proved a success. 
A similar case, in which the University had been 
concerned, was with a canal at Toronto. In this, 
the problem was the recovery of the velocity head 
of the canal. A small model, only about a foot 
wide, of the canal end, with a forebay, indicated 
the means by which three-quarters of the head 
were recovered. These were only two examples, 
out of quite a number of problems solved by models 
that were quite intractable to mathematics. 

He had, during the last six months, been impressed 
with the large amount of work being done on the 
Continent by the aid of engineering models. Much 
money was spent on, and great care used in, con- 
structing these models. One difficulty in the use 
of models lay in the fact that if a small model of 
a large structure were used, a factor of real import- 
ance might be omitted. It might be necessary, 
therefore, to make one or two models to different 
scales. The author's examples were interesting. 
Some years ago, he (Professor Angus) had been 
through the G.E.C. Electrical Works at Schenectady, 
and had seen some of the models used in connection 
with the vibration of turbines. Serious troubles had 
been experienced with vibration in turbo-compressors, 
the cure for which had been discovered by building 
and running a model. As to structures, he might refer 
to the enormous models of the big dam at Stevenson 
Creek, which had enabled the deflections, &c., to be 
worked out. As to heat transmission, they had done 
a considerable amount of work at Toronoto Univer- 
sity in experimenting with models to determine the 





best conditions of preventing heat flow through walls. 
This was a case for which models were only partially 
suitable ; the effect of the wind, for example, could 
not be correctly reproduced. 

Continuing, Professor Angus said hydraulic 
engineering was, perhaps, the direction in which 
the most accurate results could be obtained from 
models; indeed, he believed that the same coeffi- 
cient could be obtained over a weir 8 in. wide, as 
over one 10 ft. wide. The question of the flow of 
rivers, however, involved difficulties. Thus, a 
model of the Niagara River, at a point where it 
was 1 mile wide and 14 ft. deep, would, if made 
10 ft. wide, have a negligible depth. A case like 
this meant using different vertical and horizontal 
scales, which involved complications and resulted in 
less accurate results. The bed of a river often 
presented difficulties in modelling, due to the 
presence of irregularities, boulders, &c. A river 
model should be made with sand taken from the 
river itself, and could be of a scale of  5sth, 
and the effect of different sands from different river 
bottoms might be instructive. In his laboratory, 
a good deal of work had been done with surge tanks, 
and here it was found that, in some cases, models 
gave accurate results ; in others this was not the case. 

In the United States, it was a universal practice, 
when designing water-turbines, to make a model 
runner, perhaps only about 16 in. in diameter even 
for a turbine having a 12-ft. runner. The results 
likely to be obtained from the full-size machine 
had been predicted with remarkable accuracy from 
experiments with the models, and the scale-effect 
had been determined by comparison with the 
actual results and model results. Some of the large 
companies went further, and built scale models 
of the river above and below the power house, while 
they would actually build a plant and remove rock 
in the river to make the actual conditions correspond 
with what they had found out in their laboratory. 

Mr. A. E. L. Chorlton said he was interested in 
applications of high-speed machinery in which it 
was difficult to prognosticate results. Thus, in 
certain Canadian locomotives, running at 60 m.p.h., 
there was electrical machinery below with transverse 
axles and a power-unit above running at 850 r.p.m., 
with its axle longitudinal'to the engine, and capable 
of developing up to 1,500 h.p. He had watched 
such engines in the shops, but they behaved 
differently on the road, where a number of springs 
would break, possibly indicating synchronisations 
of vibrations which would not arise in the shops. 
He wondered if such a problem was amenable to 
analysis by models, Small-scale models were, of 
course, useful in determining the position of weights 
along, say, a crankshaft, to prevent risk of breakage 
from vibration in a variable-speed machine. 

The question of vibration suggested the possibility 
of some form of damper. A damper capable of 
universal application would greatly accelerate 
present-day progress in high-speed machinery. 
Incidentally, it might be said that the damping 
effect in the modern railway carriage was insuffi- 
cient. As regards models in heat-transmission 
investigations, much was to be done, but the 
question was complicated by the fact that any 
improvement of a heating surface, such as a tube, 
in the direction of improving the gas flow by a 
smooth surface, resulted in a fall in the rate of heat 
transfer. It seemed extraordinary that, by experi- 
ments at the National Physical Laboratory and 
Farnborough, the efficiency of the airscrew had been 
gradually raised until it was 80 per cent., while 
the efficiency of the marine screw had been very 
little improved. He thought there was room for more 
model experiments here. He submitted that the 
Institution should give special consideration to the 
encouragement of research with small-scale models. 

Professor Gilbert Cook said that, while not 
questioning the validity of the author’s deductions 
in that part of the paper dealing with heat transmis- 
sion, he felt that the particular method of 
dimensional analysis referred to in it should be 
explained more fully, as it involved some departure 
from the ordinary physical definitions. A heat 
quantity was defined, physically, as the product of 
a mass, specific heat, and temperature difference. 
Again, specific heat was defined by a ratio only 





which required no units to give it value. On this 
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basis, the dimensions of a heat quantity became 
simply, in the author’s notation, M8. In order to 
represent a heat quantity as energy, it was necessary 
to make use of Joule’s equivalent, which was not 
a dimensionless constant, but had dimensions 
L? T2 6 2, thus leading to the expression used by the 
author. But some explanation was required as to 
why, having agreed to introduce temperature as 
an independent quantity, it should be necessary to 
exclude it from the representation of a heat quantity, 
where it would seem most rightly to come, and to 
make use of another conception altogether—namely, 
that heat is a form of energy. He thought the 
author had used “ volumetric heat” in order to 
make the method amenable to dimensional treat- 
ment, just as he had used “density” instead of 
“ specific gravity.” 

It would appear that every time a specimen was 
tested in a machine and the results applied to 
a full-sized structure, the principle of similarity 
was applied. When considering elastic breakdowns, 
curious results were, however, sometimes evident. 
He was carrying out some experiments upon thick 
cylinders under internal fluid pressure. The internal 
pressure causing elastic failure of the cylinder could 
be expressed as some function of the ratio of the 
outside and inside diameters, d; and d,, which 
function would depend upon the particular theory 
of failure adopted. Dimensional analysis led to 
the equation 

p_ {dE f 

fo (i C’ z) 
where f denoted the stress, at the elastic limit, of 
the material when tested in simple tension, and 
the moduli for tension and shear denoted the elastic 
properties of the material. The last term, which 
introduced the absolute magnitude of the strains, 
was unlikely to affect the result with ordinary 


materials. The ratio . could be conveniently 


represented by Poisson’s Ratio =, and the ratio 


De; d, 1 
77 #(% in) 
With one particular material, in one particular 
state and for one particular value of a then the 


became 


ratio 2 should always have the same value, whatever 


might be the absolute size of the cylinder, yet 
with mild steel and with a cylinder of }-in. bore, 
the value was some 30 per cent. greater than with 


a cylinder of $-in. bore, the ratio a being 3 in 


each case. Similar effects had been observed with 
impact tests in which the sizes of the specimen were 
varied. With the same material, the impact value, 
expressed as energy per unit volume, was greater in a 
small-sized than in a larger-sized test-piece. That dis- 
crepancy had usually been called a scale effect, 
which, he thought, was not a very suitable term. 
It was notorious that little was known about elastic 
failure or elastic flow, and the existence of this scale 
effect simply emphasised the deficiency of knowledge. 

Mr. E. Mark Robinson, referring to a previous 
speaker’s comments on vibration, mentioned a case 
of a Willans’ engine, driving a dynamo at each end of 
the crankshaft, which gave trouble from breakage 
of the shaft due to fatigue arising from vibration. 
This was the only engine of that design made, and 
difficulty had been experienced in arriving at the 
cause of the breakages. He considered that this 
was an instance in which model experiments might 
have been very helpful. He believed there was a 
wide field for model work in connection with the 
steam turbine. 

Major William Gregson stated that he had had 
some experience with small-scale model research, 
some of which related to the circulation in water-tubes 
in boilers. His conclusion was that the value of the 
experiments was determined by the extent to which 
the individual parts of the apparatus would function 
alone, the value being discounted when what he 
would call mass action took place. Experience with 
different diameters and lengths of locomotive tubes, 
having the same diameter/length ratio, and also with 
different diameters of flues in Scotch boilers with 
oil-firing equipment, showed that there were distinct 
differences in performance. Again, when burning 
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gas in tubes, with small-scale apparatus there was 
no difficulty in burning gas and air, but when tubes 
of 13-in. to 2-in. bore were used the gas and air 
could not be prevented from streamlining, and a 
dispersive core had to be used. These experiences 
somewhat militated against the idea that research 
with small-scale apparatus was of use in large-scale 
work, but, on the whole, he thought small-scale 
models of great value. 

Mr. E. Bruce Ball, referring to hydraulic appa- 
ratus, mentioned an investigation in connection with 
an automatic apparatus for closing down hydraulic 
pipe lines in case of accident. The apparatus de- 
pended on the reaction to flow of a disc situated in 
the pipe line. Careful calculations were made, but 
the actual results obtained did not agree, so that 
resort was had to scale models. These model tests 
revealed factors not suspected in the calculations, 
and proved of value. Many of the results obtained 
were repeated in the actual apparatus. There were 
no rubbing surfaces or friction of moving parts in 
the models, but other apparatus included sliding 
friction. This had necessitated the use of larger- 
scale models, and it would be interesting if the 
author could state the scale or ratio at which friction 
assumed its correct relative importance. He had 
found model experiments of such value that he was 
increasing the size and scope of the experimental 
plant in the new laboratory of his works. 

Mr. 8S. J. Davies found himself unable to agree 
with the author’s statement that the available data 
relating to flow in pipes were insufficient to permit 
the formulation of any general law connecting resist- 
ance and roughness, and wished to draw attention 
to the work of Messrs. Hopf and Fromm, at the 
Technical High School, Aix-la-Chapelle, which was 
recorded in papers published in the journal Zeitschrift 
fiir angewandte Mathematik und Mechanik, in 1923. 
This work showed that a better understanding had 
been reached regarding the effect of roughness in 
pipes, and of the value of combining small-scale 
laboratory investigations with large-scale tests. 
Pipes of wide rectangular section had been used, so 
arranged that various hydraulic mean depths could 
be obtained whilst retaining the same actual surfaces. 
Smooth zinc, wire gauze, and chequer plate were 
used as surfaces. The results showed that two 
quite distinct properties influenced the resistance to 
flow. By dimensional reasoning, the conclusion was 
arrived at that, in one group, the linear dimension 
of the surface was the factor influencing the resist- 
ance, and, in the other, the size of the irregularities 
had no effect upon the resistance ; only their shape 
was important. 

A mass of data had also been obtained from pipes 
used in practice, in sizes ranging from the smallest 
up to 18 in. in diameter. The surfaces included 
drawn brass, wood, concrete, sheet iron and bitumen- 
coated sheet iron. Pipes of circular, as well as 
rectangular, section had been used, and even open 
channels, The data from these diverse pipes 
could be classified into the two groups already men- 
tioned. The results showed that, from a practical 
point of view, it was only necessary to classify the 
surface roughness of pipes according to the amount 
of their hydraulic resistance, and, once having 
classified the various surfaces, it was possible to 
forecast their resistance when used as the surfaces of 
pipes. This could only be done by the help of 
dimensional reasoning, and was a further instance 
of the value of models. 

Mr. J. L. Hodgson reminded members that Froude 
was the great pioneer in relation to the law of simi- 
larity in model experiments by his method of ascer- 
taining the resistance of ships, wave resistance and 
skin friction. He had, himself, investigated the 
cause of the inability of torpedo-boat destroyers to 
attain full speed in shallow water, and had found 
it was due to wave formation round the ship, the 
waves lengthening as the vessel got into shallow 
water. The data thus gained had been made 
practical use of during the war to give indications 
of shoaling. He had also done considerable work 
with orifices and fluid-measuring devices, but had 
not troubled about scale effect in it. He did not 
agree with the definition of scale effect used by the 
other speakers. 

The term “scale effect’ should not cover un- 
known factors. In fluid measurement, there might 
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be two factors to deal with, as skin-friction and 
wave-making resistance, or viscosity and com- 
pressibility. In one series of effects, it might only 
be necessary to concern oneself with viscosity; in 
another with compressibility alone. The theories 
concerning the law of comparison he had deduced 
from compressibility effects were set out in papers 
read before the Institution of Civil Engineers in ~ 
1917, and before the American Society of Mech- 
anical Engineers. He had suggested, some years ago, 
that mine ventilation should be dealt with on the 
basis of the Reynolds’ number, and had carried out 
experiments on a timbered mine gallery and a 
smooth mine gallery. 

Mr. Johansen, in a brief reply, referred to a com- 
munication by Mr. Dendy Marshall, entitled “‘ Resist- 
ance of Express Trains,” wherein that gentleman had 
devoted considerable attention to the air resistance 
of trains, and had described the utilisation of wind- 
tunnel experiments in order to estimate what the 
air resistance of the full-scale train would be likely 
to be. He, himself, did not think that a separate 
wind tunnel for each railway group, as advocated, 
would be an economical proposition. A good deal 
of valuable work, however, could be done for the 
railway authorities with existing wind-tunnel facili- 
ties, if they would only ask for it. It was true that 
the models were such as had not hitherto been 
dealt with, and the technique would have to be 
acquired, but this was the case with all new work. 

He was not unaware, or unappreciative, of the 
work done with experiments on models of tidal 
estuaries, or that done by Reynolds and Froude, 
but the extent of the paper was limited, and he 
had been obliged to omit all reference to aero- 
nautical scale-model work, to ship-tank scale- 
model work, and other interesting features. With 
reference to Professor Angus’s remarks, he might 
say that work was going on at Delft or Leyden 
University on scale models of a canal at constant 
level across one of the tributaries of the River 
Scheldt, in order that ships might be transferred 
from one to the other without the necessity of 
going right round to the estuary. He agreed with 
Professor Coker as to the greater utility of circles, 
as compared with squares, for the purpose of 
model tests. Professor Cook had laid his finger 
on the weakest spot in the methods set out in 
the paper. He desired to thank Major Cowan, 
of ENGINEERING, for the two photographs of the 
scale model of the Arlington Memorial Bridge at 
Washington which had been shown on the screen. 

The President then announced that the Annual 
Lecture to the Graduates’ Section would be given 
on Monday, March 25, at.6.30 p.m. by Wing- 
Commander T. R. Cave-Browne-Cave, the subject 
being ‘ Aircraft Engineering in its Relation to 
Mechanical Engineering.” All classes of members 
were invited. An informal meeting would take 
place on Friday, April 12, at 7.0 p.m., when Mr. 
F. E. F. Durham would introduce the subject, 
which was entitled “‘ Pumping Plant.” The next 
general meeting would be held on Friday, April 19, 
when a paper on “ Keys and Keyways” would 
be read by Mr. W. Reavell. 








THE LATE DR. H. McLAREN. 


WE regret to announce the death of Dr. Henry 
McLaren, Chairman of Messrs. J. and H. McLaren, 
Limited, traction and agricultural engineers, Midland 
Engine Works, Hunslet, Leeds. Dr. McLaren, who 
died recently on board ship in the Red Sea, whilst on 
& voyage, was the third son of the late Mr. Henry 
McLaren and was born at Hylton Castle, County 
Durham, in 1854. He was the brother of the late 
Sir John McLaren and, upon the latter’s death, 
succeeded him as Chairman of the Company. Henry 
McLaren served his engineering apprenticeship in the 
works of Messrs. Black, Hawthorne and Company, 
Gateshead, and was afterwards, for a short time, 
manager of an engineering works in Dewsbury. In 
1876, when only 22 years of age, he joined his brother 
in Leeds, and together they founded the firm of 
Messrs. J. and H. McLaren. An ingenious designer, 
Mr. Henry McLaren was responsible for many inven- 
tions in connection with traction, ploughing, and other 
engines of the heavier type used in agriculture. He is 
believed to have been the first engineer to have advo- 
cated the use of triple-expansion engines for the gene- 
ration of electricity, and, in this connection, it is in- 
teresting to note that, in 1891, his firm made three 
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sets of engines, having an indicated horse-power of 125, 
which were installed in the Oxford electric power 
station and worked there until comparatively recently. 

Dr. McLaren had travelled extensively and, as a result 
of close personal investigation, possessed a remarkable 
knowledge of the requirements of many countries in 
the matter of agricultural machinery. Upon returning 
from one of his periodical voyages, he would set himself 
to design a machine suitable for the particular locality 
visited. He then superintended the construction of the 
machine and the subsequent field trials, and not in- 
frequently accompanied it abroad. His war services are 
worthy of mention. When the first National Shell 
Factory was founded in Leeds, a difficulty was ex- 
perienced in regard to suitable chucks for holding 
the shells in position in the lathes. The standard 
chuck was made from a heavy forging and was prac- 
tically unobtainable at the time. Dr. McLaren was 
consulted, and he attacked the problem in his charac- 
teristic manner. After a thorough investigation, he 
introduced a cast-iron, in place of a forged chuck, 
and subsequently designed a series of chucks and special 
tools to deal with every operation connected with the 
machining of shells. As a result, his firm was engaged 
for a long period in the manufacture of many thou- 
sands of chucks and tools for the equipment of 
National Shell Factories in all parts of the kingdom. 

Dr. McLaren was for many years closely associated 
with the University of Leeds and was Chairman of 
the house and engineering committees. It was for his 
valuable services in this direction that the authorities 
of the University conferred upon him the honorary 
degree of Doctor of Laws. In his younger days, he was, 
for some years, President of the Engineering Society 
of the old Yorkshire College, which was incorporated 
in the University of Leeds in 1884. Dr. McLaren was 
elected to full membership of the Institution of 
Mechanical Engineers in 1888, and was the author of 
a paper read before the Institution in 1903, entitled, 
“Economy of Fuel in Electric Generating Stations.” 
Tais paper was reprinted on page 200 of our 76th 
volume, and attracted considerable attention at the 
time. 


LETTERS TO THE EDITOR. 


‘**PATENT LAW AND PRACTICE.”’ 
To tHe Eprror or ENGINEERING. 

Sir,—In the review of my book on Patent Law 
which appeared in your issue of February 15, page 207, 
comment is made on the fact that, in the chapter on 
the abuse of monopoly rights, no help has been given 
as regards the procedure and decisions under Section 27. 

This comment is not quite clear to me because, so 
far as | am aware, the recent Marconi Case, which was 
decided after the date of publication of my book, was 
the first case decided under the Section. 

Perhaps your reviewer would enlighten me as to 
any other decisions under 8, 27. 

Yours faithfully, 
A. W. Grirrirus. 
1, Essex Court, Temple, E.C. 
March 12, 1929. 


{It is true that Mr. Griffiths’ book was published 
just after the Marconi decision was given, but the mat- 
ters in question were common knowledge at the time 
and some guidance might have been given as to how to 
act. Two years previously an earlier case had been 
reported, namely Intertype Limited’s Application, 
13 R.P.C. 305.—Ep., E.] 


THE ASSOUAN DAM. 
To tHE Eprror or ENGINEERING. 

Sir,—-In the interesting description given in your 
issue of February 8 of the proposed increase in the 
height of the Assouan Dam, there is one point in the 
design which appears, if I may say so, to be ethically 
wrong. 

if I understand the proposals properly, it is proposed 
to add false buttresses in continuation of the new 
buttresses and separated from the latter by an open 
joint. These seem to have been put into the design 
with the sole idea of improving the appearance of the 
dam on the down-stream side. 

To the casual observer, the appearance may possibly 
be improved, but anyone who understands the con- 
struction of the additions and is aware of this open 
joint will probably have an uncomfortable feeling 
that the upper buttresses are only standing on air. 

May I suggest that it is a mistake to spend a lot of 
additional money to satisfy uninformed critics. In 


engineering things should mean what they say, and it 
would be a pity if anything in this great work should 
seem equivocal. 


Of course, if these additional but- 
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tresses serve any useful purpose my criticism falls 
to the ground. , 
Yours faithfully, 
W. H. Newman. 
Ditchling, Sussex. 
March 12, 1929. 


MECHANICS OF THE MOVABLE WEIR. 


To THE 








{DITOR OF ENGINEERING. 


Sir,—Upon reading Mr. Flockart’s interesting letter 
on this matter in your issue of March 1, I endeavoured 
to obtain, with crude apparatus, confirmation of either 
of the possible theories mentioned. 

Unfortunately, however, results were so discordant 
that personal bias could interpret them in favour of 
either or both theories, and they must therefore be 
ignored. 

Quite apart from experimental facts, however, certain 
fundamental objections obtrude themselves, and make it 
sure that while the method of analysis used by myself 
in your columns, vol. exxvi, page 172 (1928), may give 
results which appear improbable, Mr. Flockart’s method 
gives rise to similarly unsatisfactory conclusions. 

Thus, suppose we accept his conclusion that the height 
of wave is given by h = bd then, taking V, as 10 ft. 


per second, h is 1-55 ft., whether the depth of the stream 
be } ft., or 10 ft., or 100 ft., a result which one rejects 
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intuitionally, when attempting to picture the occur- 
rence in one’s mind. 

Again, taking an original depth of 10 ft. and a 
velocity of 10 ft. per second, the ** hydrostatic thrust ” 


w Ho 
2 


across a vertical plane is ; per foot of width = 
3,100 Ib. about, while the momentum of the fluid crossing 
this plane per second is 1,950 units about. The numerical 
total is 5,050, which must equal the ‘ hydrostatic 
thrust across a vertical plane in the water at rest, 
where, according to Mr. Flockart’s reasoning, the total 


depth is only 11-55 ft., but <M (Ho + 2)? thus becomes 


4,130 about, and there is no momentum flux across 
this plane. 

Whence, then, comes the remaining force necessary 
to destroy the momentum of the flowing stream ? Is 
there a sort of Mrs. ’Arris among our forces ? 

We can at least say, therefore, that Mr. Flockart 
has not established his case, and I should like to remind 
him of the old paradox shown on the attached sketch, 
and easily verified by quite crude apparatus. 

The opposed outlets from two tanks are of equal 
area, and a plate of about the same area (A) is loosely 
hung over the R.H. one. Under a constant head (h) in 
the L.H. tank, a jet impinges on the plate, and hori- 
zontal momentum of a total we — 2wAh is destroyed 
per second, the reaction of the plate being thus numeri- 
cally equal to this, while the plate is forced hard against 
the R.H. mouthpiece. 

It can be pushed away again by a static head inside 
the R.H. tank, of height H!, giving a pressure on the 
plate of wAH!, whence, in equilibrium, 


wAH! 2wAh or 
H! 2h. 

The above, of course, neglects losses, but it should 
be noted that the kinetic energy of the jet suffers no 
loss in its total amount. 

I submit then, Sir, that I am still inclined to prefer 
the conservation of momentum method of attack of such 
problems. 

I beg to remain, Sir, 
Yours faithfully, 
J. H. Jones. 
Kilmarnock. 
March 16, 1929. 
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WILLIAM MURDOCH. 
To THE Eprror oF ENGINEERING. 


Sm,—With reference to Mr. Murdoch’s letter in 
your issue of the 8th inst., I am glad to read its con- 
tents and agree with the sentiment. James Watt is 
far too much in evidence ; engineers do not take time 
to study history, or they would consider Watt in a far 
lesser degree than Murdoch, Trevithick, Hackworth, 
or yet Newcomen. 

Watt was, as Mr. Murdoch says, inclined to be selfish 
and jealous. He was a “ low-pressure man,” and did 
not consider for one moment that high-pressure steam 
was absolutely necessary if the steam engine was to be 
economicalasa prime mover. Hence he was antagonistic 
towards any other engines. Murdoch, from the begin- 
ning, was a great genius; those who know Dr. Smiles 
are aware of the wooden hat which he turned oval in a 
lathe of his own make at Cumnock, where he was born. 

Engineers all over the world, especially locomotive 
men, ought to remember and give Murdoch the premier 
place, together with Trevithick, for they solved many 
problems from which we are reaping benefits to-day. 

Yours truly, 
Matcotm M’NIvEnN. 
58, Tweedsmuir-road, 
Cardonald, Glasgow. 








LAUNCHES AND TRIAL TRIPS. 


* Rokan.”’—Motorship ; 250-h.p. Sulzer-Diesel engine. 
Launch, March 9. Main dimensions, 165 ft., by 28 ft. 
Sin., by 10 ft. Built by Messrs. The De Maas Ship- 
building Company, Slikkerveer, Holland, for the Royal 
Packet Company of Amsterdam. 


‘** STANASFALT.”’—Single-screw cargo steamer to carry 


asphalt in bulk;  triple-expansion engine. Launch, 
March 12. Deadweight carrying capacity, 2,100 tons. 


Built by Messrs. Palmers Shipbuilding and Iron Company, 
Limited, Hebburn-on-Tyne, to the order of Messrs. 
Standard Shipping Company. 

“ Earror.”’—Single-screw oil-tank motorship:  six- 
cylinder single-acting two-stroke cycle oil engine of the 
Sulzer enclosed type, constructed by the Wallsend Slip- 


way and Engineering Company, Limited. Launch, 
March 12. Main dimensions, 465 ft., by 61 ft., by 32 ft. 
3 in. Built by Messrs. Swan, Hunter and Wigham 


Richardson, Limited, for the Skjelbreds Rederi A/S, 
Kristiansand, Norway. 

*“ BEEMORE ” and ‘‘ CEEMORE.”’—Single-serew steam 
tugs: triple-expansion engines. Launch, March 12. 
Main dimensions 100 ft., by 24 ft. 6 in., by 12 ft. 6 in. 
Built by Messrs. Cammell Laird and Company, Limited, 
Birkenhead, to the order of Messrs. .Furness, Withy and 
Company, Limited, Liverpool, for service on the Mersey. 
** BuuTAN.”’—Single-screw cargo steamer ; quadruple- 
expansion engine. Trial trip, March 13. Main dimen- 
sions, 452 ft. 6 in., by 57 ft. 4 in., by 40 ft. 9 in. Built 
by Messrs. Harland and Wolff, Limited, Govan, for 
Messrs. Hain Steamship Company, Limited, Cardiff. 


** Coteauboc,”’—Single-deck, single-screw Canadian 
lakes and canals cargo steamer;  triple-expansion 
engine. Launch, March 14. Main dimensions, 259 ft., 
by 43 ft. 2in., by 20 ft. Built by Messrs. Barclay, Curle 
and Company, Limited, Whiteinch, Glasgow, for Messrs. 
Paterson Steamships, Limited, Fort William, Ontario, 
Canada. 


** CORISCILLA ” AND ‘‘ MARETTA.”’—Steel screw trawlers. 
Launch, March 14. Main dimensions, 135 ft., by 25 ft., by 
14 ft. 3in. Built by Messrs. Cochrane and Sons, Limited, 
Ouse Shipbuilding Yard, Selby. The vessels are to be 
attached to the port of Fleetwood. 


** Maya.”’—Single-screw passenger and fruit-carrying 
steamer, sister-ship of the Toltec and Aztec; four- 
cylinder triple-expansion engine. Launch, March I4. 
Main dimensions, 405 ft. 5 in., by 53 ft., by 33 ft. 6 in. 
Built for Messrs. the Cuyamel Fruit Company, New 
Orleans, U.S.A., by Messrs. Barclay, Curle and Company, 
Clydeholm. 

‘* SoLsTEN.’’—Single-serew oil-tank motorship ;  Bar- 
clay-Curle-Doxford opposed-piston airless-iniection oil 
engine. Launch, March 16. Main dimensions, 400 ft., by 
52 ft. 6 in., by 30 ft. 6 in. Built by Messrs. Barclay, 
Curle and Company, Limited, Scotstoun, to the order of 
Messrs. ‘Tonsberg Tank, A/S, Norway. 


‘** LAWRENDOC.’’—Single-screw Canadian lake steamer ; 
triple-expansion engine. Launch, March 16. Length, 
263 ft. Built for Messrs. Patersons Steamships, Limited, 
Fort William, Ontario, Canada, by Messrs Swan, Hunter, 
and Wigham Richardson, Limited, Wallsend-on-Tyne. 








THe Mian Fatr.—The tenth Milan International 
Sample Fair is to be held from April 12 to 27 next. 
Forty countries are participating, and the exhibits 
| will cover agricultural and industrial products of all 
| kinds. The fair, as a whole, occupies an area of 88 acres, 
| while the floor space of the palace of engineering 
measures 128,400 sq. ft., and that of the electrical 
industries pavilion 53,500 sq. ft. The Italian Chamber 
;of Commerce in London, in conjunction with the 
| Italian Travel Bureau in London, is organising a visit 
| to the Fair, the date of departure being April 20. 
| Full particulars may be obtained from the offices of 
| the Chamber, 10, Queen-street, London, E.C.4. 
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RESEARCH IN MECHANICAL EN-| 
GINEERING BY SMALL - SCALE) 


APPARATUS.* | 
By F. C. Jonansen, B.Sc. (Eng.). 
Introduction.—The findings of purely physical | 
science have been of invaluable assistance to the | 
mechanical engineer in his endeavour to utilise the | 
natural resources of the universe with the whmnont | 
economy. By an easy sequence he is led to the} 
realisation that the application of research methods | 
to problems of a specifically engineering nature can | 
hardly fail to produce a generous return. Unfortu- | 
nately for the engineer, the unique character, and the | 
very considerable cost and bulk, of the structures | 
with which he is concerned are frequently such as to | 
render the prosecution of exhaustive research upon | 
them almost impossibly laborious and prohibitively | 
expensive. The conditions, moreover, under which | 
such structures usually operate are by no means| 
conducive to the acquisition of reliable information. | 
In a few branches of engineering, these obstacles have | 
already been circumvented, in great measure, by the | 
prosecution of research on small-scale models of the | 
large structures under consideration. Such experi- | 
ments, it has been found, are capable not only of 
demonstrating physical effects of a general character, 
but also—and with even more value to the engineer— | 
of providing numerical data which can be applied in | 
full-scale practice with considerable confidence. Hither- | 
to, aeronautics and naval architecture have furnished | 
the most outstanding examples of small-scale research. | 
It is becoming increasingly evident, however, that the | 
basic idea of the experimental scale model can be | 
applied to a much wider range of subjects, amongst | 
which there must be very few which are devoid of | 
interest for the general engineering practitioner. From | 
the point of view of the specialist, on the other hand, | 
the established province and methods of small-scale | 
research may offer means of attack on the novel | 
problems with which he is frequently confronted. | 
It will not be out of place, perhaps, to mention at | 
the outset some of the benefits that can be attributed | 
without hesitation to the use of small, as contrasted | 
with large, experimental apparatus. Of these, reduc- | 
tion of expense is the most obvious. A model can be | 
constructed for a very small fraction of the cost of its | 
full-scale counterpart. It need include only those | 
features which are known to influence the effects under | 
consideration. 
In many cases, the materials of which it is com- | 
posed may be rebuilt into other models or, by 
suitable modifications, one model may be adapted to 
a variety of purposes. It is also cheap and easy to 
manipulate, whilst the cost of experimental equipment 
and the labour and duration of the research are 
relatively small. Moreover, the conduct of experiments 
under laboratory conditions is almost invariably 
favourable to successful research. In the first place, 
refined methods of measurement, based on absolute 
standards, are readily available, and numerical results, 
so far as the model is concerned, can be obtained with | 
a high degree of accuracy—a most important point | 
where comparative effects are in question. In the | 
second place, all the variable physical qualities which | 
affect a particular problem, and all the natural condi- | 
tions operating on a given structure which can be | 
simulated in the experiment, are capable of adequate | 
and separate control. Finally, the simplicity and | 
accessibility of the model enable such modifications of | 
form, of apparatus, or of method, as frequently appear | 
desirable during the course of a research, to be effected | 
with an ease and rapidity otherwise unattainable. 
Whilst the foregoing advantages relate more particu- | 
larly to advanced engineering problems, a wide sphere 
of utility for small-scale apparatus exists in the dis- 
covery and amplification of general physical laws of 
interest to the engineer. Where, as is not seldom the | 
case, physical laws are incompletely known, model | 





experiments can usually afford information as to the | ‘ 


| 
extent to which such laws will bear rigorous application | 


in practice. 

In a somewhat similar connection, miniature | 
apparatus, by virtue of its structural simplicity, is 
peculiarly well adapted for checking the conclusions 
of novel theories. For such a purpose, the model may | 
be restricted to such elements as have been taken into | 
account in the theory, the properties and constants of 
its several members may be readily measured or 
determined by separate experiments, and the com- 
parison of its behaviour under specific conditions with 
that predicted is almost a decisive factor in maintaining 
or refuting theoretical conclusions. 

As against these favourable aspects of small-scale 
apparatus must be set two sources of possible error. 
Of these, the less serious, and more readily appreciable, 
arises from the difficulty, with laboratory equipment, 





* Paper read before the Institution of Mechanical Engi- | 
neers, on Friday, March 15, 1929. 
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of simulating the working conditions which operaet | pressible fluid is known to depend on 
on the large scale. In probably the majority of cases | d, the diameter of the sphere, 
precise representation is impossible. For the most v, the velocity of the fluid, 
part, however, sufficiently good reproduction to ensure p, the density of the fluid, 
accurate information can be secured by the experienced bu, the viscosity of the fluid, ; 
technician, although the methods of approximating to | and, as far as is known, on nothing else. The physical 
the required conditions, and of estimating the correc- | equation for the resistance of the sphere may therefore 
tions necessary before the results may confidently be | be tentatively written 
applied to the full scale, call for a high degree of r= o(d, v, p, u) 
mechanical ingenuity and a thorough knowledge of the | whore @ is some unknown function which may be 
physical principles involved. expanded in a power series of the form 

The other source of uncertainty, to which the term | = Bad ve pup 
“* scale effect ” has been applied, arises from the frequent | , : eae B : h sas 
absence, in small-scale experiments, of physical condi- | ™ which all the terms in = represent tl ——- on 
tions dynamically similar to those obtaining in the | of a number of expressions of the form indicated, an 
prototype. Discrepancies thus introduced are more or | B is some non-dimensional factor. If the dimensiona 
less inherent in the small scale of the experiment—but | homogeneity of the two sides of the physical equation 
not necessarily, it should be noted, in the small linear | i8 to be preserved, the term 
scale of the model. Without correction, they are often | dv UY py 
large enough seriously to detract from the value of | must have the same dimensions as r, that is, as a force. 
quantitative results, and a most important part of | A means of evaluating the exponents w, x, y and z 
small-scale research is concerned with the detection |is thus provided; for, in terms of the fundamental 
and estimation of scale effect. The subject acquires | units of mass, length and time, the left-hand side of 
peculiar interest in connection with the large class of | equation (1) has dimensions 
small-scale research involving fluid motion, and calls, | MLT— 
therefore, for somewhat detailed consideration. It | whilst the right-hand side has dimensions 
will be convenient to give that consideration at the same | Le L* T-« My L-y Me L- T= 


On equating exponents of like dimensions it appears 


Fig.1.AIR RESISTANCE OF SMOOTH SPHERES 






































that 
03 (EIFFEL) - (Mass) y+2= : : 
: ' Length) w+a—3y—2z= 
% ood on } Diameaa | (Time) a+2z 2 
S ° 33-0 Cm. of Sphere | from which three exponents may be expressed in terms 
t| 070 | of the fourth, thus :— 
Rg xl 3 w 2—2z 
unk ss a e ° e 2 ae e 2 ae 
aad “-< oF © ? | y 1—2z 
ae: 2 3 4 5 6 7 | Hence, é oe: 
(1@99.A) vda_ 10° ENGINEERING r K pl-= d2-= y2-= pe 
. - K pv d (55) (2) 
: ; pee 
time as the dynamical relationsn ps between models where K is a constant factor and z is an indeterminate 
and their originals are being examined. ‘. . 
Principle of Similarity.—Since small-scale research Tite (2) may more conveniently be written 
is concerned with the application of general physical “4 ss y 
laws to particular types of structures, a preliminary = od 
consideration of a new problem, in the light of dimen- r= pd dg, ( : ) 
sional theory, is likely to prove informative as regards | td 
both the scope of the investigation and the interpreta- ea d, (° “) ; (3) 
tion of the results of the research. The extent of such pwd ‘ 
assistance can hardly be better expressed than in where y = ¥ +s the kinematic viscosity of the fluid 


Rayleigh’s own words. “It often happens,’ he 
writes,* ‘‘ that simple reasoning founded upon this 
principle tells us nearly all that is to be learned from 
even a successful mathematical investigation, and in 
numerous cases where such a mathematical investiga- 
tion is beyond our powers the principle gives us informa- 
tion of the utmost importance.” The application of 
this principle of similarity to a problem involving 
fluid motion will serve to illustrate most of the features 
which require attention in small-scale research. 

Since any physical law must express a relationship 
between quantities of the same kind, it follows that the 
two sides ‘of a physical equation must be dimensionally 
homogeneous. Now the resistance rf of a totally 
immersed, smooth sphere to the motion of an incom- 


and ¢, is an unknown function which, in the present 
state of knowledge, can be determined only experi- 
mentally. 

The law of fluid resistance of spheres is thus most 
properly expressed as the relation between the two 


2 di 


the value of the resistance coefficient 


' . r vd, I _ 
non-dimensional groups —a a and - n general, 
ped 


will vary 


r 
ped 


. vd » P . 
for variation of —-, and the resistance law will not be 
v 





completely known until the relation between the two 
groups has been explored over the whole range of values 


of - for which the postulates as to the physical quan- 
v 


spaces ee -. . . | tities affecting the problem continue to hold good. 
oa Scientific Papers, by Lord Rayleigh, vol. ii, page The law may most conveniently be presented in the 


+ For convenience, a complete list of symbols used in 


are plotted 
2 * 2 
the paper is given below :— 


d : r 
form of a curve in which values of saa 


: vd : : . 
as ordinates on a base of —. Such a curve will be 
v 








aA _sarea, qQ | torque. 
B a fac- i ier poops ya characteristic of the particular shape under experi- 
or. v ul resistance of an nr aay ne oe th sphere—but will be 
c specific heat. immersed body. a See SO ae ee 1 of the 
dD diameter. r,R, fluid resistance in independent of the scale of the experiments and 0 : ; 
e E modulus of direct elas- pipes. units employed, so long as the latter are consisten 
ticity. s 8 slope of an open|among themselves. Evidently, therefore, the co- 
f F . stress. channel. | eee R . 7 ill 
4 : 4 le 2 oe a le » § Te ster D wi 
g G gravitational constant hela | efficie nt Pvip? for a large sphere of diamet 
{ heat loss. mp J time. ; ee : : r ee 
seas (hydrostatic head. its fundamental dimen- | be identical with that, pela’ for a small sphere, pro- 
~ I moment ef inertia of Po 3 gente 5 vided only that 
a section about an i waldaiae y: | vd VD 
axis in the plane of | ae rag oe 
tha necting. va V, velocity in approach | v l 
j J moment of inertia of |. w — |The dimensional analysis thus shows :—(1) that the 
a section about an  y pa aie scope of the investigation may be restricted to a single 
axis perpendioularto | y radius “ * | series of experiments in spite of the fact that four inde- 
the plane of the sec- | pendent variable quantities, v, d, p, and v, all contri- 
k Psat pe er ee 6 A deflection. | bute to fluid resistance; and (2) that the condition 
i ee nae a H efficiency. |for truly comparable small-scale experiments is that 
e typical linear di- y 4 temperature. lud : beta it actin saailanes 
1 J a — K constant. fe shall be the same for the model as for its prototype. 
undamenta daimen- . - . | P. " f 
sion of length. ; ae | Osborne Reynolds* demonstrated that similarity of 
ae y N_ kinematic viscosity. fluid motion depends, not on any one - the quantities 
+f ) i =an- snaitw ¢ Hy v ° 
m™ fundamental dimen- ¢ F density of fluids. v, d, and y, but on the whole group —, to which the 
sion of mass. o X density of solids. : v : 
nN modulus of trans- ? function. |name ‘* Reynold’s Number” is commonly given. An 
verse elasticity. y function. oon = " 
» P wetted perimeter. wQQ rotational speed. | * Scientific Papers, vol. ii, page 51. 
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important aspect of small-scale research is thus re- 
vealed; for since A A for the prototype is known, 
and since d is fixed for the model, the representation in 


the small-scale research of s equal to ve may be 


accomplished equally successfully by making v large, 
by making v small, or by changing both v and » simul- 
taneously. 

Scale Effect—It frequently happens, however, in 
fluid-motion research, that it is impracticable to achieve 
the full-scale Reynold’s number in the model experi- 
ments. 


general, occur between the coefficient aa derived 


r 
v2 d2 

from small-scale research and that on. a 
P V2 D2 
applicable to the prototype. Such departures from 
the constancy of the resistance coefficient constitute 
“scale effect.” 


373, which has been plotted from values obtained by 
Eiffel* during wind-tunnel experiments on spheres of 
16, 24, and 33 cm. diameter. The curve is a typical 
example of the fluid-resistance law for a totally- 
immersed body. It will be observed that, over the 

24 _ 2 x 10%, the 
resistance coefficient changes very rapidly, indicating 
a disturbed condition of fluid motion. 
Reynold’s numbers, however (above 2 x 10°), 
uniform regime appears to be established, with the 


lower part of the scale, below 


, oe ree 
result that 2 di 
a value of 0-07 over a wide range 


vd — 
c 

This upper Reynolds’s number (7 x 10°) represents 
the limit of Eiffel’s experiments, but the shape of 
the curve suggests a decided probability that the 
approximate constancy of the coefficient will persist 


9 


~ 


x 10° to 7 x 10°), 


to much higher values of 2e, It appears, therefore, 


that, even in the absence of dynamical similarity, 
the resistance of any particular large sphere may be 
predicted within a few per cent. from experiments on 
a small sphere of similar surface. This statement 
must, however, be qualified by the condition that the 
experiments on the small sphere must be undertaken 
at a value of Reynolds’s number greater than 2 x 10° if 
reasonable accuracy is to be attained. 

Whenever the desideratum of perfect dynamical 
similitude is impracticable, therefore, it becomes 
especially important to ensure that the small-scale 
experiments do not take place in any critical region as 
regards the phenomena under investigation, and that 
the regime operating on the small scale is of the same 
general type as that on the large. An indication of 
the existence of critical conditions in the model experi- 
ments, and of the probability of any serious degree 
of scale effect, is usually afforded by a comparison 
of the results obtained from the model at a few different 
values of Reynolds’s number. 

Whilst the discussion of the foregoing paragraphs 
relates more particularly to fluid motion, it will be 
realised that scale effect may occur in connection with 
quite other types of problem. In all such cases, it 
will arise, of course, from the same general cause, 
namely, departures from strict similitude in the small- 
scale experiments, and will call for similar precautions 
and modes of estimation to those already noted. It 
will be convenient to consider its importance 


Where such is the case, a discrepancy will, in | 


An idea of the magnitude of error) 
which it produces may be gained from Fig. 1, page | 


At higher | of a moving vehicle may there- 


a more | 


remains approximately constant at | dimension / on the model corre- 


in | 


particular types of problem as they come up for | 


discussion. 

One feature of scale effect which remains to be noted 
is that, whilst it may introduce uncertainty into the 
quantitative results of small-scale research, it will be 
hardly appreciable in so far as qualitative effects are 


concerned. Thus, whilst the resistance coefficient of a | 


model may be slightly at variance with that of its 
original, a minor modification in the form of the model 
which reduces its coefficient may be expected to pro- 
duce an equal reduction in that of the original. 
Preliminary Small-Scale Resvarch.—In concluding 
these general remarks, it will be as well to emphasise 
that an accurate examination, by dimensional analysis, 
of the conditions for similitude of any particular type 
of problem entails a previous knowledge of all the 
physical quantities which affect the problem. Fre- 
quently these are well known as a result of early physical 
research. Where they are not known, or where any 
novel condition of operation in the full-scale structure 
may give rise to dubiety regarding them, a series of 


preliminary experiments becomes almost essential. | 


For such a purpose, small-scale apparatus can nearly 
always be employed with advantage; and the field 


of operations for this type of research is by no means | 


asmall one. It is almost certain that the use, in such 





* Resistance de I’ Air et V Aviation, by G. Eiffel, page 2. 
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cases, of apparatus geometrically similar to the original 
structure must obviate a great deal of unnecessary 
obscurity during the elucidation of the physical laws 
involved. 

Arr RESISTANCE. 

The exceptional degree to which small-scale research 
has been developed in connection with aeronautics, no 
less than the successful employment in full-scale design 
of the data derived thereby, is probably the strongest 
argument that can be adduced in favour of the applica- 
tion of similar methods to the numerous aerodynamic 
problems of mechanical engineering. For the most 
part, existing data on such matters are meagre and 
| unreliable. On the other hand, the range of needed 
| investigation is a wide one, embracing the air resistance 
| of all types of vehicles, the windage losses of machines, 





properly |the performance of fans, air- 


| screws, and windmills, and 
|the natural wind pressures on 
| structures. 

| Air Resistance of Vehicles.— 
| So far as is known, the physical 
| quantities contributing to the 
| air resistance of movingivehicles 
|are the size and shape of the 
| body, the velocity of the body 
|relative to the air, and the 
| density and viscosity of the 
|air. The resistance coefficient 


fore be derived from measure- 
|ments made on a geometrical 
|scale-model, such that any 


sponds to the djmension L on 
age ree 
the original. The ratio L thus 


represents the linear scale of 
the geometry of the two bodies, 
and the condition for dynamical 


similarity is that s for the 
model shall equal A for the 
| original. 

With the atmospheric wind 
tunnel, which is the most readily 
available apparatus for this type 
| of research, this condition can 
| evidently not be realised. For 
| whilst the wind speeds available 
in the tunnel are of the same 
order as the speeds of vehicles, 
and the kinematic viscosities of 
the air are approximately the 
| same in the two cases, the size 
| of the model is less than that 
of the original. Scale effect 
will, therefore, be present as a 
general rule, but, in view of 
the irregular shape (considered 
aerodynamically) of present 
designs of vehicles, it is likely 
to be small. 

In the variable-density tunnel 


large values of ped (or ore) 
v M 


are obtained by working with 

air at pressures of the order of 

20 to 40 atmospheres. Wind speeds and forces are thus 
kept within limits convenient for laboratory work. 

Air Resistance of Trains.—The information at 
present available with regard to the air resistance of 
trains appears to be too unreliable to serve as a basis 
for anything more than the general conclusion that, 
at present express speeds, the air absorbs something 
like 35 per cent. of the total power expended.* There 
can be little doubt that considerable reductions in this 
resistance could be achieved by quite feasible modi- 
fications in the external designs of locomotives and 
rolling-stock. Whilst any such modifications call for 
experimental justification, the cost of experimenting 
with full-size trains, and the impossibility either of 
controlling the natural wind or of segregating the 
effects of air resistance are powerful deterrents against 
full-scale tests. In wind-tunnel research, with a 








scale-model train, on the contrary, air resistance alone | 


can be measured, and it is somewhat astonishing to 
find that no systematic small-scale research on the 
subject appears to have been made. A few wind-tunnel 
experiments by the late Dr. Gosst are, indeed, on 


record, but they were carried out with far too crude | 


apparatus to furnish very valuable data. 

Some difficulty in the technique of small-scale | 
experiments is likely to arise in the satisfactory repre- | 
sentation in the wind tunnel of the track over which | 
the train moves in fu l-scale practice. A method | 





*See The Engineer, vol. 145, page 146 (1928); and 
The Railway Engineer, vol. 49, page 257 (1928). | 
+ The Engineer, vol. 86, page 164 (1898). : 
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which has been used with success for models of road 
vehicles is to mount the model in the centre of the 
tunnel and arrange, at the appropriate scalar distance 
below it, a thin, sharp-edged, smooth flat plate extend- 
ing horizontally well beyond the model on all sides. 
Actual contact of the wheels and plate must, of course, 
be avoided to prevent erroneous force measurements. 
A preferable mode of reproduction, which might be 
attempted in a small-scale research of some magnitude, 
is suggested by the following considerations: The 
conditions under which a train travels on a calm day 
involve a velocity of the air relative to the train but 
not velocity of the air relative to the track. An ideal 
arrangement of the model track would therefore consist 
of an endless belt, travelling, without actual contact, 
below the model in the same direction as the air stream 











Fie. 2. 


in the tunnel. The speed of the track should :, be 
capable of being maintained constant at any desired 
value over a range to include that of the wind in the 
tunnel. Unequal distribution of air speed in {the 
neighbourhood of the track should now be obviated 
on account of the track’s motion in the wind direction. 
With this apparatus, the correct representation of a 
train travelling through still air will be attained when 
the speed of the track is equal to that of the air stream. 
Variations of track speed above and below that of 
the air will introduce the effects of direct fair and head 
winds, respectively. 

The mechanical difficulties likely to accompany an 
attempt to introduce such a form of track into an 
existing enclosed wind tunnel are not altogether 
insuperable, since the improved velocity distribution 
would admit of the track’s being situated close to the 
floor. It could be adapted much more readily, 
| however, to a wind tunnel of the open-jet type. 

Whilst a moving track would be a very desirable 
addition to existing apparatus in precise experiments 
calling for high numerical accuracy, the simple track 
in the form of a flat plate should prove adequate for 
| comparative trials between models of different shapes. 
On these lines, ample scope exists for the reduction of 
air resistance by modifications in the exterior shape 
and surfaces of trains. ‘Thus the effects of screening 
the fittings below the coaches, of omitting panelling 
from the external walls, of covering the spaces between 
coaches and of slightly modifying the lines of the 
locomotive and the last coach of a train, could be very 
rapidly investigated by small-scale apparatus. 
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Small-scale research into the influence on train 
resistance of oblique natural winds, which has been 
emphasised by Mr. Dendy Marshall,* calls for special 
precautions on account of the extreme slenderness of 
a complete train model. Wind-tunnel measurements 
would require to be made with the train inclined at 
angles to the wind direction up to about 45 deg. To 
avoid interference effects, due to the proximity of 
the model to the tunnel walls, the length of the model 
is restricted to about 12 ft. in the largest tunnels at 
present at work in this country. To this scale, the 
cross-section of a complete model train is about 34 in. 
by 24 in., which is so small as to demand considerable 
skill in the reproduction of even important structural 
details. Probably, however, sufficient data as to the 
effects of oblique winds could be derived from larger 
models of trains comprising only two or three coaches. 

With regard to the question of modifications in the 
lines of the locomotive and last coach, reference may 
be made to a short research into the nature of the 
air-flow round the edges of a bluff obstacle.t The 
results of the experiments were derived by photography 
of a smoke jet, so that no very high order of numerical 
accuracy was expected. They serve, nevertheless, as 
a useful starting point in determining the best shape 
for the leading parts of three-dimensional bodies when 
a large degree of bluffness is unavoidable. 

Air Resistance of Tube Trains.—With increased 
speeds and greater intervals between stations, the air 
resistance of tube trains may become a most important 
subject for small-scale research. The results of some 
full-scale trials on the Hudson and Manhattan Railwayt 
show that, at speeds of about 30 m.p.h., the air resistance 
of a train in a tube 1 mile long is about 60 per cent. 
greater than that of the same train in the open. The 
resistance increases rapidly with the length of con- 
tinuous tunnel, and is probably 20 per cent. less for 
concrete-lined tunnels than for iron tubes with pro- 
jecting flanges. 

At first sight, tube-train resistance might appear an 
obvious subject for wind-tunnel research. The problem 
is complicated, however, by the large mass of air set 
in motion by the train; and the determination of the 
air speed corresponding, in the small-scale experiments, 
to any stated train speed could hardly be made, except 
by a series of full-scale tests, with little promise of 
accurate results. 

more satisfactory experimental method could 
possibly be devised, involving a length of model tube, 
arranged horizontally, from a smooth rail near the 
roof of which a train of light model cars is suspended by 
anti-friction wheels. The train would be drawn at a 
constant speed by a species of Attwood’s machine and 
its total resistance measured. In order to determine 
the magnitude of other than air resistance, a thin stream- 
lined bar, of the same weight as the train, could be 
substituted for the latter and slung in the centre of the 
model tunnel. Its air resistance, together with that 
of the suspension wheels, would need to be determined 
by separate wind-tunnel experiments. The correction 
thus obtained, deducted from the total resistance of 
the bar as measured by the hauling gear, should leave 
as remainder the miscellaneous resistances of the model 
train, from a knowledge of which the air resistance 
could be deduced. 

In view of the useful service rendered by the trains 
in ventilating tube railways, the reduction of their 
air resistance is not an unmixed blessing. With no 
data as to the magnitude of that resistance, however, it 
is impossible to decide in what circumstances the 
installation of ventilating fans would be an economical 
proposition, or what length, near the entry of an iron 
tunnel, it would be economical to smooth over with 
concrete. 

Air Resistance of Motor-Cars.—With the advent of 
high-speed, long-distance motor transport, the air 
resistance of cars may become sufficiently important 
to warrant the determination of numerical resistance 
coefficients. At the present time, interest rather centres 
round the relative merits of different bodies. For 
investigations on these lines, small-scale research is 





admirably adapted. The experimental methods to be 
recommended are similar to those already discussed 
in connection with train resistance. On account of | 
the comparative shortness of motor-cars, however, the | 
experimental work is somewhat simplified, and good | 
results may be expected from the “ horizontal plate ” 
system of ground representation. The apparatus has, | 
in fact, been used with success in a few cases, one of | 
which is illustrated in Fig. 2,§ which shows a one-tenth 
scale model of Major Segrave’s ‘Golden Arrow” 
racing car, in the early stages of design, arranged for 
the measurement of wind resistance and pitching 
moment. 

Experiments with models of racing cars, for which 





* The Resistance of Express Trains, by C. F. Dendy 
Marshall. 

{Technical Report of the Aeronautical Research 
Committee, 1924-25, vol. 2, No. 962, page 674. 

t Trans. Amer. Soc. C.E., 1912, vol. lxxv, page 982. 

§ Reproduced by permission of Captain J. S. Irving. 
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the model to the wind direction. 








aerodynamic forces assume great importance, prove 
most informative, not only as regards the development 
of extremely low-resistant bodies, but also as regards 
the stability of the car at very high speeds. The 
measurement, in the wind tunnel, of an appreciable 
yawing or pitching moment and the confirmation of 
subsequent stability, due to an appropriate modification 
of shape, are very readily effected. 

Wind Pressure on Structures—Numerous examples 
arise, such as the exposed parts of passenger liners, and 
the hulls and rigging of sailing ships fitted with auxiliary 
engines, in which air resistance data could be derived 
very simply from scale-models. On account of the 
difficulty of reproducing full-scale conditions in the 
model, only approximate data could be expected ; 
but even those should prove of value to designers as 
representing the order of magnitude of wind forces. 

The experimental reproduction of stable structures 
can, of course, be achieved with fair accuracy, and a 
large field for valuable small-scale research is thus 
opened. The two types of structures, typified respec- 
tively by buildings with continuous walls and erections 
of lattice girders, call for somewhat different treatment 
in model research. 

Wind pressure, in the former type, is most conveniently 
analysed from observations of pressure taken at nume- 
rous points on the exposed surface of the model 
structure when the latter is disposed at various angles 
to the wind direction. A valuable check on the 
accuracy of such analysis is afforded by a comparison 
between the total air-force components, as determined 
by integration, and direct measurement of the same 
forces by means of the wind-tunnel balance. In the 
application of the numerical data to the original, some 
tolerance must be allowed on account of the uncertain 
distribution of natural wind in the locality of the large 
structure. It will be desirable, in the model experiments, 
to compare the velocity distribution above the flat 
plate representing the ground with that derived from 
anemometer records on the projected site. The results 
of the small-scale wind-pressure experiments, like 
those for air resistance of moving bodies, are most 
conveniently presented as force coefficients in the 


form a i Scale effect may be expected to occur, 


but, as regards its magnitude for this type of problem, 
no data are as yet available. It may be concluded, 
however, from experiments* carried out in the 10-ft. 
wind-tunnel of the United States Bureau of Standards, 
that uncertainties due to this cause are not likely to be 
serious. The research was made on a hollow rectangu- 
lar parallelopiped, 8 in. square and 24-25 in. high, 
mounted near the tunnel floor upon a horizontal plat- 
form to represent the ground. It was found that no 
scale effect was apparent over a range of air speeds up 
to 100-ft. per second. 

The experimental comparison, for the purpose of 
estimating scale effect, of the resistance coefficients of 
a model and its original, presents few difficulties beyond 
those arising out of the uncontrollable fluctuations of 
the natural wind. It is important, therefore, to select 
for such comparison a structure in an exposed situation 
on level ground. A series of comparative trials on 
these lines is at present being conducted by members of 
the National Physical Laboratory staff, on a very 
simple form of shed. In the full-scale experiments, 
the velocity and direction of the natural wind are 
measured by a Dines head. Observations of this 
velocity and of the pressure at a number of points on 
the roof appear simultaneously in a multi-tube mano- 
meter and, together with the wind-direction indicator, 
are photographically recorded. 

Rather more analytical experiments are possible in 
the case of structures built up of steel sections. Small 
sizes of the various commercial sections (angles, tees 
channels and H-sections) may be tested individually 
in a wind tunnel, and their component force coefficients 
determined under a variety of conditions of inclina- 
tion, aspect ratio (i.e., the ratio: length of member/ 
any convenient transverse dimension), size and situa- 
tion of adjacent members, and wind speed. By this 
means, sufficient information may be acquired to 
enable the resistance coefficient of a small, complex 
structure to be synthetically predicted by a process 
little removed from mere addition. The resistance, at 
various inclinations to the wind, of a plane frame of 
eight equal angles, predicted from the aerodynamic 
characteristics of its members, has been found to exceed 
that directly measured by proportions varying from 
0 at 0 deg. to 8 per cent. at 50 deg. inclination. 

In the case of highly-complicated latticed structures, 
wind-tunnel experiments on a model of the complete 
structure will frequently prove less laborious than the 
methods of integration just mentioned. The main 
objective of the research will now be the determination 
of wind-force coefficients for a range of inclination of 
A scale-model of a 








* Scientific Papers, Bureau of Standards, U.S.A., 1926, 


vol. 20, No. 523, page 697. 


+ Annual Report, National Physical Laboratory, 1926, 


page 219 ; and 1927, page 221. 





very large structure, such as a bridge, would often, if 
big enough to permit a reasonable reproduction of 
structural detail, be beyond the capacity of existing 
wind tunnels. In such a case, a sufficiently close 
approximation would be realised by dividing the model 
by vertical sections into lengths, each about one-third 
of the available tunnel width. Force measurements 
could then be made on each section in turn, the adjacent 
sections being fixed in their correct relative positions. 
It would usually be of advantage, too, to make a 
separate measurement of the wind pressure on the 
upper portion of a pedestal structure (such as an elevated 
water tank) with the columns in position, but not in 
contact with the superstructure. 

Experimentally determined wind-pressure coefficients 
for latticed structures are preferably presented in the 


form op where a is now the projected area of the 


steelwork. The probability of a scale-model of a 
complicated structure being perfect in every detail is 
remote, and it appears most preferable actually to 
measure the projected area of the model, using some 
optical method of projection. 

With shapes like those of structural members, which 
are generally bad from the aerodynamic point of view, 
scale effect is likely to be small; and in applying the 
small-scale coefficients to the original, no serious 
uncertainty is likely to arise, except in the estimation 
of the maximum wind velocities likely to be encountered 
by the full-scale structure. 


(To be continued.) 








THE RESISTANCE OF ZINC TO 
INDENTATION.* 


By J. Newton Frrenp, D.Sc., Ph.D., F.I.C., and 
W. E. Tuorneycrort, B.Sc. 

In comparing hardnesses by the Brinell method it is 
customary to employ a constant load and measure the 
diameters of the impressions produced. It appeared 
probable that useful results might be obtained if a 
comparison were made of the loads required to produce 
a given deformation in a given time. A machine has, 
therefore, been devised for use with relatively soft 
metals, employing a gravity load, whereby the effects 
of varying load, duration of application, and tempera- 
ture, upon the deformation can be individually deter- 
mined. The experiments so far have been confined to 
preliminary tests with tin, lead, antimonial lead, and 
particularly with zinc. It was soon found that, at 
constant load and temperature, a relationship existed 
between the deformation, as measured by the depth of 
indentation, D, of a conical die and the duration of 
application, 0, of the load, which was given by the 
equation 

D= Ké6n, 
K and m being constants. By varying the load it was 
thus possible to determine the load required to pene- 
trate to a given depth in a given time. 

Experiments were, therefore, undertaken with zinc, 
with the object of comparing the resistance to indenta- 
tion of the metal at different temperatures, especially 
in the neighbourhood of the transition point from the 
a to the 8 variety (c. 174 deg. C.). Whilst this work 
was in progress a most interesting paper appeared by 
Hargreaves,t who had independently arrived at an 
equation of similar form to ours, connecting deforma- 
tion and duration of load, the deformation being 
measured by the diameter of indentation of a Brinell 
ball. Although Hargreaves’ apparatus and aims are 
in the main different from our own, our researches lie 
in closely contiguous fields. A description of our 
machine and a brief reference to the results so far 
obtained with zine are now, therefore, given. 

The machine consists of a steel bar 139 cm. long, 
weighing 13-8 kg., and supported in a steel block by 
a hard steel pin C (Fig. 1, page 374), serving as fulcrum. 
A closely fitting collar E carries the conical die F, 
made of hardened tool steel. Its apex angle 2x 
is 45 deg., and the point is slightly rounded off. 
The bar is held in a horizontal position by a cam. On 
moving the handle in the direction of the arrow the 
support of the cam is removed, and the load on K 
presses the die into the specimen Z. . The depth of 
indentation is measured by observing the scale at the 
end of the bar through a telescope. The specimen, a 
cube of zinc, rests in a marble trough, with two glass 
sides, filled with liquid paraffin and heated electrically. 
By means of the screw S the trough is raised until 
the specimen just touches the die, contact being 
indicated electrically. Depth readings were taken at 
intervals ranging from four seconds to 10 seconds. 

The material used was rolled high-grade 99-9 per 
cent. pure zinc, cut into cubical blocks of 4 cm. 
edge. These were annealed for 10 hours at from 230 
deg. to 250 deg. C. and cooled slowly before testing. 





* Paper read before the Institute of Metals, London, 
on Thursday, March 14, 1929. Abridged. 
+ J. Inst. Metals, vol. xxxix, page 301 (1928). 
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Preliminary experiments showed that different specimens 
yielded different results, hence in the later series of | 
tests, as described below, one specimen only was used 
for the whole series. The lower temperatures were 
investigated first, 


testing. With constant load L at constant temperature 
t, it was found that the depth of indentation D varied 
with the time 4, in accordance with the expression : 
D=Ké@, . ° « if) 
where K represents the depth of indentation when 
load L acts for unit time. The agreement between 
the observed and calculated values for D in a typical 
experiment (Series II, Sample No. 3) is shown below, 


where ¢t = 103 deg. C., L = 91-96 kg., K 1-511, 

m == 0-0518, and D is expressed in millimetres. 

6 (sec.)... 0 4 8 12 16 20 25 

D (ob- 0 1-632 1-681 1-714 1-747 1-763 1-788 
served) 

D(ealeu- 0 1-624 1-686 1-719 1-744 1-765 1-785 
lated) | 

@ (sec.) 30 40 50 60 80 100 120 

D (ob- 1-796 1-829 1-846 1-862 1-895 1-920 1-936 
served) 

D (caleu- 1-802 1-829 1-850 1-868 1-897 1-918 1-936 


lated) 


K varied with the temperature and applied load ; 


Cone F 


and the specimen maintained at | 
increasingly higher temperatures for half an hour before | 
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| this equation, the value for K is 1-488 instead of 1-511, 
as calculated from the particular data for Series II, 

| Sample No. 3, given above. 

| and (2), we obtain, 

aL’9™ ° m . 


D = (3) 


at constant temperature. 


In Table II are given the values for t, a, p, and the | 


mean value of m. It is possible that m is a variable 
factor, in which case equation (3) is merely an approxi- 
mation. Nevertheless, the results given in Table III, 
column 5, show close agreement with the experimental 
values (column 6). From equation (3) the load (/,) 
required to cause an indentation of 1 mm. in one 
second at ¢° has been calculated, and, as seen below, 


its value agrees very closely with that deduced from | 


the curves drawn for the individual series :— 


103 134 161 180 204 
-90 53-92 49-53 46-86 40-06 


215 


36°45 


t Bie 17 
le ... 69-08 57 
1 (from 


curves) 66:90 57-60 54°10 49-2 25 


5 45-00 40-25 36-80 
On plotting a and /, against the temperature 
(Fig. 2), whilst the latter yields what is apparently 


a smooth curve up to about 160 deg., where there is 


a suspicion of a break, the former shows a change in | 
This is | 


| direction in this neighbourhood more clearly. 
| particularly interesting in view of the alleged allotropic 


























200 


0 100 160 
(es.e) Temperature, Degrees Centigrade 
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TABLE IT, 
Series t | a p m 
_—— —_- 3 
Cc. | | 

# | 17 0-0251 | 0-870 | 0-0371 

Il. 103 0-0298 | 0-865 0-0511 

ill. | 134 | 0-0337 0-850 0-0664 
Iv. | 161 | 0-0458 0-790 | 0-0724 

Je 180 90-0488 0-785 | 00-0787 

VI | 204 00-0552 0-785 | 0-0845 
Vil | 215 0-0674 | 0-750 0-0873 

| | | 
TABLE III. 
| | D caleu- 
dn lated 
ew | ire mpera- Load Time , D ob- 
—— ure °C, Kg. Seconds.| ,. from served. 
| Equation 
| 3. | 
| | 1 

& 17 | 72-36 Be } 1-181 1-203 
Il. 103 | 72-36 30 1-439 1-475 
Ill 134 72°36 30 1-608 1-640 
IV. 161 72-36 30 1-725 1-722 
V 180 52-76 30 1-434 1-483 
VI 204 52-76 30 1-655 1-706 
Vil 215 52-76 30 1-776 1-763 


m likewise varied with the temperature, but was either 
practically constant or fell slowly with increasing load. 
K was found to vary with the load L in accordance 
with the expression 

K "are : : - (2) 
depth of indentation in one 
The index p 


where a represents the 
second under an applied load of 1 kg. 


appears to be a measure of the rate at which the depth, 
penetrated in one second, varies with the load. 


Using 
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change undergone by zinc at from 160 deg. to 180 deg. C.* 
Although Freeman and his co-workerst found no 
such break in their Brinell tests between 6-5 deg. 
and 200 deg. C., (Miss) K. E. Binghamt observed a 
discontinuity in scleroscopic measurements at 160 deg. 
to 170 deg. C. This investigation has been confined 
to small loads. Further work is in progress to deter- 
|mine whether or not the foregoing relationships hold 
with higher loads and with metals other than the 
| particular specimens we have tested. The nature of 
| m is also being investigated. 








BritisH-BuILt CHILEAN DEsSTROYERS.—The first two 
torpedo-boat destroyers of the flotilla built by Messrs. 
John I. Thornycroft and Company, Limited, for the 
Chilean Navy, arrived recently at Valparaiso after a 
most successful voyage in heavy weather. Upon 
arrival they were inspected by the Minister of Marine 
and made a most favourable impression. 





THe WaTER Supply AND SEWERAGE OF PERTH, 
AustTRALIA.—During the year ending June 30, 1928, 
the consumption of water in the so-called metropolitan 
area of Western Australia, which includes Perth, 
| Fremantle, Claremont, Guildford, Armadale and other 
| cities and townships in the Perth district, 
to 3,135,009,00) gallons, as compared with 2,777 7,000,000 
gallons during 1926-27, an increase of 12-89 per cent. 


According to the thirtieth annual report of the Metro- | 
Sewerage and Drainage Depart- | 


| politan Water Supply, 
ment, published in Perth recently, the average daily 
output of water was 8,570,891 gallons and the population 
served 199.000. During the year under review upwards 
of 15 miles of water mains, varying from | in. to 30 in. 
in diameter, were laid, bringing the total length of mains 
| controlled by the Department up to 798 miles. The 
|construction of the Churchman brook dam of the 
Hills Water Supply scheme has been continued during 
the year, and the works have been so far advanced 
that the storage of water was commenced on June 1 
last. By June 30 about 116 million gallons had been 
impounded, and it is anticipated that the 
will be full at the end of the present winter. 
capacity of the reservoir is approximately 500,0)0,000 
| gallons and therefore constitutes a substantial addition 
to the supplies of water available. The total length 
of sewers under the jurisdiction of the department is 
173 miles, 11 miles of which were added during the 
vear under review. The aggregate length of storm- 
water drains administered by the department measures 





20 miles. No additional drains were laid during the 
year under consideration. 

* Benedicks, Metallurgie, vol. vii, page 531 (1910). 
Losana (Gazz. Chim. ital., vol. liii, page 539 (1923)) | 
gives 174 deg. as the transition point. 

+ Freeman, Sillers and Brandt, U.S. Bur. Stand. Sci. | 
Paper No. 552, 1926, pages 661-695. 

t K. Bingham, J. /nst. Metals, vol. xxiv, page 333 
(1920). 


Combining equations (1) | 


amounted | 


reservoir | 
The total | 
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THE PROPULSION OF SHIPS BY 

MODERN STEAM MACHINERY.* 

By J. Jonnson. 

| Husrortcat and other analogies have been invoked 
to show that steam propulsion has run its course and 
must now give way to more efficient machinery. 
Analogies, however, are sometimes constructed out 
|of insufficient or unsuitable material, and in such 
cases may be dangerously misleading. It is the 
author’s purpose to examine the more efficient forms 
of steam propulsion, and, incidentally, to compare 
them with the Diesel engine. By way of introduction, 
it may be remarked that those exclusively interested 
|in the manufacture of steam machinery and _ boilers 
are naturally emphatic as to the virtues of such plant, 
while those specially interested in the development of 
|the Diesel engine are eloquent in their claims for 
its supposedly superlative advantages. There probably 
has never been a period in the history of shipping 
when shipowners have been so vitally and intimately 
concerned with modes of propulsion, and it may be 
as well at the outset, therefore, to hazard the somewhat 
trite observation that the economics of ship operation 
constitute the final court of appeal in these matters. 
The problem is two-fold—engineering and fuel. The 
|owner inclines strongly towards a low first cost ; 
he also desires assurance of fuel supplies at a favourable 
price, and however sympathetically he may regard 
suggestions to use British fuel, he is obliged by the 
circumstances of his business to get the best value 
obtainable. Can the shipowner be expected to pres- 
cribe his requirements ? He depends in a measure 
on the advice of the shipbuilder and others, but having 
regard to the diversity of opinion which exists in 
technical circles, and the difficulty of elucidating the 
problem, he is rarely presented with a clear issue. 
There is, therefore, pressing need for a critical com- 
parison of the various forms of propulsion now engaging 
the attention of shipowners and shipbuilders. This, 
naturally, should be framed so as to include all terms 
pertinent to the inquiry, namely, reliability, first cost, 
fuel expenses and repair expenses (running and 
periodical). 

Reliability is a major factor in all ships, increasing 
in importance with size and speed, until in the largest 
vessels it governs all other considerations. Whether 
the vessel be small or large, freedom from dislocation 
of service is being insisted upon in increasing degree 
by owners, who are well aware that fuel or other 
economies have to be seriously discounted if associated 
with interruptions in trading operations. Nevertheless, 
the demand for reduction in first cost of the vessel 
and for substantial economies in fuel is very insistent, 
and, in so far as these are attainable by technical 
advances in the propelling agent, they must receive 
serious consideration. Apart from small installations 
for which the triple- or quadruple-expansion recipro- 
cating engine is specially suited, there are three types 
of steam plant, each with its variants, prominently 
in use and applicable over a wide range of tonnage. 
(a) The combination of reciprocating engine and low- 
pressure-turbine. (b) The single-reduction geared 
turbine, using low-pressure superheated steam generated 





in Scotch boilers. (c) The single-reduction geared 
turbine, using high-pressure superheated steam 


generated in water-tube boilers. In order to illustrate 
these alternatives, comparison has been made of the 
performances of a number of passenger and cargo 
vessels engaged in the North Atlantic trade, repre- 
;Sentative of what might be described as the low- 
| pressure moderate temperature steam system at an 
advanced stage of its evolution, and the high-pressure 
high-temperature steam system at the initial stage of 
|its development. 

A study of the claims of steam plant, present or 
prospective, must necessarily be preceded by full 
consideration of the condenser problem. In_ this 
connection, the histories of the steamers Melita’s 
and Minnedosa’s main condensers are of especial 
interest as examples of acute tube deterioration. 
They are of the ‘ Uniflux” type, with relatively 
high-velocity cooling water. The Admiralty mixture 
| brass tube (7 Cu, 29 Zn, 1 Sn) had an average life of 
one year with or without an electrolytic process, but 
a few months of service produced failures sufficiently 
numerous to be an embarrassment under service 
conditions. In February, 1915, the Minnedosa’s 
condensers were retubed with cupro-nickel tubes of 
80 Cu, 20 Ni composition. At the same time, the 
Melita’s condensers were tubed with alternate rows of 
90 Cu, 10 Ni and 85 Cu, 15 Ni. There were no failures 
in either vessel during the ensuing year, and on examin- 
ing a large batch from each condenser no sign of 
deterioration was found in the 80/20 tubes, and only 
| the slightest suspicion of corrosion in the 85/15 tubes. 
| The 90/10 tubes, however, exhibited the same appear- 
ance as the earlier brass tubes, practically the whole 





| ™* Paper read before the Institution of Naval Archi- 


! tects, March 21, 1929. 
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of the interior surfaces being lightly pitted. Although 
no perforation had occurred, it was clear that a com- 
paratively short life only might be expected of these | 
tubes. It was concluded, therefore, that anything 
less than 20 per cent. of nickel was not sufficient, 
that 20 per cent. might be adequate, but that an 
increase in the nickel content would probably be 
beneficial. The tubes in the Melita’s condensers 
were replaced by 80/20, and a proportion of 70/30 
(CuNi) tubes introduced, the latter being com- | 
mercially available at this juncture. 

During the second year there were no failures in 
the Minnedosa’s condensers, and in January, 1927, 
after two years’ service, a batch of tubes was with- | 
drawn from both port and _ starboard condensers | 
and subjected to careful scrutiny, when no indication 
of general deterioration was observed. During the 
third year there were four failures, and at the annual 
overhaul in December, 1927, 100 tubes were with- 
drawn from each condenser. These were very carefully 
examined, and while their general condition was 
good there were signs of slight corrosion in irregular | 


| 


| review. 


examination. Practical aspects of the condenser 
question are dealt with later. 

The performances of the steamers Melita and Minne- 
dosa are a convenient starting-point in the proposed 
These vessels are propelled by the well- 
known combination machinery consisting of four- 
cylinder reciprocating engines driving the wing screws, 
exhausting into a low-pressure turbine, actuating the 
centre screw. Steam is supplied by five double-ended 


boilers, hand-fired, and fitted with Howden’s forced | 


draught. This type of machinery is installed in 
several important vessels, but, so far as the writer is 


| aware, was, until recently, used only in association 


with saturated steam. In February, 1925, super- 
heaters were installed in the Minnedosa’s boilers and 
appropriate modifications made to her propelling 
machinery. A year later, the three-bladed _ built 
wing propellers were replaced by three-bladed solid 


| ones of modern design, and the solid centre propeller 


by one of modified dimensions, the proportions having 
been determined at the National Tank. 
of the new centre and wing screws were investigated 






































TABLE If. 
oe | Lb. of Coal | - 
=—-* per S.H.P. per hour. - | D3 V5 
= Year. Speed, Total per Thaw (ee D3 V5 | Tons per day 
knots. S.H.P. (Propul- | S.H.P.|  (Propul- 
sion). Propul- All sion). 
sion. Purposes. 
Saturated steam (original propellers) 1924 16°33 11,500 158 | 1-28 1-41 18,500 
Superheated steam (150 deg. F.) | 
(original propellers) “a é 1925 16°53 11,650 137 | 1-09 1-22 | 253 21,500 
Superheated steam (150 deg. F.) | | 
(new propellers) oe re 1926 16-45 10,600 123 | 1-08 1-22 286 24,650 
1927 17-08 11,500 133 1-08 1-21 290 | 25,000 
TABLE II. 
ae Lb. Oil per S.H.P. per hour. p Di v3 
: Daily Con- D3 V3 = ae 
= Speed, S.H.P. sumption ne ee mes Tons per day 
knots. (Propulsion). F S.H.P (Propul- 
‘ Propulsion. | All purposes. sion). 
| 
=—_ i na = — 
Tons. | 
West “6 19-26 19,500 136 0-65 | 0-71 290 41,500 
Bast gs as 19-48 20,346 142 0-65 0-71 294 | 42,100 
| | 
TABLE III. 
| Daily Fuel per $8.H.P.- } x | Thermal Conditions. 
eee Consump- | Hour. | i D5 V3 eee, a 
sd | a or ee | aa! 
Sees mes ne). | Oil. | | S.H.P. (Pro sul. | Pressure | Tempera- | 
| Setvice). | Pons (Pro- Propul- | All sled at ture at | Vacuum. 
pulsion). sion. | Purposes. ? : Engines. | Engines. | 
| | | | In. 
Empress of Canada | 20,000 | 225 1-05 1-13 307 27,200 | 185 | Saturated 28-5 
Montclare aa | 32,508 | 117 0-87 0-98 284 30,300 | 200 =| 6500 deg. 28-7 
Minnedosa* .. ..{ 11,500 | 86-5 0:70 0-785 | 290 38,500 207. | 530 ,, 29 
Empress of Australia | 20,346 | 142 0-65 0-71 294 42,100 190 } 580 ,, 29 
Duchess of Bedford | 16,000 | 97 0:57 0-625 293 48,000 340 | Ce , 29 
Duchess of Atholl | 16,100 99 0-58 0-64 284 | 46,000 | 340 | 680 ,, 29 
| | | 





* Figures converted from coal! to oil as explained in text. 


patches, principally towards the ends, the depth 
varying from 0-004 in. to 0-010 in. (Original thick- 
ness, 18 W.G.=0-048 in.) During the fourth year | 
there were two failures, and at the overhaul in| 
December, 1928, batches of tubes were drawn and | 
subjected to a microscopic examination. The following | 
details were recorded and convey a fair idea of the | 
general condition of the condensers. | 

Starboard Condenser.—Top nest, 48 tubes : 47 tubes | 
good. 1 tube slightly corroded. Middle nest, 48 tubes : | 
All good. Bottom next, 17 tubes: 11 tubes good, 2 
tubes partly corroded, patches about 0-010 in. deep, 4 | 
tubes slightly corroded. 

Port Condenser.—Top nest, 48 tubes: 24 tubes | 
good, 21 tubes pitted at ends less than 3 in. along, | 
3 tubes pitted at ends. Middle nest, 47 tubes: 37 | 
tubes good, 8 tubes slightly pitted, inlet end, 2 tubes 
pitted 0-015 in. deep, inlet end. Bottom nest, 17 
tubes: 10 tubes good, 6 tubes slightly corroded, 
0-003 in., some one end only, 1 tube corroded 0-010 in. 
In all there have been six tube failures in four years, 
and there is reason to believe that these had their 
origin in manufacturing defects. The most recent | 
examination would seem to indicate that the life of these 
tubes will not be less than six years. There are fair 
grounds for supposing that the life of 70 Cu, 30 Ni tubes 
will be much longer in condensers designed on modern 
lines. In view of the severity of the case, the first 
two years’ experience with the 80/20 tubes was thought 
to warrant the belief that a partial solution of the 
condenser problem was within reach. On the strength 
of this conviction, together with growing evidence | 
in other quarters, it was decided that the question of | 
adopting ‘high-pressure water-tube boilers was ripe for | 
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by the Tank authorities and found to be 55 per cent. 
and 67 per cent., respectively. Table I on this page 
gives log abstracts from typical summer Atlantic 
passages, 

The fuel rate per shaft horse-power/hour is derived 
from the combined indicated and shaft horse-powers, 
adjusted to a basis of shaft horse-power by assuming 
a mechanical efficiency of 92 per cent. for the wing 
engines. As the boiler efficiency is of the order of 
74 per cent., it is evident that an installation of this 
kind, using oil fuel and Scotch boilers having an 
efficiency of 82 per cent., might be expected to show 
a rate of 0-70 lb. per shaft horse-power (propulsion) ; 
the coal coefficient 25,000 would thus become 38,500 
for oil, a result rather better than is registered in the 
same service by somewhat similar twin-screw vessels 
built in 1922, and fitted with double-reduction turbines 
| using steam superheated 150 deg. F. Interest in 
| the combination type of machinery has recently been 
|revived by the advent of the Bauer-Wach, Parsons, 


| . . . 
and other systems, which are thermally similar, but 


have the advantage of avoiding the use of a low 
efficiency centre screw of high revolutions. In such 
installations of this power, the fuel coefficient, using 
oil, would probably be in the region of 40,000. 
appreciable amount of oil is required for internal 
lubrication in reciprocating engines, and this cannot 
be removed with the degree of certainty essential for 
water-tube boilers. This precludes the use of such 
machinery in association with high-pressure steam. 
A description of the Empress of Australia’s machinery 
conversion has appeared in the technical Press,* but 


The efficiencies | 


perhaps some further observations may opportunely 
be made here. The original water-tube boilers were 
extremely inefficient, of indifferent construction, and 
in a poor state of repair. Moreover, the vessel had 
about 1,500 tons of permanent ballast. Having 
regard to all the circumstances, it was decided to adopt 
Scotch boilers of 220-lb. working pressure, fitted 
with smoke-tube superheaters capable of yielding a 
temperature of 620 deg. F. Considerable attention 
was given to the design of the new main and auxiliary 
| machinery, boilers, and feed heating, but nothing of a 
| novel character was introduced beyond two 165-kw. 
Diesel generators, sufficient for ship’s lighting and 
forced draught fans. Typical results registered on 
fair weather passages are given in Table II. The 
| boiler efficiency maintained in service is 83 per cent. ; 
steam rate of the Parsons’ turbines 8-30 lb. per shaft 
house-power-hour (turbines only), and the feed tem- 
| perature obtained by the use of auxiliary exhaust and 
| low-pressure bled steam 230 deg. F. 

The Duchess of Bedford,* commissioned in 








1928, 




















|was the first of four passenger vessels built to the 
TasBie IV. 
| | ‘Total eig 7 
| Weight of Weight of 
| . .., | Machinery, 
| ‘“ S.HLP BE. ee Boilers 
Ship. or toni Machinery | , ay 
| (Designed) and Boilers ean 
| | (including , ‘ 
| | | Water). OnE. 
| | 
| | Ton. 
| Empress of Canada 20,000 | 0-17 
Montclare .. aa -.| 12,500 | 0-193 
| Minnedosa_.. Ss ..| 11,350 | 0-184 
Empress of Australia 20,000 | 0-143 
| Duchess of Bedford... 18,000 | 0-126 
te <2? Ad aes 2. — 
; 
TABLE V. 
| 
| Evapora- 
| Pounds of — on 
mee : a Square 
— |} Cost. | Steam per . 
| | Hour Foot 
| . Heating 
| Surface, 
a aoe — a 
Seotch boiler (complete | | 
ex shop). . ny oe} 8,100 33,350 | 5°33 
Working pressure, 220 Ib. | (85 per cent. 
Heating surface (oil | superheated. } 
basis), 6,250 sq. ft. | | 15 per cent. 
Smoke tube — super- saturated) | 
heater, 620 deg. F. All | | 
mountings, lagging, | | | 
superheaters, air | | 
heaters, furnace fronts, | | 
smoke-boxes and up- | 
takes to funnel base. | | 
Water-tube boiler (com- | | 
plete ex shop) .. a | 6,900 27,800 | 5-34 
| Working pressure, 350 Ib. | | (All super- | 
| Heating surface, 5,200 | heated) 
sq. ft. Integral super- | 
| heater, 680 deg. F. All | | | 
mountings, Jagging, | | 
superheaters, furnace | | | 
fronts, and uptakes and | | 
air heater to funnel | | 
base. } 
TaBLe VI. 
| | | | a7 
20,000 S.H.P. | | [ere | 
(Overload Power). Total Total | Ww ne | 
Heating | ‘tes 7 Boil mg | Cost. 
18,000 S.H.P. Surface. | °%@™. | saoumuad 
Service Powe j 7 
(Service Power). | Power). | 
See: | | 
Sq. Ft. } | £ 
6 Water-tube boilers | 31,200 | 167,000 | 5°35 41,400 
Working pressure, | | | 
350 Ib. Steam | | 
temperature, 680 | | } 
deg. F. | | 
1 S.E. Scotch boiler, | 
saturated (work- | | 
ing) ee ‘ 3,000 } 11,000 3-7 | 4,000 
1 8.E. Scotch boiler, 
saturated (reserve) | 3,000 | — ~- 4,000 
| ——__— 
£49,400 
6 D.E. Scotch boilers | 37,500 | 202,000 5°38 | £48,600 
Working pressure, | | 
220 Ib. Steam | 
temperature, 620 | 
deg. F. | 








An | order of the Canadian Pacific Railway Company for 
| their Liverpool-Montreal service, in which high-pressure 
|steam and water-tube boilers are employed. The 


propelling installation comprises Parsons’ turbines 
and Yarrow boilers. The major portion of the auxiliary 
machinery is motor-driven, energy being supplied by 
Diesel and turbo generators. Before examining in 
detail the issues involved by the use of high-pressure 








* See ENGINEERING, vol. exxili, pp. 733+ 772. 


* See ENGINEERING, vol. exxv, p. 675. 
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high-temperature steam, it is desirable to compare cost does not exceed that of the larger low-pressure 
her service results with those of the earlier vessels. | set. The position is summarised in Table X. In both 
The boiler efficiency maintained in service is 85 per | cases, electrically-driven auxiliaries have been allowed 
cent., steam rate 7-3 lb. (turbines only), and feed | for, turbo and Diesel generators being included. 

temperature 300 deg. F. In order to complete the! Having regard to the fact that water-tube boilers 
comparison, in Table III results of the Empress of | are used exclusively in the British and other navies, 
Canada and Montclare are included. These vessels,| and in all modern power stations throughout the 


built in 1922, are propelled by double-reduction geared | world, at pressures ranging from 250 lb. to 1,300 Ib., 
turbines, steam being supplied by’ Scotch boilers— | it cannot be seriously maintained that there is to-day | 


pressure 215 1b. The former uses saturated steam and | any insuperable obstacle to their more general adoption 
the latter steam superheated to 550 deg. F. |in mercantile vessels. It is, however, recognised by 

Putting technical comparisons on one side for a| all engineers experienced in the best water-tube boiler 
moment, it is of interest to note that the Duchess of | practice that de-aerated pure feed is essential for 
Bedford (gross tonnage, 20,000) has made a complete | success, more particularly with high pressures. The 
voyage Liverpool-Montreal-Liverpool on a total of | positive exclusion of oil and scale-forming matter should 
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access to the tube plates is a matter of minutes. While 
the possibility of a tube failure when under way cannot 
be entirely eliminated, the risk can be reduced to a 
point where it ceases to be of practical consequence. 
It is absurd to wait until tube deterioration has reached 
a stage where it becomes dangerous. The crux of the 
matter is to know the state of the tubes at all times, 
and to carry out frequent pressure tests, making pro- 
vision for this to be done effectively and expeditiously. 
In a large vessel having twin, triple, or quadruple 
screws, the possible stoppage of the ship due to con- 
denser trouble is so remote that it need not be con- 
sidered. A single-screw ship could be kept going for 
a limited period if not in a safe position to stop. Of 
course, the stoppage of single-screw ships at sea for 


1,443 tons of fuel, inclusive of port consumption, at an | be regarded as an indispensable condition if thoroughly | short periods, by reason of machinery trouble, is an 
average speed of 17-8 knots, as compared with a | satisfactory boiler performance is to be secured, and on | event not altogether unheard of. 


voyage of the Montclare (gross tonnage, 16,314), 
under similar weather conditions, at a speed of 16-35 
knots, and consumption of 2,182 tons, or 739 tons less. | 
Table IV on page 375 shows the comparative weights of 
the installations. 

As the Empress of Australia may be considered 
representative of the low-pressure steam system at its 
best, it is instructive to compare the essential features 
of her installation, in terms of space, weight and fuel 
consumption, with those of the Duchess of Bedford. | 
The figures show a reduction of 16 per cent. in space, 
12 per cent. in weight, and 12 per cent. in fuel rate in | 
favour of the Duchess of Bedford. The Empress of | 
Canada is now being re-engined, and having super- | 
heaters fitted to her boilers. The installation will be 
exactly similar in its essential features to that of the 
Empress of Australia, but the service power will be 
26,000. 

A new vessel, the Empress of Japan, in course 
of construction, will have a high-pressure installa- 
tion of 30,000 shaft horse-power, working pressure 
375 lb., and steam temperature 700 deg. F. The | 
consumption rates for all purposes for the Empress of | 
Canada and Empress of Japan are expected to be 0-70 
and 0-60 Ib. respectively, and there is every reason to | 
believe that these figures will be comfortably realised. | 
This represents a saving in the fuel rate for the high- 
pressure system of 14 per cent. The saving in space 
and weight will be about 15 per cent. and 12 per cent., | 
respectively. The question of the relative costs of 
high-pressure high-temperature water-tube _ boiler | 
plant and low-pressure moderate-temperature Scotch | 
boiler plant calls for special remark. In order that a | 
high efficiency may be attained with the conventional | 
design of water-tube boiler, it is essential that the | 


1. T.S.S."EMPRESS OF JAPAN: 
ARRANGEMENT OF STEAM PIPES IN BOILER-ROOMS. 
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| this—perhaps more than on any other factor—does the | 
success of marine high-pressure steam practice depend. | of high-pressure high-temperature steam is confined 


In the Duchess of Bedford and sister vessels, the use 

















ARRANGEMENT OF MAIN STEAM PIPES. 


FOR? 


evaporative rating shall not exceed that adopted for | 
Scotch boilers, with superheaters, namely, about 5-0 Ib. | 
to 5-5 1b. per square foot of generative surface. Allow- | 
ing for the difference in steam rate, the water-tube | 
boiler generative surface may therefore be 10 per cent. | 
to 15 per cent. less. 


a ers 
The costs of water-tube and Scotch ™~\ 4 


boilers are | / 
illustrated in Table V, on page 375. 
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: (1300.A) 
In high-powered passenger vessels, such as are | 
exemplified in Tables VI, VI, Vill and IX, reserve Danie iVTl. Taste VIII. 
boiler power is, of course, invariably provided. The | _ 
comparisons in all cases have been made on the basis | | see | : : 
of an evaporative rating of about 5-4 lb. per square 20,000 S.H.P. | Baneceative | 33.000 S.H.P —— 
foot of generative surface, calculated on the overload | (Overload Power). eee | Total Working | Cost (Overload Power). PR Total Working Cost 
power, which is in each case 10 per cent. in excess of 00 S.H.P Surface.| Steam. Boilers . 30,000 S.H.P. : 8! Steam. Boilers EN 
: ; : (Service Power) eres (Overload (Service Power). | Surface. (Overload 
the service power. This also provides for the con-| “ : | Power). | i : Sever 
tingency of a fraction of the boilers not being imme- | | : 
diately available on leaving port after a shortened |~ l Nl l Nl Nl 
stay or the shutting down of boilers in emergency at| _ Pa ok os eee ee. : : Sq. Ft £ 
sea. Under any but abnormal circumstances, the | 4 Water-tube boilers | 31,200 167,000 »°35 39,000 | 6 Water-tube boilers | 51,500 | 275,000 5°35 62,700 
’ | Working pressure, | | Working pressure, 
evaporative rating at the service power would not} 350 Ib. Steam 350 Ib. Steam 
exceed 6 lb. All comparisons made between water- | eee, 680 | ates, 680 
, Se ile 2 i is § rfectly | , des: F: ; eg. F. 
tube ~ _* boile ne ~> eg — - a perfe ctly | 1 S.E. Scotch boiler, | 1 S.E. Scotch boiler 3,300 | 16,000 4-85 4,370 
comparab e ASS. or 8,0 sha t hOrse- Pow er,| saturated (work- | | | = Working pressure, 
using boilers of the type indicated in Table V, the | : - Gite 2,000 | 11,000 | 5°5 3,000 Lp ye ge 
eee . . 8 ; 4 Ss $.E. Scotch boiler, | 1 S.E. Scotch boiler 
high pressure installation costs about the same as | “ ‘saturated (reserve) | 2,000 eae = 3,000| (estarated),  te- 
Scotch boilers, as indicated in Table VI. | SE SSS 3,300 _ = 4,370 
When the Duchess of Bedford installation was pro- | | | | £45,000 —_— 
jecte i ; . i » boilers | —————- £71,440 
jecte Ona of the — and size = boilers | 6D.E. Scotch boilers | 37,500 | 202,000 5-38 | £48,600 
was influence _to a considerable extent by the some- | Working pressure, | | 10 D.E. Scotch | 
what hypothetical nature of the case. In the light of | 220 Ib. Steam | | boilers. | 62,500 | 332,000 5-32 £81,000 
actual experience, the installation might quite pru- | = sand oe. | 
dently comprise four larger water-tube boilers and | | temperature, 620 
two smaller Scotch boilers, as shown in Table VII. aera : : = deg. F. 
Saving in favour of water-tube boilers = 7-5 per cent. | 
g 


The high-pressure water-tube boiler does not, how- | 
ever, show to full advantage until larger units are | It must not be supposed that this is a counsel of perfec- 
employed, asillustrated in Tables VIITand IX. Apart, | tion, for it can be attained with a modicum of prevision 
however, from the actual boiler costs, a pronounced | and operating care. But apart from questions of 
simplification of steam-pipe systems and incidental | safety and efficiency, scale in boilers has always been 
fittings is secured, the full advantage of which only | a nuisance, and its elimination is greatly to be desired 
becomes apparent from a study of the completed detail | on the score of cleaning expenses. Leaving aside the 
designs (Figs. 1 and 2). | time required in port, the cost of cleaning boilers in 

With high-pressure machinery, the condensing | a large fleet may reach a formidable annual total, and 
surface for a given shaft horse-power may be reckoned | constitutes one of the disabilities under which steam 
at 15 per cent. less, due to lower steam rate and greater | plant has hitherto laboured. Nothing less, of course, 
proportion of bled steam. The whole of the propelling | than the best grade of condenser tube procurable 
and boiler-room auxiliaries are also correspondingly | should be employed, and practical measures taken to 
smaller. Notwithstanding the extra cost of special | minimise risk of leakage at the tube plates. The con- 
denser doors may be designed in panel form so that 


material for high-pressure turbine blading, the gross 

















Saving in cost in favour of water-tube boilers = 11-5 per cent. 


to the main units, turbo-generators and turbo-feed 
pumps, where thermally advantageous. In these 
units, no internal lubricant is necessary, and there is, 
consequently, no dependence on filters. A small 
Scotch boiler is used to supply steam for the low- 
pressure service of the vessels, including the oil-fuel 
units, hydraulic-door pumps, heating of tanks and ship, 
&c. Connections are provided from this low-pressure 
saturated range to an intermediate stage of the main 
turbines, and also through a reducing valve to the 
main condensers. Feed-water losses in the main 
system are made up by pumping fresh water (or 
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condensed evaporator steam) into the Scotch boilers, 
and opening the extra feed steam valves on the tur- 
bines. The dirty steam auxiliaries are definitely 
segregated from the high- -pressure circuit. Those who 
have much experience of piping arrangements in ships 
know the extreme difficulty of preventing accidental 
contamination of fresh water by salt or oily water. 
The foregoing arrangement was therefore conceived as 
a practical means of obtaining the degree of security 
necessary in these installations, and, in fact, occupies 
a pivotal position in the general design. Its features, 
as established in actual service, may be summarised as 
follows :—(1) Absolutely clean boilers and _ super- 
heaters—the condition requisite for ,safety—absence 
of priming and sustained efficiency, enabling the boilers 

















TasBiLe IX. 
Evaporative| 
66,000 S.H.P. Total Rating on | 
(Overload Power). eatin Total Working Cost 
,000 S.H.P Surface | Steam. Boilers : 
(Service Power). oe (Overload 
Power). 
Sq. Ft. 
9 Water-tube boilers | 103,500 | 550,200 5+32 119,700 
Working pressure, 
350 Ib. Steam 
temperature, 680 
deg. F. 
15S.E Scotch boiler 3,650 | 21,000 5-75 4,500 
18.E. Scotch boiler 
(reserve) .. 3,650 —- _ 4,500 
£128,700 
20 OD.E. Scotch 
boilers .. .+| 125,000 | 660,000 5°28 £162,000 
Working pressure, 
220 Ib. Steam 
temperature, 620 | | 
deg. F. 








Saving in favour of water-tube boilers = 20 per cent. 


TABLE X. 





Total Cost of Installation. 
































18,000 | 30,000 | 60. 000 
SH.P. | SH.P. | 8 
‘ado | sal " 
Low-pressure steam plant ..| 266,000 408,000 | 7 738, 000 
High-pressure steam plant. | 256,000 | 390,000 | 690,000 
| 
TABLE XI. 
ane | Steam. | Diesel. 
Consumption (all purposes)—18,000 
shaft horse-power oe ie ‘“ 0-63 0-48 
Consumption (all purposes)—30,000 
shaft horse-power aa we os 0-60 0-48 
TaBLe XII. 
woes — = Steam. Diesel. 
a Fuel costs for 
18,000 S.H.P. 
(a —e 
8. d. 8. 
New York 31 6 60 192 o78 
Montreal 43 0 70 262 324 
Daily Fuel costs for 
30,000 S.H.P 
(Pacific Service) 
Vancouver 36 0 46 348 | 355 














to be kept under steam for extended periods. (2) 
Reduction in boiler-cleaning costs. (3) The facility 
whereby substantial quantities of distilled water may 
be produced at sea or in port, either for make-up 
purposes or filling of boilers or reserve tanks. (4) An 
economical means of restoring the water losses in the 
main system. (There are other minor features which 
cannot be dealt with here, but which are designed to 
ensure ease of manipulation.) 

Up to the present, the Duchesses—Bedford and 
Atholl—have each made six Atlantic voyages, a 
distance of 34,000 miles. 
boilers, propelling machinery (with the exception of a 
blade failure in an L.P. ahead turbine), and auxiliaries 
have been eminently satisfactory. Incidentally, an 
average speed considerably above the contract figure 
has been maintained. The condensers have remained 
perfectly tight, and no boiler or superheater troubles 
have been experienced. The ordinary watch-keeping 
duties, such as regulation of feed-water, have involved 
no special effort on the part of the engine-room staff, 
and this has been confirmed by indirect inquiries made 





During this period the | 
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to elicit the general opinion of the junior uaa 
In fact, there are no features arising out of the use of 
high-pressure superheated steam in association with the 
water-tube boilers which have occasioned the senior or 
junior engineers any concern. The temperature of the 
boiler-rooms and machinery spaces leaves nothing to be 
desired. Three or four main steam-pipe joints have 
shown slight leaks ; these were remade, and no further 
trouble experienced. For success in this respect, ample 
elasticity should undoubtedly be provided, preferably 
in the form of “ Aiton’ corrugated bends, so as to 
relieve the flanges of undue stress. It is also desirable 
to avoid an accumulation of water in the pipe-lines, 
as this promotes temperature differences which are 
liable to stretch the bolts. With the turbo-generator 
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as compared with 25/. in vessels (of 12,000 shaft horse- 
power) based on the same port, having 10 single-ended 
Scotch boilers, five of which are cleaned every voyage. 
Altogether the installations give every indication of a 
high standard of reliability being attained on extremely 
low maintenance charges. In view of the general 
conclusions reached by Sir J. Biles in his 1925 paper, 
reference may, perhaps, be suitably made here to the 
economics of high-pressure steamships and motor- 
ships of this character. At the time the contract for 
the Duchess of Bedford was placed, prices were taken 
from leading shipbuilders for quadruple-screw Diesel 
installations, each set comprising eight-cylinder single- 
acting Sulzer-type engines. The quotations showed 
that the cost of a motorship of similar capacity would 


TABLE XIII. 





18,000 S.H.P. Installation. 


30,000 S.H.P. Installation. 

































































Steani. | Diesel. | Steam, | Diesel. 
7 | 
| Tons. | Tons. | | Tons. Tons. 
Machinery complete .. al — 2,275 3,300 3,410 5,300 
Fuel (plus two days’ reserve) . | (6,000 miles). . 1,190 1,465 (14,000 miles) 5,730 4,570 
Feed-water ‘ ‘ Half passage 250 Nil Part passage 500 Nil 
| | 4,435 | 4,765 | 9,640 | 9,870 
TABLE XIV. 
Daily | 
Con- Daily : dabei 
Speed, sumption Con- 3 Jalorific 
= knots. 8.H.P. A.P. sumption Dé vs Pll Value of Remarks. 
Converted ons. S.H.p. | Tons/day Coal. 
to 13,500 | Actual ALP. 
B.Th.U’s. A.P. 
! 
| B.Th.U.s. | 
Beaverburn, W. 15-52 6,600 (76-8) 87-0 319 25,000 11,900 | Mech. stokers. 
Beaverford, W. 15-10 6,500 (77-0) 81-2 297 23,900 12,800 | Mech. stokers. 
76-9 : 
Beaverbrae, W. 14-90 6,560 (81-4) 80-2 283 23,000 13,700 | Hand fired 
Beaverhill, W. | 14-50 6,000 a 80-0 278 20,500 13,200 | Hand fired. 
79: 
Beaverburn, E. | 15-0 6,400 (74-7) 77-0 322 27,000 13,100 Mech. stoker. 
Beaverford, E. | 15-2 | 6,370 (76-0) 84-8 330 24,300 12,100 Mech. stoker. 
75-0 
Beaverbrae, E. wa sa | 14-9 | 6,480 (81°3) 80-1 298 24,200 13,700 Hand fired. 
Beaverhill, E. | 14-8 | 6,188 (83+4) 84-0 320 23,600 13,620 Hand fired. 
| | 82-0 
| | | 
TABLE XV. 
a 
Thermal Conditions at Rate per ? 
Engines. S.H.P. | Calorifie | ,, Boiler 
— Type of Boilers. hdur Value Efficiency 
Machinery. (Propul- | of Fuel. | a * 
Pressure.| Temp. | Vacuum.| sion). » . 
s | 
Deg. In. Per cent. 
Beaverburn S.R. turbines. Steam | Water-tube with 235 630 29 1-03 13,500 80 
(S.H.P. =6,600) auxiliaries mechanical stokers 
and Scotch boilers, 
hand fired 
Minnedosa Reciprocating en- | Scotch boilers, hand 208 530 29 1-08 13,500 74 
(S.H.P.=11 ,500) gines and L.P. fired 
turbine (direct 
drive). Steam 
auxiliaries 





























and turbo-feed pumps taking their supply from the 
main lines, this is not likely to occur even under 
“standby” conditions. The fuel consumption regis- 
tered on trial has been improved upon, due to setting 
the high-pressure turbines at their net designed clear- 
ances, and also attention to detail in various directions. 
The consumption of fresh water for make-up feed is 
35 tons per day—about half the quantity used in earlier 
vessels of similar power. During the official trials, 
arduous tests were made of the manceuvring capabili- 
ties of the vessels, and the results on service in this 
respect have been admirable, sufficient steam being 
always available on demand. 

The combination of oil-fired water-tube boilers and 
single-reduction geared turbines is an extremely 
flexible one, enabling a good spurt of speed to be main- 
tained under favourable weather conditions, thereby 
overtaking detention due to adverse weather or fog. 
Most of the boilers have been opened up after two 
voyages, but some of them have been steamed for 
longer periods. A light-brown dust deposit, amounting 
to 20 oz. per boiler, distributed over the interior surfaces, 
has been removed, revealing the original graphite 
coating unimpaired. This deposit is ferric oxide, and 
is probably originating in the steel feed-pipes or boiler 
tubes, or both. There is room for some improvement 
in the de-aeration of the feed-water, and other correc- 
tive measures are being applied with the object of 
reducing or eliminating the oxide dust. There is a fair 
expectation that it will be possible to steam these 
boilers for six months without brushing the internal 
surfaces. The total expenses for cleaning the water 
side of the boilers have averaged about 101. per voyage, 





have been 100,000/. more. On the basis of 15 per cent. 
for interest, depreciation and insurance, this represents 
an annual charge of 15,000/. Now, in comparisons 
which have hitherto been made there has always been 
a good deal of difference of opinion as to the relative 
cost of boiler and Diesel oils ; the-cost of repairs is also 
an awkward factor in such calculations. The writer 
proposes a close examination (Tables XI, XII and XIII). 
In the North Atlantic service, as oil is cheaper at 
American and Canadian ports than at United Kingdom 
ports, full bunkers should be taken at the former.. In 
the Pacific service, similar remarks apply to Vancouver 
and Hong-Kong. While it is not permissible to quote 
actual contract prices, the prevailing market rates (Table 
X11), are quite appropriate forthe purpose of comparison. 
Much has been said of the advantage of the smaller 
weight of bunkers required by the motorship, it is 
therefore interesting to examine that aspect of the 
question. A true comparison should include the 
combined weight of the propelling machinery, fuel, and 
feed-water as in Table XIII. 

Having dealt with first cost, fuel costs, and weight of 
bunkers, the only other question of moment is repair 
expenditure (running and periodical). The sum of 
2001. per voyage amply covers the running repairs in 
the Duchess of Bedford’s installation. 





£ 
For eleven voyages per annum -.- 2,200 
Annual overhaul—B.0.T. survey 2,800 
£5,000 


Examining the major charges, which conceivably may 
have to be faced in an installation of this kind (allowing 
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the vessel a life of 25 years), and taking an ultra- 
cautious view of possible replacements :— 


£ 
Renewal of condenser tubes 
every seven years as 7,000 
Renewal of superheater tubes 
every seven years ‘ eee 3,600 
tenewal of air-heater tubes 
every seven years ‘ 2,400 
Renewal of boiler fire row tubes 
every seven years... oes 3,300 
16,300 
3 
48,900 


Say, £50,000 in 25 years. 
Let us say 2,0001. per annum. 
Total repairs: 5,0001. plus 


annum. 


2,0001. = 7,0001. per 


The significance of these figures is that the annual 
charge on the extra first cost of the motorship, viz., 
15,0001., is sufficient to defray the entire cost of repairs 
(running and periodical) in the steam installation, 
with 8,000/. to spare. As the fuel costs of the steam 
plant in the two services quoted are not greater than 
the Diesel, it is not even necessary to inquire what the 
cost of repairs is in the latter. It may remain as a 
surplus of indeterminate magnitude. As it has been 
suggested, however, that there are some ports where the 
difference between the price of Diesel and boiler oil is 
small—say as little as 3s. per ton—it may be of value 
to examine the 18,000 shaft horse-power case on the 
basis that the difference is nil. The nearest approach 
to this appears to be San Francisco, where the market 
rates for Diesel and boiler oil are 33s. and 30s. respec- 
tively. 


«a & 
Steam: 121 tons per day at 
308. oa oon nee 182 0 0O 
Diesel: 92 tons per day at 
30s. ibs 138 0 0 
Difference in favour of 
Diesel ... {44 0 0 per day. 


On 200 days’ steaming per annum, this equals 8,8001. 


The position thus becomes :— 


a ee * 
Extra cost of fuel for steam 
plant 8,800 0 0 per annum. 
Total repairs 7,000 0 0O a 
15,800 0 0 pe 
Charges for extra cost of 
motor vessel 15,000 0 O 
£800 OF O 


As the cost of lubricating oil for a Diesel installation is 
certainly in excess of this figure, the cost of repairs 
may again be left as an unknown surplus. 

Some interest attaches to the performance of the five 
cargo steamships of the Beaver class, as being repre- 
sentative of one aspect of modern coal-burning practice. 
Commissioned a year ago, they are all twin-screw vessels 
of about 7,000 h.p., with Parsons’ turbines, working 
pressure 250 lb., temperature 650 deg. F., a proportion 
of the auxiliary machinery using steam superheated to 
a temperature of 550 deg. F. Three of the vessels have 
four Yarrow and two single-ended Scotch boilers, the 
Yarrow boilers being fitted with mechanical stokers 
of the * Erith-Roe ” type. The other two vessels have 
four Babcock and two Scotch boilers, all hand fired. 
In each case, one Scotch boiler only is in use at sea 
The results given in Table XIV have been registered 
under comparable weather conditions. 

These installations were designed to give consumption 
rates of 1-1 Ib. and 1-15 Ib. of coal per S.H.P.-hour 
(all purposes) in the stoker and hand-fired jobs respec- 
tively, on a fuel calorific value of 13,500 B.Th.U.’s. 
Both rates were comfortably realised on the official 
trials, and have been maintained on service. On trial, 
boiler efficiencies of 82 per cent. and 75 per cent. were 
obtained with the stoker and hand firing respectively. 
On service, coal varying in calorific value between 
11,000 and 13,000 B.Th.U.’s has been burned on 
the * Erith’? stokers, whereas good-quality bunker 
coal of 13,500 to 14,000 B.Th.U.’s has been used 
in the hand-fired jobs. It will be observed from a 
study of the foregoing table that when the consump- 
tions are correct to a uniformed basis of 13,500 B.Th.U.’s 
the mechanically fired installations show a_ higher 
average efficiency of 9 per cent. The difference has 
been as low as 5 per cent. and as high as 10 per cent. 
onindividual voyages. The vessels with the mechanical 
stokers have registered about } knot to $ knot higher 
average speed. The coal used in the stoker installations 
is a mixture of rough smalls and nuts. Purchased on 
a basis of calorific value, an economy of several per 
cent. has been secured, as compared with the ordinary 
bunker coal used by the other vessels. The mechanical 
stokers, which are supplied with air preheated to 
310 deg. F., have given satisfaction. The ships leave 
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one terminal port with the stokers and main engine 
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manoeuvring valves set, and make the Atlantic passage | 
without any adjustment and with entire absence of | 
variation in steam pressure. There is no noise, only | 
a trace of smoke, and the working conditions are very 
easy for the firemen, whose duty consists of shoveling | 
the coal into the hoppers. At a later date it is intended 
to fit suitable trunking to the cross and ’tween- deck | 
bunkers so that the coal may feed to the hoppers by 
gravity. The total maintenance charges are less than | 
ld. per ton of coal burned. These expenses have been 
incurred in renewals of cast-iron grate parts. In 
certain of the stokers the grate parts were made of 
Hadfield’s ‘* Era”’ heat-resisting steel, and have been 
| in use for twelve months without deterioration. Expe- | 
| rience has shown that it is possible to burn coals having 
| ash of a low fusing temperature on these grates without 
damage. The renewals to brickwork have averaged 
about 51. per voyage. 

The coal as fed to the stokers has to be less than 
2-in. cube, and supplies are arranged accordingly. 
In services where this can be conveniently done, the | 
use of mechanical stokers advantageous. The 
charges on their first cost amount to 5d. per ton of coal | 
burned plus Id. for maintenance, representing, with | 
coal at 20s. per ton, a deduction of 24 per cent. from | 
the gross saving previously indicated. Table XV giving 
a comparison between the Beaverburn and Minnedosa | 
illustrates the fuel rates of two relatively efficient types 
of steam plant, burning coal. 

The Beaverburn cannot, of course, be regarded as | 
a high-pressure installation. With a working pressure | 
of 350 Ib. and steam temperature of 700 deg. F., the 
fuel rate would be 0-94 lb. per shaft horse-power per 
hour. With oil of 19,000 B.Th.U.’s calorific value, 
and a boiler efficiency of 85 per cent., this figure would 
be about 0-63 lb. for propulsion. Now a large number 
of modern cargo and intermediate vessels fall into two 
classes, viz. :—Single-screw ships, 4,000 to 6,000 shaft 
horse-power. Twin-screw ships, 7,000 to 10,000 shaft 
horse-power. The fuel rate of 0-63 Ib. shaft horse- 
power per hour for ‘* Propulsion,’ which does not, | 
in this class of vessel, differ sensibly from the “ All | 
purposes ”’ figure, may be taken as applicable to both 
types. Consider this in relation to a Diesel installation. 
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TaBLE XVI. 
| Oil Fuel per 
— $.H.P./hour 
(Propulsion). 
High-pressure steam—-4,000 to 10,000 shaft 
horse-power 0-63 
Diesel —4,000 to 10,000 shaft horse-power 0-42 


Putting aside for the moment the question of burning 
coal in the steamships (Tables XVI and XVII.) 





Example.—Twin-screw cargo vessel, 7,000 shaft | 
horse-power, 15 knots—bunkering radius, 10,000 | 
miles. 

Be ets | 

Cost of motorship 300,000 0 0 | 

Cost of steamship 270,000 0 0 | 

Difference £30,000 0 0 | 


15 per cent. (interest and depreciation) on difference 
4,5001. 


TaBLeE XVII. 
Steamship. 
(Oil-burning, 
2 Water-tube 


ra and 1 Scotch Motorship. 
Boiler. Diesel 
and Turbo- | 
generators.) | 
= | 
Tons. | Tons. | 
Machinery complete. oe 1,000 1,400 | 
Fuel for 10,000 miles (plus 2 
days’ reserve) ae 1,405 939 | 
Feed-water (part passage ) 200 | Nil | 


———— | 





Average prices of boiler and Diesel oil, say 50s. and 60s. | 


per ton respectively. 


at 7,000 shaft horse-power :— 


Then daily fuel costs | 

oa we; | 
Steamship = 47-5 X 50s. 118 15 O per day. 
Motorship=31-5 x 60s. ... 94 10 0 an 
Difference in favour of Diesel £24 5 0 ,, 


On 200 steaming days per annum this equals 4,850]. | 

If the economics of high-pressure steamships and | 
motor-ships of this class be fully explored, it will be | 
found that in the majority of cases the advantage lies 
with the former, this condition holding when the | 
steamship is using oil as fuel, the extra cost of boiler | 
oil per annum only being slightly in excess of the | 
annual charge on the higher cost of the motor-ship. | 
It is evident, therefore, that if the steamship is also | 
able to use coal in zones where its price is attractive, 
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| a strong superiority obtains with that type of installa- 
tion. It would therefore remain for the naval architect 
to design such ships so that a deep tank might be 


| utilised for coal or cargo, and double-bottom tanks for 


oil or ballast, and for the engineer to initiate suitable 
stokehold arrangements. enabling pulverised coal 
or oil to be used alternatively and in a manner com- 
The difficulties of this may be 
considerable ; nevertheless it is thought that they are 
susceptible of solution. The future of steam propulsion 
is bound up with further advances in thermal efficiency 
and reductions in the first cost of the steamship. On 
s of our experience to date there does not 
seem to be reason to anticipate any practical difficulty 





| with pressures of 500 Ib. to 600 lb., and temperatures 


of 750 deg. F., 
would naturally come first in smaller ships. 


but progress towards these conditions 
If power 


| station practice is stabilised at or about 1,000 Ib. 


pressure and temperatures of 800 deg. F. to 900 deg. F., 
it is scarcely conceivable that marine practice will 
remain at 220 lb. and 600 deg. F. Apart from a rise 
in pressures and temperatures, the next step of real 
commercial value appears to be a radical advance in 
water-tube boiler design, resulting in substantial 
economies in weight and cost, in association with effi- 
ciencies approaching 90 per cent. based on the gross 
calorific value of the fuel. It is known that such 


| developments are being prosecuted in this country 


and elsewhere, and these, if successful, will enable 
large capacities per unit to be easily obtained, resulting 
in a general simplification of the steam-raising appara- 
The battery of boilers and their appurtenances 
has hitherto been the chief disability in steam plant, 
everyone recognising the manifest advantages of 
turbines and other rotary mechanism. The water- 
tube boiler fully developed for marine work will 
enable injected fuel, solid or liquid, to be employed at 
option. On the basis of experience to date with high- 
| pressure plant, such development work as the fore- 


| going may be expected to yield consumption rates of 


the order of 0-5 Ib. of oil for ‘ Propulsion”? and 
0-55 lb. for ‘* All purposes ” in high-power installations. 
If the most is to be made of the inherent merits of 
steam propulsion, the sum total of the advantages 
must be grasped, as expressed in low first cost, mini- 
mum weight of machinery and bunkers, minimum 
fuel cost (with choice of pulverised coal or oil), and, 
finally, low maintenance charges. There appears to be a 
movement towards higher speeds both in cargo and 
passenger services, and this will, in many instances, 
be accompanied by the use of larger vessels. The 
power of the propelling machinery will advance com- 
mensurately, and, all circumstances considered, high- 
pressure steam propulsion may be expected to occupy 
a predominant position. 
(To be continued.) 








AMERICAN MINE-RESCUE WorRK ConTESTs.—On page 
525 of our issue of October 26, 1928, we drew attention 
to the international first-aid and mine-rescue work 
contests, held each year in the United States, under 
the auspices of the Bureau of Mines, with the co-operation 
of the National Safety Council, the American Red 
Cross, and various mine operators’ associations and 
miners’ organisations. The eighth of these annual 
contests will be held at Kansas City, Missouri, from 
September 12 to 14 next. 


WELLINGTON Harspour, NEw ZEALAND.—The total 
value of all goods exported from Wellington, New 
Zealand, during the year ending September 30, 1927, 
The principal items were wool, frozen 
The value 
of imports during the same year was 14,636,182/., _ 
United Kingdom being responsible for nearly half ¢ 

this sum. As is the case with all growing ports, a aah 
of improvement works are in hand. The Burnham 
wharf in Evans Bay is now practically complete. 
Leased to the British Imperial Oil Company, it will 
relieve the situation as regards the berthing of tank 
steamers landing petrol. Hitherto these vessels have 
berthed at the Miramar wharf, and as, owing to the 


| nature of the cargo, no other vessels could work at this 


wharf when petrol was being landed, work was at 
times.interfered with. The new wharf is 842 ft. long, 
and will permit a tanker and several smaller vessels 
to be berthed at one time. Work on the Thorndon 
reclamation scheme is being actively pursued, and 
according to the annual report recé ently issued of the 
Wellington Harbour Board for the year ending Sept- 
ember 30, 1927, some 1,038,250 tons of dredged material 
had been pumped in behind the sea wall during the 
months under review. Some time ago ten 
2-ton electric overhead travelling cranes were ordered 
from Messrs. S. H. Heywood and Company, Limited, 
Reddish, near Manchester, and by the end of September, 
1927, four of the cranes had come to hand and were 
in course of erection. The 80-ton crane steamer Hikitia, 
which was despatched from the Clyde on September 29, 
1926, arrived at Wellington on December 21, after a 
passage of 82 days. After an overhaul the vessel was 
put into service in the following January, and has since, 
in addition to general cargo work, lifted and transported 
a large number of concrete piles from Thorndon to 
Burnham. 
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TRENCH-DIGGING 


CONSTRUCTED BY MESSRS. E. AYRES AND COMPANY, LIMITED, ENGINEERS, 





379 





MACHINE WITH CHAIN TRACKS. 


NEWCASTLE-ON-TYNE. 

















TRENCH-DIGGING MACHINE WITH 
CHAIN EXCAVATOR. 


In certain classes of work, such as agricultural 
drainage and cable laying, it may be necessary to cut 
narrow trenches to a considerable depth, and the new 
trench-digging machine, which we illustrate in the 
annexed figure, is particularly suitable for work of this 
kind. It may, however, equally be used for trenches 
of more usual section. The machine, which was ex- 
hibited at the recent British Industries Fair at Birming- 
ham, is manufactured by Messrs. E. Ayres and Com- 
pany, Limited, Pottery-lane, Newcastlé-upon-Tyne. 

It will be seen from the figure that it consists 
essentially of a chassis mounted on chain tracks, and 
carrying a swinging frame on which a bucket excavator 
is mounted. As stated, it is capable of cutting excep- 
tionally narrow trenches, the actual width depending 
upon the length of the buckets used. The minimum 
width is 7 in., and the maximum 15 in. on the standard 
machine, the maximum depth of excavation being 
4ft.6in. The chassis consists of a channel-steel frame 
mounted on three chain tracks of the Roadless 
Traction type. The single front track travels in 
advance of, and in line with, the trench being dug, 
while the two rear tracks travel along the sides of the 
trench. The front unit is power-driven, the trans- 
mission from the 25 brake horse-power engine, which 
is a four-cylinder, petrol-paraffin model, being through 
a four-speed gearbox to a final worm reduction gear. 
The whole of the transmission runs in oil. A reverse is 
provided, and steering is effected by rotating the stub 
axles on which the rear tracks are mounted. When 
required, spuds can be bolted to the front track to 
give additional grip of the surface. The digging 
arm consists of a triangular steel frame, carrying the 
excavator buckets on a chain, and supported by tumb- 
lers at the three corners. The frame is hinged at the 
point where the excavated material is delivered, and 
is raised or lowered by hand by a simple winch gear, 
carried on a cross shaft above the front end of the 
frame, as shown in the figure. When the machine is 
travelling from place to place, or being turned, the 
arm is raised clear of the surface of the ground. The 
buckets are fitted with internal flaps for forcing out 
the contents when the machine is excavating in 
material such as wet clay. The flaps are forced out 
mechanically, alternate teeth on the chain being of 
sufficient length to make contact with the back of the 
flap. To remove any material which may adhere to 
the flaps, an oscillating tray, actuated by the cam 
visible in the illustration on the main tumbler shaft, 
traces out the contour between the buckets as they pass. 
There is one cam on each side of the machine and both 
cams are provided with a recessed roller path on the inner 
and outer faces. The rollersare mounted onspring-loaded 
shackles, to which the scraper bar is attached. The 
excavated material is delivered on to a travelling band 
running across the machine, which can be seen in the 
illustration immediately in front of the rear chain 
tracks, and is deposited at the side of the machine as it 
travels along. The transmission for the digging arm 
consists of a Carden shaft, fitted with a friction clutch 
coupling it to a worm reduction gear, from which the 


| 
| 


| 





drive is taken to a cross shaft, and thence to the main 
tumbler shaft by a Coventry chain. The cross shaft 
also serves to drive the belt conveyor through bevel 
gearing, a dog clutch being fitted on the conveyor 
shaft for disengaging this drive when required. The 
controls are brought to the rear of the machine as 
shown, the operator guiding the digger by sighting 
from ranging poles set on the line of the required 
trench. The machine is geared, for travelling only, 
at 14 miles per hour, and for travelling and digging 
at 3 ft., 6 ft. or 12 ft. per minute, according to the 
depth of the trench and the nature of the material 
being excavated. The total weight of the digger is 
about 6 tons. 








CATALOGUES. 


Electrical Appliances.—We have received new issues 
of catalogues from Messrs. Ferranti, Limited, Hollin- 
wood, Lancs., illustrating several types of transformers, 
watt-hour meters, and electric radiators. 

Temperature Measurement.—We have received new 
catalogues giving full particulars of electrical distance 
thermometers and temperature recorders from Messrs. 
Siemens Brothers and Company, Limited, Woolwich, 
London, 8.E.18. 

Electric Controls.—Messrs. Brookhirst Switchgear, 
Limited, Chester, have issued two new catalogues dealing 
with hand-operated and automatic control gears for use 
with direct current. A new range of solenoid panels is 
described in the automatic series. 

Electric Motors.—Messrs. Brook Motors, Limited, 
Huddersfield, have issued a further list of alternating- 
current motors from 1 to 80 h.p. for single-phase circuits, 
and up to 330 h.p. for polyphase circuits, with control 
gear. A list of spare parts is also given. 

Belt Pulleys.—A list of “ Stanchion”’ wrought-iron 
pulleys, made with single or double arms, is to hand -from 
Messrs. Douglas, Lawson and Company, Limited, 
Birstall, Leeds. The standard list shows about 500 
sizes, from 12 in. to 108 in. in diameter and from 4 in. to 
30 in. in width. 

Pulverised Fuel for Locomotives.—Mr. Fredk. A. Perry, 
63, Queen Victoria-street, London, E.C.4, has issued a 
catalogue discussing the problems of pulverised-fuel 
firing on locomotives, and describing the special burners 
made for this purpose by the Schwartzkopff firm of 
Berlin, for whom he is the agent. 

Graphite Lubricant.—Messrs. The Acheson Graphite 
Company, U.S.A., have issued a further pamphlet 
describing the various grades of Gredag graphite grease, 
which they manufacture. A copy of this pamphlet has 
reached us from their agents, Messrs. E. G. Acheson, 
Limited, 40, Wood-street, Westminster, London, S.W.1. 

Hoisting Blocks——A catalogue of electric hoisting 
blocks is to hand from Messrs. The Vaughan Crane 
Company, Limited, Openshaw, Manchester. The lifting 
capacities range from 10 cwt. to 5 tons, and a dead- 
slow motion, for direct current, can be added. Many 
applications of the blocks are shown, including travelling 
cranes and runways. 

Electric Welding.—We have received four pamphlets 
from Messrs. Alloy Welding Processes, Limited, 14, 
Church-street, Islington, London, N.1, dealing with a 
new welding dynamo, are welding in ship repairs, a 
welded pipe line at Sabie River, South Africa, and giving 
extracts from a paper by Dr. Neese, of Essen, commenting 








on the A.W.P. electrodes. 


Tool Steels—A new and revised edition of their 
catalogue of intermediate tool steels is to hand from 
Messrs. Edgar Allen and Company, Limited, Sheffield. 
The notes on heat treatment have been amplified, and 
the tools for which these steels are specially suitable are 
mentioned. Designers and makers of tools will find 
this booklet interesting and useful. 


Wood Pulleys—Wood pulleys, made of highly-com- 
pressed Sitka spruce with cast-iron centres, are described 
in a catalogue received from Messrs. International 
Sprucolite Limited, 3, Central-buildings, Westminster, 
London, S.W.1. A table shows that these pulleys are 
about the same weight as split-wood pulleys, about half 
the weight of steel pulleys, and about one-third that of 
cast-iron pulleys. 

Ball and Roller Bearings.—A new catalogue of ball 
and roller bearings is to hand from Messrs. The Hoffman 
Manufacturing Company, Limited, Chelmsford, giving 
well-arranged lists of the many types of bearing now 
made as standard stock, to both English and metric 
measurements. All necessary dimensions are clearly 
tabulated, with the prices, and much practical and 
technical information is added. 


Oil and Petrol Engines.—Messrs. Petters, Limited, Yeo- 
vil, have issued a catalogue illustrating and briefly describ- 
ing many machine units in which their petrol and oil 
engines have been incorporated. These include concrete 
mixers, road-making machines, conveyors, hoists, 
compressors, pumps, threshing machines, paint sprayers, 
saws, electric generators, &c., as well as marine-propulsion 
installations. Both portable and fixed plants are shown. 


Steam Turbines.—Messrs. The English Electric Com- 
pany, Limited, Queen’s House, Kingsway, London, W.C.2, 
publish, in their quarterly journal, a good deal of informa- 
tion on steam turbines, including descriptions of ten 
sets recently constructed, an analysis of the performance 
of multi-cylinder sets, and turbines for special steam 
conditions. A rotor is illustrated for an experimental 
turbine designed to work with a pressure of 1,400 lb. per 
square inch. 


Ore Drying.—Messrs. Head, Wrightson and Company, 
Limited, Norton-road, Stockton-on-Tees, have sent us 
a catalogue of the Lowden patent drier, of which they 
are the makers. The machine has been developed 
specially for treating the ore concentrates of lead, 
copper, silver, gold, chromium, &c., but the makers 
state that it has proved suitable for many other 
materials which are troublesome to deal with in driers of 
the usual types. 

Mining Plant.—Messrs. Holman Bros. Limited, Cam- 
borne, have sent us a catalogue containing a summary 
of the general particulars of their products. It is 
intended to serve as ani ntroduction to the more detailed 
information given in their special catalogues. Air 
compressors, stationary and portable, pneumatic tools, 
winding engines, concentrating and general mining 
machinery, and special machines for sharpening drills 
are included among the products illustrated and 
described. 

Engineers’ Stores.—Messrs. W. H. Willcox and Com- 
pany, Limited, 38, Southwark-street, London, §8.E.1. 
have issued a new edition (the 8th) of their catalogue of 
materials, tools and general stores. It is a strongly- 
bound book of about 700 quarto pages, fully indexed, 
amply illustrated, with full particulars of the articles 
listed. The catalogue covers all the common and special 
requirements of the engineer, such as tools, lubricants, 
piping and shafting, transmission accessories, boiler 
mountings, pumps, tanks, sprayers, hoisting tackle, bolts 
and nuts, gauges, &c. 
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LARGE KETTLES FOR REFINING 
METALS. 

The Importance of Design and Setting of Large Kettles 
Used for Refining and Low Melting-Point Alloys.* 
By H. C. Lancaster. 

Some forty years ago, when the Pattinson process 
for the concentration of silver in iead was in use, 
a kettle of 15 tons capacity was considered a large one. 
These iron kettles were almost universally cast in the 
shape of a half sphere and had no spouts, all the 
silver-lead being transferred by the use of large 
ladles and a small hand-crane. When the Parkes 
process supplanted the Pattinson process larger 
kettles were used, and the lead was transferred either 
by syphoning or pumping; or the kettles had spouts. 
The author does not propose to deal with the quality 
of the cast iron used in these kettle castings, although 
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overheated, draws down-|if possible outside, otherwise inside—as shown in 
wards, thus still further aggravating this inherent | Fig. 6. The cast-iron casing is lined with firebricks 
tendency, and becomes an additional source of | of the correct radius (B), these firebricks being tongued 
weakness. Generally, the final result is a bad leakage | and grooved. A similar firebrick wall (C) with 3-in. 
at this point, as indicated in Fig. 1, where dotted | flue space (D) all round surrounds the kettle, and has 
lines show the bottom drawn down by local overheating. | occasional stretchers to keep the outer wall in situ, 
Now if a spout be added to this half-sphere casting, | the latter having the pigeon-holes (E) equally spaced 
another source of weakness is introduced (Fig. 2, | all round the top, just under the flange of the cast-iron 
point A). Foundries have experienced difficulty in| casing. There are three dampers, communicating 
making the casting sound at this point, and the spout | with the 3-in. flue space, connected with the downtake 


apex invariably becomes 


unfortunately joins the kettle at its weakest point, 
namely, where it receives the greatest heat. The 
author’s experience with this design was disastrous. 
By making the castings much flatter, under heavy 
but even heating, they eventually assume the shape 
of approximately half a sphere. By altering the 
shape of the spout entirely, as indicated in Fig. 3 
(section) and Fig. 4 (plan), the above-mentioned 
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this matter is undoubtedly important, and many 
suggestions have been made as to the best variety 
of cast iron to use for this purpose. Some foundries 
recommend the use of cold-blast pig iron, the intro- 
duction of a percentage of good boiler-plate scrap 
in the mixture, ageing of the castings, and other 
ideas. The author's experience suggests that large 
foundries which are accustomed to make big castings 
for the chemical industries are fully capable of producing 
sound castings; indeed, it is rare to get a faulty one. 
Other factors—apart from that o! the quality of the 
iron used—which help to increase the life of the 
kettles are (1) the shape of the kettle itself; (2) the 
method of setting. 

The Shape of the Kettle—Most designers have 
considered that the casting should be a half sphere, 
and that this was the ideal essentially, because the 
expansion and contraction would be better equalised. 
For a small kettle with low-temperature requirements 
there is much in its favour. 
ever, measuring from 6 ft. to 8 ft. in diameter, and 
calling for high-temperature treatment, the half- 


sphere casting has an inherent weakness in that the | 





* Paper read before the Institute of Metals, London, 
on Thursday, March 14, 1929. 
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| 
| difficulties are overcome. The author has encountered | 


|extraordinary diversities of opinion with regard to 
| the thickness considered to be necessary in the case 
| of quite small capacity kettles. Unfortunately many 
| kettles are sold by weight, the inherent idea often 
appearing to be that if there is plenty of iron in a 
kettle it will add to its life. In one case a kettle 
holding less than 2 tons had a 5-in. bottom, and the 
supporting flange was 24 in. thick and 12 in. wide. 
The author's experience is that the thinner the casting, 
| consistent with the weight and duty required, the 
|longer the life. Kettles of 8-ft. diameter, required 
for high-temperature refining purposes, have only 
a 2}-in. bottom tapering to 1} in. at the side, and 
a flange 2 in. thick by 3 in. wide. Similar kettles 
for lower temperatures, viz., about 500 deg. C., have 
a 2-in. bottom tapering to 14 in. at the side, with a 
| flange 14 in. thick and 3} in. wide. 

| Setting the Kettle——One of the essentials of long 
| service from a kettle is even heating. This becomes 
| increasingly difficult as the size of the kettle increases. 
| It is important that a kettle, itself sometimes weighing 
| 5 tons and containing 55 tons of metal, should have an 
| adequate support and should be kept level. For this 
| purpose it is advisable to have a cast-iron casing, 
| cast either in two or four sections well bolted together— 





|to the underground flue. These dampers must be 
| carefully adjusted when first heating up a new kettle, 
|so as to ensure even heating. 

| A firebrick arch (F) is built directly over the fire- 
| place, with openings at the sides and ends only. 
| This arch becomes incandescent and takes the excess 
| heat from the actual bottom of the kettle, and tends 
|to distribute this heat round the sides. Further, it 
| prevents the rush of cold air from impinging directly 
|on a red-hot casting when opening the door whilst 
| stoking or clinkering. In addition, the smoke is 
| generally more completely consumed and the heat 
/is conserved. This arch, however, is better dispensed 
| with should it be necessary both to heat up and cool off 
\the contents of the kettle quickly. A supporting 
| column—shown at G—in the case of 50-ton kettles 
|is built within 2 in. of the bottom of the kettle when 
setting. It was found that to build this pier so that 
it came in contact with the bottom to start with 
was fatal; it tended to penetrate the bottom of 
the kettle. By building it just 2 in. below, the casting 
draws down that amount, and rests on the supporting 
| pier without further apparent distortion or strain. 
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THE research on ‘ Pyritic Oxidation with Special 
| Reference to the Ravine Seam,’’ which Messrs. H. 
| McPherson, N. Simpkin and 8. V. Wild describe in 
| Paper No. 47, of the Safety in Mines Research Board 
(H.M. Stationery Office, price 1s. 6d. net) is a compara- 
tive study of the behaviour of the various portions of 
a seam and of the corresponding coal in situ; it does 
|not deal particularly with the dangers of spontaneous 
|combustion. The Ravine seam of the middle coal 
| measure of Lancashire was selected for the investiga- 
tion because it contains different forms of pyrites and 
shows varieties of oxidised pyritic matter on exposed 
faces. The seam is about 7 ft. in thickness, and is 
| overlain by 3 ft. of so-called chitters. The coal proper, 
essentially a clairain, is soft, and contains many resin- 
| ous bodies and plant residue, spores, &c. It is worked 
|on the bord and pillar system. In chitters, which are 
| low-grade coal used for firing the pit boilers, the pyritic 
oxidation is the greater the larger the amount of 
| pyritic iron found, and this will generally be at the 
| base of the chitters and in the upper part of the 
|coal. The pyrites there occur in large quantities, in 
| the nodular form and intermixed with fusain, and this 
| portion of the chitters is most liable to self-heating. 
| The pyrites, however, only assist in the self-heating to 
|a minor extent. The more important effect is the dis- 
| integration of the coal caused by the expansion of the 
;sulphides when they are oxidised into sulphates. 
| This disintegration, again, cannot all be ascribed to oxi- 
|dation. The oxidation is slow for the first six months 
| of exposure, even when the material is crushed. Jn situ 
|many cracks develop on the face, and a roof of the 
|chitters, after standing, was found to be no longer 
resting on its supports, the lower portion having 
| disintegrated into slack. Mechanical stresses seem to 
be factors in the disintegration. 


PYRITIC OXIDATION IN THE RAVINE 











CuHart FOR HyDRAULIC CALCULATIONS..—We have 
recently received from Messrs. Hathorn, Davey and 
Company, Limited, Sun Foundry, Dewsbury-road, 
Leeds, a copy of the chart entitled Crux Hydraulica, 
which will doubtless be found of great service to those 
having a considerable number of hydraulic calculations 
to make. It consists of a pair of logarithmic diagrams 
printed in bluish-grey ink on stout paper, one reading 
vertically and representing pressure or head, and the 
other, which is read diagonally, giving the quantities 
in gallons per minute or other units. Scales of horse- 
power, head, piston speed, revolutions, stroke, .&c., 
are printed in black on a thin sheet of clear celluloid, 
which, when placed in the correct position over the 
diagrains, enables the required information to be read 
off. In this way, it is possible, when the necessary 
parameters are given, to ascertain the capacity, brake 
horse-power and indicated horse-power and characteristics 
of pumps, and the frictional losses in pipes, as well as to 
carry out multiplication and division involving four 
quantities and to evaluate expressions involving the 
use of fractional indices. Examples of all these operations 
are printed on the chart, but users will probably discover 
other applications. A noteworthy feature of the chart 
is the employment of small figures, as well as the usual 
lettering, to distinguish the different scales on the 
celluloid sheet as well as in the explanatory matter. 
A figure of a horse, for example, is printed near the 
horse-power scale, and that of a bird in flight near the 
speed scale. 
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MOLECULAR MOTIONS IN RAREFIED 
GASES. 

At the Royal Institution on March 16 last, Sir 
Ernest Rutherford, P.R.S., delivered the third 
lecture of his course on the above subject. 

On the last occasion he had, he said, drawn atten- 
tion to the marked changes which occurred in the 
behaviour of gases as we passed from ordinary to 
extremely low pressures. He had shown that an 
explanation of this was afforded by the kinetic 
theory, the essential point being that whilst, at 
normal pressure and temperature, the mean free 


_ 1 
100,000 
mm. of 


path of a molecule was of the order of cm., 


1 

100 © 70,000 
mercury it became comparable with the dimensions 
of the vessel in which the gas was enclosed. In that 
case the all important point was that the motion of 
the gas was determined solely by the collision of the 
molecules with the walls of the vessel, and not by 
their impacts with each other. In fact, in the 
condition stated, the molecules struck each other so 
seldom that the occurrence might be ignored. He 
had pointed out, moreover, that the molecules were 
individually so small that every solid surface must 
be regarded as so coarse and rough that after an 
impact with the wall, the molecule might rebound at 
any angle whatever, regardless of its original direc- 
tion of motion. Could the wall be regarded as 
smooth, then the angle of reflection would be equal 
to the angle of incidence, and with such “ specular 
reflection” every trace of wall friction would dis- 
appear. 

On the kinetic theory the conduction of heat 
through a gas, from a hot surface to a cold one, was 
extraordinarily similar to the transfer, through the 
gas, of momentum from a moving plate to a fixed 
one, and there was thus a close connection between 
k the conductivity of a gas and y, its coefficient of 
viscosity. The conductivity k was defined by the 
equation 


at pressures corresponding to 


where g denoted, in calories, the amount of heat 
transmitted per square centimetre per second from a 
hot surface at temperature T, to a cold surface at 
temperature T,, whilst d denoted, in centimetres, the 
distance apart of the surfaces. It would be seen 
that this formula was identical in form, with that 
representing the frictional force, f, developed per 
square centimetre, between a fixed and a moving 
plate by the viscosity of a gas. In that case we had, 
as stated in the last lecture, the relation 


v 
i=v2- 


From the kinetic theory it could, in fact, be shown 

that & and » were related by the expression, 
b=. n Cy, 

where C, denoted the specific heat of the gas at con- 
stant volume and B was a coefficient, equal to 2-5 
for a monatomic gas, and to 1-9 for a diatomic gas. 

We might, therefore, anticipate that just as 7 
was independent of the pressure of a gas, so also 
was k, and this had been proved to be the case. 
The analogy between the transfer of momentum, in 
which viscosity was involved, and the conduction of 
heat was, it would be seen, extremely close. A 
gaseous molecule hitting a hot surface came off 
with its speed increased and this increase was trans- 
mitted through the gas, layer by layer, to the colder 
surface, just as, in the case of viscosity, momentum 
was transmitted from one to the other. That there 
should be this relationship between the two pheno- 
mena was not obvious save on the kinetic theory. 

As already noted, at extremely low pressures the 
frictional resistance to the motion of a gas changed, 
so also did the conductivity. This could be 
demonstrated by the simple apparatus represented 
in Fig. 10, which consisted of a large bulb having 
two narrow side branches, through which a 
platinum wire was strung. Provision (not shown in 
the diagram), was made for coupling up the bulb to 
& vacuum pump and for heating the wire to visibility 
by an electric current. Then, on the kinetic theory 
of conductivity, we should expect to find that the 
wire would lose heat faster in the narrow side 
branches than in the central bulb, since the distance 
from the hot wire to the cold wall was much smaller. 





At atmospheric pressure, however, the loss of heat 
by convection currents was greater than the loss by 
conduction proper and, hence the central part of the 
wire was the duller. On partially exhausting the 
vessel, however, the conductivity of the gas being 
independent of the pressure was unaffected, but the 
convective power fell off rapidly. Hence, under 
these conditions the central part of the wire had the 
brighter glow, as it should according to the kinetic 
theory of conduction. When, however, the exhaus- 
tion was carried to an extreme, then the wire 
appeared equally bright from end to end. This 
was due to the fact that at extremely low pressures 
the molecules very seldom collided with each other 
but passed direct from wire to wall and vice versa. 
By the kinetic theory the number of molecules 
striking the wire was independent of the size of the 


vessel, being equal to} ¢ per square centimetre 
per second, where n denoted the number of mole- 


cules per cubic centimetre of the gas and c the 
average molecular speed. 

As the molecules came direct from the wall to the 
wire they all reached the latter with the same 
temperature and thus, on leaving it they carried 
off the same quantity of heat from each inch of the 
wire from end to end. Thus, the kinetic theory 
afforded a complete explanation of the appearance of 
the wire at ordinary and at extremely low pressures. 

In this connection a point of great theoretic 
interest arose. When a molecule struck the wall, 
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or the wire, did it come off again with the velocity 
corresponding to the temperature of the surface 
struck ? Experiment showed that as a matter of 
fact it didn’t. 

What was known as the “ accommodation co- 
efficient’? was involved. This was defined as the 
ratio of the energy the molecule actually picked up 
at the surface, to the amount it ought theoretically 
to acquire there. This accommodation co-efficient 
was smallest in the case of the lighter gases 
being 0-29 for hydrogen, 0-34 for helium, 0-65 
for neon, and 0-86 for argon. For oxygen the 
value was 0-80. This was a striking result, and 
showed that the lighter molecules, which were those 
which moved fastest, did not take up wall tem- 
peratures as quickly as the heavier molecules, 
and had in fact to strike many times before they 
reached the wall temperature. This conclusion was 
beautifully demonstrated by the apparatus repre- 
sented in Fig. 11, the experiment being due to 
Professor Birkenstein. Here A and B represented 
two Dewar flasks having the same internal dimen- 
sions and both coupled up to a vacuum pump. The 
inner compartment of each was filled with liquid 
air, which slowly evaporated, the relative rates 
being rendered visible by allowing the escaping 
air to bubble up through water. As could be 
seen, the annulus between the inner and outer 
walls of the flasks was, in the case of A, very much 
wider than in the case of B, but the pressure in 
both these annular spaces was the same. Never- 
theless, with a very high vacuum between the walls 
the evaporation proved to be much more rapid from 
A than from B. This difference arose because a 
molecule passing from the inner to the outer wall of 
A would, on its rebound, in most cases miss the 
inner wall, and hit the outer wall again, making in 
fact several contacts with this before it again struck 








the inner wall, which it reached, accordingly, with 
a temperature equal to that of the outer wall. 
On the other hand the annulus was so narrow in 
the case of B that practically every molecule that 
rebounded from the outer wall hit the inner at 
once. Since, however, owing to the accommodation 
coefficient, several contacts were required for the 
molecule to acquire the outer wall temperature, 
these molecules carried with them to the inner wall 
relatively little heat. The pressure was the same in 
both cases, so that the number of molecules striking 
the inner wall per square centimetre per second 
was also the same, and hence heat was carried 
much less rapidly from wall to wall in B than it was 
in A. If, however, the pressure were raised in the 
two annuli so that true conductivity was estab- 
lished, then the heat transfer in B was much more 
rapid than in A, and the liquid air in it evaporated 
faster than it did in A. 

In 1873, Neumann discovered a phenomenon 
which was now known as thermal transpiration 
which the lecturer illustrated by two vessels of 
the same size filled with air, and provided with 
tubes dipping into water. One vessel was of porous 
porcelain whilst the other was of glass, and each 
was provided inside it, with an identical heating 
coil. On passing a current through these coils air 
escaped from both vessels, but the flow ceased in the 
case of the glass vessel as soon as a steady tem- 
perature was attained, whilst it continued indefi- 
nitely in the case of the porous pot. Air, in fact, 
streamed into the pot through the pores and passed 
out through the down pipe as a continuous current. 
This form of the experiment was in essentials due 
to Osborne Reynolds who in 1879 had given an 
explanation of Neumann’s observations, as also had 
Clerk Maxwell at about the same time. Osborne 
Reynolds showed that if we had an enclosure 
divided into two compartments by a partition 
with an opening between the two, then if the two 
compartments had different temperatures, the 
pressures should not (on the kinetic theory) be the 
same in both as would naturally be anticipated, but 
we ought to have the relation 


Ps Ty 
Pi T; 


where T, and T; denoted the respective absolute 
temperatures and p, and p, the corresponding 
pressures. 

This deduction held good, however, only pro- 
vided that the temperature gradient was very 
sharp, and in general the pressures in the two com- 
partments would be found to be the same. The 
effect could be shown, however, by connecting 
two bulbs by a capillary and heating this near the 
edge of one of its openings by an electric wire. 
In that case by connecting the two bulbs by a 
return pipe a continuous flow could be produced 
along the capillary from the cold to the hot bulb. 
The essential point was that the mean free path 
of the molecules should be comparable with the 
diameter of the capillary, which at ordinary pres- 
sure was not possible. It was this that led Osborne 
Reynolds to use the porous walled vessel as the 
pores were exceedingly small. 

A method of measuring low pressures based on 
the kinetic theory of heat transfer had been devised 
by Nutzen who used two chambers, one filled with 
hot and the other with cold water. Between their 
end walls was suspended a light vane in a vacuous 
space. At very high degrees of exhaustion the 
vane hung vertically, but if a little gas were 
admitted, it was driven towards the colder surface, 
because although the same number of molecules 
struck on both sides of the vane those coming from 
the hot surface had the higher momentum. This 
deflection of the vane, was, the lecturer stated, allied 
to the rotation of the vanes in a Crooke’s radio- 
meter, the theory of which had been under discus- 
sion for fifty years and was still incomplete. 

The radiometer rotor would not revolve if the 
pressure were too high or yet again if it were too 
low, the optimum value, when the bulb was filled 
with air, being about i, mm, of mercury. With 
mercury vapour instead of air, rotation might be 
obtained at a very much smaller pressure, but ceased 
if the mercury were condensed by the application 
of liquid air. 








INSTALLATION, ITALY. 


Art the present time, over 1,000 km. of the Italian 
railways have been electrified, and work is proceed- 
ing on still further extensions of the electrified 
system. Among these, the more important are 
the Rome-Sulmona line, 172 km. in length, that 
between Foggia and Beneveuto, 102 km. in length, 
and that between Florence and Bologna, with a 
length of 120 km. In all three cases, the power re- 
quired is obtained from hydro-electric plant. We have 
already described the Galleto installation, from which 
the power is drawn for the Rome-Sulmona section, 
on page 6 of vol. exxiv of Enaingrrinc. A further 
interesting example of hydro-electric development 
in Italy is presented by the Limentre installation, 
from which power will be supplied for the railway 
between Florence and Bologna. 

The River Reno, with its tributaries, rises in the 
Etruscan Appenines, which run from north-west to 
south-east across the peninsula, about 25 km. north 
of Florence, and the waters of these rivers are being 
impounded by a number of dams. The ultimate 
power available will be greatly in excess of that 
required for the purpose mentioned, and will be 
utilised for further railway electrification, and also 
for industrial purposes. The River Limentra di 
Sambuca joins the Reno a short distance to the 
north of the village of Pavana, as shown in the 
annexed sketch map, Fig. 1, and dams are being 
built across both rivers above the junction. In addi- 
tion, the Limentra di Treppio river, which runs 
roughly parallel with the Reno at this point, and 
about 3 km. to the east of it, is being dammed in 
two places to form the Suviana and Castrola reser- 
voirs, into the former of which the waters of the 
Reno and Limentra di Sambuca, with their upper 
tributaries, will ultimately be directed by means 
of tunnels driven through the intervening ridges. 
When the whole scheme is completed, power stations 
will be provided at Suviana and Castrola, but as it 
will be several years before these are in operation, a 
smaller station has been erected some 200 metres 
below the Pavana dam, on the Limentra di Sambuca, 
and this station will shortly be brought into use to 
supply power for the Florence-Bologna line. It is 
with this portion of the scheme that we deal more 
particularly in the present article. 

The reservoir formed by the Pavana dam has a 
capacity of 1,000,000 cub. m. (35,000,000 cub. ft.), 
and collects the waters not only of the watershed 
of the Limentra di Sambuca, but also those of the 
Reno. As already mentioned, a dam is built across 
the latter river, and, from the reservoir so formed, 
the waters are taken to the Pavana reservoir through 
a tunnel 2-84 km. in length, and with a cross-section 
of 22 sq. m. This tunnel is indicated in Fig. 1. 
A second tunnel, 2-8 km. in length, and having a 
cross-section of 24 sq. m., has been constructed 
between the Pavana and Suviana reservoirs. The 
latter is now in course of construction, and, when 
completed, will have a capacity of 30,000,000 cubic 
metres (1,050,000,000 cubic feet). The levels of 
the various reservoirs are shown in Fig. 2. The 
Pavana dam, of which various views are given in 
Figs. 7 to 12, pages 354 and 396 was commenced in 
1922, and finished in 1926. The height is 52 m. (170 ft.) 


ENGINEERING. 





[MARCH 29, 1929. 





THE LIMENTRE HYDRO-ELECTRIC INSTALLATION. 





Fig. 











1. 


+ 














WHOA) 


350 5 


300{ Heights o 40 60 8 wom. 


Distances ¢ 1 z 3 4 jKm. 


250 
Horizontal m. 230 








= 
yn J 
: PAVANA 
Limentrella '% 
ik SUVIANA 
\ H yy 
| Wy ma er \ 
- SO é Llp [00 Lig ; CASTROLA \\ 
j a FA SP pESSURE PIPE Line 
fe coe hy Compensating OF; trad RIOLA 
VQ 
“ENGINEERING” 





. 





(10K) 


springing, and as will be clear from the figure, both 
the inner and outer faces of the arch are of true 
circular section, the arcs being struck from different 
centres to increase the thickness at the side, as com- 
pared with the crown of the wall. The arches ter- 
minate in half-domes. The construction of the 
continuous bridge, which runs across the crest of 
the dam, can readily be followed from Fig. 9. 

The dam contains about 35,000 cub. m. (1,235,000 
cub. ft.) of cement concrete, of which some 6,000 
cub. m. are reinforced. The composition of the con- 
crete used was 300 kg. of cement to 0-8 cub. m. of 
broken stone, passed through a 5-cm. mesh, and 
0-5 cub. m. of sand passed through a 5-mm. mesh. 
The average strength in compression of the concrete 
is 180 kg. per square centimetre. The broken stone 
and sand were obtained entirely by crushing and 





from the average depth of the foundation to the road- | grinding local sandstone, taken from two large 
way. As will beclearfrom theillustrations, the central | quarries opened on the left bank of the river. 
portion of the dam consists of three arches, with an | The stone breakers and concrete mixers were housed 
inclination of 61 deg. to the horizontal, and spaced | together in a temporary structure, and an output 
at 16-5 m. from centre to centre. The arches are | of 300 cub. m. (10,600 cub. ft.) of concrete per day 
carried on two intermediate and two terminal but- of eight-hours was secured from three large stone 
tresses, and the remaining portions of the dam are | breakers for producing coarse aggregate, a smaller 
of the gravity type. The 5uttresses vary in thick- | breaker for fine aggregate, and three mills for the 
ness from 2 m. at the top to 5 m. at the foundation, | sand. 

and are also wider on the upstream thanonthedown-| Large revolving sieves were also installed, 
stream side; both buttresses and arches are con- | together with a washing and classifying machine for 
structed in concrete, the arches being reinforced. As|thesand. The drum on thelatter machine had three 
shown in Fig. 5, the buttresses have a face slope on | outlets for different grades of sand. The various de- 
the downstream side of 62 deg., approximately | scriptions of material were collected in large hoppers 
equal to that on the upstream side. As will be clear | placed under the machines, and were conveyed in 
from Figs. 5 and 11, the buttresses are tied together | trucks, together with the cement, to three concrete 
at three levels, namely, at the top by the arches | mixers, each having a capacity of 500 litres (16 
carrying the roadway, and at heights of approxi- | cub. ft.). The plant was driven by electric motors 
mately 18 m. and 30 m. by light flying arches. Two | developing a total of 300 brake horse-power. After 
leaving the mixers, the concrete was distributed by 
aerial ropeway, with carriers having a capacity of 3 





sections of the vaulting are given in Fig. 6. The 
thickness increases evenly from the crown to the 
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tons, to the required point on the site, Ransome towers 
being employed wherever practicable. The ropeway 
crossed the valley above the dam, the supporting 
column on the right bank of the river being perma- 
nently anchored down, while that on the left bank 
was moved according to circumstances. 

The excavations for the dam were carried down 
to the rock, 8 to 10 m. below the gravel bed of the 
river. The rock was found to be fissured in many 
places, and to strengthen it, and also to render it 
impermeable, cement was injected under pressure, 
the depth of the drillings varying between 6 m. 
and 12 m. The arches were bedded on a heavy 
concrete emplacement, as shown in Fig. 5, adequate 
adhesion of the concrete to the rock being ensured 
by cutting away the surface of the latter to form a 
key. The surface was washed with water under 
pressure before the deposition of the concrete, and 
the sides of the bed were faced with gunite. All 
the surfaces of the dam proper were faced with a 
mixture consisting of 800 kg. of cement to 1 cub. m. 
of sand, deposited by means of a cement gun to a 
thickness of 4:5 cm. The work of placing the 
concrete was executed in three stages, and after 
the completion of the first stage wire netting was 
arranged in place over the arches. This consisted of 
wire 4 mm. in diameter, with a mesh of 5-cm. sides, 
and served to prevent capillary cracks appear- 
ing in the facing. The ancillary plant included a 
testing machine capable of exerting a pressure of 
100,000 kg. (approximately 100 tons). This was 
housed in a temporary laboratory together with 
other testing apparatus, and the equipment was 
utilised for making regular and detailed checks on 
the quality of all the material used in the construc- 
tional work. Various views of the dam in course of 
construction are given in Figs. 7, 8 and 12, while two 
photographs of the completed work, taken from the 
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downstream side, are reproduced in Figs. 9 and 11. 
Fig. 10 is a view on the upstream side and shows 
the spillway on the right. 

Returning now to the scheme as a whole, it will 
be observed from Figs. 3 and 4 that the water is 
delivered to the turbines in the power-house through 
a steel pipe line 2,000 mm. (6 ft. 7 in.) in diameter. 
The normal delivery to this line is from an outlet 
tower at the toe of the main arch nearest to the left 
bank of the river, the connection between the tower 
and the pipe line being made by two steel conduits, 
700 mm. (4 ft. 8 in.) in diameter, fitted with Venturi 
meters. An alternative outlet, utilised only when the 
demand for water is a maximum, is provided through 
the gravity portion of the dam adjacent to the left 
bank. Both outlets are at the same height, giving a 
fall of 43 m. to the turbines. There are two Escher- 
Wyss turbines, each coupled up to a 5,000-kv.-a, 
Ansaldo alternator, and the subsidiary buildings, 
shown in Figs. 3 and 4, include transformer and 
circuit-breaker houses. The main discharge outlet 
for the reservoir passes through the wall of the 
gravity dam on the right bank of the river. It is 
fitted with sluice gates worked from the level of the 
roadway, the controls being housed in the small 
building visible at the left-hand end of the dam in 
Fig. 9. The building in the foreground, in the same 
view, serves to house the intake controls for the pipe 
line. The tunnel under the dam, which receives the 
main discharge, is 20 sq. m. in section and is 200 m. 
long. The outlet can be seen in Fig. 11. The spill- 
way is of the shaft type, and is fitted with two auto- 
matic sluices having openings of 16 m. and 11 m., re- 
spectively. The water passes through the sluices into 
a large stilling basin, whence it is discharged through 





a vertical shaft 8 m. in diameter and 20 m. in height, 
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The shaft is lined with concrete to within 6 m. of the | 
bottom, the lining below this point being of steel | 
plating faced with concrete. The discharge tunnel | 
at the bottom of the shaft has a section of 20 sq. m. | 
and carries the water a distance of 350 m. to the | 
bed of the river below the dam. The automatic | 
sluices can be clearly seen in Fig. 10, and another | 
view of the spillway is given in Fig. 9, in which the | 
entrance can be seen at the side of the reservoir in | 
about the centre of the photograph. The building | 
further to the right in the same view is at the mouth | 
of the tunnel forming the connection with the 
Suviana reservoir, which, as stated, is not yet in use. 
The whole of the work described has been carried 
out by the Societaé Generale per Costruzioni, 
Via Savoia 80, Rome, to whom we are indebted | 
for the particulars given. | 








THE INSTITUTE OF METALS. 
(Concluded from page 353.) 
CONTINUING our report of the recent annual | 
meeting of the Institute of Metals, we have now to 
deal with the final paper taken on Thursday morning, | 
March 14, and with the concluding proceedings of | 
Thursday afternoon. 








INDUSTRIAL ELECTRIC FURNACES. 
The third and last paper considered by the meeting | 
on Thursday morning was that dealing with “ Recent t | 
Developments in Electric Furnaces,” by Mr. D. F. | 
Campbell. The paper described improvements and | 
modifications in melting practice made during | 
the last two years, and discussed the relative per- | 
formance of small and large induction furnaces. | 
A general survey of heat-treatment furnaces | 
followed, with a detailed description of the con- | 
struction and performance of a number of specific 
furnaces, including a continuous furnace for an- 
nealing brass strip. This contribution is of interest | 
to engineers in general, and will be reprinted in a | 
future issue of ENGINEERING. | 
The discussion was opened by Mr. A. G. Lobley, 
who said that Mr. Campbell had suggested that 
the consumption of energy to maintain the required 
heat in the furnace with doors closed, or the rate 
of temperature drop after the current was cut off, | 
were simple and effective methods of specifying the | 
thermal efficiency of a furnace. The former of the | 
two alternatives, he himself thought, was the better 
one, although it was sometimes difficult to settle | 
definitely. The consumption of units per ton of | 
material involved was, in his opinion, the best manner | 
of stating furnace efficiency. It was sometimes 
difficult to point out the advantages of electric | 
furnaces over other types of heating equipment. | 
In one instance a coke furnace was used for heating | 
steel plates for straightening and bending purposes. | 
The cost of fuel was comparatively low, and accurate | 
temperature control was not required. An electric | 
furnace, if installed for this work, however, possessed | 
at least two advantages. In the first place it could 
be installed at the most conyenient point in the | 
shop, and, secondly, when once started, it required | 
no attention. On account of these considerations | 
an electric furnace was eventually installed, and | 
it was found that the direct labour costs were | 
reduced to such an extent that the savings paid the | 
cost of the current used. The net final saving, | 
therefore, was expressed by the cost of the coke used | 
in the older furnace. A comparison had recently | 
been made between a modern carburising recupera- | 
tive gas furnace and an electric furnace of the same | 
size. The costs during a whole week, from Sunday 
night to Saturday midday, had been ascertained, 
and included the periods ef heating up. Each | 
furnace had a usable hearth of 6 ft. 3 in. by 3 ft. 9 in., 
and the carburising periods varied between 8 hours | 
and 12 hours. The results showed that the electric 
furnace consumed 20 units per hour, the cost of | 
which was 12.3d., whereas the hourly consumption of | 
the gas furnace worked out at 18d. 
Dr. H. W. Brownsdon felt that the chief saci 
connected with electric furnaces was that of refrac- | 


| 
| 


| 


tories. The electric side of the furnaces was efficient | electric furnace gave a reasonably long life. 
an Ajax-Wyatt furnace used for melting brass he 


had recently had a case of zinc filtering, through the 
operations could be carried out more cheaply than | sillimanite refractory, and causing the short-cir- 
with gas, oil, or coke, providing the lining of the | cuiting of the electrical equipment. Reference had 


whereas the refractories question, from an economic 
point of view, still constituted a difficulty. Melting | 
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THE LIMENTRE HYDRO-ELECTRIC INSTALLATION. 

















Fig. 7. Upper Part or DAM DURING CoNSTRUCTION ; DOWNSTREAM SIDE. 











Fig. 8. CENTRAL ARCHES UNDER CONSTRUCTION; UPSTREAM SIDE. 


In| been made to the excessive agitation of the metal 
which took place in the Ajax-Northrup furnace. 
This might be of value in some cases, but when’,the 
simple melting of metals was involved, it was 
not so desirable, and a quieter melt would have some 
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advantages. Another weak point in electric induc- 
tion furnaces was that a large temperature gradient 
occurred in one portion of the furnace wall producing 
local high-temperature spots at which the heat 
generated might be sufficient to cause graphite 
and silicon to unite and form carborundum. It 
would be better to have the heat generated more 


uniformly, throughout the metal, rather than have | 


a process involving the solution of cold metal in 
what might be termed superheated metal. The 
heat-treating and annealing furnaces described 
in the paper gave satisfactory results, but the 
initial capital costs were high. He was of opinion 
that the annealing furnace should be disposed in 
such a manner as to employ the furnace mechanism 
for passing the strip through a pickling bath. 

Dr. R. S. Hutton said that when comparing the 
relative performances of gas and electric furnaces, 
it was not sufficient to give an account of the heat 
units consumed in each case. Overall costs must 
be taken into account. He had recently visited 
the Eberswalde works, Germany, which were 
teferred to in the paper, and had been much im- 
pressed by the efficiency of the installation. The 
figures given in Table II and elsewhere in the paper, 
certainly did not overstate the case, on the contrary 
they were conservative. Mr. W. R. Barclay, who 
spoke next, stated that when, some years previously, 
he had discussed a former paper by Mr. Campbell, 
he had said that the more he had to deal with an 
are furnace, the greater the regard he had for it. 
He had since then gained some experience with the 
high-frequency furnace. When melting high- 
temperature melting-point alloys the question of 
relative costs entered very materially into the matter. 
In the case of an arc furnace the hearth could be 
built up from magnesite bricks and similar material 
used for the lining. The furnace could then be 
tun for as long as twelve months on the melting of 
pure nickel and high melting-point nickel alloys. 
In the case of the high frequency furnace, on the 
other hand, even with the aid of an improved 
lining it had been impossible to secure so long a 
life. In this respect, therefore, the high-frequency 
furnace hardly compared with the are furnace. 
Again, it was difficult to ensure absolutely clean 
metal when using an acid-lined high-frequency 
furnace. The slag, which was often considerable, 
became intimately mixed with the metal, and had 
insufficient opportunity to separate out completely. 
With an arc furnace it was possible to obtain 
cleaner metal. A striking advance had been made, 
of late, in the capacities of induction furnaces. A 
few years ago the largest sizes obtainable had 
capacities of about 20 lb. ; quite recently, however, 
a 1-ton furnace of this type had been constructed. 

Mr. W. B. Clarke remarked that when using an 
arc furnace there was a certainty of getting the melted 
metal contaminated with carbon. In the case of 
high-frequency melting, on the other hand, the 
danger of carbon contamination could be removed 
altogether. Generally speaking, the electric furnace 
justified itself for accurate work because the tem- 
perature could be regulated with absolute certainty. 
Variations in the pressure, and in the calorific 
value of the gas, rendered the accurate regulation 
of temperature in gas furnaces difficult. The next 
speaker, Mr. S. L. Archbutt, asked for further 
details regarding the making of linings for Ajax- 
Northrup furnaces in situ. Mr. Campbell had 
said that the method consisted of forming the 
lining by placing a metallic liner or template 
inside the furnace and pouring a carefully prepared 
lining material between this liner and the furnace 
inductor coil. This explanation was not particularly 
clear. The author had described the Snead machine 
for annealing rods and tubes. In this apparatus the 
rod was clamped at each end and a current passed 
through it. He desired to know what happened 
to the two cold ends, where contact was made. He 
also asked the author if there had been any recent 
developments in the matter of induction heating 
for heat-treating operations. 

Mr. F, Adcock put forward a proposal involving 
nomenclature. The term high-frequency furnace 
had, he stated, been adopted at the commencement 
when frequencies were really high. Since this time 
however, the frequency used had declined steadily ; 
it eventually came down to 500 cycles and was 


| actually of the order of 50 cycles, which was cer- 
‘tainly not high. Could not the name of the furnace 
| be changed to “ core-less ” or “‘ iron-less ’’ induction 
|furnace. He would also like to know how the 
iscreening of the 1-ton furnace mentioned was 
|to be effected. It seemed to him that a great 
| deal of heat would be liberated in the case. 

| Dr. Rosenhain, who closed the discussion, 
| stated that the question of agitation in an induction 
furnace was important from several points of view. 
|In steelworks the motion greatly facilitated, the 
reactions between the slag and the steel. What 
|nominally took a relatively long time could be 
| accomplished in a high-frequency furnace in a few 
| minutes. He agreed that the subsequent separation 
|of slag dragged into the metal might give rise to 
| difficulties, although he was not certain that the arc 
| furnace possessed advantages in this respect, unless 
it was that it was possible to allow the metal to 
| be left to stand in the furnace in order to allow the 
‘impurities to settle out. Unfortunately, this 
| procedure could hardly be adopted in the case of 
| the high-frequency furnace because its mechanism 
was such that if the current were switched off the 
metal cooled very quickly. The high-frequency or 
core-less induction type of furnace offered invaluable 
opportunities for controlling the gaseous atmosphere 
to which the metal was exposed. The arc type did 
not permit of this being done. It had been said 
that melting in a controlled atmosphere or in vacuo 
was only carried out in the laboratory, and was not 
done on a commercial scale. Dr. W. J. P. Rohn 
had, however, recently pointed out that melting 
under these conditions had been adopted on a com- 
mercial scale in Germany. 

In the course of his reply, Mr. Campbell stated 
that the question of agitation in the Ajax-Northrup 
furnace was thoroughly understood, and could be 
varied to suit particular requirements. In many 
cases agitation had proved of great value ; when 
melting tungsten and other materials of high 
specific gravity in a steel bath, for instance, the 
motion given to the melt gave a perfectly homo- 
geneous ingot. If the Birmingham non-ferrous 
metal industry required less agitation and more 
tranquil melting conditions, these demands could 
be met. He had had a good deal of experience with 
sillimanite refractories, and he thought it was pos- 
sible to secure less porous linings than those referred 
to by Dr. Brownsdon. Comparison had been made 
between are and high-frequency furnaces, and 
he would like to point out that in many cases the 
working of a basic arc furnace had been contrasted 
with the operation of an acid induction furnace. 
In order to maintain a fair balance, acid processes 
in each case should be compared with acid, and basic 
processes with basic. It had been said that the 
lining of an arc furnace could last twelve months. 
This was no doubt an advantage, but spare bodies 
for the induction furnace could be maintained ready 
to hand and placed in position when required 
with the minimum of time and trouble. It was 
the usual practice to allow the metal to rest, under 
reduced load, in the induction furnace before 
pouring. Dr. Brownsdon had suggested that it would 
be good practice to have the pickling machine in 
line with the strip annealing furnace. The difficulty 
was that the pickling machine worked, on an average, 
three times as quickly as the annealing furnace. 
Mr. Archbutt had asked what happened to the cold 
ends of the rods in the Snead annealing machine. 
The one disadvantage of this machine was that 
these two unannealed ends had subsequently to be 
cut off. A great deal of experimental work had been 
carried out on the subject of heat treatment by 
induction heating, and it seemed probable that the 
process might be used on a large scale for such 
materials as mining-drill steels. There were many 
questions to be dealt with, however, before the 
process could be finally adopted. In answer to 
Mr. Adcock he would like to point out that the 
|term iron-less or core-less induction furnace had 
| been adopted by his firm. This grouping was again 
subdivided into (a) high-frequency furnaces and 
(b) normal-frequency furnaces. In the latter case 
the plant was directly connected to the town supply, 
and a motor generator was not used. Costly con- 
densers for the correction of the power factor had, 
however, to be installed. One of the main problems 











encountered by his firm was that difficulty was 
experienced in obtaining silica ware of the necessary 
size. 

At this stage of the proceedings the chairman 
adjourned the meeting until 2 o’clock in the after- 
noon, 

ALLOYS OF ZIRCONIUM. 


The first paper taken on Thursday afternoon 
dealt with “ Alloys of Zirconium,” and was by 
Dr. C. Sykes. In the unavoidable absence of the 
author, the paper was presented to the meeting by 
Professor C. H. Desch. Dr. Sykes recalled in his 
contribution, that in a previous paper,* certain of the 
physical properties of the binary alloys, copper- 
zirconium, iron-zirconium, and_nickel-zirconium, 
had been recorded. In the present communication 
the measurements of certain electrical and magnetic 
properties of these same alloys were given. The 
results obtained showed that the addition of zir- 
conium led to no material improvement in the 
properties of the metals, and in certain cases was 
detrimental. Two further partial series of binary 
alloys had been prepared, namely, aluminium- 
zirconium and_ silver-zirconium. The systems 
exhibited little solubility in the solid state at room 
temperatures and intermetallic compounds were 
formed. In the low-percentage alloys, i.e., those 
containing proportions of zirconium in the neighbour- 
hood of 10 per cent., the compounds crystallised in 
the form of long, fine needles, and consequently the 
structure of the alloys was very coarse. Generally 
speaking it was doubtful whether any of the alloys 
of the five partial series studied would find com- 
mercial application. 

The first speaker, Dr. M. Haas, stated that he 
would have been glad if the author had done work 
on the thermal-equlibrium diagram of the aluminium 
zirconium series of alloys. He himself had done 
investigations on this system and on the aluminium 
zirconium-beryllium system, and he would have 
liked to have compared results. The only other 
speaker, Dr. W. Rosenhain, thought that the present 
investigation should be regarded merely as a rough 
preliminary exploration and, no doubt the author 
intended it to be taken as such. Dr. Sykes did 
not appear to have ascertained that the metal 
he was using was zirconium or hafnium of a mixture 
of the two. The most serious difficulty, however, 
lay in the exclusion of nitrogen. Zirconium com- 
bined readily with the gas, and some of the changes 
recorded in the paper might be due to the presence of 
nitrogen. No attempt had been made, and he thought 
quite rightly, to establish any thermal-equilibrium 
diagrams. In replying on behalf of Dr. Sykes, 
Professor Desch stated that thermal-equilibrium 
diagrams had not been attempted because the 
furnace employed was unsuitable for this work. 
The determination of these diagrams was, however, 
about to be put in hand. The zirconium used was 
not quite free from hafnium, The author had, how- 
ever, taken great trouble to exclude nitrogen and 
had carried out all his melting work in an X-ray 
vacuum, The zirconium used was in a state of 
very high purity, the only impurities being the little 
hafnium mentioned and a very small percentage 
of oxygen. This latter element tended to make the 
metal brittle. 


RESISTANCE OF ZINC TO INDENTATION. 


The second paper taken was by Dr. J. N. Friend 
and Mr. W. E. Thorneycroft and was entitled 
“The Resistance of Zinc to Indentation;” it was 
presented by Mr. Thorneycroft. The contribution 
was reproduced on page 373 of our issue of last 
week. The only speaker in the discussion, Mr. 
W. B. Clarke, said that the authors had stated 
that the material used was rolled high-grade 
99-9 per cent. pure zinc, cut into cubical blocks, 
and that preliminary experiments had shown 
that different specimens yielded different results. 
He asked whether the direction of rolling was 
known, because if the blocks were tested on the 
*‘end-on”’ surface, the impression would be deeper 
than if the test had been carried out on a surface 
lying in the direction of rolling. Mr. Thorneycroft 
answered that all the specimens had been cut from 





* See Journal of the Institute of Metals vol. xxxix, page 
173 (1928.) 
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one sample of zinc, and that all the tests had been 
carried out on the rolled surfaces. 
THE SOLUTION OF ZINC IN ELECTRIC BATTERIES. 


The third paper to be considered on Thursday Fig. 40. 


THE BUILDING RESEARCH STATION, WATFORD. 
nc ee 





afternoon was by Dr. J. N. Friend, and dealt with 
“The Solution of Plain and Amalgamated Zincs 
in Electric Batteries.”’ In the absence of Dr. Friend ° 
it was taken as read and was not discussed. The 
subject considered will, however, appeal to a wide 
circle of engineers and scientists, and was therefore 
reprinted on page 354 of our last week's issue. 
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Smnver IN ANCIENT AND MEDI=VAL LEAD. | 
The last paper presented to the members was | 


by Dr. J. N. Friend and Mr. W. E. Thorneycroft. 
It was entitled “‘ The Silver Contents of Specimens 
of Ancient and Medieval Lead,” and was read 
in abstract by Mr. Thorneycroft. The authors stated 
that the silver contents of 20 specimens of ancient, 
Roman, and medieval lead had been determined. 
Pre-Roman lead did not appear to have undergone 
any treatment for desilverisation. Spartan specimens 
dating back to circa 700 to 500 B.c., were found to 
contain 0-0568 per cent. of silver, or 18-5 oz. of 
the precious metal per ton of lead. The silver 
contents of Roman lead showed marked variation. 
Medieval specimens also showed wide variation 
in silver content ; it should not be overlooked, 
however, that some of the medieval lead may have 
been of Roman origin, It was well known that in 
medieval times lead was desilverised fairly 
thoroughly. The only speaker in the discussion, 
Dr. W. Rosenhain, stated that the paper was of 
rather more than purely archeological interest. 
The permanence of metals and alloys was a matter 
of universal importance. If the nature and structure 
of ancient alloys which had persisted were deter- 
mined, the study became of very practical useful- 
ness, Certain engineers had questioned whether heat- 





treated steels were stable. They had argued that the 
artificial structure given these alloys was unstable 
and might in time revert to its original condition. 
The contention put forward was, of course, apart 
from all questions of corrosion. Professor Honda 





had finally set these doubts at rest, he had ascer- 
tained that ancient Japanese swords had retained 
their full original hardness, although they had been | 
manufactured several thousands of years prior to 
the present era. 

The President then intimated that the business 
portion of the meeting had come to an end. He 
thanked all the authors of the papers for their 
contributions ; and the usua !vote of thanks to the 
Institution of Mechanical Hngineers for the accom- 
modation which they had kindly afforded for the 
meeting concluded the proceedings. 


THE BUILDING RESEARCH STATION. 
(Continued from page 290.) 


(e) Expansion at Low Temperatures.—The mech- 
anism and extent of the effect produced on building 
materials by mere reduction of temperature to 
the neighbourhood of the freezing point is not yet 
completely understood, and observations of various 
kinds are being made with the object of clearing 
the matter up. Investigetion is, for instance, being 
made of the proportion of pores filled by water, 
known as the coefficient of saturation, which has an 
important relation to the effect produced by re- 
peated freezing and thawing. A particular study 
is also being made of the linear and volumetric 
expansion of building materials on freezing, and 
Figs. 40 to 42, on this and the opposite pages, 
show the arrangement adopted for determining 
the linear expansion. Fig. 42 shows a general 
view of the apparatus, the arrangement and opera- 
tion of which will be followed readily by reference 
to the isometric diagram Fig. 40. It will be seen 











in Fig. 41. 





that a number of specimens 1, 1, 1, are supported 
vertically in a bath 13, which is lagged and contains 
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completed in a lagged box 7 (not shown) containing 
freezing mixture. The paraffin bath is slung from 
an overhead beam, its weight being carried by a 
counter-balance 14, which enables the level of the 
bath to be controlled. The temperature is regulated 
by the thermostat 4. The paraffin not only ensures a 
uniform temperature in the specimens, but prevents 
any evaporation of the moisture they may contain. 
The linear vertical expansion of the specimens is 
measured by extensometers 2, which are suspended 


from carriers 3. 


The construction of the extensometer is indicated 
It works essentially by measuring the 
motion of a vertical silica rod e, which rests on 
the top of the specimen, relatively to a fixed 
silica rod d, which is attached to a cross-piece c 
connecting two metal pillars 6, 6, standing on the 
base plate a of the instrument. The specimen, 
marked §S in the figure, stands on a small platform p, 
which has three small silica rod supports rigidly 
fixed to the baseplate. Each of the silica rods d, e, 
carries two brass fittings connected with distance 
pieces f, f. The lower fittings are clamped tightly 





1 - Specunen. 


2. {Zxfencometers with 
Rollers & Mirrors. 


3- Carrier for Extensometers. 
4- Thermostat. 

5- Circulating Coul for Paraffin. 
6- Funnel for Paraffin. 

7 - Lagged Box of ‘FreezingMixture’ 
8 - Fulter. 

9= Pump. 

10=Pump Motor. 

11 = Sarrer. 

12=Stirrer Motor. 


4 -Counterbalance for (13). 























which motion can take place when one silica 
rod moves relatively to the other. A second 








mirror m; is carried on two short lengths of 
ribbon spring, fastened to the upper ends of the 
silica rods and serves as a check on the mirror mg. 
A fixed mirror m, is attached to the lower brass 
block on the fixed silica rod. The measurements 
are made optically by projecting horizontal beams 
of light on to the three mirrors, and reflecting 
them on to a screen about 370 cm. away to the 
left of the figure. It will be seen that expansion 
of the specimen will raise the rod e relatively to 
the rod d, so rotating the rollers clockwise in 
the figure, and tilting the mirror m; backwards. 
The image from each of these mirrors will thus 
move upwards on the screen, while that from the 
fixed mirror will remain stationary unless the 
whole apparatus is displaced, in which case any 
motion of the image of m, will be added to the 
displacement of the images of m, and mz, 
and the intercepts will remain unaltered. Similarly, 
contraction of the specimens will cause the images 
from m, and m; to move downwards on the 
screen. The instrument is calibrated by substi- 
tuting a standard steel bar of known length for 
the specimen, and lowering the temperature of 
the bath to a measured extent. The change of 
length so produced in the bar is known, and the 
magnification produced by the roller mirror m, 
can be calculated from the diameter of the roller 
and the distance between the mirrors and the 


| to the rods and carry between them a small steel | screen. By applying these figures to the movement 


paraffin. This paraffin is cooled by the circulation roller, which supports a mirror m,. A steel guide| of the images produced on the screen by the roller 


of cold paraffin in the closed circulating coil 5, to | 


roller is carried between the upper pair of fittings. 


| 


mirror, the -effect on the screen indication arising 


which the funnel 6 is connected. The circulation is | A pair of bowed springs g connects the two distance |from contraction or expansion of part of the 
effected by means of the pump 9 driven by the | pieces f, f, and are pivoted at the end next to the | extensometer and not of the specimen, can be 
motor 10, and the paraffin is stirred by a stirrer 11 | movable silica rod e, their tension being adjusted by | calculated. The spring-mirror device is calibrated 
operated by a motor 12. After passing through the} a fine screw A at the end next to the fixed silica! by comparing the movement of the two images 
lagged bath 13, the circuit of the circulating coil is|rod d. The end of this screw forms a pivot, round| from the movable mirrors. 


The magnification 
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obtained on the screen from the roller mirror is 
4,626, and from the spring mirrors about half 
this amount. 


(To be continued.) 








THE INSTITUTION OF NAVAL 
ARCHITECTS. 
(Continued from page 367.) 
MopeERN STEAMSHIP MACHINERY. 

On the morning of Thursday, the 21st inst., the 
chair was again taken by Admiral of the Fleet the 
Right Hon. Lord Wester Wemyss, who opened the 
proceedings by announcing that he much regretted 
having to state that Mr. John Johnson was prevented 
by indisposition from reading his paper on “ The 
Propulsion of Ships by Modern Steam Machinery.” 
He therefore called upon Mr. J. Hamilton Gibson, 
who thereupon read it in abstract. The first part 
of this paper was reprinted on page 374 of our 
issue for last week, and it will be completed in a 
subsequent issue. 

Sir John H. Biles, in opening the discussion, said 
that he had himself read papers on this subject 
which, he believed, had been considered academic, 
but Mr. Johnson’s paper was essentially practical, 
and the facts given in it were unchallengeable. It 
was a working demonstration of Sir Charles Parsons’ 
consistent recommendation of the advantages of 
high-pressure steam, and he hoped one result would 
be that the advocates of the Diesel engine would | 
contribute some data to the discussion. The| 
combination of Scotch and water-tube boilers had 
not been widely adopted, and the practice in the 











Fie. 42. APPARATUS FOR DETERMINING LINEAR EXPANSION. 


he wished the champions of the Diesel engine would 
produce some figures relative to the cost of repairs 
on ships so engined. Of the three types of machinery 
mentioned in the opening part of the paper, he 
thought the author had been somewhat unjust to 
type (a) in the remarks made subsequently in the 
paper relative to the Bauer-Wach system. The 
removal of oil from the steam was not necessarily 
an impossibility. The figure given for the quantity 
of make-up feed in the two Duchess ships was 
interesting, and the decrease over what was met 
with in earlier ships of the same power, constituted 
a considerable advance which would be important 
in those vessels which carry all the fresh water they 
use. The comparative weights of the several 
installations, as given in Table IV, were also 
interesting, and he considered that the weight of 
0-126 ton per shaft horse-power obtained with 
S.S. Duchess of Bedford would be reduced to 
0-1 ton per shaft horse-power, in ships with 
machinery of higher power. This reduction of 
weight of machinery with increase of power was 


| characteristic of turbine machinery, but it did not 


obtain with present Diesel engine practice. Per- 





Navy was to rely on evaporators, and not to carry 
either large amounts of fresh water, nor to use| 
Scotch boilers to provide the make-up feed. Yet | 


haps the Diesel engine designer would consider this 
anomaly as one to be removed. 
Sir Charles A. Parsons thought that all partisans 


he felt that Mr. Johnson had taken a commendable | of steam would welcome this epoch-making paper, 
attitude in adopting the combination in what was | with its array of actual figures which could not be 
a pioneer installation. Comparing the ratio of the | gainsaid. In his view, steam was essentially the 
total heating surface of the Scotch boilers with | medium for large powers, while the Diesel engine 
that of the water-tube boilers given in Tables VI had a legitimate field in middle powers. Referring 
and VII of the paper, with those in Table IX, the| to the Bauer-Wach system, his firm had proposed 
decrease in ratio from about 6 per cent. to about | the combination of reciprocating engine and exhaust- 
3 per cent. in the larger steamers might possibly | steam turbine as far back as 1906. They had not 
foreshadow the ultimate abandonment of Scotch | followed it up, however, because it had not offered 
boilers and the fitting of evaporators in lieu of them. | a sufficiently attractive avenue to pursue in those 

Dealing with costs, it was remarkable that | busy times. One disadvantage was that the pressure 
Mr. Johnson had not required any figures relative | range was limited by the difficulty of lubricating the 
to the costs of repairs with Diesel engines, for the | cylinders of the reciprocating engine. Perkins had 
lower cost of the steam plant had been demonstrated | been brought up against this with his 1,000-Ib. press- 
quite clearly without them. At the same time,/ ure engine. It was a different problem from that of 





the passing out of the lubricant with the exhaust steam, 
but there was this question of oil-contamination of 
the feed water also. He thought Mr. Johnson’s 
prophesy of marine practice following power-station 
practice into the regions of very high pressures and 
temperatures likely to come true. It was only a 
question of the production of suitable alloy steels at 
commercial prices. Under the circumstances, 
Mr. Johnson’s choice of Scotch boilers for the make- 
up feed was wise, but he himself was of opinion 
that the employment of a low-pressure evaporator 
was a more efficient yay of obtaining feed water. 
The thermal advantages were marked, and there were 
very effective appliances, such as those of Messrs. 
Weir, available. 

Mr. Harold E. Yarrow considered that the main 
steam pipe lay-out for water-tube boilers, shown 
in Fig. 1, was not the least attractive point in a 
high-pressure scheme, and simplification of boiler 
rooms by such means could be readily illustrated 
in another way. If high pressures were adopted 
with modern boilers, the builders of ships like 
the Majestic and the Berengaria, with 48 water-tube 
boilers, need only instal a considerably less number 
for the same total power. The modern high-pressure 
water-tube boiler could work to a guaranteed thermal] 
efficiency of 86 per cent. on the gross calorific 
value of the fuel, and solid drums and other 
such methods of construction were employed. He 
thought that large and fast liners would continue 
to use oil as fuel, but if, in other cases coal could be 
re-introduced where oil was now used, it would have 
an important effect on a national industry. There 
was every prospect of hand firing at sea shortly 
becoming quite obsolete, and the methods replacing 
it, namely, pulverised fuel or mechanical stoking 
could be much more readily applied to water-tube 
boilers than to those of the tank type. 

He was inclined to think that perhaps more 
importance had been attached to the question of the 
contamination of feed water by salt than was really 
warranted, and in support quoted a paragraph from 
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which was as follows: ‘‘23. Salt water. The report on 
the trials of the Medea and Medusa contains a 
description of experiments made on the Yarrow and 
Diirr boilers in regard to their behaviour when 
working with brackish water. These experiments, 
so far as they went, indicated that neither type of 
boiler was likely to give trouble from this cause. 
In the case of the Yarrow boiler, this result has been 
corroborated by the fact that on a recent voyage 
the Medea is reported to have had leaky condenser 
tubes and a corresponding density in the boilers 
without any bad effect.” An additional source of 
efficiency, when using pulverised coal or mechanical 
stokers was that the air could be pre-heated. The fur- 
nace brickwork could be air-cooled, and heat could be 
abstracted from the flue gases by air heaters, with 
a consequent reduction in the size of the boiler. 

Engineer Vice-Admiral Sir Robert B. Dixon said 
that reliability, while certainly being a major factor, 
had sometimes been made the excuse for undue 
conservatism, but the Canadian Pacific Steamship 
Company had apparently secured it while advancing 
with the times. The use of high-pressure water- 
tube boilers in the merchant service was illustrated 
in the paper. The most serious drawback to the 
watertube boiler at sea had always been the condenser 
trouble, but the new tube alloys seemed to have 
overcome that. Some years ago, the Admiralty 
had made tests with tubes of cupro-nickel and 
Monel metal. The cupro-nickel tubes had been 
tested up to a content of 50 per cent. of nickel, 
and the Monel metal had shown itself to be slightly 
better than cupro-nickel with 30 per cent. of nickel. 
The results were very satisfactory, and he agreed 
with Mr. Johnson that the condenser tube trouble 
had been eliminated. With modern methods of 
de-aeration, tight condensers, evaporators, and so 
forth, he did not see why boiler tubes should not, 
in the future, last 20 years. 

With regard to the elimination of oil from feed 
water, in the Navy, some years ago, they had a 
combination of water-tube and Scotch boilers, the 
latter of which gave a serious amount of trouble. 
This trouble of oil contamination was also being 
eliminated by the use of turbines for the main 
engines, and the rapidly extending use of electrically 
driven auxiliaries. He had not been able to afford 
the time to analyse the several tables in the paper, 
but he thought the case was well made out of show- 
ing that the high-pressure water-tube boiler was a 
cheaper source of power than the Scotch boiler. Sir 
Charles Parsons had referred to the advantages of 
the low-pressure evaporator, and what he had said 
agreed well with the experience of the Navy. But 
the loss of feed, as stated in the paper, worked out 
to about 4 tons per 1,000 horse-power per day. 
That was about double that experienced in the 
Navy, where the rate was frgm 1-6 tons to 1-8 tons 
per 1,000 horse-power per day. He thought the 
Diesel engine was only really formidable for low- 
powered vessels, not for the higher-powered ships. 
At the same time, it was said that the new White 
Star liner was to have Diesel-electric machinery. 
Even if this might be thought wrong they could 
still admire the courage shown. 

Sir Archibald Denny deplored any feeling of 
antagonism between the advocates of the two 
methods of propulsion. He thought that steam 
and oil engines were complementary. 

Engineer Captain W. Onyon said he would like to 
pay a tribute to the engineers of the Canadian 
Pacific steamships. In the Navy a major change 
in routine meant training courses for the personnel, 
but these engineers had apparently adapted them- 
selves to the water-tube boi'ers without any special 
preparation. Mr. Johnson, too, whilst having 
advice on the subject, had no committee behind 
him to shoulder the responsibility, as in Admiralty 
changes. The boilers, again, were being merely fed 
with plain distilled water, and not, as used to be 
the case in the Navy, worked with zinc slabs and 
lime to protect the surfaces. 


Mr. W. J. Willett Bruce, stated that there 


appeared to him to be no alternative to water- 
tube boilers if large powers and high speeds were 
required. He had large installations under his 
care, and, in some seven years, 612,000 miles had 
been steamed without the renewal of a single tube. 
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and members interested could, if they wished, 
inspect her boilers, as well as some tubes which had 
been taken out and cut up by way of a test. These 
tubes showed no deterioration. For the most part 
this was, he thought, due to the great care taken of 
them in the initial stages. They had been carefully 
fitted, and brackish water had never been allowed 
to reach them. All the feed water was distilled, 
and a constant watch was kept upon it. 

He could not agree with Mr. Johnson that the 
boilers of the Duchess ships could steam six months 
without cleaning the internal surfaces. They had 
a rule that a period of not longer than six weeks 


/was the maximum between cleaning operations. 


The engineers in the Majestic were now well trained 
in the management of water-tube boilers, and if 
transferred, in the course of promotion, &c., to 
vessels with Scotch boilers, looked back with some 
regret at the change, as regards its technical aspect. 
He endorsed Mr. Yarrow’s remarks regarding the 
reduction of the number of boilers by adopting high 
pressures. If they had boilers of 350 Ib. pressure, 
probably 23, instead of 48, would be sufficient to 
supply about 90,000 h.p., while there would be a 
saving of about one-third the total space. 

Mr. Sterry B. Freeman considered that the paper 
was very encouraging to those who were trying to 
restore coal to its former supremacy as a marine 
fuel. He submitted, however, that the choice of 
machinery was largely dependent on the trading 
route, and it was possible for bunkering facilities 
also to influence it. He would ask if Mr. Johnson 
had found the coal owner willing to assist the ship- 
owner. Had the price of small coal gone up when 
mechanical stokers at sea became an established 
fact ? Further, would the price of the dust and 
sweepings which might be used with pulverised fuel 
remain at waste prices at the collieries? Again, 
there was cargo capacity. A steamer with only 
30 per cent. more space occupied by machinery 
than a Diesel-engined ship could not compete with 
it as a carrier. Further, the figures given in the 
paper were on high vacua with a cold sea. A sea 
temperature such as that which might be met with 
near Java, would seriously affect performance. 

As to first cost, the difference between the steamer 
and the Diesel-engined ship, was a matter for 
individual investigation. He had found, with 
moderate-sized cargo vessels, only about 3 per cent. 
difference in price. He hoped the Institution would 
shortly find itself on a committee to investigate 
the problems of using pulverised fuel at sea, as it 
did with the oil engine trials. As to repairs, this 
wsa a matter for time to decide. Another 12 years 
would tell much. A good deal depended on how 
the machinery was handled, though the type of 
engine also counted. He did not know if his 
experience was of any value, but with vessels having 
four-stroke single-acting Diesel engines, and others 
of the same type but with steam sets, there was 
very little difference in the cost of repairs, if anything 
it was slightly in favour of the oil engine. 

At this point the President stated that time 
would not permit of a more extended discussion, 
and he asked Mr. J. Hamilton Gibson to convey to 
Mr. Johnson the vote of thanks which the meeting 
had so heartily endorsed. 


INTERNATIONAL LOADLINE REGULATIONS. 


The second paper was entitled “Some Considera- 
tions Regarding International Loadline Regulations,” 
and was read by Dr. J. Bruhn. It contained 
very full arguments in favour of some international 
understanding, which would prevent the over- 
loading of ships at any port, and was based on the 
assumptions that: 1. International loadline regu- 
lations are desirable. 2. Such regulations should, 
as far as possible, be clear and definite, so that the 
harbour authorities of any port can apply them. 
3. The regulations should not cover more ground 
than necessary, to prevent undue competition with 
regard to the carrying of dead weight. 4. The 
regulations should take the form of specific statutory 
requirements and should not be mixed up with 
general seaworthiness requirements. After a general 
survey, the question was treated in detail under the 
following heads: Freeboard in relation to size 
of vessel; the influence of superstructures on the 
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the Report of the Committee on Naval Boilers, 1904, | The Majestic was, at the moment, at Southampton, | freeboard ; form and coefficient of fineness ; closing 


| appliances and tonnage regulations; geographical 
| and seasonal freeboard ; scantlings and freeboard ; 
freeboard and means of propulsion; trade and 
|freeboard; the enforcement and administration 
|of international freeboard regulations. The last 
division contained a suggestion that it would be 
desirable if there were on all freeboard certificates 
a clear statement to the effect that the statutory 
freeboard was not necessarily sufficient for safety 
| purposes, and that it must therefore be for the 
| master to see that it is sufficiently augmented if the 
conditions in any particular case of ship, cargo, or 
surroundings make this necessary. The Norwegian 
Freeboard Rules for Timber-laden Ships (December 
17, 1915) were given as an appendix. 

Sir Charles J. O. Sanders opened the discussion 
by a reference to the international outlook always 
taken by the Institution of Naval Architects, and 
| said the meeting was honoured by the presence of 
such a distinguished representative of Scandinavian 
maritime interests as Dr. Bruhn. He agreed with 
Dr. Bruhn that international rules were desirable. 
This had been admitted by the British Government, 
and a Committee had been formed in 1913 under 
Sir Philip Watt, which might have prepared a scheme 
for discussion if the war had not intervened. He 
thought there was a large amount of agreement 
already existing on the subject, and submitted in 
connection with one of Dr. Bruhn’s assumptions, that 
all our loadline regulations already contained provi- 
sion for general seaworthiness. The paper seemed to 
emphasize the immense importance of actual sea 
experience in drawing up regulations, and, on all the 
committees of which he had been a member, one 
of the primary objects of enquiry had been to obtain 
from ship-masters evidence of the behaviour of 
vessels under all sorts of conditions at sea. In 
the Load Line Committee of which he was now 
chairman, they had been fortunate in obtaining a 
wealth of such material and the fullest co-operation 
from sea-going men. 

Dr. A. M. Robb after some criticism of minor 
points, took exception to a statement, made in 
connection with the practice of Scandinavian 
timber-laden vessels being pumped out after crossing 
the North Sea to increase the freeboard, that the 
present British freeboard regulations operated 
in this case, directly against safety. He held that 
there should be no discrimination at the outset 
between ordinary cargo and timber carrying vessels. 
It was held in some quarters that deck cargoes 
protected the superstructures and added buoyancy, 
if this were the case why should the line be drawn 
at timber? As an example, he might mention 
that a vessel would be leaving the Mersey shortly 
carrying barges as a deck load. This was a cargo 
which might be said to confer buoyancy, but it 
would hardly be suggested that the ship should 
get extra draught on account of it. The paper 
stated that during the nineteen years that the 
Norwegian freeboard rules had been in force, some 
400 vessels have had the special reduced freeboard 
assigned, and not a single one of those ships had 
been lost from any cause whatever whilst carrying 
timber. These statistics were not, however, con- 
vincing, as they did not cover loss of cargo. It 
would be interesting to know in how many cases 
of the 400 quoted, it had been necessary to jettison 
|the cargo. The rules given in the appendix frankly 
showed that cargo up to the height of the erections 
must be so lashed that it could readily be thrown 
overboard, which regulation gave some force to his 
query. In any case, it should be remembered that 
safety was not the only paramount duty of the 
master, it was also his duty to carry his cargo intact. 

Mr. J. Foster King said that as he, like Sir John 
Sanders, belonged to the Committee now engaged on 
loadline questions, he was not free to discuss the 
paper in detail. After giving an outline of some 
of the work of the earlier Committees, he commented 
on one or two points. British sailors would resent 
less freeboard, the Norwegians apparently did not, 
and the question could be debated for long without 
much definite result. In America, again, they 








had different views on the subject of fine and full 

| ships. Then there was the rather intricate question 
| of the sailing ship with auxiliary propelling machi- 
| nery. 
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Dr. Bruhn said he would not attempt a full 
reply as time did not permit, but in answer to Dr. 
Robb’s query he might say that cases had certainly 
occurred where cargo had been jettisoned, but they 
were so few and so indefinite as not to affect the 
general question. It might be, for instance, that 
unsuitable ships had been employed. 


Sxrn RESISTANCE OF SHIPS. 


The first paper taken during the afternoon session 
was by Dr. G. Kempf, and was entitled “ New 
Results Obtained in Measuring Frictional Resist- 
ance.” This paper, which we propose to reprint 
in a later issue, dealt with experiments carried out 
on §.S. Hamburg, and on a model tested in the 
Hamburg tank, with a view to removing the un- 
certainty existing in calculating frictional resistance 
for high Reynolds’ numbers. The major portion 
of the paper was devoted to a description of a model 
pontoon, 77 m. in length, on which the experiments 
were conducted in the Hamburg tank, and to the 
results obtained. The model was made up of two 
end sections and 13 intermediate compartments, 
arectangle being cut in the bottom of every second 
compartment, in which a test plate was fitted. In 
a table accompanying the paper, the coefficients 
of frictional resistance obtained on the model are 
compared with those of previous observers, the 
greatest differences being of the order of 23 per 
cent. Summing up, the author claims that his 
tests show that the frictional resistance of a large 
vessel is usually greater than that deduced from 
Froude’s calculation of friction. He suggests that 
the best method of procedure is first to calculate 
the friction of a large vessel by applying a theoreti- 
cally correct formula for smooth planes, and then 
to add the necessary percentage corresponding to 
the roughness of the ship, as found by the tests given 
in the paper. 

In opening the discussion, Mr. G. 8S. Baker referred 
to the author’s definition of a smooth surface. The 
speaker pointed out that the only accurate definition 
of a smooth plate was one that reflected light 
unbrokenly at all points, while roughness was the 
degree of vorticity which the plate would set: up. 
Roughness would, therefore, not be measured by the 
methods employed by the author. Actual tests 
showed wide variations from the results that might 
be anticipated, due to the presence of sharp edges 
setting up vorticity. He noticed, in the test 
pontoon, that there was a gap at each end of the 
plate of 1 mm., so that during the tests, the gap at 
the fore-end might be 2 mm. He would like to 
ask the author whether he had carried out any 
experiments to ascertain whether this gap had any 
serious effect on the recorded results. He thought 
the author’s reference to the difficulty of taking 
measurements by means of Pitot tubes was very 
suggestive, as it would indicate that steady speeds 
had not been reached. In his own experience, no 
difficulty occurred in taking such readings: if the 
speed became steady for two or three seconds, and 
he would ask the author whether, in the tests 
referred to, he considered that the Pitot tubes 
were defective or whether the oscillations in 
pressure were due to a failure to attain a steady 
speed. The author’s results could be checked by 
measuring the propeller thrust in actual vessels, 
and quite accurate results had been obtained on a 
variety of vessels in that way. Data obtained from 
such measurements, compared with those obtained 
by calculation from Froude’s coefficients, showed 
that the latter method always gave a low result, 
which agreed with the author’s conclusions. 

Mr. M. E. Denny said that the author was fortu- 
nate in being able to carry out experiments, on 
models up to 250 ft. in length, under suitable condi- 
tions for securing accurate results. In comparing 
the coefficients obtained by the author with those of 
Froude, it appeared that the former suggested that 
the surface friction was about 10 per cent. higher 
than Froude assumed. It should be remembered, 
however, that when Froude carried out his work, 
ships were copper sheathed, and were free from butts 
or rivets. He agreed with the previous speaker 
regarding the accuracy of the shaft horse-power 
method, and had found that such results, obtained 
over a measured mile, agreed within 2 per cent. 
with the horse-power deduced directly from 


‘compensating each other. 





models. On the whole, these results would suggest 
that there was no serious error involved in using 
Froude’s surface-friction figures. The tests on the 
S.S. Hamburg, in so far as they related to the effect of 
variations in the sea-water temperature, appeared to 
be inconsistent. They indicated that a correction was 
necessary to cover this factor, but the figures 
showed too much variation tofgive reliable data. 
His firm had been able to establish a fairly accurate 
correction figure to allow for the variation in water 
temperature in so far as concerned tank results, 
but confirmatory trials on actual vessels were diffi- 
cult, owing to the small differences in temperature 
which had to be measured. 

Mr. E. B. Harries said that the paper had been 
carefully studied at the Admiralty, and that the 
following point might be submitted for discussion. 
The specific resistance of a surface, at a distance 1 
from the leading edge, would only be the same as that 
of another surface at a distance m, at the same 
Reynolds’ number, defined by 1, and m,, if the 
relative roughnesses of the two surfaces were in the 
ratio 1,, : m,. The results with the varnished sur- 
faces, shown in Fig. 5in the paper, indicated that these 
surfaces approached the limit of perfect smoothness, 
since where the values of the Reynolds’ number for 
the different plates overlapped, the specific resistances 
did not differ more than 2 per cent. It was curious 
that the painted steel plates showed the same or even 
better agreement, although they were some 4 per 
cent. to 5 per cent. rougher than the varnished 
plates. In view of the large addition to the resistance 
caused by the butts, it would appear that the butt 
resistance should be represented by separate 
curves for different lengths of surface, on a base of 
Reynolds’ numbers, or else a formula should be 
developed involving length and speed after the 
manner of Froude. It was largely conjectural 
whether the specific resistance had a finite or a 
zero limit, but some indication might be given if, say, 
the first 150 ft. of the pontoon were considerably 
roughened, the remaining length up to plate No. 7 
being varnished and its resistance measured. If, 
with progressive increase in the roughening of the 
150 ft. length, the specific resistance of plate 7 
approached a finite limiting value, it would suggest 
a formula of Dr. Telfer’s type. The addition of 
approximately 17 per cent. to the specific resistance 
of the painted steel plate, shown in Table I of the 
paper, due to the presence of butts, was surprisingly 
large. Analyses of the trials of some ships in which 
the plate butts were lapped, compared with ships 
having flush butts, had failed to indicate any 
measurable resistance due to the lapped butts. 
Further experimental data on this point would be 
awaited with interest. 

Dr. E. V. Telfer said that he had been a keen 
student of Dr. Kempf's’results for the last five years. 
The resistance of long pipes, referred to in the paper, 
gave results which upset all our previous knowledge, 
and this was followed by the tests on small plates 
which were in broad agreement with previous work. 
The Hamburg work, however, appeared to agree 
with the pipe tests, and hence it would seem that 
the various experiments were, to some extent, 
contradictory. There appeared to be definite 
loopholes in Dr. Kempf’s work if this were carefully 
examined. He had referred to some of these on a 
former occasion, and might add that the later 
results, forming the subject of the paper, were un- 
convincing in that the gap round the test plates 
appeared to cause variations in the readings. 

Mr. Lower took exception to the suggestion, made 
in the paper, that the accurate determination of 
frictional resistance did not affect the practical ship- 
builder, since in the calculation of total resistance, 
various other unknown quantities entered, the errors 
He thought that, on 
the contrary, work might well be concentrated on 
endeavouring to determine the value of these 
unknown quantities. The speaker had utilised the 
values given in Fig 5 of the paper to calculate the 
thrust horse-power for an actual model. The 
model represented a 60-ft. boat of 20 tons dis- 
placement, and he had calculated values for the 
thrust horse-power at speeds from 22 knots to 30 
knots, by the methods of Froude, Schaffrau, Baker 
and Kempf. At 22 knots, the respective values 
were 350, 380, 392, and 362; and at 30 knots, 570, 
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655, 670 and 630. Jt might be interesting to note 
that the thrust horse-power curve, derived by 
using Dr. Kempf’s skin-friction values, lay approxi- 
mately midway gbetween those obtained with 
Froude’s and Baker’s values, respectively, but since 
the latter two resulted in a difference of 18 per cent. 
in the thrust horse-power at a speed of 30 knots, it 
would appear that the practical shipbuilder was 
certainly in need of more accurate information. 

Professor Abell agreed with previous speakers in 
that he thought it doubtful whether the conditions 
under which the tests were carried out had become 
stable at the time the measurements were made, as 
with viscous motion, a very appreciable time must 
elapse before a steady flow was set up. He thought 
that the difficulty referred to, of obtaining steady 
Pitot-tube readings, might either be due to the flow 
not being fully established, or to air being drawn in 
under the pontoon. The latter was a difficult point 
to deal with, as it was by no means easy to ascertain 
that air was present, and if its presence was estab- 
lished, it was difficult to eliminate. 

The Chairman, Sir Eustace T. d’Eyncourt, then 
called upon the author to reply. Dr. Kempf said 
that, in connection with Mr. Baker’s remarks, it was 
undoubtedly very difficult to define different degrees 
of roughness. He thought the most serious object- 
on raised was that dealing with the establishmenti 
of steady flow before the readings were taken. 
The matter had been fully considered, and it was 
difficult to see what precautions could be taken 
beyond those referred to in the paper. He was 
certainly surprised to hear from Mr. Baker that 
the latter had obtained good results with Pitot 
tubes. He thought that possibly their own diffi- 
culty in this respect had been due to vibration of 
the tubes themselves. On the whole, in spite of the 
irregularities recorded by this method, he was of 
opinion that steady flow had been set up before the 
readings were taken. He would like to state that 
many problems in connection with the experiments 
and their application remained to be cleared up, and 
that further new problems would no doubt arise. 

In proposing a vote of thanks to Dr. Kempf, the 
Chairman said that the paper pointed to the con- 
clusion that Froude had obtained wonderfully 
accurate results in view of the primitive apparatus 
available. From his own experience, it appeared 
that a very small difference in the surface was suffi- 
cient to make a considerable alteration in the skin 
friction. In the case of destroyers, for example, 
the resistance appeared to go up by a measurable 
extent within a month of leaving dock, although 
the alteration in the surface was hardly perceptible. 


THe Baver-Wacu Exuaust TURBINE 


The Chairman then called upon Mr. C. F. A. 
Fyfe to read his paper entitled ‘“‘ The Practical Use 
of the First British-Built Bauer-Wach, Exhaust- 
Steam Turbine Installation in the Booth Liner 
Boniface.”” Thefpaper is reprinted on page 411 of 
this issue. 

Before declaring the discussion open, the Chairman 
called upon the Secretary to read a letter from 
Sir Archibald Ross. After expressing regret that 
he was unable to be present at the meeting, Sir 
Archibald stated in his letter that it was satisfactory 
to note that the trial results were being borne out 
in service. In considering the application of the 
exhaust turbine, the owner must decide whether 
he really required increased speed or reduced 
consumption. The former might not be practicable 
in reconditioning an old vessel, as the existing 
shafting would determine the maximum power 
obtainable. 

Mr. W. J. Willett Bruce mentioned that he 
had been in close association with the combination 
system for twenty-two years. Of two sister ships, 
one had four-crank triple engines and a low-pressure 
turbine driving a centre line of shafting, while the 
other was fitted with four-crank quadruple-expan- 
sion engines. Tests over a period of two years 
showed a mean gain of 20-4 per cent. in favour of the 
combination system, with an advantage in speed of 
1-03 knots. It appeared to him a somewhat doubt- 
ful step, under present-day conditions, to introduce 
into certain types of new steamers such additional 
units as a hydraulic clutch, exhaust turbine with 
change-over and automatic cut-out valves, gearing, 








&e. This would certainly increase both first cost 
and upkeep, and a substantial increase in economy 
would be required to justify the outlay. In Table V 
of the paper, the results recorded were disappointing. 
The coal consumption showed a saving of 54 tons 
in favour of the Boniface, with no gain in speed— 
a poor result requiring a long time to wipe out the 
first cost. He would like to ask whether the 650 tons 
greater displacement of this vessel was due to cargo, 
stores, or the weight of the extra units. The 
indicated horse-power of the low-pressure turbine 
was only 820, while it should be, as based on his 
experience, at least half the developed power of the 
reciprocating engine. He would ask whether the 
pounds of coal per indicated horse-power, given as 
1-40 and 1-04, respectively, were for all purposes. 
The latter figure did not agree with the long-run data 
in this respect, which appeared somewhat confusing. 
He suggested that, for comparative purposes, it 
would have been better to make the Basil’s inlet- 
water pipe the same as that of the Boniface, when, 
no doubt, it would have contributed towards the 
production of a higher vacuum, nearer to that of 
the sister ship. Would the author state whether the 
separator grid baffles were covered with any filtering 
medium, and if so, what was the material ? 

Mr. R. J. Walker said that it was hardly necessary; 
at the present time, to dwell upon the economy 
achieved with combination units. The question of 
adopting the Bauer-Wach arrangement was entirely 
one of balancing first cost against economy, and 
there was a wide difference of opinion amongst 
superintendent and manufacturing engineers as to 
which arrangement was most economical. The 
speaker read an extract from Mr. C. W. Cairns’s 
remarks on Mr. Young’s paper, read before the 
North-East Coast Institution of Engineers and 
Shipbuilders, on “‘ Losses of Efficiency in Steamship 
Operation.” In this, Mr. Cairns said the addition of 
an exhaust turbine was understandable in the case 
of existing vessels, but was difficult to understand 
in the case of new designs. After referring to the 
advantages of an “ all-turbine” set, he referred to 
his own experience with double-reduction geared 
turbines, mentioning that, in seven years of North 
Atlantic service, the total turbine and gear repairs 
and renewals had cost less than the re-metalling of 
one big-end brass of a reciprocating engine. Further, 
there was no loss of turbine efficiency in this 
period. 

Mr. G. Booth said that the length of time that 
the vessel had been in service was far too short to 
arrive at any permanent conclusions. He under- 
stood that the turbine was not precisely adapted 
to the vessel, as its employment was only decided 
on at a relatively late stage in the construction. He 
thought that the results obtained up to the present 
were favourable to the experiment undertaken by 
the owners, and he understood that, on the voyage 
just completed, better results had been obtained 
than any shown in the paper. 

Mr. 8S. B. Freeman thought that the value of the 
paper would have been increased if particulars had 
been given of the construction of the turbine and 
gear. He was of opinion that the case for the 
employment of turbines of this type for small units 
depended on the relative economy of small cylinders 
and small turbines. The major field of employment 
appeared to be in old ships, in which a higher speed 
was desired, but in old cargo vessels no economy 
might result from the change, as the cost of the 
alterations would be heavy, and the space required 
for the additional units might be valuable. In 
addition, the lines of the hull might not be suitable 
for higher speeds. 

In replying to the discussion, the author said 
that he agreed with Mr. W. J. Willett Bruce that 
one-third of the total power should be obtained 
from the turbine, but, as Mr. Booth had stated, 
the turbine was not put in until the ship was half 
built, so that the proportion actually resulting 
could not be helped. He thought that the majority 
of the speakers had confused Table IV, showing 
the results of the first voyage, with Table V, giving 
later results. The performances recorded in the 
former were naturally inferior, as the staff had 
not had sufficient experience under the new condi- 
tions, and, in addition, the coal used was of low 
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straight-turbine arrangement. The Bauer-Wach 
combination showed to great advantage at low 
outputs, and the relative merits of the two systems 
had to be computed in relation to the requirements 
of the trade on which the vessel was engaged. 

On the motion of the Chairman, a cordial vote of 
thanks was accorded to Mr. Fyfe for his paper. 


VIBRATION OF BEAMS. 


At the meeting on Thursday evening the chair 
was taken by Sir John Biles, who called on Professor 
C. E. Inglis to read his paper entitled “ Natural 
Frequencies and Modes of Vibration in Beams of 
Non-Uniform Mass and Section.” Professor Inglis 
said that, owing to the mathematical nature of his 
paper, he did not intend to read it, but proposed to 
indicate its scope and intention. It was intended 
to constitute a step in the analytical theory relating 
to the vibration of beams in general, covering beams 
not necessarily of uniform mass distribution or 
section. With regard to such beams the analytical 
theory was apt to be reticent. In the past, engineers 
had been able to predict, with fair accuracy, the 
natural period of vibration of beams of the type 
under consideration, although a certain amount of 
guess-work had been unavoidable. The mode of 
vibration was assumed, and, if this were known, the 
period of vibration could be deduced. The process 
was justified by the principle, enunciated by 
Rayleigh, that if the guess as to the mode of vibra- 
tion were not quite accurate, the frequency calcula- 
tions were not greatly affected as long as the terminal 
conditions were not violated. Guess-work methods, 
however, were not entirely satisfactory from the 
scientific point of view, and he had _ therefore 
endeavoured in the paper to carry the problem 
outside the range of guess-work, and to deduce the 
results from the fundamental differential equations. 

Two methods of attack were possible, one being that 
of harmonical analysis. In applying this method, it 
was first necessary to express the mass variation and 
the section variation in the form of a Fourier series. 
The solution to the differential equations could then 
be obtained as a Fourier series, the arithmetical 
work not being very laborious if the changes in 
section and mass were not very abrupt. The series 
could then be represented by the first three or four 
terms, since it was very rapidly convergent. If, 
however, the mass and variation of section suffered 
abrupt changes, the Fourier series had to be carried 
to a good many terms and the work involved was 
rather heavy, requiring the solution of a number of 
simultaneous equations. To overcome this difficulty, 
he had proposed another method which was ex- 
plained in the paper. With this, it was possible to 
write down by inspection the deflection of a beam of 
varying section and mass without preliminary work. 
It was only a small step to work out the natural 
modes of vibration for a beam vibrating under its 
own inertia forces. The arithmetical work, although 
not negligible, was not insuperable, since it did not 
involve the solution of a large number of simul- 
taneous equations. 

He did not know how important natural 
periods of vibrations were to naval erchitects, but 
in other branches of engineering they were cer- 
tainly becoming more and more important. In 
many cases it was more important to calculate the 
natural period of vibration than the stresses, and this 
probably applied to the design of ships. He hoped 
his paper would be of assistance in this matter, 
but pointed out that the results could not be applied 
directly as the apparent mass of the ship, due to the 
water which had to be moved when it vibrated, was 
not known. Some experimental work on this 
matter had been carried out at Cambridge, and it had 
been shown that the difference in the period of 
vibration of a beam in air or in water might amount 
to 50 per cent. ; in all cases investigated it exceeded 
25 per cent. The experiments were being continued, 
and it was hoped that definite results would be 
obtained. 

Sir James B. Henderson, who opened the dis- 
cussion, pointed out that a real mathematical 
solution to the problem was valuable as a foundation ; 
it was then necessary to find out how far the assump- 
tions made held in practice. The fundamental 
assumption was that stress was proportional to the 





quality. Comparisons had been made with the 


distance from the neutral axis, but he did not think 
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| that assumption was justified in the case of a ship. 
| Young’s modulus, in such a structure, also differed 
'from that obtained in a testing machine. The 
| author’s method would serve as a criterion as to the 
| best analysis for any particular problem which might 
arise. He asked if the graphical method would not 
be simpler ; such an analysis, he said, could be made 
up to the 10th or 11th harmonic in about half an 
hour. The crux of the problem was the effect of the 
water. In some experiments made at Greenwich, it 
had been found, in the case of a plank floating in 
water, that the latter had but little effect, but in the 
case of a ship, in which the immersion was consider- 
able, the effect would be much greater. It had 
occurred to him that it might be possible to obtain 
an equation giving the virtual mass by making use of 
the conception of a source and sink, but until some 
satisfactory equation for a beam vibrating in water 
was available, it was not possible to make much 
progress in calculating periods of vibration. 

Professor W. E. Dalby said he had recently 
delivered a lecture, at the Institution of Mechanical 
Engineers* on the vibration of a ship’s hull, but 
had dealt with the matter from the point of view 
of the machinery. He mentioned an instance of 
vibration in a ship caused by the installation of a 
four-crank auxiliary Diesel engine, owing to the 
fact that the unbalanced secondary forces just 
happened to coincide with the second term in the 
Fourier series for the hull. The trouble, however, 
had been remedied, after an analysis, by running 
the engine faster and fitting a balance weight. He 
emphasised the importance to engineers of the 
Fourier series, and referred to the work of the Bridge 
Stress Committee. The problem the Committee 
had to investigate was similar to that in ships, 
except for the effect of the water on the vibration of 
the hull. He suggested that a committee should be 
formed to deal with the matter of ship vibration. 

Mr. J. Lockwood Taylor said Professor Inglis 
had referred to the guess-work element in the energy 
method of attacking the problem, but this could be 
eliminated without recourse to analytical methods 
by a variant of the Rayleigh method. In practice, 
this method was very rapid, taking only two or 
three hours, and giving both the normal modes and 
the frequency for any arbitrary distribution of 
section and mass. The ship problem, he pointed 
out, involved questions in hydrodynamics, the fluid 
round the ship affecting the mass and the damping. 
It also involved certain questions in the theory of 
elasticity ; for instance, was the simple bending 
theory sufficient ? In the course of his remarks, 
the speaker criticised a number of points in the 
paper, and asked for further explanation of these. 
He concluded by pointing out that the author's 
statement that he was unaware of any other 
analytical method was correct for unsupported 
ends, but called attention to Griffith’s method for 
cantilevers, which method he thought might be 
extended to free beams. 

Mr. John Reid said he had a problem in connec- 
tion with the design of two 450 ft., 16-knot boats, 
but he was afraid that the paper would not help him 
to a solution. For a particular reason, which he 
did not explain, the speed trials were to be run on 
the lower part of the hull, the upper decks being 
completed later. He was anxious to know what 
the effect would be on the vibration. He also 
referred to the effect on vibration of a large Atlantic 
liner going from deep into shallow water. 

Sir Eustace T. d’Eyncourt inquired if it were 
possible to say from the result of an analysis whether 
the vibration of a given vessel could be reduced by 
altering the distribution of the weights, or whether 
the revolutions of the engine must be changed, and 
Professor T. B. Abell mentioned that Dr. G. B. 
Taylor, at Liverpool University, had been investi- 
gating the effect of virtual mass, particularly between 
deep and shallow water. 

The last speaker, Mr. Edward Wilding, remarked 
| that he had attacked the problem from the practical 
|side. All who had to deal with the problem would 
|agree that it was best to avoid unbalanced forces 
| and couples as much as possible, and, in this respect, 
turbine machinery showed a marked advance in 
comparison with reciprocating machinery, either 
oil or steam. One of the practical difficulties in 
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forecasting the effects of vibration, and in trying to 
avoid synchronism, was that the loading of a ship 
varied widely, and was never twice the same. The 
effect of the loading, however, was not very great. 
He had found, for instance, that the effect of filling 
and emptying the peak tanks was negligible. 

Invited to reply by the Chairman, Professor Inglis 
said he would prefer to answer the mathematical 
points raised, particularly those by Mr. Lockwood 
Taylor, in writing. In reply to Sir James Hender- 
son’s remark that a ship could not be treated as an 
elastic structure, he could quite believe that, but 
he had indicated his assumptions, and naval archi- 
tects must decide the question of their validity. 
He would carefully consider the application of the 
method of sources and sinks to the virtual-mass 
problem. Mr. Reid’s remarks with regard to the 
increase in vibration when a ship entered shallow 
water, bore out the point that the quantity of water 
moving with the ship was an important considera- 
tion. Sir Eustace d’Eyncourt’s question he would 
like to refer to naval architects. 
a priori, however, that much could be done by 
altering the distribution of the weights. It would, 
of course, be useless to add weight at the nodes, but 
weights added half-way between the nodes, he 
thought, would alter the frequency very consider- 
ably. 

After proposing a vote of thanks to the author, 
the Chairman mentioned that a written contribution 
to the discussion had been received from Mr. A. T. 
Lemmon. In this, the writer called attention to a 
method of calculating the natural frequencies of a 
vessel for bending and for torsional vibrations 
proposed by Professor Kriloff, and given on page 158 
of the Transactions for 1924. 


BEHAVIOUR OF STIFFENED THIN PLATING UNDER 
WaTER PRESSURE. 


The next paper taken was one by Mr. S. A. Hodges 
bearing the above title. This paper was read by the 
author and will be reprinted, in abridged form, in a 
subsequent issue of ENGINEERING. It dealt with 
some work carried out by the author at the Liverpool 
University under the terms of the Sir William White 
Research Scholarship of the Institution, and was a 
continuation of the investigations conducted by 
Professor T. B. Abell to determine the behaviour of a 
ship’s plate locally reinforced by stiffeners when 
subjected to water pressure. Mr. Hodges’ paper 
explained the methods of experiment and analysis 
adopted, and gave the results with bolted and welded 
stiffeners attached to a plate measuring 8 ft. by 2 ft. 
and 0-40 in. in thickness, under a head of 71 ft. of 
water. 

In the discussion which followed, Dr. A. M. Robb 
remarked that the paper referred throughout to 
stresses, but it seemed to him that it would have been 
preferable if the author had laid less weight on 
stress and more on deflection ; he would then have 
been. on unchallengable ground. The expressions 
used for the calculation of the principal stresses, he 
said, could only be rigidly applied to the unstiffened 
plate, in which case the neutral axis would be at half 
the depth of the plate. With stiffeners, the neutral 
axis would be moved away from the half depth, and 
this fact would affect the stress measurements. He 
suggested that the investigations should be extended 
to cover the case of stiffeners fitted on the opposite 
side to the water pressure. It was true, as the 
author said, that the measurements could not then 
be carried right across the plating, but he thought 
sufficient-evidence would be obtained to enable a 
useful comparison to be made. 

Mr. Lloyd Woollard, the next speaker, remarked 
that as Mr. Hodges was now at the Admiralty it 
was unlikely that he would be able to continue the 
investigations. He hoped, however, that the work 
would not cease. It would, he thought, have been 
more easy to follow the gist of the paper if the author 
had given some conclusions, even if these had to be 
amended later. Mr. Woollard called attention to the 
fact that plates clamped round the edges, as used in 
the investigations, were not the same as continuous 
plates, and finally remarked, with regard to the 
stresses, which had been worked out by double 
differentiation, that whether or not these stresses 
were dangerous depended upon where they occurred. 
Calculated stresses of 20 tons per square inch 
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be serious if occurring at the corner of a hatch. 

Professor H. 8. Pengelly, the next speaker, refer- 
ring to the plate with bolted stiffeners, called atten- 
tion to the fact that the principal stresses recorded 
at point x = + 2-5 and z = 1-0, were — 19-40 and 
— 11-80 tons per square inch respectively, while 
the corresponding figures for the point 2 = — 2:5 
and z = 1-0 were — 10-8 and -- 4-41 tons per 
square inch. It seemed possible that the large 
differences were due to the fact that the method 
employed for determining the stresses, involving as it 
did the measurement of deflection and the double 
differentiation of the deflection curves to obtain 
curvature, led to inaccuracies. If reliable means 
could be devised to measure the slope directly, 
possibly by small mirrors attached to the plate, only 
single differentiation would be required td obtain 
the curvature and greater accuracy might be 
expected. Referring to the method of estimating the 
elastic limit of the material employed in the paper, 
Prof. Pengelly remarked that it was possible that if 
a greater head had been applied the elastic limit, esti- 
mated in the same way, might have been even greater. 
He suggested that, on the conclusion of the experi- 
ments, the head should be gradually increased until 
signs of permanent set were observed. 

Professor T. B. Abell, in the course of his re- 
marks, said he thought it would be agreed that 
the conditions under which the tests were carried 
out were sufficiently representative of practical 
conditions to be readily applicable in practice. 
The measured bending stresses in the un€tiffened 
plate generally confirmed those of other investi- 
gators, although the proportion of length to breadth 
of the panel of plating employed was greater than 
any previously examined ; the proportion was one 
frequently met with in practice. In the case of the 
stiffened plate, he thought it rather remarkable 
that there should have been no permanent set 
although the stiffeners were unbracketed. The 
load, he added, although a static one, was rather 
rapidly applied and released many times, the rate 
of application being at least as rapid as occurred in a 
ship pitching into a wave. With regard to the 
tests with welded stiffeners, Professor Abell remarked 
that, in these, the main deflection of the plate was 
concave to the stiffener, so that the end attachments 
of the latter, as a whole, pressed against the plate 
while the middle attachments would be in tension. 
The welded stiffener was, therefore, not so favourably 
placed as the bolted stiffener, and still more favour- 
able results might be anticipated from the former 
when the load was applied to the plate on the side 
away from the stiffener. Welding, he concluded, 
if properly carried out, formed by far the most 
efficient means of jointing thin material. 

Professor W. E. Dalby said he would like to raise 
a point in connection with the load-extension 
diagrams given in the paper to show the elastic 
properties of the metal. He noticed that the 
irregular portion of the curve usually present 
between the elastic and plastic extension lines was 
absent. If the curves actually represented the no- 
load to break conditions, they showed that the 
material had been overloaded before the experiments 
began. The material would not then be in the nor- 
mal condition and allowance for this should be 
made in calculating the stress. The elastic limit, 
he added, could not be accurately deduced from a 
test on a gauge length of only 2 in., as had been 
done in the author’s experiments; it would be 
better to make the specimens longer in order to 
avoid end effect. 

Mr. W. G. John, the last speaker, called attention 
to the spacing of the bolts and welding patches, and 
remarked that the disposition of the welding did not 
exactly follow the bolting scheme. He asked how 
| the author had decided upon the particular arrange- 
/ments in the two cases. Ignoring the high stress 
around one of the bolts, referred to in the paper, 
'there appeared to be little to choose between 
| bolted and welded stiffeners with respect to maxi- 
/mum stress, and he did not consider it justifiable to 
‘conclude that the latter would show any marked 
|advantage over riveted stiffeners from the stress 
' point of view. Although no excessive concentration 
| of stress had been found by the author in the short 
‘length of unsupported plate between the end of the 
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might be of no importance in a bulkhead, but would | stiffeners and the casting, it would not be reasonable 


to assume that a similar result would be obtained 

| under the varying boundary conditions met with in 
| practice. The fact that the maximum stresses in 
| the plate with bolted stiffeners had been found to 
| exceed the elastic limit, as derived from a tensile 
| test, seemed to confirm the view that when con- 
sidering, for example, the bottom plating of a ship, 
it was justifiable to accept localised stresses above 
the elastic limit of the material. 

The Chairman then asked Mr. Hodges to reply 
briefly owing to the lateness of the hour. In doing 
so, Mr. Hodges remarked, in reply to Mr. Woollard, 
that it was difficult to generalise or to come to any 
very definite conclusions. The last speaker, Mr. 
John, however, had drawn the conclusion that there 
was not much to choose between the welded and 
bolted stiffeners, but, in the latter, stresses of 11 tons 
per square inch were obtained near one bolt and 
19 tons per square inch near the other, the difference 
being due to workmanship. He thought the effect 
would be exaggerated with riveted stiffeners. With 
regard to the short length of unsupported plate 
between the end of the stiffener and the cover plate, 
he had never found high stresses in this part. Mr. 
John had asked how the spacing of the bolts and the 
welded connections had been arrived at, and in reply 
he would explain that the former had been decided 
by Professor Abell before he (Mr. Hodges) had taken 
up the work. The welding arrangements were 
decided on in consultation with the Quasi Arc 
Company, and, as far as maximum stresses were 
concerned, it was evident that the decision was 
arrived at in a satisfactory manner. He would 
reply in writing to the other points raised in the 
discussion. 

(To be continued.) 








INFLAMMABILITY OF COAL DUSTS. 


From 1923 to 1925, Messrs. T. N. Mason and R. V. 
Wheeler conducted, in the experimental station at 
Eskmeals, a series of experiments on the inflammation 
of coal dusts. The large-scale experiments were carried 
out in a steel gallery, 38 in. in diameter, and 380 ft. 
long, and were described in Paper No. 33 of the Safety 
in Mines Research Board. During the same period, 
most of the coal dusts tested were further studied in 
the larger steel gallery, 74 ft. in diameter and 720 ft. 
long, of the station, in order to measure the rapidity 
and violence of the explosions produced. This latter 
series of experiments was not quite completed, but 
is now described in Paper No. 48, under the title 
Relative Inflammability and Explosibility of Coal Dusts 
(H.M. Stationery Office, price 3d.), because the Eskmeals 
Station has since been given up, and the new gallery 
at Buxton is of different dimensions, being 4 ft. in 
diameter and 1,000 ft. long. 

The coals used were twelve British bituminous 
coals, a semi-anthracite from South Wales, a sub- 
bituminous coal from Pittsburgh (the standard coal 
of the U.S. Bureau of Mines), and three lignites from 
New Zealand. The coals varied considerably in com- 
position, the moisture ranging from less than 1 per cent. 
up to 11 per cent. in one of the lignites (calculated on 
the ash-free dry basis), and the volatile matter from 
40 per cent. down to 13-70 per cent. (in Ferndale coal), 
and from 49-7 per cent. down to 40 per cent. in the 
lignites. Starting 400 ft. from that end of the gallery 
which is usually closed, the floor was strewn with 
coal dust (about 1 Ib. per linear foot), and four shelves 
on each side were also covered with coal dust. The 
dust was ignited by discharging 28 oz. of blasting 
powder, stemmed with clay, from a gun placed on the 
floor and pointing towards the open end ; immediately 
in front of the gun was placed an open-ended tube, 
3 ft. in diameter and 10 ft. long, amply strewn with 
coal dust. About 85 per cent. of the powdered coal 
should pass through a 200-mesh sieve. A distinction 
is drawn between inflammability and explosibility. The 
inflammability, or ability to promote the spreading of 
the flame from the source of ignition, is measured by 
determining the temperature of the source of heat, or 
by determining the proportion of incombustible dust 
that has to be added to the coal to prevent flame 
propagation; a further measurement is based upon the 
determination of the flame speed. The explosibility 
could be deduced from the maximum pressure developed 
under optimum conditions, but these dangerous experi- 
ments have been restricted to the measurement of the 
pressure attained after the explosion has travelled a 
limited distance. 

The results of various tests made show that 
inflammability and explosibility are not necessarily of 





the same order. The Explosions in Mines Committee, 
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STEAM-SEALED VALVE FOR WATER-GAS 


PLANT. 


CONSTRUCTED BY MESSRS. THE LA MONT CORPORATION, ENGINEERS, NEW YORK, U.S.A. 








Fig. 26. VALVE IN POSITION SHOWING HYDRAULIC OPERATING CYLINDER. 


in fact, concluded that there may be a fundamental 
difference between the gas distillation from the coal, 
which is decisive for the slow ignition, and the direct 
combustion of the particles which takes place during 
the propagation of the flame. This, however, is not 
the opinion of Messrs. Mason and Wheeler, who found 
that inflammability and explosibility varied, on the 
whole, in the same way. The data were not very 
concordant, however, and the different methods did 
not give the same sequence with the various dusts. The 
flame speeds, over the first 50 ft., ranged from 22 ft. 
up to 124 ft. per sec., and over the last 50 ft., from 
71 ft. to 886 ft. or 1,211 ft. persec. The mean speeds, 
52 ft. to 269 ft. per sec., were more regular, but the 
method was not satisfactory on the whole. As regards 
pressures, maxima of 50 lb. down to 21 Ib. per sq. in. 
were reached in 0-9 to 1-23 sec. The most reliable 
data were obtained from the determination of the 
proportion of incombustible dust which would suppress 
inflammation. By this test, the coals fell into the 
sequence of their contents of volatile matter, and the 
laboratory method of determining the volatility value 
has the advantage of being relatively easy. Coals rich 
in resinous matter, however, deviate from this rule ; 
the dusts of such coals are more inflammable than 
their content of volatile matter would indicate. 








Urvueuayan State Rattways ExtTEension.—A copy of 
a law, promulgated at the end of last year and published 
locally, regarding important extensions of the State 
Railways of Uruguay, has just been received by the 
Department of Overseas Trade, 35, Old Queen-street, 
8.W.1. British firms interested in the matter may 
obtain further information on application to the Depart- 
a te the above address, quoting Reference No. 
bAcdae 6 4 


THE LA MONT WASTE-HEAT STEAM 
GENERATORS. 
(Concluded from page 342.) 

Tue water-gas plant, supplying waste gases to the 
steam generator, is arranged as shown in Figs. 20 and 
21 on page 392, and has a capacity ranging from 
2,500,000 cub. ft. to 3,300,000 cub. ft. a day. Its 
normal cycle of operation is 1? min. blow and 2} min. 
make, and the fuel employed is usually a mixture of 
60 per cent. soft coal and 40 per cent. coke. A combus- 
tion chamber, with a tertiary air supply, is employed to 
obtain complete combustion of the blow gases, which 
therefore enter the steam generator at a high tempera- 
ture, viz., 1,900 deg. to 2,000 deg. F. These gases 
are reduced to a temperature between 375 deg. and 
385 deg. F. at the exit from the steam generator, the 
exit temperature being only 25 deg. or 30 deg. above 
that of the steam, which is generated at a pressure of 
125 Ib. per square inch. Under test conditions, we 
understand, as much as 120 lb. of steam has been 
produced per 1,000 cub. ft. of gas made, but the 
following figures, supplied by the makers, give the 
results obtained under average conditions over a long 
period, using coal and coke in the water-gas generator 
in the proportions above mentioned :—Gas made per 
diem, 2,525,000 cub. ft.; fuel used per 1,000 cub. ft. of 
gas, 48-5 lb.; steam produced per 1,000 cub. ft. of gas, 
85-5 lb.; temperature of gases entering steam generator, 
1,500 deg. F. to 2,000 deg. F.; temperature of gases 
leaving stack, 390 deg. F.; pressure of gases entering 
steam generator, 23 in. water gauge; period of blow, 
1? min.; and period of make, 2 min. Fig. 22, on 
page 392, which gives the temperature gradient of gases 
in passing over the heating surface of a La Mont steam 
| generator and a vertical water-tube boiler employed in 








conjunction with two similar water-gas plants using 
coke as fuel, illustrates the effective manner in which 
the sensible heat in the gases is utilised in the former. 
It will be seen that the gases entered the water-tube 
boiler at a temperature of about 1,120 deg. F., and left 
at a temperature of 550 deg. F., the corresponding 
figures for the La Mont generator being 1,150 deg. F. 
and 400 deg. F.; the latter figure, it will be noticed, 
is only 48 deg. F. above the temperature of the steam. 

We may now refer to an interesting type of duplex 
steam-sealed valve which has been developed by the 
La Mont Corporation for use in connection with their 
waste-heat steam generators when employed with 
water-gas plants. The valve at the Everett plant of 
the Boston Consolidated Gas Company is shown in 
position in Fig. 26, annexed, and drawings of a similar 
valve, of which the operating cylinder is somewhat differ- 
ently arranged, are given in Figs. 23, 24 and 25, on 
page 392. The valve, it will be seen from Figs. 20 and 
21, controls the flow of the blow gases from the super- 
heater to the combustion chamber, from which the 
gases pass into the steam generator. The valve, which 
is of 42 in. bore, is, of course, open during the blow, 
and closed during the make, the opening and closing 
being effected automatically and in conjunction with 
the stack valve on the top of the casing of the steam 
generator. The valve proper is of the double-disc 
type, as clearly shown in Fig. 25, the discs being moved 
by a lever pivoted at its centre and provided with a 
counterweight at the outer end. This lever can be seen 
in Fig. 26, in which the wire rope from which the 
counterweight is suspended below the level of the 
operating floor is also visible. The opening and closing 
of the valve are effected by a hydraulic cylinder mounted 
on the valve body in an inclined position in the Everett 
installation, but shown in the vertical position in Figs. 
23 and 24. When the discs reach the closed position, 
they are pressed on to the seats by means of wedges 
operated by the two horizontal hydraulic cylinders 
shown in Fig. 24, thus ensuring a gas-tight joint. In 
opening the valve, the wedges are first withdrawn, and 
the main hydraulic cylinder is then brought into 
operation to swing the valve discs into the open 
position. A particularly interesting feature of the 
valve, however, is that low-pressure steam is passed 
between the discs when the valve is closed, the steam 
being afterwards used for gas making or other purposes. 
The pressure of the steam is slightly above that of the 
gases in the gas generator during the make, and this 
fact prevents the leakage of gas into the steam genera- 
tor or the passage of inert gases from the steam gene- 
rator into the gas. Two gas generators can thus be 
safely operated in conjunction with one steam generator, 
although, at present, only one gas generator is so 
employed at the Everett plant. Moreover, the flow 
of steam between the valve discs cools the latter, and 
also the valve seats, thus preventing distortion and 
consequent leakage. The makers state that pyrometer 
records show that the temperature of the valve discs and 
seats has not exceeded 500 deg. and 400 deg. F., 
respectively, when the temperature in the superheater 
has been 1,500 deg. F., and that in the combustion 
chamber over 1,900 deg. F. 

The principle explained above in connection with the 
waste-heat boiler has been applied to increase the steam- 
ing capacity of directly-fired boilers of the horizontal 
return-tube type, largely used in the United States. For 
this purpose, a single row of tubes is connected between 
headers placed horizontally beneath the shell at each 
end, so that the tubes, which are slightly curved, lie in 
the combustion space and form a screen between the 
furnace and the shell. Water is drawn from the rear 
end of the boiler and delivered to the front header by 
an electrically-driven centrifugal pump, and the water 
and steam generated in the tubes, in a similar manner 
to that already described, are returned from the rear 
header to the steam space at the back of the boiler. 
It is claimed that the arrangement increases the 
capacity of the boiler by at least 60 per cent., protects 
the shell from the direct action of the flames, and 
materially increases the life of the brickwork and the 
thermal efficiency of the installation. The principle 
may also be applied to Scotch marine boilers and 
locomotive-type boilers by fitting the La Mont water 
tubes inside the ordinary fire tubes. 








CHILEAN NITRATES AT PAaNAMA.—According to a 
recent issue of The Panama Canal Record, 358,600 tons 
of Chilean nitrates passed through the Panama Canal 
during January, 1929. This total constitutes a new 
high record. About two-thirds of the cargoes were 
destined for Europe and one-third for the United States. 





PHILADELPHIA MoTor-Carn Exuisirion.—A _ confi- 
dential report on the twenty-eighth annual automobile 
exhibition, held in Ey ay Pa., U.S.A., in January, 
has been prepared by the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1. British 
firms desirous of receiving a copy of the report should 
communicate with the Department at the above address, 
quoting reference No. A.X. 7551. 
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EXTENSIONS TO LOTS ROAD POWER 
STATION. 


Tue increasing traffic on the underground railways 
of London has necessitated, as our readers are well 
aware, the reduction of the headway on which the 
trains run, the remodelling of the stations, and the 
use of more powerful rolling-stock. All these factors, 
combined with the use of longer trains, have resulted 
in a greater consumption of electrical energy, most of 
which is supplied from the well-known generating station 
at Lots-road, Chelsea. According to the latest returns, 
during the year ending March 31, 1928, this station 
generated 307,286,000 kw.-hours for a fuel consumption 
of 2-01 lb. per kilowatt-hour and with a thermal effi- 
ciency of 13-54 per cent. The maximum load on the 
generators was 74,900 kw., and the annual load factor 
46-7 per cent. 
largest public supply stations in the country. Though 
the capacity of the station has been increased since it 
was first opened, some twenty-four years ago, a good 
deal of the original plant, especially boilers, are in use, 
and their inevitable obsolescence, combined with the 
further extensions to the railway system which are 
contemplated in the near future, have led to the 
adoption of a large scheme of improvements, work on 
which is already under way. 

As regards the steam-raising plant, the 64 existing 
boilers are to be replaced by 32 units of modern pattern, 
with an aggregate output of 1,100,000 lb. of steam per 
hour. The present pressure and temperature will also 
be brought more into line with modern ideas. A new 
hydraulic plant, which will eliminate the use of tip 
wagons, is to be erected for dealing with the ashes, 
while grit arresters are to be fitted to preserve the 
amenities of the neighbourhood. A complete battery 
of measuring instruments will also be installed to 
facilitate control of the combustion processes. 

When the scheme is completed, the generating piant 
will consist of nine 18,750-kw. machines, generating 
three-phase current at 11,000 volts and a frequency of 
50 cycles. To provide the extra condensing water 
necessary, a 9-ft. culvert is to be driven out into the 
middle of the river, so that sufficient water will be 
available at all states of the tide. Chlorinating plant 
is to be installed for purifying the water, in order to 
assist the efficient working of the condensers. 

The main switchboard, which is at present located 
on a gallery overlooking the engine-room, is to be 
moved to a special switch-room, where equipment of 
the latest pattern will be installed. All this work is 
being carried on without interrupting the operation of 

the station, so that it will of necessity take some time. 


RING TRAINING AND 
EDUCATION. 

Royal Scholarships and Free Studentships, 1930.— 
In 1930, the Board of Education is offering 20 Royal 
Scholarships and 11 Free Studentships in Engineering, 
Physics, Chemistry, Biology and Geology, tenable at 
the Imperial College of Science and Technology, 
London. These awards are open to British subjects of 
either sex, and there is, at present, no age limit. A 
scholarship or studentship entitles the holder to 
payment by the Board of the College fees, while a 
scholarship includes, in addition, such maintenance 
allowance, at a rate not exceeding 80/. a year, as the 
Board thinks fit. The awards wili be made on the 
results of the Science Scholarships examination, which 
will be held at various centres, beginning on April 30, 
1930. Application for entry to the examination must 
be made on the prescribed form, obtainable from the 
Secretary, Board of Education, Whitehall, London, 
S.W.1, not later than January 15, 1930. Full particulars 
regarding the examination are to be found in the 
“Syllabus of the Science Scholarship Examination, 
1929,” which may be obtained, price 34d. post free, 
from H.M. Stationery Office, Adastral House, Kings- 
way, London, W.C.2. 

Whitworth Scholarships—Two Whitworth 


ENGINEE 


tenable for two years, six Whitworth Scholarships of an 
annual value of 125/., tenable fr 3 years, and a number 
of Whitworth prizes, are offered for competition in 
1930, to candidates possessing handicraft experience 
obtained in a mechanical-engineering workshop. 


held by the Board of Education in May, 1930. 
particulars regarding the scholarships are contained in 
the pamphlet, ‘‘ Regulations for Whitworth Scholar- 
ships, 1928,”’ which may be obtained, price 2}d., post 


free, from H.M. Stationery Office, Adastral House, | 


Kingsway, London, W.C.2. Intending candidates 
must return their forms of application to the Secre- 


tary of the Board of Education, Whitehall, London, | 


S.W.1, not later than January 15, 1930. Copies of 


papers set at previous examinations may be obtained | 


from ..H.M. Stationery Office, at the address already 
mentioned. 


Lots-road is therefore one of the nine | 


Senior | 
Scholarships, having an annual value of 250/., and | 


| 
The | 
awards will be made on the results of an examination | 
Full | 


ENGINEERING. 





We have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars of | 
tenders invited by various bodies in the British possessions | 
and in foreign countries. The closing date of each 
tender is stated below. Details may be obtained on 
application to the Department at the above address, the 
referenee number given being quoted in each case. 


Miscellaneous Railway Requirements.—The supply and 
delivery of hardware, including buckets, hinges, balls for 
bearings, padlocks, fire-extinguishers, and steel brushes ; 
complete acetylene lighting and welding equipment and 
accessories ; chemical products; lubricating oils and 
greases of various kinds; and cotton waste,.emery cloth, 
and other abrasives. The Chilean State Railways, 
| Departamento de Materiales y Almacenes, Estacion 
| Alameda, Santiago; May 7.. (Ref. No. C. 3009.) 
| Chaff Cutter.—A firm at Guatemala desires to be put 
into touch with a British firm able to supply a chaff 
cutter having an automatic feed table and a cast-iron 
frame. (Ref. No. A.X. 7674.) ‘ 


Waterworks.—W orks comprising the laying of a water 
main to serve Manly, Pymble, and northern coastal 
areas, and the construction of the Woronora dam, together 
with a trunk gravity main to Penshurst Reservoir, are 
under contemplation by the Metropolitan Water Board, 
Sydney, Australia. (Ref. No. A. 7672.) 


Artesian Wells.—The sinking of seven Artesian wells in 
Spain—namely, two in Valencia, two in the immediate 
environs of that town, one in El Albujon, and two near 
the River Andarax, Almeria, Tenders will be opened on 
April 3. The schedule of conditions is lodged at the 
Instituto Geologico Minero de Espana, Madrid. (Ref. 
No. A. 7696.) 


Motor Lorries.—The purchase of motor lorries of from 
2 tons to 2} tons capacity. The Turkish Ministry of 
National Defence ; April 30. (Ref. No. A.X. 7685.) 


Naphthalene and Cresylic Acid.—A company at Los 
Angeles, California, U.S.A., desires quotations for crude 
naphthalene (warm-pressed material for re-subliming) 
and for cresylic acid (97 per cent. to 99 per cent., pale in 
colour and of good odour). (Ref. No. B.X. 5173.) 


Generator Set.—With reference to the call for tenders» 
by the India Store Department, for a 30-kw. capacity 
|steam-engine driven generator: set, mentioned on page 
360 ante, we now learn that the closing date has been 
extended to April 16. 

Structural Bridgework.—The supply of structural bridge- 
work. The South African Railways and Harbours Board, 
Johannesburg ; May 16. (Ref. No. A.X. 7699.) 

















BOOKS RECEIVED. 


Tin World Statistics, 1929. _ London: The Anglo- 
Criental Mining Corporation, Limited. é 
M:ste und Tiirme in Stahl. By Dipl.-Ing. P. Srur- 
ZENEGGER. Berlin: Wilhelm Ernst und _ Sohn. 


Price 23 marks. ] 

Geology of Gold. (South Africa, Australia, New Zealand.) 
By E. J. Dunn. London: Charles Griffin and Com- 
pany, Limited. [Price 35s. net.] 

United States Department of Commerce. Present Home 
Financing Methods. By J. M. Gries and T, M. 
CurRAN. [Price 5 cents.] Washington: Govern- 
ment Printing Office. 

| Massachusetts Institute of Technology. 

Naval Architecture and Marine Engineering. 


Department of 
Serial 
No. 5. Deformation of Plane Pipes and Further Re- 
search on Pipe Bends. By William Hovgaard. Massa- 
chusetts: Institute of Technology. 
American Society for Testing Materials. Proceedings of 
the Thirty-first Annual Meeting, Held at Atlantic City. 
New Jersey, June 25-29, 1928. Vol. 28, Part I. Com- 
mittee Reports. New and Revised Tentative Standards. 
Part II. Technical Papers. Philadelphia: Offices 
of the Society. [Price 6 dols. each part. ] 
Inited States Department of Commerce. Elimination 
of Waste. Simplified Practice Recommendation. No. 
CS1-28. Clinical Thermometers. No. R56-28. Carbon 
Brushes and Brush Shunts. No. R81-28. Binders’ 
Board. No. R82-28. Hollow Metal Single-Acting 
Swing Doors, Frames and Trim. No. R84-28. Com- 
position Books. No. R89-28. Coated Abrasive Pro- 
ducts. No. R90-28. Hack Saw Blades. [Price 5 cents 
each.] Washington: Government Printing Office. 
| Air Ministry. Air Publication No. 970. Handbook of 


o 








Strength Calculations. London: His Majesty’s Sta- 
tionery Office. [Price 3s. 6d. net.] 
| Evaporating, Condensing and Cooling Apparatus. By 
| E. Hausbrand. Translated from the Second German | 
| edition, by A. C. Wright. Fourth edition, revised 
and enlarged by Basil Heastie. London: Ernest | 
Benn, Limited. [Price 25s. net.] 
United States Coast and Geodetic Survey. Special Publi- | 
cation No. 151. Comparison of Old and New Triangu- 
lation in California. By W. Bowie. [Price 15 cents. ]| 
| Washington: Government Printing Office. | 
Aeronautical Research Committee. Reports and Memo.- | 
randa. No. 1169. The Distribution of Pressure over | 
the Hull and Fins of a Model of the Rigid Airship R. 101 | 
and a Determination of the Hinge Moments on the | 
Contial Surfaces. By R. Jones and A. H. BELL. | 
[Price ls. 9d. net.] No. 1184. Haperiments on a} 
Model of a Single-Seater Fighter Aeroplane in Connection | 
| with Spinning. By N. B. Irvine and A. S. Batson. 
| [Price ls. net.] No. 1187. On the Use of a Follow | 
| Up Mechanism in Aerodynamic Servo Control System. | 
| ‘By H. M. Garner and K. V. Wricur. [Price 6d. net.]| 


| London: His Majesty’s Stationery Office. 


| speed obtained on trial. 
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TENDERS. ‘NOTES FROM CLEVELAND AND THE 


NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Cleveland pig iron is 


'inconveniently scarce, and as needs are expanding the 


outlook is causing some uneasiness. Producers require 
a large proportion of the make for their own consuming 
departments, and they have sold as much iron as they 
are likely to be able to deliver up to May. There are 
buyers who claim they can still place orders for supply 
to the énd of the first half of the year at the fixed minimum 
quotations, which remain: No. 1 quality, 69s. 6d. ; 
No. 3,'g.m.b., 67s.; No. 4, foundry,; 66s. ; and No. 4, 
forge, 65s. 6d.; but for, deligéry*over periods beyond 
June, 3s. above the foregoftig*figures has to be paid. 
Merchants have modest quantities of iron bought, 
as to how they may dispose 
of their holdings. (der jtheir terms of contract with 
ironmasters, they are not’ at liberty to sell large parcels 
to.consumers in the North Egst area. 

Hematite—Values of East Coast. hematite continue 
to advance steadily. In this branch also second hands 
have command of fair quantities. Sellers are not bound 
by any arrangement for fixing prices, but while terms of 
contract are matters of individual negotiation, quotations 
do not vary much. Both home id export customers 
are: seeking larger supplies, but “production is fully 
absorbed, and there are no stocks tq fall back upon. 
Transactions are confined almost entirely to business 
in iron, manufactured to stipulated analysis, intended for 
customers’ particular needs, but market rates are still 
based on the quotation for ordinary qualities which may 
be put at fully 74s, 

Foreign Ore.—Foreign ore merchants confidently look 
for further rise in price, and are consequently not 
pressing sales at figures at present mentioned, which 
are ruled by best rubio at 23s., c.i.f. Tees. 

Blast Furnace Coke.—Durham blast-furnace coke sup 
ply is altogether inadequate to meet the good and growing 
demand. Makers have sold heavily for export and are 
unable to satisfy the needs of local users who are not 
fully bought. Good average qualities are now put at 
20s,, delivered to works in this district. 

Manufactured Iron and Steel.—Prices for all deserip- 
tions of manufactured iron and steel are firm. In all 
sections much work is being turned out, and not only 
are producers of several commodities sufficiently well 
sold to keep them busy for the next month or two, but 
early further substantial "buying is expected. Manu- 
facturers of shipbuilding requisites, railway material, and 
all kinds of sheets have good order books, and there is 
rather more activity in the constructional engineering 
department. ‘Common iron bars are 10/. 5s. ; best bars, 
10/. 15s. ; double best bars, 111. 5s.; treble best bars, 
11/. 15s. ; iron rivets,-11/. 10s. ; packing (parallel), 8/. ; 
packing (tapered), 10/.; steel rivets, 111. 5s.; steel 
billets (soft), 61. 15s.; steel billets (medium), 7/. 5s. ; 
steel billets (hard), 77. 15s. ; steel ship plates, 8/. 7s. 6d. ; 
steel angles, 71. 17s. 6d.: steel joists, 7/. 17s. 6d. ; heavy 
sections of steel rails, 8/. 10s.; black sheets (No. 24 
gauge), 10/.; and galvanised corrugated sheets (No. 24 
gauge), 131. 12s, 6d. to 131. 15s. 












British LOCOMOTIVES ‘FOR. THE CENTRAL ARGENTINE 
Raritway.—On page 331 of our issue of March 15 last 
we gave, in our ‘‘ Contracts’ column, some brief par- 
ticulars regarding an order for twenty 4-8-4 type loco- 
motives, secured by Messrs. Sir W. G. Armstrong, 
Whitworth and Company, Limited, Scotswood Works, 
Neweastle-on-Tyne, from the Central Argentine Railway. 
We stated that these would be shipped in running order. 
Messrs. Armstrong, Whitworth ask us to amend the latter 
statement, which was made by them in error. The 
locomotives will be shipped in parts, for erection in South 
America, 





Motor Lire-Boat ror IRELAND—One of the 45-ft.6-in* 
motor life-boats of the Watson cabin type, referred to 
in Mr. J. R. Barnett’s recent paper read before the 
Institution of Naval Architects, has just completed the 
journey from the yard in which she was constructed at 
Cowes, Isle of Wight, to her station at Courtmacsherry, 
Co. Cork. Equipped with two 40-h.p. engines, she made 
the whole voyage of 358 miles in just over 49 hours, 
calling en route at Torbay, Penzance and St. Mary’s in 
the Scilly Isles. From the latter port, the run to 
Courtmacsherry was straight across the St. George’s 
Channel, and the distance of 139 miles was covered in 
20 hours. The average speed was thus practically 
7 knots, which is only one knot less than the maximum 
We understand this to be the 


iongest run so far made by a life-boat ofthe type referred to. 





PERSONAL.—Messrs. Stanton and Company, Charter- 
house Chambers, Charterhouse-square, London, E.C.1, 
are now acting as sales representatives, for London and the 
South Eastern Counties, of the non-ferrous metal products 
manufactured at the Elswick Works, Newcastle-on-Tyne, 
of Messrs. Vickers-Armstrongs, Limited.—Mr. H. H. 
Broughton has removed from Henrietta-street, W.C.2. 
to 17, Dartmouth-street, Queen Anne’s-gate, London, 
S.W.1.-—Messrs. Lawrence, engineers, are removing their 
offices from 16, Stall-street, to 3a, Pierrepont-street, 
Bath.—The business of Messrs. Harry H. Gardam and 
Company Limited, Staines, Middlesex, will be carried 
on in the usual manner by the. co-directors of the 
late Mr. Harry H. Gardam.—The Department of Over- 
seas Trade notifies us that Mr. W. Peters, C.M.G. 
has been appointed to the new post of Trade Commis- 
sioner: in: the Irish- Free~-State, with headquarters at 
Dublin. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—The position in'the heavy'trades'shows 


improvement ‘in” several important respects. » Not only 
are inquiries for semi-finished materials and manufactured 
goods more numerous, but a slightly increased proportion 
of them .is resulting in definite contracts. The price 
movement, which. was not unexpected, is~ steadily 
extending to almost every grade of raw and semi-finished 
material, and, as a result, production costs in the inter- 
mediate: and finished. branches are on the up-grade. 
Quotations are as follow :—Siemens acid-steel billets, 
8l. 15s. to 91.; hard basic steel billets, 77. 5s., 71. 15s., 
and 81. 15s. ; soft basic-steel billets, 6/. 17s. 6d. ; Derby- 
shire foundry pig iron, 67s. 6d. ; Derbyshire forge iron, 
63s. 6d.; Lincolnshire foundry iron, 71s. .6d.; Lincoln- 
shire basic iron, 66s. 6d.; crown iron bars, 10/. 10s. ; 
iron hoops, 12/. 10s. ; steel hoops, 9/. 10s. to 101. ; soft 
wire rods, 7/. 12s. 6d. Basic-steel scrap and some of the 
principal steel-making alloys, including ferro-chrome 
and tungsten, are also dearer. In the heavy engineering 
sections work is being expedited to enable the maximum 
deliveries to be made before the holiday stoppage. More 
active conditions obtain at the big rolling mills ‘and heavy 
forges than for some time past. Sheffield’s pioneer. work 
in the production of boiler drums of record size has 
attracted valuable orders, from which the heavy depart- 
ments are benefiting substantially. Railway work is 
still unsatisfactory: on export account. Complaints of 
the shortage of orders are general in axle, tyre, and wheel 
departments. A large volume of contracts is under 
execution in the automobile-steel section. These include 
not only axles, wheels, and other structural. sections, 
but also valves and other engine parts made from expen- 
sive steels embodying the last word in efficiency. ‘The 
receipt of more shipbuilding orders is reported. The 
proximity of British and Continental prices-is attracting 
foreign orders for marine forgings of the type that for a 
long time past have been placed largely on the Continent. 
There is considerable activity in special steels for the 
chemical and food industries. The tool trades are good 
in parts,-. The recent improvement in agricultural steel 
on export account is fully maintained. Current outputs 
of shovels, spades, picks, and forks are at a high level. 

South . Yorkshire Coal Trade.—Exceptional. strength 
characterises . the colliery position. Shipments are 
absorbing a large proportion of the current output, and 
forward: production is mortgaged on this account. 
Deliveries to inland industries: are adequate to meet 
requirements. Emergency stocks are being augmented 
to cover the holiday stoppage. Somewhat easier condi- 
tions prevail in washed singles and smalls. There is a 
strong demand for all classes of coke at firm prices. 
Business in domestic fuel is at a substantial level for this 
period of the year, and house-coal pits are still working 
full time. Quotations :—Best branch hand-picked, 27s. 
to 28s. 6d.; Derbyshire best brights, 23s. 6d. to 25s. ; 
Derbyshire best house, 21s. to 22s. ; screened house coal, 
18s. to 19s. ; screened house nuts, 17s. to 19s. ; Yorkshire 
hards, 15s. 6d. to 16s. 6d. ; Derbyshire hards, 15s. 6d. to 
16s, 6d. ; rough slacks, 8s. 6d. to 9s. 6d.; nutty slacks, 
6s. to 7s. ; smalls, 3s. 6d. to 4s. 








NATIONAL ASSOCIATION OF DoMEsTIC ENGINEERING 
EMPLOYERS.—The twenty-fifth annual general meeting 
of the National Association of -Heating, Ventilating, 
and Domestic Engineering Employers was held at-the 
offices of the Association, 12, Russell-square, London, 
W.C.1, on March 13 last. The chair was occupied by 
Mr. James Elliott, of Manchester. The report of the 
Council showed that satisfactory progress had been made 
during the year, and that the financial position of the 
Association was sound. The new president for the 
coming year, Mr. F. A. Norris, was installed. 


Contracts.—The Central Electricity Board has placed 
contracts amounting to approximately 1,500,000/. for 
work in connection-with the South-East England, the 
Central England, and the North-West England schemes. 
Orders for 66-kv. and other transformers for the South- 
East England scheme have been placed with Messrs. 
Hackbridge Electric Construction Company,. Limited, 
Hackbridge, Surrey, and Messrs. British Electric Trans- 
former Company, Limited, Hayes, Middlesex. 
connection with the Central England and North-West 
England schemes, contracts for 132-kv. transformers 
have been placed with Messrs. British Thomson—Houston 
Company, Limited, Kingsway, London, W.C.2, Messrs. 
British Electric Transformer Company, Limited, Hayes, 
Middlesex, and Messrs. Ferranti, Limited, Hollinwood, 
Lancashire. Orders for 132-kv. outdoor switchgear have 
been placed with Messrs. Ferguson, Pailin, Limited, 
Strand, London, W.C.2, and Messrs. Metropolitan— 
Vickers Electrical Company, Limited, . Westminster, 
London, 8.W.1.—Permutit water-softening plants have 
been supplied by Messrs. United Water Softeners, 
Limited, Aldwych House, London, W.C.2, to the Govern- 
ment of the Bahamas; the Warrambool. Woollen Mills, 
Australia ; “York Street Flax Mills, Belfast ; Messrs, 


Southall Brothers and Barclay, Limited, Birmingham ; | 


In | 
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ENGINEERING. 


| NOTES FROM THE NORTH. 


* , Guascow, Wednesday. 

Scottish Steel’ Trade.—No change of.any note has taken 
place in the:Scottish steel trade since ‘last:report, and 
fresh dealings ‘are;on the small side» : The output.is, on 
the whole; notvery heavy, but one ‘or two: works: have 
quite a lot of. material booked. ‘The demand ‘from the 
shipyards is not of.a pressing nature at.the moment, but 
producers .are hopeful that some increase: from ‘that 
direction will be forthcoming before long. ' In the black 
sheet trade there would seem to’be a lull in buying, as 
makers are getting short of specifications. The usual 
spring demand has not yet materialised, and the higher 
values asked, on account of the recent rise in price of raw 
material from the Continent, may have tended to keep 
buyers out of.the'market. Prices are all firm, and are 
quoted as follows :—Boiler plates, .10/. 10s. per ton ; ship 
plates, 8/.-7s. 6d. per ton ; sections, 71. 17s. 6d. per ton ; 
black sheets, }-in., 87. 15s. per ton ; and galvanised corru- 
gated'sheets (No. 24 gauge), 13/. 15s. per ton, all delivered 
at Glasgow stations. 

Malleable-Iron Trade.—In the West of Scotland mal- 
leable-iron trade the conditions have not changed. | While 
fresh business is: somewhat limited, makers have still 
some arrears to work off, and in“¢onsequence, there is a 
fair amount of activity at present. Current inquiries 
do not hold out much hope for the near future, but there 
are possibilities. In the steel re-rolling departments the 
position is again only fair. The demand‘is ofa varying 
nature, but plant is being kept running fairly satisfactorily. 
Prices are as follow :—*‘ Crown ” bars, 10/. 5s. per ton 
for home delivery, and 91. 15s. per ton for export; and 
re-rolled steel bars, 8/. per ton for home delivery, and 
7l. 15s. per ton for export. 

Scottish Pig-Iron Trade.—The Scottish pig-iron trade is 
progressing on even lines, but one or two: firms report 
a shade more business passing. Inquiries are encouraging, 
and should any improvement in’the current demand 
materialise, the output may require to be increased. 
Prices are unchanged and are as. follow :—Hematite, 
75s. per ton, delivered at the steel works ; foundry iron, 
No. 1, 75s:.per ton, and No. 3, 72s. 6d.:per ton, both on 
trucks at makers’ yards. 

Wages in the Iron Trade.—Messrs. James'C. Bishop and 
Owen Coyle, joint secretaries of the Scottish Manufactured 
Iron Trade Conciliation and Arbitration Board,:. have 
received the following intimation from‘Sir John M. Mac- 
Leod, Bart., C.A., Glasgow :—‘“‘In terms of the remit, 
I have examined the employers’: books for' January and 
February, 1929,-and I certify’that the’ average net 
selling price brought out is 10/. 7s. 6-58d."" This means 
that there will be no change in the wages of the workmen. 

Wrought Iron Trade Dispute.—Arbiter’s Award.— 
Mr. W. H. Stoker, the arbiter appointed by the Ministry 
of Labour, after hearing representatives of employers 
and employees regarding the claim of the manufacturers 
engaged in the West of Scotland malleable iron industry 
to have the two-shift system re-introduced, with a 
47}4-hours’ effective working week—five shifts per week to 
be the rule—states in his award that he has carefully 
examined and considered the case put before him by the 
parties, and before coming to his decision he consulted 
the assessors. In the exercise of his independent judg- 
ment he had come to the conclusion, on. the evidence 
and facts put before him, that in the works concerned 
there should be instituted and applied: generally a 45- 
| hours’ effective working week, to be worked in five shifts 
| under @ two-shift system, between the hours:of 6 a.m. 
Monday and 6 a.m. Saturday. . This was not to affect 
| ancillary labour, which was at present: on:a 47-hours’ 
| week agreement. This award was based entirely on the 

present’ position: of the Scottish wrought-iron industry, 
| and on'the facts put before him in this‘case, and did not 
establish any principle in any other section of the iron and 
| steel industry. -Following on the above decision, a 
| start was'made yesterday (Tuesday), by the joint com- 
| mittee,” representative of the ' Scottish: Manufactured 
Iron Employers’ and the Iron and Steel 'Trades Confedera- 
| tion, to adjust the new tonnage..and ‘piece-rates on the 
| basis of the new ‘hours’ award. As ‘there are a large 
| number of rates to be revised and adjusted the negotia- 
| tions will probably take two or.three weeks, 











| Antwerp EXxHIBrtion.—The executive committee of 
| the Antwerp Exhibition, which is to’take place in 1930, 
|is at present considering whether to erect a machinery 
| hall, and if so, the capacity required. - The Department 

of Overseas Trade has been asked to ascertain* which 
British ‘engineering firms are | proposing to participate, 
either in the colonial or the maritime~ sections, .and 
whether;the exhibitors would prefer tobe: placed in an 
| international, machinery hall ior sin’ a British pavilion. 
Firms to whom the matter is of interest are requested to 
communicate with the Department,:at 35, Old Queen- 

street, London, 8.W.1, without delay, quoting’ Reference 
| No. CX. 3010. ; : 














SUBMARINE TELEPHONE CABLE .BETWEEN - SWEDEN 


Messrs. English Margarine Works, Limited, Liverpool. | AND Frsnanp.—The laying of what-is' stated-to be the 


Lassen-Hjort water-softening plants have been . supplied 


to Messrs. Miles Sykes, Limited, Northallerton,; and to | 


Messrs.-A.. H. Tucker, Limited, Frome.—An order for 
three automatic telephone exchanges for the Birmingham 
area, namely, those designated Northern, Victoria, and 
Harborne, and also for-a tandem exchange, have. been 
placed : with : Messrs. The General Electric Company, 
Limited, Magnet: House, Kingsway, London, W.C.2. 
The initial: equipment to be provided on the automatic 
exchanges is for a total of 9,700 lines,. the ultimate 
capacity being 20,200. It is anticipated that the ex- 
changes will be brought into operation during 1931. 


longest:submarine telephone cable.in:the world, between 
Stockholm in Sweden, and Aabo in Finland, has just been 
completed. The entire cable ‘distance is 150-miles, of 
which a length of 131 miles is submarine cable. “The total 
weight of the cable is 2,000 tons, and-the .diameter~is 
45 mm.. (1-77 in.) on the Swedish side, and:50+mm. 
(1-97 in.) on the Finnish side. It contains 32:.copper 
wires, twisted together to form. 8 four-wire condtetors. 
Seven of these are intended for cals»between :Sweden 
and Finland, while the remaining four-wire conductor 
will be used for calls between the’ Aaland Islands and 
the mainlands of Finland and Sweden. 








NOTICES OF MEETINGS. 


Institute oF - BrrtisH FounpRYMEN.—Lancashire 
Branch: Friday, April 5, 4 p.m., College of Technology, 
Sackville-street, Manchester. Annual Meeting. ‘“ Foun- 
dry Organisation,”’ by Mr. J. Yates. 

Roya’ Sanitary Instirute.—Friday, April 5, 5.30 
p-m.,.Council’ House, Birmingham, ‘‘Some Drainage 
Problems in Birmingham,” by Mr. H. H. Humphries. 

INstTITUTE OF TRANSPORT—Manchester, Liverpool and 
District Section : Friday, April 5, 6.30 p.m. Manchester. 
“* Sidelights on the Transport Problem,”’ by Mr. D. R. 
Lamb. 

InstituTIoN oF ELectricaL ENGINEERS.—Friday, 
April 5,7 p.m., Victoria Embankment, W.C.2. Meter 
and Instrument Section Meeting. “Some Technical 
Considerations. Concerning Power Factor in Relation to 
Tariffs,” by Mr. E. W. Hill. 

InstiTuTION OF MECHANICAL ENGINEERS.—Midland 
Graduates’ Section: Friday, April 5, 7.30 p.m., Chamber 
of Commerce, New-street, Birmingham. Annual Lecture. 
‘“ Aircraft..Engineering in its Relation to Mechanical 
Engineering,”” by Wing-Comm. T. R. Cave-Brown-Cave. 

INsTITUTION OF MuNIcIPAL AND County ENGINEERS.— 
Yorkshire District: Saturday, April 6, 2 p.m., Town 
Hall, Leeds. ‘‘.Local Government Bill and the Muni 
cipal Engineer,”’ by Mr. W. J. Hadfield. 

Hutt Association OF ENGINEERS.—Saturday, April 6, 
7.15 p.m., Technical College, Park-street, Hull. ‘‘ The 
Carbonisation of Coal,” by Mr. H. E. Copp. 
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NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 

Brighter Prospects.—On his election as President of the 
Cardiff Chamber of Commerce for the ensuing year, 
Mr. T. H. Mordey, of Messrs. Williams and Mordey, ship- 
owners and managers, said it was pleasing to find that 
for at-least several months ahead the coal trade was 
assured of much better times than had been the case for 
some years past. They had undoubtedly recaptured the 
great South American market, which was proved by the 
fact that only one or two cargoes of coal per month 
were leaving Hampton Roads for South America. Great 
strides were also being made in. the Mediterranean. The 
Welsh coal trade had gone through the blackest period 
in its history during the past year; there was substan- 
tial improvement to-day, but if high prices were sought 
and. obtained it would prove disastrous to the steady 
progress which they all so badly wanted. The exports 
of iron and steel manufactures were increased by nearly 
500,000 tons last month, and four of the largest South 
Wales steel works had reopened, which should prove a 
stimulus to the coal trade. The development of the use 
of pulverised fuel had passed the experimental stage 
and should soon help in checking the inroads into the 
trade by competition, particularly from oil. 


More Liners for Cardi ff.—Following the decision of the 
Canadian Pacific Railway to bring their liner Montrose 
to Cardiff, and the Cunard Line to send the Alaunia to 
the Welsh metropolis to embark passengers for Canada, 
the United States Line are bringing the America, 23,000 
gross tons, to Cardiff in September with delegates from 
the Moose Convention, which is being held in the United 
States this year. The America will be the second largest 
vessel to dock at Cardiff, her size having been exceeded 
by: the George Washington, belonging to the same 
company. Even if a regular service is not established, 
the visits of these giants will demonstrate the capacity 
of the South Wales docks to deal with the leviathans of 
the sea. 

The Coal Trade.—New business on the coal market 
has been brought to a virtual standstill, not by a lack 
of. demand, but because of the inability of the collieries 
to accept fresh orders. The collieries are booked up 
to the end of next month, and in many cases well into 
May. Shipping is in plentiful supply and many boats 
are held up in the docks for demurrage. The collieries 
are handicapped in their efforts to increase production 
by an epidemic of influenza amongst the men and also 
the horses. Selling prices of coal are from 2s. to 3s. 
per ton above the prices ruling at the commencement of 
the year, best Admiralty large coal realising 22s., Mon- 
mouthshire large from 20s. to 22s., dry large 21s. to 
22s., and smalls from 14s. to 15s. 6d. Shipments of 
coal and coke in the past week totalled 633,577 tons, 
compared with 604,830 tons in the previous week and 
503,250 tons in the first week of the year. 








Tue Royat Gontp MEDAL FoR ARCHITECTURE.—At 
a ‘special general meeting of the Royal Institute of 
British Architects, held on March 18 last, M. Victor 
A. F. Laloux, of Paris, honorary corresponding member 
of ‘the Institute, was elected: by the members, and his 
name has been submitted to H.M. the King as a fit 
recipient of the Royal Gold Medal for Architecture, for 
the year 1929. Last year the medal was presented to 
Mr. E. G. Dawber, past-president of the Institute. 





INTERNATIONAL SCIENTIFIC MANAGEMENT CONGRESS. 
—The . fourth International Scientific Management 
Congress. is to take place.in Paris in June next. The 
Congress: will be held: under:the auspices of the Inter- 
national Management Institute, in collaboration with 
the International Committee for Scientific Management, 
andi-is'*being organised by the Comité National de 
VOrganisation Frangaise. Full particulars regarding the 
meeting may be obtained from the offices of the Comité, 
44, Rue de Rennes, Paris, 6¢e. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, pcingac eo 

We desire to call the attention of our readers 
the fact that the above is our SOLE ADORESS, 
and that no connection “Caleta between this 
Journal and any ag publications bearing 
somewhat similar titles. 

TxLecraPuio } “ ENGINEERING,” WESTRAND, 

ADDRESS LONDON. 

_ TELEPHONE N UMBERS—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIUN. 

“ ENGINEERING ” “may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 











For the United Kingdom .................... £3 5 0 
For Canada— 
Thin paper copies ........................ £218 6 
Thick paper copies _.................... £3 3 0 
For all other places abroad— 
Thin paper COPIES 0... seecssseeeeens £3 3 0 
Thick paper copies _.................... se 7 6 


Foreign and Coloniel subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 





When foreign subscriptions are sent by Post Office 
Caden, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, alterations 
for standing advertisements should be received 
10 days previous to the day of publication. 


All accounts are payable to “‘ ENGINEERING,” Ltd. 
Cheques should be crossed ‘“‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 


AGENTS FOR “ ENGINEERING.” 


AUSTRALIA: Gordon and Gotch, Limited, Melbourne; Sydney ; 
Brisbane, Perth. Angus and Robertson, Limited, Sydney ; 
N.S.W. T. Willmett and Company, ‘Townsville, North 
Queensland. W. C. Rigby, Adelaide, South Australia. 
Melville and Mullen, Melbourne, Victoria. 

BELGIUM, Brussels: E. F. Satchell, 86, Rue du Tabellion. 

CANADA, Toronto, 2, Ont.: Wm. Dawson Subscription Service, 
Limited, 91-93, Queen-street, East. 

DENMARK, Copenhagen: Kaat-Jensen and Company, Vester 
Farimagsgade 22. 

EDINBURGH: John Menzies and Company, Limited, Rose-street. 

FRANCE, Paris: Ricour, Chevillet et Cie. 22, Rue de la Banque. 

Cues: Hermann H. Fromm, Liitzowstrasse, 84, Berlin, 

35. 


GLAsGow: William Love, 221, Argyle-street. John Menzies and 
Company, Limited, West Nile-street. 

HOLLAND, Rotterdam: H. A. Kramer and Son, Limited. 

INDIA, Calcutta: Thacker, Spink and Company. 

Bombay : Thacker and Company, Limited. 

ITaALy: U. Hoepli, Milan. Anonima Libraria Italiana, Torino 
and any post office. 

JAPAN, Tokio: Maruzen Company, Limited, and all branches. 

LIVERPOOL: Mrs. Taylor, Landing Stages. 

MANCHESTER: John Heywood, Limited, 143, Deansgate. 

NEw ZEALAND: Gordon and Gotch, Limited, Wellington, 
Auckland and Christchurch. 

N a = Cammermeyer’s Boghandel, Carl Johans Gade, 

and 43. 

SoutH AFRICA: Central News Agency, Limited. Head Office— 
Johannesburg; and Pretoria, Cape Town, Port Elizabeth, 
Bloemfontein, Durban and "various branches and book- 
stalls throughout South Africa. Wm. Dawson and Sons 
(South Africa), Limited, 29, Long-street, Capetown. 

TASMANIA: Gordon and Gotch, Limited, Launceston, Hobart. 

UNITED States, New York: For coeneton, The International 
News Company, 131, Varick-street. For advertisements, 
J. 8. Allan, 30, Church-street. 
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MODELS. 


Ir seems probable that models must have been 
used largely by medieval engineers and architects. 
Few of us, indeed, realise how recent is the invention 
of practical solid geometry, by means of which the 
dimensions and run of every component part of 
even the most complicated structure or machine 
can be worked out on the drawing board. The 
process is now so familiar that it is difficult to 
imagine that it does not date from the time in which 
according to the legal formula ‘‘ the memory of 
man runneth not to the contrary.” As a matter 
of fact, however, the method was devised by 
Gaspard Monge in the latter half of the eighteenth 
century, and was for long retained as a “ trade 
secret” amongst the engineering officers of the 
French army, who were, in fact, forbidden to 
communicate the art even to colleagues engaged in 
other branches of the public services. Nevertheless, 
it is still distinctly much more difficult to think in 
the solid than on the plane. Hence even to-day it 
is often found convenient to prepare models in com- 
plicated cases, such as new breech mechanisms for 
guns, though it is possible that in this instance the 
model has been in part a concession to the difficulty 
which some War Office or Admiralty officials may 
have found in reading drawings. Nevertheless, even 
the skilled draughtsman finds it easier, in such cases, 
to see on the model how possible improvements or 
adjustments may be made, than to trace out sug- 
gested modifications painfully on three or more 
| different drawings. Thus, in the case of some very 
large alternators recently constructed the makers 
| deemed it expedient to make in wood a full-sized 
model of the end windings before starting actual 
manufacture, and the engineers responsible for the 
Piccadilly tube station, its subways and accessories, 
also found it convenient to have the whole repro- 
duced in miniature. 

Aerial surveying has provided a novel and ex- 
tremely interesting example of the utility of models. 
In this case, however, the model is a virtual one, 











being actually as void of solidity and substance as 


Prospero’s insubstantial sieiaaiabis In the” stereo- 
comparator the observer sees his landscape in 
little, and can follow every detail almost as certainly 
as on the ground itself. The great reduction in 
scale is largely compensated for by the greater 
precision of measurement practicable in the 
laboratory as contrasted with the field. 

It is, of course, common knowledge that the 
design of the Britannia tubular bridge was based 
on experiments with models, and it seems probable 
that there will be, in the near future, a reversion 
to this method of estimating the strength of struc- 
tures. As pointed out in the interesting paper 
read on Friday, March 15, at a meeting of the 
Institution of Mechanical Engineers, by Mr. F. C. 
Johansen, the law of comparison between model 
and prototype is in this case particularly simple, 
whilst experiment has proved that the drastic 
simplifying hypotheses necessary to render manage- 
able the computation of stresses in complicated 
structures may lead to erroneous results. Not that 
this is a matter of extreme consequence, since 
most of the materials in common use have such 
properties that if a structure appears safe under 
almost any plausible distribution of the stresses 
it is likely to be so in actual fact. . There is, indeed, 
no reason to believe that, in service conditions, a 
truss with a double web system would be any less 
safe if proportioned on Rankine’s simple plan, than 


4) if the stresses had been computed by the more 


elaborate methods of Castigliano and Maxwell. 
There are, however, other cases in which such 
simplifications are less satisfactory, and then, 
measurements on a model are both much less 
laborious and more certain than mathematical 
methods. The late M. Rabut, indeed, enunciated 
the maxim that an engineer should never calculate 
when he could measure. Of course this dictum 
was not intended to be of universal application, 
but it assuredly holds good when it is a case of 
finding the stresses in highly complex statically 
indeterminate structures. In our issue of July 13, 
of last year, we described the simple and ingenious 
appliances devised to this end by Professor Beggs 
With Professor Beggs’ apparatus, displacements 
are measured by means of micrometer microscopes, 
and it is thus possible to work with such small 
deformations, that the general shape of the model 
is not materially altered by the strain to which it 
is subjected. In the classic experiments of Wilson 
and Gore on the stresses in masonry dams, the 
requirements of the elastic theory were met in 
another way. The material used was rubber, and 
the distortions were consequently very large, but 
the model was shaped in such a way that it had, 
when loaded, the form desired. Cases exist, how- 
ever, to which Professor Beggs’ method is in- 
applicable, since the assumption that deflections 
are directly proportional to the loads fails to hold 
good. A well-known instance is provided by certain 
aeroplane spars, which are subjected both to end 
thrust and to bending forces. In other cases 
questions of stability rather than strength are 
involved, and the law of comparison has to be 
modified accordingly. 

Hitherto, greater use has been made of models in 
connection with hydraulics than in any other branch 
of engineering. In this matter, the pioneers were 
Froude and Osborne Reynolds, though Froude’s 
law of comparison by which the speed of the model 
was made to vary as the square root of the scale had 
been previously formulated by Reech. Froude 
however, has certainly the credit of definitely 
developing this method for predicting from model 
experiments the speed and resistance of vessels. 
The law of comparison due to Osborne Reynolds 
applies to different conditions. It covers a wide 
field, and has proved particularly useful in aero- 
dynamics. Though it originated in experiments on 
pipe friction, comparatively little use has been made 
of it by hydraulic engineers who still proportion 
their water conduits largely by means of empirical 
formulas, varying their “ constants’ according to 
the dictates of their experience. Possibly this pro- 
cedure is less irrational than it might well appear. 
An empirical constant is necessarily involved, since, 
for the law of comparison to apply, the roughness 
of the model should be to scale as well as its main 
dimensions, and no satisfactory method has yet been 
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devised of specifying roughness. The plan described 
by Mr. Johansen as being tried at the National 
Physical Laboratory is interesting, but hardly pro- 
vides a complete solution of the problem. 

Where, however, very viscous fluids have to be 
pumped, Osborne Reynolds’ law has proved of the 
greatest possible utility. It breaks down, or better 
perhaps, becomes inadequate, when there are great 
changes in the density of the medium experimented 
with, and this has occasioned difficulties in aero- 
nautical work, where the speeds required for the law 
of comparison to hold good may approach the speed 
of sound. It is for this reason that the high pressure 
wind channel was. installed -near Washington, 
whilst another and larger.is now under construc- 
tion at Teddington. In other cases, as in that of high 
speed projectiles, the head resistance becomes such a 
large fraction of the total that the forces due to 
viscosity can be ignored, and: the law of comparison 
must then be based on the speed of sound in the 
fluid. According to Sir Oliver Lodge, when a shot 
moves faster than the normal speed of sound in air, 
the adiabatic compression at the head of the pro- 
jectile raises the temperature of the layer in con- 
tact with the head until the speed of sound in this 
layer is equal to that of the projectile. 

The utility of models in studying air resistances 
has received fresh demonstration in the triumph 
of the ‘‘ Golden Arrow ” with which Major Segrave 
succeeded in handsomely beating all prior motor-car 
speed records. An interesting photograph illus- 
trating the model used was exhibited by Mr. 
Johansen during the reading of his paper. 

One use of models not touched on in this paper is 
their application to problems in river and harbour 
engineering. The first step was made by Osborne 
Reynolds in 1885, when he showed by means of a 
model of the Mersey Estuary that certain works 
proposed for the then projected ship canal would 
produce no appreciable effect on the tidal conditions. 
By raising and lowering many times the water level 
of his model in imitation of the tides, he showed that 
the sand layer on the bottom was moved into a 
very fair representation of the channels and banks 
then existing. 

A little later Vernon Harcourt showed that the 
original condition of the Seine estuary as it existed 
in 1834, was quite well represented by a model 
in which the tidal flow was simulated. The bore 
was reproduced on the model, as also a certain 
reverse current, and later on, by adding to the model 
the training walls constructed since the date cited, 
their effects as actually observed, were proved to 
be also reproduced. Still later a model was made 
of the Mersey estuary, in which the tidal limit was 
extended out beyond the bar, and again a fair repre- 
sentations of existing conditions was obtained. 

One field in which models may well prove exceed- 
ingly useful is provided by vibration problems. It is, 
of course, notorious that disc vibration has occasioned 
the wreckage of quite a number of steam turbines, 
and this has led to an exhaustive study of the 
whole problem both by experiment and theory. 
Mr. Johansen, in dealing with this matter, seemed 
to suggest that the only cases which could be 
dealt with mathematically were.discs of uniform 
thickness. This is probably correet go far as general 
solutions are concerned. Nevertheless, very compli- 
cated cases may be dealt with arithmetically by 
making use of Lord Rayleigh’s method, of equating 
the kinetic energy at mid vibration, to the poten- 
tial energy at maximum displacement. The mere 
numerical work involved may, however, prove little 
less than appalling. Model experiments have, there- 
fore, a great attraction in this field, although so far 
as we know the method has rot«yet been adopted 
to any considerable extent. Designers seem inclined 
to content themselves with being certainly on the 
side of safety, and an experienced hand can now, 
from mere inspection, form a very good idea as to 
whether a particular disc is, or is not, likely to give 
trouble. 

Useful data on wind loads have also been obtained 
with models. Some of the more interesting experi- 
ments of this kind were made by Mr.1. Irminger at the 
Copenhagen gas works over thirty years ago using 
very simple means.* The “ wind ’’ required was pro- 
duced by the draft of a large chimney.. The models 


* ENGINEERING, December 27, 1895, page 787. 








showed very clearly that the main danger lay in the 


suction on the lee side of a roof, a fact which had, we 
believe, not previously been realised. In practice, 
however, questions of relative exposure come in, and 
these cannot be satisfactorily dealt with by means of 
models. Moreover, Sir Benjamin Baker’s experi- 
ments at the Forth Bridge showed that extreme 
pressures might be very local, those recorded by 
his small dynamometer being considerably in 
excess of what was registered on the larger area. 
Again, it seems doubtful if any considerable practical 
advantage would follow from model experiments 
on the air resistance on trains suggested in Mr. 
Johansen’s paper. It is probably not practicable 
to do much either towards fairing the, ends or 
smoothing the surface of trains. Since curves 
have to be traversed, there must be openings left 
between the carriages, and much of the under gear 
and other sources of resistance could not con- 
veniently be fenced with stream line shields. 
Moreover, one great source of air resistance lies in 
the grinding of flanges against rails by the action 
of a strong side wind. Cases have been noted of a 
train being brought to a standstill by this cause. 
Hence model experiments on train resistances seem 
likely to be interesting rather than directly useful, 
save in very special circumstances. 








THE DETECTION OF FLAWS IN RAILS. 

ALTHOUGH in this country but little trouble has 
been experienced from the breakage of rails due to 
hidden flaws, the effects of fractures may be so 
serious that considerable interest attaches to any 
method of reducing their incidence, even here. 
Abroad, in some countries, rail breakages are per- 
haps less infrequent, possibly sometimes owing to the 
fact that the steel used may be of a lower quality 
and the methods employed for track construction 
inspection and maintenance, necessarily, of a less 
elaborate character than is the standard practice 
in this country. We do not wish, however, to 
discuss the relative frequency and causes of rail | 
breakages on this occasion, but rather to refer to | 
means developed in the United States with the | 
object of enabling those due to the presence of | 
hidden transverse fissures to be avoided. 
fissures, which develop in service, may extend over 
a very large proportion of the cross-sectional area 
without actually reaching the surface, so that their 
detection by a visual inspection of the most searching 
character is then impossible. X-ray investigations 
and magnetic tests are capable of indicating the 
presence of the class of defect referred to, but the 
former could hardly be applied outside the laboratory 
and the latter, although not without their prota- 
gonists, involve certain difficulties in application, 
not the least of which is the fact that local variations 


in the magnetic properties of material actually free | 
from flaws may produce effects even greater than | 


those due to the flaws themselves. It must be 


remembered, in this connection, that, in the case | 
of a transverse fissure which has not extended to | 


the surface, the “air gap” is of minute length, so 


that it does not increase the magnetic reluctance | 
as much as might be expected ; the effect may, in | 
fact, be less than that due to hard spots or other | 


defects not actually involving discontinuities in the 
metal. 

The method of detecting these flaws to which 
we now desire to call attention, does not make 
use of the magnetic properties of the rail, and has 
the advantage that it can be applied easily and 
rapidly to rails in position in the track, as well as 
in the laboratory or rolling mill. It has 
developed for and with the assistance of the 


American Railway Association and the American | 
Railway Engineering Association, by Mr. Elmer A. | 


Sperry, who described the principle and the 
apparatus employed in an interesting paper read 
before the American Iron and Steel Institute at 
New York, in October last. To explain the 


principle, it may first be pointed out that, if a/| 
heavy current is passed through a rail which is | 


perfectly homogeneous and continuous, the poten- 


tial will fall uniformly along the length of the rail, | 
since the resistance per unit length is constant. | 
If, under these conditions, the potential be measured | 


between any two pairs of equidistant points in 
the direction of the current flow, the voltage drop 


Such | 


been | 
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between each pair will be the same, and a differential 
galvanometer connected to the two pairs of points 
would. be unaffected. If, however, the section of 
rail between one pair of points includes a transverse 
fissure, or any other impediment to the uniform 
flow of the current, the voltage drop between that 
pair of points will be greater than that between 
the other pair, and the deflection of the galvano- 
meter will be proportional to the difference in 
the voltage drops, and therefore, of course, to the 
difference in the resistances of the two lengths of 
rail between the points to which the galvanometer 
is connected. 

Although no galvanometer is used in Mr. Sperry’s 
portable apparatus, to which we propose mainly 
to confine our attention, the principle employed is 
similar to that explained above. The apparatus 
comprises a standard track-maintenance trailer car, 
on which is erected a structure housing the power 
plant, amplifying apparatus and recording gear. 
Any convenient form of motor car can be used for 
hauling the trailer car, the operating speed of which 
is about 5 miles per hour. The power plant consists 
of a 25-h.p. petrol engine driving a continuous- 
current generator, having an output of 4,000 
| amperes at a pressure of 2 volts. This current is 
|led into and out of the two running rails by four 
| sets of copper brushes, two sets, of eight brushes 
| each, bearing on the tops of each of the rails, with 
| a longitudinal distance of about 3 ft. between them. 
| The brushes, which are inclined at about 45 deg. 
'to the horizontal, are mounted on a rigid frame, 
|which can be raised or lowered by means of a 

lever in the car. In front of the leading contact 
| brushes on each rail a rotary scratch brush is 
| fitted, in order to remove any rust and dirt from 
the rails. 

| Between the sets of main contact brushes are 
| fitted three small potential brushes, which make 
| contact with the surface of the rail at equal distances 
| apart, and each of these brushes is separately con- 
nected to the primary winding of a small transformer 
carried in the car. The primary, it should be 
explained, consists of two equal windings, and 
the connections to the potential brushes are arranged 
so that the windings are in opposition. No flux is 
therefore produced in the core of the transformer 
as long as the voltage drop between the first and 
second potential brushes is equal to that between 
the second and third, and the voltage drops, it 
should be noted, will remain equal, in spite of any 
variations in the heavy current flowing in the rail. 
| If, however, a fissure exists in the portion of the 
|rail between the first and second brushes, the 
voltage drop will be greater between these brushes, 
and a flux will be produced in the transformer core, 
the flux being rapidly reversed as the fissure passes 
under the second brush and returning to zero as it 
passes under the third. At each change in the 
| flux, an electromotive force will be induced in the 
| secondary winding of the transformer, the greatest 
effect, of course, being produced when the flux 
| changes sign as the fissure passes under the middle 
brush. The electromotive forces produced in this 
way are amplified by a four-valve transformer- 
coupled amplifier carried in the car. In the plate 
circuit of the last valve of the amplifier, relays are 
‘included for the operation of recording pens, and 
also for ejecting a spray of paint on to the side of 
the rail in order to indicate the position of the fissure 
or other defect ; means are, of course, provided to 
prevent the paint spray from functioning at the 
| ordinary rail joints. 

The recording gear of the latest equipment 
/employs nine pens, marking on a paper strip which 
moves at the rate of ys-in. per foot of track covered 
by the car. One of the pens is used to enable the 
operator to indicate any special landmarks passed, 
and two others show the positions of the joints on 
each of the two lines of rails. The other six pens 
'serve to record the presence of fissures or other 
similar defects, three being used for each rail. 
The three pens for one rail are separately operated 
by relays of different sensitivities, so that in the 
case of a large fissure, the area of which is 25 per 
cent., or more, of the area of the rail head, a kink 
occurs in each of the three lines produced, smaller 
fissures affecting only those pens operated by the 
more sensitive relays. The most sensitive pen 
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gives an indication i in the case of a transverse fissure 
with an area of about 7 per cent. of the rail-head 
area, while the pen of, intermediate sensitivity is 
operated by a fissure with an area of about 15 per 
cent. It is thus possible to obtain from the record 
a good idea of the magnitude of the defect, as well 
as its position. Kinks, of course, occur in the three 
record lines for each rail at the positions corre- 
sponding to the rail joints, hut as these can be 
identified from the two separate records,mentioned 
above, their presence leads to no confusion. 

We gather from a recent issue of Railway Engineer- 
ing and Maintenance, that the detector car of the 
American Railway Association completed its first 
actual service. run in November last, over the two 
main-line tracks of the New York Central Railroad 
between Beacon and Rensselaer, New York. The 
total distance covered was 166 miles, and the rails 
passed over numbered 53,000. . These rails had 
been in service for an average period of 5} years, 
and defect indications were recorded in only 0-06 
per cent. of the number; most of the indications 
were of moderate or weak intensity. In a length of 
track in which the rails were from 10 years to 15 
years old, on the other hand, the number of fissures 
detected was very much greater. In the initial 
run above referred to, the car covered from 18 miles 
to 38 miles a day, while on a check run, in which 
records were only taken over portions of the track, 
the car mileage averaged about 40 a day. 

Another car containing some improvements in 
design and arrangement, made as a result of experi- 
ence obtained with the first, has been constructed 
for, and is being operated by, the Sperry Rail 
Service Company, of Chicago, a company recently 
formed for the purpose of investigating the condition 
of rails in situ, as explained above. The investiga- 
tions so far carried out have, we presume, been made 
exclusively on flat-bottomed rails spiked to the 
sleepers, and the question may, perhaps, be raised 
whether the apparatus would function equally well 
with rails supported on cast-iron chairs, as is the 
standard practice in this country. It is conceivable 
that the chairs, if they make sufficiently good 
electrical contact with the rails, would, in effect, 
increase the area of cross section for the passage of 
the current, and so produce local reductions in the 
voltage drop which might be recorded. Most 
probably, however, the thin film of rust on the 
contacting surfaces of the rail and chair would be 
a sufficiently good insulator to prevent the effect 
suggested. In any case, since on by far the greater 
part of the world’s railways the system of track 
construction employed is similar to that used in the 
United States, there will be ample scope for the 
application of the apparatus referred to, and its 
use may relieve railway engineers responsible for 
track maintenance from some anxiety. 
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It is difficult to determine to what extent this 
improvement in employment was accounted for by 
the improvement in exports, to which detailed 
reference will shortly be made, and to what extent 
improvement in the home market was responsible. 
According to the Census of Production figures 
relating to the year 1924, roughly 42 per cent. of 
agricultural machinery production in this country 
is exported. Agricultural machinery imports dur- 
ing 1928 declined somewhat on previous years; 
therefore one might conclude that home demand 
had been satisfied by home producers to a greater 
extent than usual. On the other hand, however, 
it must be kept in view that the agricultural in- 
dustry in this country is at the present time in a 
critical condition, and every year more land is laid 
down to grass. It is difficult, if not impossible, at 


TaBLE I.—Employment in Agricultural-Machinery 
Industry. 




















Numbers Index 
Year Employed. | 1913=100. 
1914 .. Be eS I 12,430 | 100-0 
1008 co) ce a pA mcs eee |) ed 
1923— 
baa half year 6,645 53-4 
” 9,535 76°7 
1924 | 
1st half year | 8,148 65-5 
2nd 1» 9.069 72-9 
1925— 
1st half year 9,851 79-2 
wie ae 10,341 83-2 
ist half year 10,134 81-5 
a 9,556 76-8 
1927 
1st half year 9,492 76°3 
2nd ys 9,369 | 75-4 
1928 | 
1st half year ae aa asl 9,700 | 78-1 
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this early alia even to estimate to what extent the 
decline in imports is the direct result of the decline 
in area of arable land and the increase in meadow- 
land, but on balance it seems a reasonable deduction 
that the home market for agricultural machinery 
has not been good, probably not so good as the 
previous year, and that the export demand is alone 
responsible for the slightly better position of the 
industry during 1928. 

Corroboration of the improved employment 
statistics shown in Table I is to be found in 
Table II, below, which gives over a period of years, 


TasLe II.—U.K. Exports of Agricultural Machinery and 

















VIII.—AgGricuLtuRAL MACHINERY. 


THE year 1928 has not been a good one for 
British manufacturers of agricultural machinery, 
but, even so, the results of the year are rather 
better than were anticipated this time last year. 
In reviewing this branch of engineering production 
it was suggested, early last year, that its outlook 
could not be described as good, and that it. would 
do well if it maintained the level established in the 
year 1927. In point of fact, on export account at 
least, it has improved slightly on the 1927 level, 
and even on the 1926 level, both with regard to 
volume and value. 

The first indication of this slight improvement is 
to be found in the increase in the number of work- 
people employed. Official Ministry of Labour 
employment statistics are not available, and so 
it is necessary to rely, as on previous occasions, on 
a sample of employment in the main agricultural- 
machinery manufacturing districts. This sample 
may be regarded as thoroughly representative of 
the industry, and capable of giving a reliable indi- 
cation of the state of employment. 

As shown in Table I, employment during 1928 was 
better than at any time since 1925, but it may be 
stated with reasonable accuracy that at this stage 
the industry is employing about 25 per cent. less 
workpeople than it did before the war. 























Tractors. 
Monthly | Volume Index Value per | Index 
Average for | Tons. 1913=100.| Ton-£. | 1913=100. 
| 

1913 | 6,125 100-0 40-7 100-0 
1922— | 

Ist Qr. | 699 11-4 96-4 236-8 

2nd ,, | 960 15+7 82:5 202-7 

8rd ,, 881 14-4 89-8 220-6 

4th ,, | 882 14-4 83-7 205-6 
1923— 

Ist Qr. 985 16-1 78°8 193-6 

2nd ,, | 1,716 28-0 76°3 187-4 

3rd ,, 1,283 20-9 79°38 194-8 

4th ,, 1,175 19-2 85-2 209-3 
192 

Ist Qr. wf ate 19°8 79+1 194°4 

2nd ,, ..| 2,335 38-1 71-4 175-4 

3rd ,, =| 1,552 25-3 84-3 207-1 

4th ,, ..| 1,458 23°8 79-9 196-3 
1925— 

Ist: Qr. ..| 1,665 27-2 76-2 187-2 

2nd ,, ..| 2,880 38-9 76-2 187-5 

3rd ,, ..| 1,997 32-6 80-0 196-5 

4th ,, ee ee 27°8 80-9 198-7 
192 

Ist Qr. | 1,775 29-0 78-7 193-4 

2nd ,, ..| 1,724 28-2 77-1 189-4 

3rd ,, ..| 1,926 31-5 73°3 180-1 

4th ,, at 21888 22-6 82-6 202-9 
1927— 

Ist Qr. 1,275 20:8 76-7 188-5 

2nd ,, 27118 34-6 78-1 | 192-0 

3rd ,, 1,686 27°5 76-3 187°5 

th ,, 1,376 | 22-5 78-9 | 194-0 
1928— 

Ist Qr. | 1,357 | 22-2 84-9 208-4 

2nd ,, | 2982 | 37-2 | 77-7 191-2 

3rd ,, | 2,013 32-9 81-4 | 200-2 

4th ,, 1,607 | 26-2 | 77-4 | = :190+4 
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in monthly averages per anti statistics of saat 
of agricultural machinery expressed both in volume 
and value. 

The total value of British exports of agricultural 
machinery during the year 1928 was 1,743,000/., 
an improvement of over 100,000/. on 1926 and 
250,0007. on 1927. In volume, the total exports 





amounted, in 1928, to 21,780 tons, comparing with 


20,303 tons in 1926 and 19,347 tons in 1927. It is 
thus seen that the forecast of last year was rather 
too much on the conservative side. Trade with 
European countries has improved slightly, as indeed 
it has with South America and British South Africa, 
but the most pronounced improvement is to be 
found in the Board of Trade classification “‘ Other 
Countries,” where an advance in value of 80,0001. is 
to be found. 

A reflection of the imports position can be seen 
in Table III. 

Imports remain fairly steady, showing a slight 
favourable decline on the high level of 1927, and 
remaining consistently lower than the pre-war 
average importation. It is gratifying, too, to 
observe that the price paid for these imported 
implements is very little greater than the price 
received for our exports. The fact that our im- 
ports are less than the average imports before the 
war is not such a satisfactory consideration as it 
might appear to be at first glance, because although 
the monthly average of imports in 1913 was about 
800 tons, this was related to an average monthly 
exportation of over 6,000 tons. At the present 
time our monthly average importation, of rather 
less than 800 tons, is related to an exportation of 
less than 2,000 tons. Relatively, therefore, the 
position of the industry is not good when compared 
with that of pre-war times. 

The foregoing statistics indicate that the position 
of the agricultural-implement manufacturing in- 
dustry in this country is not sound, but an even 
better indication of its serious plight may be secured 
from a consideration of international exports of 
agricultural” machinery. In Table IV, given on 
page 400, the value of the exports of the four 
principal agricultural machinery exporting countries 
is given for a period of years expressed in pounds 
sterling at the average rate of exchange for each year. 


TABLE III.—Net Imports of Agricultural Machinery and 











Tractors. 
Monthly Volume Index Value per Index 
Average for | Tons. |1913=100.) Ton-£. | 1918=100. 
os aL Aa Oe as aN 5 
| | 
1913 | 795 | 100-0 | 32-0 | 100-0 
1922— 
Ist. Qr. | 6479) | (8865 | 91-8 | 286-9 
2nd ,, 201 25-2 88-9 | 277-8 
8rd , 136 17-1 | 98-5 307-8 
4th ,, — — siti kab 
1923— | 
Ist Qr. 278 «| #350 | 72-2 | 225-6 
2nd ,, 653 | 82-1 | 76-7 | 239-7 
Srd ,, 311 | 39-1 | 69-6 217-5 
4th ,, | 214 26-9 | 86-7 270-9 
1924— | 
Ist Qr. | 863 | 108-5 | 61-6 192-5 
2nd ,, 481 60-5 76-5 239-0 
3rd ,, | 503 } 63-3 | 78-1 244-0 
4th ,, 771 97-0 67-8 211-9 
1925— 
Ist Qr. 795 100-0 | 64-8 202-5 
2nd ,, 856 107-7 | 70-3 | 219-8 
8rd _,, 512 64-4 | 64-5 | 201-7 
4th ,, 388 | 48-8 79-1 | 247-2 
— iQ? | Q7. . | 192- 
st Qr. 1,092 | 187-4 | 61-7 | 2 
2nd ,, | 584 | 73-5 | 60-2 | 188-2 
8rd ,, 412 51-9 69:9 | 218-8 
4th , 555 69-9 75°3 235°3 
1927— 
Ist Qr. 850 107-0 62-2 | 194-5 
2nd ,, 952 119-8 | 62-4 | 195-1 
8rd ,, 379 47-7 | 69-9 | 218-8 
4th , 667 84-0 66-3 | 207-2 
1928— | | 
Ist Qr. 957 | 120-4 71-6 | 223°7 
2nd ,, 614 | 77-2 64-9 | 202-8 
8rd ,, 365 45-9 | 81-2 | 253-7 
56 71:6 63:4 | 198-1 


} 

This table dens that, since 1924, the value of 
British agricultural implement exports has fluc- 
tuated within close limits, but the total average 
value per annum is over 1,000,000/. less than in 
1913. Taking into account the difference in the 
value of money to-day and in 1913, this decline 
in financial return is clearly very much greater 
than appears on the surface. As against this, 
France, Germany and the United States of America 
have all advanced beyond their 1913 level. Before 
the war, this country took second place to America 
in the international market, America having less 
than 50 per cent. of the total world demand. To-day 
we take third place, and America supplies over 80 
per cent. of the world requirements. 

Statistics of volume are not made available by 
the United States, but even so consideration of 
the volume of exports from the three remaining 
countries is instructive. 
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From this table it is to be seen that, whilst before 
the war the volume of exports of British agricultural 
machinery was much greater than the volume of 
France and Germany, in fact greater than the two 
combined, these two countries have now passed 
us, and their very much cheaper production is 
obvious if the volumes shown in Table V are com- 
pared with the values shown in Table IV. This 
disparity in prices may be, to some extent, accounted 
for by the superior quality and higher grade of 
the British product, but it can hardly be entirely 
accounted for in that way. 

It seems that the world demand for agricultural 
machinery continues to expand steadily. Our 
competitors have succeeded in expanding their 
export account, not in proportion to the increased 
demand, because America has secured practically 
the whole of it, but considering our pre-war position 
this country appears to be in a virtual impasse. 

Most probably the amount of competition between 
agricultural-implement makers in this country for 
such enquiries as are made is very great, and the 
volume of money spent by competing firms in 
their efforts to secure the rejatively few available 
orders is altogether out of proportion to the value 
of the orders when executed. 

It is well known that a number of agricultural 
machinery makers have had to turn to the manu- 
facture of other commodities in order to keep their 
works going. In some cases it might almost be 
said that agricultural machinery has become a 
product of secondary importance, and it seems 
clear that British firms engaged in the manufacture 
of agricultural implements will require to consider 
their position very seriously and determine whether 
it is not possible, in the interests of the industry 
and individual prosperity, to eliminate this un- 
necessary and positively strangulating competition. 
Agricultural engineers require to get together and 


TABLE IV.—JInternational Exports of Machinery. 
Value in £000. 


— | 1918. | 1924. | 1925. 1926. 1927 1928. 
United King- | 
dom | 2,989 | 1,580 | 1,804 | 1,612 | 1,501 1,742 
France ..| 586 | 619| 586 | 548 638 | 885* 
Germany ..| 1,752 | 1,044 | 1,766 | 1,882 | 1,621 | 1,856* 
U.S.A | 8,426 | 13,580 | 16,070 | 17,660 | 18,550 | 24,470* 





13,753 | 16,773 | 20,226 | 21,702 | 22,310 | 28,953 
* Estimated on incomplete returns. 


TABLE V.—International Exports of Agricultural 
Machinery.— Volume in Long Tons. 


| 1 | ei Fi 
1913. | 1924. | 1925. | 1926. | 1927. | 1928. 


United King- | 

dom —_...| 73,498 | 19,635 | 23,142 
..| 12,120 | 13,450 | 14,390 
. | 40,090 | 20,790 | 38,670 


| 20,303 | 19,367 | 21,780 
| 19,020 | 16,650 | 22,870¢ 
| 42,500 | 35,260 | 37,570* 


| 81,823 | 71,277 | $2,220° 


France 
Germany 





125,708 | 53,875 | 76,202 
| ! | 


* Estimated on incomplete returns. 


consolidate their position in order to face unitedly 
the successful advances being made by their foreign 
competitors. In other words, there appears to be 
excellent scope in this branch of engineering for 
rationalisation. 

Before the war, Russia was one of the most im- 
portant markets for British agricultural implement 
makers. The virtual closing of this market in 
recent years may be said to be responsible for 
the decline of the industry in this country, and 
it was indeed gratifying to read, in the public Press 
recently, that prominent agricultural implement 
manufacturers had associaved themselves with 
the trade delegation which is about to investigate 
the possibilities of re-opening trade with that 
country. Russia is predominantly an agricultural 
country, and agriculture there is suffering from 
lack of essential implements. This country is an 
excellent market for the disposal of Russian 
agricultural production. What more natural then 
than that Russsia should be an equally excellent 
market for the disposal of British agricultural 
implements. It is to be sincerely hoped that the 


trade delegation will meet with success, and that 
British agricultural engineers will not be slow to 
take full advantage of the opportunity which is 
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presented to them of exploiting and supplying a 


market which, as far as can be visualised at this 
stage, has insatiable requirements for agricultural 
machinery. 

If the trade delegation to Russia meets with 
success, then the prospects of agricultural engineers 
in this country will brighten considerably. If, 
however, for reasons which cannot be imagined at 
this juncture, success is not achieved, then agri- 
cultural engineers must look forward to a continua- 
tion of their depression and a steady strengthening 
of the competitive position of their chief rivals, 
namely, Germany and the United States, who are 
already doing a considerable trade with Russia at 
our expense. 

The momentum of increased production such 
as the Russian demand would give us, and such as 
we can now expect from no other world market, is 
the most essential requirement for that cheapening 
of production and technical improvement of pro- 
duct which stands between us and the restoration 
to and improvement on our pre-war position. 








NOTES. 
THE MacuHInE Toot TRADES ASSOCIATION. 


THE attitude of the Machine Tool Trades Associa- 
tion has been, on occasion, characterised as rather 
too insular, but a proposal which was made, and 
approved, at its annual general meeting on Wednes- 
day, March 20, seems to us to be indicative of a 
broad outlook and a progressive policy in matters 
involving trade abroad. The motion carried inaugu- 
rated a scheme to encourage employees to learn 
foreign languages, and a sum of about 250/. a year 
will be set aside for three years to provide prizes 
for proficiency in them. No details have as yet been 
worked out, but two fundamental conditions have 
been laid down: firstly, that the recipients shal! be 
engineers, and, secondly, that they shall be actually 
in the employ of the firms comprising the Associa- 
tion. These rules would appear to show that the 
intention was to keep the scheme on really practical 
lines, and not merely to make it furnish more 
laurels for the schoolmaster’s bright boy who has 
a habit of defeating the original intentions of 
scholarship founders. Another noteworthy feature 
of the meeting was the satisfactory report received 
relative to the last Machine Tool Exhibition, which 
was stated to have proved a technical and com- 
mercial success, and to have established a record 
financially. The annual dinner, which was held on 
the evening of the same day, also set up a record 


~ | in the number of guests and proved a most success- 


ful function. The chair was occupied by the Presi- 
dent of the Association, Sir Alfred Herbert, who 
proposed the toast, “Industry.” This was to have 
been replied to by The Rt. Hon. Lord Melchett and 
Mr. J. T. Brownlie, but, owing to the absence of the 
former, through indisposition, his place was taken by 
Lieut.-Colonel R. K. Morcom. “‘ The Machine Tool 


| Trades Association” was proposed by Sir Herbert 


Austin and responded to by Mr. J. R. C. Kearns. Mr. 
Harold Butler proposed the toast of “ Our Guests,” 
and Sir Gilbert C. Vyle replied to it. The health of 
the Chairman was proposed by Sir Edward M. Iliffe, 
and a reply from Sir Alfred Herbert terminated the 
proceedings. 

THE INSTITUTION OF CHEMICAL ENGINEERS. 


The attention which was given to the design, 
construction, operation, and efficiency of chemical 
plant during the European War was reflected in the 
formation, on October 20, 1918, of the Chemical 
Engineering Group of the Society of Chemical 
Industry, which group has continued its activities 
ever since. Shortly after the conclusion of hos- 
tilities, however, the opinion gained strength 
that a separate institution, which might act as a 
qualifying body for chemical engineers, should be 
formed. A number of conferences were called, 
and eventually, in March, 1922, an advisory com- 
mittee was constituted to consider the matter. A 
memorandum, articles of association, and by-laws of 
the proposed Institution of Chemical Engineers were 
drafted and ‘finally approved, and upon the completion 
of various preliminary matters, the inaugural meet- 
ing was held at the Hotel Cecil, London, on May 2, 
1922. The Institution was formally incorporated on 





December 21, 1922, and the first annual corporate 
meeting took place on June 8, 1923, at the Engineers’ 
Club, Coventry-street, London. The importance 
of the Institution has increased steadily year by 
year, and numerous interesting contributions to 
the proceedings have been made. A highly success- 
ful meeting was held in the United States and 
Canada last year. The President of the Institution, 
Sir Alexander Gibb, speaking at the seventh annual 
dinner, held on March 20 last at Grosvenor House, 
Park-lane, London, W.1, stated that the Institu- 
tion was prospering. The membership was increasing 
steadily, though not too rapidly. The Council was 
determined that a high standard should be main- 
tained, and the membership examinations were very 
severe. In proposing the toast of ‘‘ The Institution,”’ 
Lord Chelmsford, Chairman of the Committee of 
University College, Gower-street, London, said 
that students in the chemical-engineering depart- 
ment of the College were being offered positions 
in industry even before they had completed their 
course. There was undoubtedly a great and 
growing demand for chemical engineers in all 
industries. In responding to the toast of «‘ Kindred 
Institutions,” Professor J. F. Thorpe, President of the 
Chemical Society, stated that the chemical engineer 
had rendered possible the utilisation, on an indus- 
trial scale, of organic reactions, and had thereby 
encouraged the further advancement of pure science. 
The dinner, at which Dr. H. Levinstein, Sir Frederic 
L. Nathan, Sir William J. Larke, and Mr. J. A. 
Reavell also spoke, was a very successful and 
enjoyable function, and was attended by some 200 
members and guests. 


AIRCRAFT ENGINEERING. 


Those young engineers who complain that there 
is nowadays nothing left to discover or even develop 
would have their belief in the immutability of 
present practice shaken had they attended the 
illuminating annual lecture to the Graduates of 
the Institution of Mechanical Engineers, which 
was given by Wing-Commander T. R. Cave-Browne- 
Cave on Monday, March 25. Entitled “‘ Aircraft 
Engineering in its Relation to Mechanical Engineer- 
ing,”’ it gave an excellent outline of a technique which 
is still developing and may yet have considerable 
effect on other branches of engineering. It was stated, 
for example, that in aircraft practice there was an 
insistent demand for economy in material simply 
to save weight, and so urgent was this demand that, 
dealing with service aircraft, it was axiomatic that 
it was worth spending 5/. to save 1 Ib. in weight. 
As a result of this limitation there followed a more 
comprehensive investigation of stresses, not only 
in the main parts, but in those details which in 
general engineering can be made of such generous 
proportions that the stress can be neglected. From 
this investigation again arose demands for new 
and stronger, yet lighter, materials, and research 
was required into the properties of such materials. 
Further, reliability under very exacting condi- 
tions must be ensured, and what had been accom- 
plished in this respect since the war the lecturer 
illustrated by a wealth of examples. Thus, four 


| twin-engine flying boats, with metal hulls, cruised, 


in the recent Far East flight, for 14 months over a 
distance of 28,000 miles, punctually to programme, 
and without any serious trouble or defect. The 
three air-cooled engines of an air liner, each weighing 
880 lb., and developing 410 b.h.p., recently flew 
38,000 miles in 400 hours, without even being decar- 
bonised. Engines of this type were running for 1,200 
to 1,500 hours between serious overhauls. Engine 
speeds were higher and transmission loads were 
greater than in ordinary practice, lubrication was 
a more exacting problem, and vibration and inertia 
assumed different proportions. The work was not 
confined to the petrol-driven engine ; the high-speed 
compression-ignition engine had developed rapidly, 
and would have useful applications to commercial 
practice. Even as far back as 1924 the Royal 
Aircraft Establishment had developed brake mean 
effective pressures of 101 lb. per square inch, with 
a consumption of 0-39 lb. per brake horse-power 
hour with a speed of 1,200 r.p.m. Then there were 
questions of heat transmission in which great 
quantities of air or gases had to be handled in 
apparatus occupying the minimum of space and 
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weighing as little as possible. These entailed investi- 
gations as to the best form of radiator and fans, 
based on airscrew design, having an efficiency of 
70 per cent. to 75 per cent. New materials included 
magnesium alloys, which were 40 per cent. lighter 
than aluminium. Methods of construction had 
been expanded ; thus acetylene welding had become 
of considerable importance, and aluminium tanks 
so constructed had been made to hold one ton of 
fuel, and weighed only 40 lb. The Royal Aero- 
nautical Society had authorised the lecturer to say 
that they would gladly welcome any member of any 
grade of the Institution of Mechanical Engineers 
to any lecture or informal discussion with no more 
' formality than signing the visitors’ book and 
appending his grade. The lecture concluded what 
is known as the graduates’ week-end, which com- 
menced with their annual dinner on Friday, March 
22. The chair at this successful function was 
occupied by Mr. Harold Heywood, and the President 
of the Institution, Mr. Daniel Adamson, was present 
as a guest. Mr. Adamson replied to the toast of 
“The Institution of Mechanical Engineers,” Wing 
Commander T. R. Cave-Browne-Cave spoke on be- 
half of “The Visitors,” and Mr. Loughnan Pendred 
proposed the toast of “The Graduates’ Section, 
London.” The official side of the Institution was 
represented by its assistant secretary, Mr. J. E. 
Montgomrey. On the following morning, Saturday, 
March 23, a visit was paid to Messrs. de Havilland 
Aircraft Company’s works and the Stag Lane Aero- 
drome. 
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The Geology of Petroleum and Natural Gas. By ERNest 
RaymonD LiteEy, Sc.D. London: Chapman and Hall, 
Limited. [Price 30s. net.] 

Durina 1927 the world production of petroleum 
reached the enormous total of over 1,250 million 
barrels, of which the United States contributed 
nearly three-quarters, viz., 903 million barrels. The 
phenomenal growth of the petroleum industry is 
the more remarkable when it is remembered that 
the first producing well was sunk only seventy 
years ago. Although petroleum had been obtained 
in small quantities previous to 1859 from seepages 
and from wells which had been sunk for obtaining 
salt, that year is marked by the sinking of the 
first well which was drilled with the hope of striking 
oil. It is probable that Colonel Drake, the 
instigator of this experiment, little dreamed of 
the far-reaching results to which it would lead and 
the enormous industry of which he was thus to 
become the pioneer. Apparently he concluded 
from the appearance of seepages on the surface that 
these originated from underground pools of oil. 
As a result of his success wells were sunk in various 
parts of the world, where such indications were 
available, and many of the more important oilfields 
were discovered solely by this means. As the 
demand increased, however, borings were made at 
gradually increasing distances from these surface 
indications and established the fact that oil can 
occur in great quantities many miles away from 
such seepages. In the early days geology played no 
part in the search for oil, but almost unconsciously 
it began to be applied in an elementary way. Thus 
the occurrence of oil appeared to be dependent 
upon the presence of certain sands, and the search 
was accordingly restricted to areas where these 
sands were to be found. Soon a definite relationship 
was established between the distribution of oil, 
gas and water, and the depth at which the sand 
was encountered. It was found that where the 
sand was met with at shallow depths the borings 
were more likely to be productive of oil and gas 
than when deeper borings were necessary. 

Scientific principles were applied in 1885 when 
Dr. I. C. White published his gravitational or 
anticlinal theory, which is simply that the ideal 
point of accumulation is at the crest of an anticline. 
This must now be supplemented by other conditions 
resulting from earth movements such as faults, 
unconformities, lenses, or salt domes. Capillarity 
produced through variations in porosity of rocks 
and hydraulic action of artesian waters are further 
factors which may influence conditions for the 
accumulation of oil. But the precise relation of the 





various geological features to the occurrence of 
petroleum in commercially payable quantities 
involves a large amount of scientific investigation 
which can only be undertaken at considerable 
cost. This, as has already been shown was not 
necessary so long as sufficient supplies could be 
obtained by following seepage indications, and 
so long as a large proportion of those prospectors 
who trusted mostly to chance in the discovery of 
payable oil pools continued to be successful. The 
enormous increase in the consumption of petroleum 
brought about by the development of the internal 
combustion engine, oil burning steam boilers for 
ships of all classes, and especially the vast increase 
in the numbers of motor cars, have made it in- 
creasingly difficult for oil producers to cope with 
the demand. In view of the great cost of drilling 
wells to greater depths, or merely on chance of 
finding oil, it is natural that any knowledge which 
may prove of value in locating new areas is receiving 
more attention than ever before. This then is 
where the petroleum geologist who has made a 
proper study of all the conditions is often able to 
give invaluable assistance. Although the industry 
has not the centuries of experience behind it which 
other similar industries such as mining can draw 
upon for guidance, nevertheless the data available 
are constantly increasing and are already so vast 
that it would be scarcely possible for one man to 
study the whole. Hence a book which deals com- 
prehensively with this mass of knowledge and 
whilst treating fully all the important aspects of 
the subject yet succeeds in keeping within the 
limits of a handy volume is certain of a hearty 
welcome by all those concerned with or interested 
in mineral oil. 

Such a work is The Geology of Petroleum and 
Natural Gas, by Ernest Raymond Lilley, Professor 
of Geology at New York University, who deals 
with his subject in unusually efficient manner. 
Theories are handled precisely in proportion to 
their merits, and it should be remembered that 
by its very nature geology is compelled to consider 
theoretical reasonings which are not infrequently 
widely divergent. But the author does not allow 
himself to be drawn away from his main theme ; 
the theories which he treats are all strictly relevant 
to petroleum and its occurrence, and hence of 
importance to the student of petroleum geology. 
A large number of descriptions of the geological 
formations in oilfields in various parts of the world 
are incorporated and help to enhance the value 
of the book very considerably, inasmuch as they 
give practical illustrations of the principles enun- 
ciated. A point which the author makes is that 
as time goes on the studies of the petroleum 
geologist will tend to become more exacting, and 
that he must now “devote himself to the study 
of historical geology, including both paleogeography 
and paleontology in the same way that he has 
devoted himself to the study of structural geology 
in attempting to locate new areas of local accu- 
mulation.” 

The arrangement of the subject matter is both 
logical and convenient for reference, and the 
bibliography is very complete. In conclusion it 
may be added that the publishers have done full 
justice to this excellent work by printing it perfectly 
on really good paper, and the illustrations, of 
which there are a number throughout the text, 
are equally well reproduced. 








An Introd y Textbook of Electrical Engineering. By 
Joun R. Benton. Boston, U.S.A.: Ginn and Com- 
pany. [Price 16s. 6d. net.] 

Tuts treatise is typical of a great number of books 

which appear in the United States on the subject 

of electrical engineering. It must be assumed 
that the type of book supplies a real demand because 
the output of such literature seems to be unlimited. 

Such books cover the whole field of electrical engi- 

neering in a general fashion, and impart a brief 

general acquaintance with facts so widely separated 
as the simple principles and definitions of electrical 
quantities, dynamo-electric machinery of all descrip- 
tions, transmission, together with apparatus, switch- 
gear and instruments connected therewith and even 
include detailed instructions for the resuscitation 
of victims of electric shock. The curricula for 





comprise such general instruction. The course set 
out is that followed in the University of Florida, 
and we are informed by the author, the Professor 
of Physics and Electrical Engineering, that it is 
“arranged for two recitations per week for one 
semester, with one two-hour laboratory period per 
week.” Assuming that the usual meaning be 
ascribed to the word semester, we are frankly 
puzzled by the statement that ‘in this course the 
classes have covered all the text (including about 
two-thirds of the problems) excepting Chapters I 
and XXII, which were covered in other courses.” 
Experience in the education of engineers in this 
country would discountenance such a recital of 
facts being put forward as a “‘ course’ extending 
over one semester: there is work for three years 
for a normal electrical engineering student if no 
further amplification were attempted than is 
found in these pages. 

The arrangement of the material might be 
improved, but we have no adverse criticism to 
direct against the subject matter except its sketchi- 
ness. The purpose of the book makes this almost 
inevitable, but many photographs of instruments, 
machines and other apparatus convey nothing but 
their general appearance. As a concise statement 
of the fundamentals of every aspect of electrical 
engineering activity, with the exceptions of illumi- 
nating engineering, electrochemistry and electrical 
communication, the work is reasonably well done 
and the book worthy of recommendation with few 
reservations. In the résumé of electromagnetic 
principles and definitions given in the opening 
chapter, the elementary facts of magnetism, such as 
polarity, unit magnetic pole, field strength, magnetic 
flux, lead by way of the magnetic effect of an electric 
current to the definition of the absolute unit of 
current strength. Practical units of current and 
resistance, the ampere and the ohm respectively, 
are then enunciated. It is a pity that the law which 
Ohm discovered is not often given in the form in 
which Ohm gave it out. The calculation of magnetic 
circuits including the magnetic properties of iron, 
the electromagnetic induction of e.m.f., units of 
inductance and capacity find a place in this short 
chapter and then dynamos are introduced in Chap- 
ter II. Succeeding sections on the construction and 
operating characteristics of direct-current generators 
are separated from each other by a consideration of 
transmission and distribution in direct-current 
systems. An equally curious sequence is observed 
in the interpolation of the chapter on the control 
of electrical energy in direct-current systems 
between that on dynamo characteristics and direct- 
current motors. A lecturer who dealt with the 
three-wire system of distribution before generator 
characteristics, or with motor starters and controllers 
before motor characteristics, would confuse many 
students. The sequence is wrong and indefensible. 
Again, alternating current generators and measuring 
instruments come before alternating current theory 
—a quite impossible sequence for teaching purposes ; 
correct sequence is especially important in such a 
course of instruction as the book purports to give. 








THE DOCKYARD SCHOOLS AND THE 
SECOND SCHOOL OF NAVAL ARCHI- 
TECTURE. 

By A. W. Jouns, C.B.E., R.C.N.C., M.LN.A. 

(Concluded from page 322.) 

Wir the closing of the Central Mathematical 
School one of the few avenues to promotion which 
had been open to the Dockyard apprentices was 
also closed, not to be reopened until 1864. Several 
of the best of the apprentices seeing chances of 
more rapid advancement than seemed possible by 
remaining in the Dockyards, left shortly after 
completing their indentures. The records of 
Lloyd’s Register of Shipping show that between 
1853 and 1864 many applied for, and not a few were 
appointed ship surveyors. Amongst these were 
Bernard Waymouth, of Devonport, later secretary 
and chief ship surveyor to the Register, and the 
designer of at least two famous clipper ships, the 
Leander (1867) and the Thermopyle (1868), the 
latter being particularly noted for her speed ; 
Benjamin Martell, of Portsmouth, later principal 





Sir James—Williamson, of Portsmouth, who from 
1892 to 1906 was Director of Dockyards. The 
names of those who secured employment elsewhere 
are more difficult to obtain, but they included Sir 
William Pearce, who became managing director of 
the Fairfield Shipbuilding and Engineering Company 
of Glasgow, and who at his death in 1889 was buried 
at Chatham, his native place. 

No steps were taken to re-establish a school of 
naval architecture until the Institution of Naval 
Architects made its successful effort in 1863. Some 
suggestions to enter and train suitable candidates 
for the higher constructive posts in the Dockyards 
and Admiralty were, however, contained in the 
report of a Commission appointed in 1858 to consider 
Dockyard economy. The chairman was Admiral 
Smart, the other members being Henry Chatfield, 
mastershipwright of Deptford Yard, Andrew Murray, 
chief engineer of Portsmouth Yard, Robert Laws, 
storekeeper at Chatham, and Robert Bowman, a 
civil engineer and shipbuilder of London. This 
Commission visited all the Dockyards, and amongst 
the various witnesses examined were the master 
shipwrights and their assistants. Questioned as to 
the probable successors of the ex-pupils of the First 
School of Naval Architecture, who were then 
occupying many of the principal posts at the Dock- 
yards and Admiralty, but were reaching the age for 
retirement, the witnesses were generally of the 
opinion that no suitable candidates were available. 
To remedy this, the majority of the witnesses 
expressed themselves in favour of the entry and 
training of a class of superior apprentices, as in the 
first school. The establishment of the Central 
Mathematical School they considered to have been a 
mistake, which should not be repeated, the pupils of 
the school being generally deficient in their 
knowledge of practical shipbuilding. 

Three of the witnesses, all trained at the First 
School of Naval Architecture, were not, however, 
so critical of the Second School or those who had 
been trained there. William Rice, master ship- 
wright at Woolwich, considered the closing of the 
school a matter for regret, suggested it should be 
reopened, and its pupils selected from the best of 
the Dockyard apprentices, together with a few of 
a direct entry of superior apprentices. Richard 
Abethell, master shipwright at Portsmouth, stated 
that the Central Mathematical School held out a 
promise of a supply of scientifically trained officers, 
and should not have been closed. If, however, 
another school were to be opened, he was inclined to 
favour the entry of a superior class of apprentices. 
Henry Cradock, assistant master shipwright at 
Portsmouth, gave it as his opinion, that several 
pupils of the Central Mathematical School were 
fully qualified to fill the higher positions at the 
Admiralty and Dockyards. 

The Commissionin a majority report recommended 
that for all positions above that of foreman of the 
yard, a class of superior apprentices should be entered 
and trained. Two should be entered at once, two 
more after three years, and one every three years 
thereafter. They were to be between 16 and 18 
years of age on entry, and after being certified 
as medically fit were to pass an examination in 
arithmetic, algebra, Euclid, trigonometry, mechanics, 
hydrostatics, dynamics, English, French and Latin. 
The first three years of their apprenticeship were 
to be spent with qualified instructors, wholly on 
practical work in the various shops, on the building 
slips, and on ships being completed for sea, to be 
followed by an examination in practical knowledge 
by the master shipwright. The following two years 
were to be occupied, one half on drawing work, 
and the remainder at the Royal Naval College, 
Portsmouth, on scientific studies, with six weeks 
in the fifth year visiting and inspecting private 
shipbuilding establishements. At the end of this 
period they were to be examined in technical and 
educational subjects, and any failing to pass the 
examination were to be put back for another year. 
In the sixth and seventh years the apprentices 
were to be employed as draughtsmen, and were 
also to visit Government and private forests to 
study timber for shipbuilding purposes. After 


the seventh year, European and American shipyards 
were to be visited, and voyages undertaken to! 
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study the behaviour of ships at sea. This com- 
pleted the training of the embryo naval con- 
structor, and it was expected he would return at 
the end of his ninth year of service, and on the first 
vacancy and without further examination be 
appointed assistant master shipwright. 

The ordinary shipwright apprentice was to be 
allowed to attain the rank of foreman of the yard, 
whose numbers and salaries the commission recom- 
mended should be reduced, but if any ex-appren- 
tices showed outstanding ability, it was recom- 
mended that one-third the vacancies to higher 
rank might be reserved for them. In making 
their proposals for the entry of superior appren- 
tices the Commissioners stated : 

“Tt is not good to take young men of a lower 
position in society, such as sons of working men, 
and by an examination in which they have been 
put into competition with none but their own 
compeers, raise them at once to a position superior 
to that of their own fathers, and families, which 
would necessarily be the case if any of the present 
class of shipwright apprentices were to be selected 
at any early age, and specially trained for the position 
of superior officers. We consider the selection 
from an inferior class, placing the person so selected 
in a position superior to all his connections around 
him, as was the case with the apprentices educated 
at the Central Mathematical School, has a bad 
effect upon the individual to a greater or less degree.” 

Chatfield in a minority report disagreed from his 
fellow Commissioners on nearly all their recom. 
mendations and with thirty-seven years’ intimate 
experience of Dockyard organisation and work had 
little difficulty in showing the unsoundness and 
impracticability of the majority of their suggestions. 
On their proposal for the training of superior 
apprentices, he stated it was his firm conviction 
that if it were adopted, it would prove a complete 
failure. Sir Baldwin Walker, the Surveyor, in 
forwarding the reports to the Board of Admiralty, 
stated that he agreed with Chatfield and especially 
in his remarks on the entry and training of appren- 
tices for the superior appointments. 

The reports of the Commission are dated June, 
1859, shortly after the Board of Admiralty had 
decided on the adoption of iron for the construction 
of the hull of the Warrior. The greater part of the 
labour and investigations of the Commission had 
been devoted to the consideration of more econo- 
mical methods of building and completing wooden 
ships in the Dockyards, and there is no mention 
of iron construction throught the reports. The 
recommendations contained in the latter had thus 
become obsolete before presentation to the Board of 
Admiralty, were treated as a dead letter, and the 
reports found a resting place in the Admiralty 
archives. 

The formation of the Institution of Naval Archi- 
tects was the suggestion of Scott-Russell, but 
amongst the first whom he consulted on the project, 
and who promised their support and assistance, 
were Dr. Woolley, Barnaby, and Reed, the last- 
named being persuaded to act as secretary to the 
promoting committee. It was decided to call a 
meeting of naval architects, and this was held at 
the Society of Arts on January 16, 1860, Henry 
Chatfield being voted to the chair. After Reed 
had explained the intentions of the promoters, it 
was unanimously decided to form an Institution. 
Sir John Pakington—later Lord Hampton—a former 
First Lord of the Admiralty, agreed to become 
President, whilst the list of Vice-Presidents included 
Sir James Graham, Drs. Moseley and Woolley, and 
Abethell, Watts and Lloyd, of the First School of 
Naval Architecture. Seven of their former school- 
mates—Chatfield, Cradock, Henwood, Pretious, 
Read, Rice, and Williams—were elected members 
of council. Edward Reed was appointed the first 
secretary to the Institution. 

As Reed had explained at the meeting in January, 
1860, one of the objects of the promoters, was to 
improve the training of naval architects, but the 
task of placing the young institution on a firm basis 
prevented any move in this direction until 1863. 
On March 28 of that year, Scott-Russell read a paper 
to the Institution on “The Education of Naval 
Architects in England and France.” In the course 
of his paper, he stated that the buildings of the 


First School of Naval Architecture erected at Ports- 
mouth in 1816, at a cost of 35,0001., were then 
(1863) occupied by two modest dockyard officials, 
who paid a rental of 601. a year to the Admiralty. 
He traced the history of the twe schools, particularly 
the second, and described the treatment which its 
pupils had received from the Admiralty. He then 
commented on the absence of any facilities at the 
time for the training of naval architects in this 
country. 

He next referred to a visit to the School of Naval 
Architecture in Paris, which he found -accommo- 
dated in a spacious building, well equipped in all 
respects, and the studies directed by M. Reech, 
a naval contractor of high scientific attainments. 
The majority of the students were sent there by 
the French Government, but representatives of 
many foreign countries were attending, by special 
permission of the French authorities. So urgent 
was the demand in France for trained naval archi- 
tects, that the pupils of the school were hardly 
permitted to complete the prescribed course of 
studies. Scott-Russell attributed the great ad- 
vances which had been effected in ‘he Imperial and 
mercantile marines of France during the previous 
20 years to the influence of this school. An interest- 
ing discussion followed the reading of this paper, 
and it was agreed that steps should be at once taken 
to secure the early establishm:<nt of a school in this 
country, Admiral Halsted and Reed both suggesting 
that it should be placed at Greenwich. 

As a sequel to the dicussion, the Council of the 
Institution, on April 13, 1863, appoin d a sub- 
committee consisting of Moseley, Woolley, Watts, 
Scott-Russell, Ritchie, Penn and Admiral Halsted, 
“‘to draw out a scheme for the consideration of the 
council with a view to the formation of a School 
of Naval Architecture.” This sub-committee esti- 
mated the annual expense of the school as 6,400I., 
of which it was suggested the Admiralty should 
contribute 3,000/., the Science and Art Department 
1,4001., whilst the remaining 2,000/. would be 
forthcoming from the fees of private students. The 
sub-committee recommended a three-years’ course 
of training, of which six months of each year would 
be spent at the school, and the remainder on practical 
work at the Royal Dockyards or private shipbuilding 
yards. The sub-committee communicated with the 
Science and Art Department, who warmly supported 
the proposal, and offered to provide the school 
buildings. 

The question of the training of naval architects 
was also raised in Parliament on April 28, 1863, 
when Sir James Elphinstone submitted a motion : 
“That an humble address be presented to Her 
Majesty praying that she will be graciously pleased 
to appoint a Royal Commission to consider the 
best mode of construction and form of the ironclad 
ships which are to compose the future navy of 
England.” Lord Robert Montagu moved as an 
amendment “ That with a view to provide for the 
economical construction of ships for the Royal Navy 
of the most suitable forms and materials, the Board 
of Admiralty should be empowered by Parliament 
to introduce into the public service a class of persons 
equal in education and position to the military 
cadets at Woolwich, and who, subject to certain 
regulations and conditions to be made with or by 
the Controller of the Navy, may ultimately fulfil 
the duties of Royal Naval Architects.” In support 
of this amendment, Lord Robert quoted from 
Scott-Russell’s paper, and also stated that both 
the P. & O. and the West Indian Mail companies 
were finding serious rivals in the French mail lines, 
whose ships were admittedly superior in many 
respects to those of the British companies, and 
this he attributed to the greater scientific abilities 
of the French naval architects, trained in the Paris 
School. Lord Clarence Paget, Secretary to the 
Admiralty, replying to the discussion, assured the 
House that the Board of Admiralty was fully alive 
to the importance of the matter, and was giving it 
full consideration. Consequent upon this assurance, 
the motion and amendment were withdrawn. 

Two days later, in the House, Sir John Pakington 
asked the Secretary of the Admiralty, if the Board 
had considered the necessity for a School of Naval 
Architecture, and if, in the event of such a School 
being established on a basis approved by the 
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Admiralty, the Board would support and encourage 
it. The Secretary replied that the Board was 
impressed with the absolute necessity for such a 
School, and would render every assistance to any 
proposal which was brought to their notice, but 
up till that time, none had b2en received. 
As soon therefore as the sub-committee appointed 
by the Institution of Naval Architects had formu- 
lated.its proposals* for a school, Sir John Pakington 
visited the Admiralty and explained the scheme to 
the First Lord and the Secretary. No reply having 
been received, the Council of the Institution, shortly 
before the spring meetings in 1864, requested the 
President to ascertain if Their Lordships had taken 
any action in the matter. This the President pro- 
mised to do, and also gave notice of a question in 
Parliament on the subject. On March 17, 1864, 
at the opening of the spring meeting of the Institu- 
tion, the President read a letter dated March 12, 
from the Science and Art Department, in which 
it was stated that it had been determined to open 
a School at South Kensington, and Dr. Woolley, 
Inspector of Schools, and Capt. Connelly, the 
Secretary to the Department, had been directed 
to prepare a report. 

From official papers subsequently published, it 
transpired that on January 13, 1864, the Secretary 
of the Admiralty had addressed a letter to the Coun- 
cil on Education, stating that the establishment of a 
college to provide instruction for the constructive 
officers of the Navy, and for promoting the study of 
the science of naval architecture and engineering 
had for some time been under consideration. Their 
Lordships considered the college should not be 
limited to Government students, but should be 
open to students likely to benefit the mercantile 
marine. They also considered it might with advan- 
tage be placed under the control of the Science and 
Art Department, they being satisfied that economi- 
cal and other advantages would result by enlisting 
the services of the many eminent professors already 
connected with the Department. The number of 
Admiralty students attending the college would 
not exceed thirty, but it was impossible to estimate 
the number of private students who would attend. 
The initial expenses of starting the college and 
those of the Government students under instruction 
would be borne by the Admiralty, that of the private 
students by their fees, and if the college secured 
public appreciation, it was expected it would 
become self-supporting. Inseeking the co-operation 
of the Council on Education in establishing the 
college, Their Lordships trusted it would prove of 
great advantage to this maritime country. In 
concluding the letter, it was stated Their Lordships 
had a collection of naval models, from which a 
selection might be made for instructional purposes 
and placed under the care of the Science and Art 
Department. If the Council concurred in the views 
expressed in the letter, details could be discussed 
with a view to obtaining Parliamentary approval 
for the necessary funds. 

This letter was read at a meeting of the Council 
on Education on January 19, 1864, and it was 
decided to issue the necessary instructions for 
carrying out the wishes of the Admiralty, the 
Secretary to the Council being directed to confer 
with the Admiralty and discuss the financial and 
other details. The 11th report of the Science and 
Art Department, issued May 11, 1864, referred to 
the college, and stated it was hoped to open it in 
November. 

On June 17, 1864, an Admiralty letter to all 
Dockyards stated that it had been decided to adopt 
measures for imparting a more advanced and 
liberal education than the Dockyard schools could 
furnish, and the Admiralty, in conjunction with 
the Council on Education, had arranged to establish 
a School of Naval Architecture at South Kensington. 
The most intelligent of the Dockyard apprentices 
and engineer students would be selected by com- 
petitive examination for entry to the school. Six 
months of each year, November to May, would be 

* On July 1, 1863, Sir William Snow Harris, F.R.S., 
published a pamphlet entitled “The Past and Present 
State of Naval Construction in the Government Service,” 
in which he traced the history of the two Schools of Naval 
Architeeture which had been established at Portsmouth. 


He suggested that a school for the higher education of 
naval constructors should be established at each Royal 
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devoted to study at the school, and the remaining 
six months to manual work, and the acquirement of 
practical knowledge at the Dockyards. Their Lord- 
ships anticipated that the school would be the means 
of supplying a staff of highly efficient officers for the 
Dockyards, and engineers for the Navy, but it was 
to be distinctly understood that promotion would 
depend solely on the ability and good conduct which 
the students exhibited in competition with others, 
after the completion of their education at the 
School. 
The examination for selection would take place 
annually, commencing on the first Tuesday in 
July, and extend over four days. Shipwright 
apprentices of more than four and less than six 
years’ service, and engineer students of more than 
three and less than five years would be eligible 
in future years, but for the first entry of eight 
apprentices and eight students, the upper limits 
of service in both instances would be waived. The 
subjects of examination would be pure mathematics 
up to and including differential and integral calculus; 
applied mathematics including mechanics and hydro- 
statics; practical shipbuilding and laying off for 
apprentices or marine engineering for students ; 
French ; physics and chemistry ; English grammar 
and composition ; geography and history. A com- 
parison of this list with that for entry into the 
Second School of Naval Architecture shows the 
great advance made in the curriculum of the 
Dockyard schools in the sixteen years’ interval. 
This school—the third or Kensington School of 
Naval Architecture—opened in November, 1864, 
with sixteen Government and four private students, 
and with Dr. Woolley as Director of Studies. In 
March, 1866, the report of the Council of the I.N.A. 
—who for some time took a close and fatherly 
interest in the progress of the school—stated that the 
Government students then numbered twenty-four, 
whilst nine private and four Russian students were 
also attending. It remained at South Kensington 
until October, 1873, when, following a complete 
reorganisation in the whole system of naval educa- 
tion, which had been prepared by Dr. Woolley, 
it was transferred to the Royal Naval College, 
Greenwich, established by an Order-in-Council of 
January 16, 1873. There the school still remains 
and may be termed the Fourth or Greenwich School 
of Naval Architecture. 
Accounts of both the Third and Fourth Schools, 
and the careers of their scholars have already been 
published, that of the former by one of its most 
distinguished pupils, Sir William Smith, C.B. 
in ENGINEERING of July 27, 1923, and of the latter 
in a paper read before the I.N.A. by Mr. E. L. 
Attwood, O.B.E., R.C.N.C., in 1905. 








LAUNCHES AND TRIAL TRIPS. 


“ Matrna.”’—Banana-carrying steamer. Trial trip, 
recently. Length, 400 ft. Built by Messrs. Cammell 
Laird and Company, Limited, Birkenhead, for Messrs. 
Elders and Fyffes, Limited. 

‘** Prescopoc.”—Single-screw Canadian Lakes cargo 
steamship triple-expansion engine. Launch, March 25. 
Length, 263 ft. Built for Messrs. Paterson Steamships, 
Limited, Fort William, Ontario, Canada, by Messrs. 
Swan, Hunter, and Wigham Richardson, Limited, 
Sunderland. 

“* ALGONQUINS.”’—Single-screw, single-deck, Canadian 
Lakes and Canals cargo steamer; triple-expansion 
engine. Launch, March 26. Main dimensions, 259 ft., 
by 43 ft. 2 in., by 20 ft. Built by Messrs. Barclay, Curle 
and Company, Limited, Scotstoun, for Messrs. Boland 
and Scott-Misener, Sarnia, Ontario, Canada. 


‘““THURLAND CASTLE.”—Twin-screw cargo motorship ; 
four-stroke cycle, single-acting, reversible Werkspoor 
Diesel engines, supplied by the North Eastern Marine 
Engineering Company, Limited. Launch, March 26. 
Main dimensions, 460 ft., by 60 ft., by 31 ft. 6in. Built 
by Messrs. Cammell Laird and Company, Limited, Bir- 
kenhead, to the order of Messrs. The Lancashire Shipping 
Company, Limited, of Liverpool, (Messrs. James Cham- 
bers and Company). 

“* Asnt.””—Single-screw passenger and cargo steamer ; 
triple-expansion engine. Trial trip, March 26. Main 
dimensions, 340 ft., length, by 43 ft. beam ; to carry 
3,000 tons deadweight on a draught of about 21 ft. 
Built by Messrs. Swan, Hunter, and Wigham Richardson, 
Limited, Walker, Newcastle-on-Tyne, to the order of the 
Compagnie de Navigation Paquet, Marseilles, France. 

“ Brika.”—Single-serew cargo steamer, triple-expan- 
sion engine. Launch, March 26. Main dimensions, 
384 ft., by 52 ft. 3in., by 28 ft. 3in. Built for Messrs. 








LABOUR NOTES. 


ALLUDING to the recent conference of Executive 
Councils on the engineering wages question, Mr. Hill, 
the General Secretary of the Boiler Makers’ Society 
says in the Monthly Report of his organisation that the 
feeling of the delegates was that ‘‘ they were not at 
that time authorised to decide on any definite step.” 
It was agreed, therefore, “that the application be 
referred back to the respective Executives to fully 
consider what action should be taken and to call 
a further conference on the question in the month of 
May.” ‘ These long drawn-out Conferences,” Mr. Hill 
goes on to say, “ with little or nothing at the end, do 
more than anything else to destroy confidence in trade 
union leaders. When employers refuse a claim, and 
refuse to compromise, and even refuse to arbitrate, 
the Conferences on the question should end. Certainly, 
a. strike should always be the last resort, and should 
be considered only when all peaceful means fail; but 
peace at any price is as little to be commended in 
industry as between nations.” 





At the end of February 12,927 members of the 
Boiler Makers and Iron and Steel Shipbuilders’ Society 
were “‘ signing the books,” as compared with 13,838 
at the end of January. The number of members in 
receipt of superannuation declined from 4,519 to 
4,356, and the numberin receipt of sick benefit increased 
from 2,887 to 3,185. The expenses for February were 
10,5871. 14s. 9d.; in January they amounted to 
10,5161. 16s. 5d. 





The Industrial Review, an official organ of the Trades 
Union Congress General Council, commenting upon 
the joint interim report of the Melchett-Turner Con- 
ferences, says that from the trade union point of 
view the production of a record of this character, 
‘“embodying agreed conclusions on so many points 
upon which employers and trade unionists might be 
expected to differ is significant. Taken in conjunction 
with the first joint report dealing with fundamental 
aspects of industrial relations, it supplies an answer 
to those who have opposed the policy of the T.U.C. 
General Council in entering into discussions with the 
group of employers headed by Lord Melchett. These 
published documents have shown that there is a great 
deal of common ground, and that the admitted 
differences of economic and political theory which 
have been emphasised by some critics of the Industrial 
Conference are not an insurmountable obstacle in 
the way of practical co-operation between the Unions 
and the employers.” 


A code of lighting for factories, mills and all other 
workplaces has been prepared and issued by the 
American Illuminating Engineering Society. The 
object is to provide authoritative information for 
legislative bodies, factory boards, industrial commis- 
sions and others concerned with the preparation of 
enactments and regulations for better lighting. It is 
intended also to serve as a guide for factory owners 
and operators seeking to improve lighting conditions 
in their factories. The first part of the code contains 
rules arranged in convenient form for legal enactments 
or regulations, giving the general requirements for 
minimum standards of lighting, rules relating to the 
avoidance of glare, the diffusion and distribution of 
light, and special rules for exit and emergency lighting. 
The second part gives suggestions and general informa- 
tion in regard to the rules laid down by the first part. 
The third part explains the advantages of proper and 
adequate lighting from various points of view, and 
particularly from the economic standpoint. The code 
is a revision of the original code, published in 1921, 
which was approved as the American standard by 
the American Engineering Standards Committee and 
served as a basis for legislation in several States. 


The weekly official organ of the Internationa 
Labour Office states that a Committee has recently 
been set up by the Belgian National Railway Company 
for the purpose of examining the question of vocational 
training for railwaymen. The Committee has met 
once and certain general rules have been laid down, 
defining the aims to be pursued, the nature of the 
programme of courses, subjects and methods of 
study, and the way in which the work is to be carried 
on. The intention is to arrange only such courses, 
lectures and other instruction as could not be provided 
by external initiative, inasmuch as they will refer 
exclusively to the interpretation of the staff regulations 
and special methods of applying technical knowledge, 
and will require permanent contact with actual working 
conditions. The courses will supplement the training 
given in public and private institutions and trade 
union technical schools. The Committee decided to 
set up a school of apprenticeship in the central work- 





F. C. Strick and Company, Limited, London, by Messrs. 





Dockyard. 


John Readhead and Sons, Limited, South Shields. 


shops. Candidates for admission will be required to 
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possess a technical school certificate, and¥preference 
will be given to pupils who have attended day classes. 
The principle of technical training up to 18 years of 
age will thus be applied in practice. 





# The Monthly Review of the United States Bureau 
of Labour Statistics recently published two interesting 
studies undertaken with the object of measuring the 
degree of regularity of employment in the iron and 
steel industry and the automobile industry, respectively. 
Stability was measured by comparing the monthly 
average of employment during the year with the 
number of employees in the month of maximum 
employment. Thus, if, during a particular year, a 
given plant had a monthly average of 90 employees 
and the maximum number in any month was 100, 
then the stability of employment might fairly be 
said to be 90 per cent. It was claimed that this 
method offered a fairly accurate measure of the degree 
in which a particular establishment had obtained a 
condition of stable employment. 





In respect of the iron and steel industry, it was 
found that, in 32 plants for which statistics were 
available, the average percentage of full-time employ- 
ment rose from 88-9 in 1923 to 91-2 in 1925, and has 
ranged round 94 during the past three years. There 
has also been a great increase in the number of plants 
with high records of regularity during the period from 
the beginning of 1923 to the end of August, 1928. 
While in 1923 only 6-7 per cent. of all the plants 
showed an average of 95 per cent. full time employ- 
ment, in 1928 this percentage had increased to 53-2. 
For several individual plants the showing was extra- 
ordinarily favourable. Thus, for the 12 months 
ending August, 1928, two plants had a record of more 
than 98 per cent. stability. 





In the automobile industry, the total number of 
establishments considered was 78. They represented 
all establishments engaged in the manufacture of 
motor cars, lorries, *buses, bodies, or some substantial 
part of a motor car for which data were available. 
Motor accessories and specialities had been omitted 
in order that the establishments which were included 
might be fairly comparable as regards working 
conditions and market influences. The annual 
averages showed consistently bad conditions with 
little or no improvement apparent. In fact, with 
the exception of 1926, each year showed a lower 
average than 1923. The actual average in 1923 was 
82-3 and in the twelve months ending November, 1928, 
it was 80-8. The industry as a whole did not vary 
much from year to year, but the individual establish- 
ments fluctuated widely and inconsistently with one 
another. For every year since 1923, except 1926, 
the stability index for more than one half the plants 
was under 85. Although the percentage of plants with 
an index of 90 or more was lower in 1927 and 1928 
than in the preceding years, a slight improvement was 
shown in 1928 as compared with 1927. Only two plants 
had a record as good as 90 per cent. for each of the six 
years. 





Following its usual practice, the United States 
Employment Service has made a survey of the employ- 
ment prospects for 1929. The general conclusion is 
that 1929 will be a good year. Favourable conditions 
are predicted in the iron and steel industry, the motor 
trade, textile and miscellaneous industries, the aircraft 
industry, and building construction. An extensive 
programme of road building will also be undertaken 
as soon as weather conditions permit. Opportunities 
for skilled workers appear to be promising, and agricul- 
tural employment prospects are regarded as very 
good. On the other hand, it is anticipated that there 
will be some unemployment among the ‘ white collar ” 
class and unskilled workers. 

Industrial and Labour Information states that on 
the proposal of the French Society of Civil Engineers, 
a federation of French associations, societies and 
unions of engineers, which will have between 40,000 
and 50,000 members, has been established. The 
Federation is to concern itself mainly with general 
questions affecting the engineering profession, especially 
when the public authorities propose to legislate on 
such questions; it claims tnat legislative decisions 
should not be taken without consulting it, and that 
it should be represented on the committees which are 
to prepare future regulations. The Federation con- 
siders that it will be entitled to representation in 
leading technical and economic circles, whether national 
or international. The engineering societies of the prin- 
cipal tecnnical schools and universities are to become 
affiliated to the Federation. 





Under an agreement which has been }provisionally 
arrived at by the National Union of gRailwaymen 
and the railway companies, the road transport em- 
ployees of the railway companies are to be organised 





for trade union purposes as railwaymen and not as 
road transport men. As railway men they will be 
conceded the guaranteeed 48 hours’ week, and a 
week’s holiday with pay each year. According to 
The Times Labour correspondent, it is provided that 
when necessary, the rostered turn of duty may be 


extended to 12 hours, exclusive of meal-times, and | : 


that there shall be not less than nine hours’ rest from 
the time of signing off to the time of next sign ng on. 
Time worked in excess of rostered hours on week-days 
is to be paid for at the rate of time and a quarter, 
and duty on Sunday, Christmas Day, and Good Friday 
at the rate of time and a half. That would appear to 
imply that Sunday is to be treated, as on the railways, 
as an overtime day outside the normal 48-hour week, 
but Mr. C. T. Cramp, the industrial general secretary of 
the union, has made it known that is is possible that 
in some cases “‘ Sunday may be compounded with the 
week.” 





The wage rates of road motor-drivers in London 
are to be 748. a week for Class 1 men, and 68s. for Class 2 
men, the rates in other industrial areas being 71s. and 
65s., and in rural areas 67s. and 61s. Motor-omnibus 
drivers are to have 64s. a week if driving public vehicles 
in London and 60s. if driving private vehicles ; 62s. and 
58s. in other industrial areas, and 58s. and 54s. in 
rural areas. Motor parcel vanmen and goods motor- 
drivers are to have 60s. a week in London if driving 
petrol or steam vehicles and 56s. if driving electric 
vehicles; 57s. and 54s. in other industria] areas, and 
53s. and 50s. in ruralareas. Motor-omnibus conductors 
are to have 58s. a week in London, 54s. in other indus- 
trial areas, and 50s. in rural areas. The agreement 
is subject to revision in twelve months’ time. 





The National Minority Movement’s weekly official 
organ, the Worker, in a leading article, says that the 
Balfour report, the Melchett-T.U.C. memo., and the 
Lloyd George pledge—are “‘ domes of platitudes to lull 
the workers into a false sense of security for the 
future.’ ‘By this means,” it is claimed, ‘ does 
capitalism hope to preclude any likelihood of the 
workers taking definite steps to advance their own 
interests now. That none of the proposals can, 
even if put into operation, have any fundamental 
effect on the huge unemployment canker, requires,” 
the writer says, ““no great quantity of acumen to 
perceive, for similar remedies have been tried, more or 
less consciously, time and time again here and abroad. 
Yet far from diminishing, the number of industrial 
outcasts grows; in Britain a million and a half, in 
Germany three millions, and about three and a half 
millions in America.” 





The most striking feature of all these reports is 
declared to be ‘“‘ the amount they have in common.” 
** All begin,” the Worker’s contributor goes on to 
say, “from the same premise and end in the same 
desire—that capitalism can be revived and that it 
should. To achieve this unity was, of course, the 
whole purpose of the Mond-Turner deliberations, 
although the Trade Union officials always denied it. 
That they will unite in attempting to carry through 
this policy on the basis of sweated conditions of 
labour is equally certain. It is also certain that the 
T.U.C. will again spit out their lying denials. Happily, 
however, the rank and file are showing unmistakable 
signs of perceiving the plot behind the screen, and, 
as the growth of the Minority Movemerit in members 
and influence indicates, are fast moving towards the 
stage when the ‘leaders’ will be thrown overboard 
and the bosses engaged in vital combat on the funda- 
mental question, not of how much wages and how 
much profits, but of whether there shall be wages or 
profits. Again the M.M. urges the need for vigilance, 
militancy, and an end to Mondism.” 





The number of unemployed persons on the registers 
of Employment Exchanges in Great Britain on March 
18, 1929, was 1,182,500. Of these, 893,600 were 
wholly unemployed, 206,700 were temporarily stopped, 
and 82,200 were persons normally in casual employ- 
ment ; 931,800 were men, 32,500 boys, 187,500 women 
and 30,700 girls. Of 1,268,839 on the registers on 
March 11, 1929, 951,346 were wholly unemployed, 
236,949 were temporarily stopped and 80,544 were 
persons normally in casual employment; 1,001,755 
were men, 34,851 boys, 199,539 women, and 32,694 
girls. On March 19, 1928, the number of unemployed 
persons was 1,066,077, of whom 864,316 were men, 
30,488 boys, 142,491 women, and 28,782 girls. 





The arbitrator’s award in the Scottish wrought iron 
trade dispute is to the effect that in the works con- 
cerned there should be instituted and applied generally 
a 45-hours’ effective working week, to be worked in five 
shifts under a two-shift system between the hours 
of 6 a.m. Monday and 6 a.m. Saturday. This is not to 
affect ancillary labour, which is at present on a 47-hours’ 
week agreement. 





THE MODERN DEVELOPMENTS OF 
THE WATER-TUBE BOILER FOR 
MARINE PURPOSES.* 

By ArtHur SpyEr. 


Many years ago, when I first went to sea, vessels 
were fitted out with cylindrical boilers carrying 60-Ib. 
pressure and single-compound engines, which, in those 
days, were qute a recent development. Since then 
improvements have been in the direction of higher 
pressures, and in more recent times, the use of higher 
temperatures by means of superheating. The highest 
known pressure at the present time in the cylindrical 
boiler is 300 lb., with a final steam temperature of 
570 deg. F., but when the utilisation of the steam in the 
machine is considered, these pressures and temperatures 
are too low for good thermally economical results. To 
get better results, both pressures and temperatures 
have to be considerably raised, and that involves the 
use of the water-tube boiler. Incidentally, in regard to 
the use of the water-tube boiler, it may be stated that 
we are personally acquainted with ships aggregating 
over 6,000,000 h.p. fitted with water-tube boilers in 
which quite satisfactory results are being obtained day 
by day, and one of the latest installations—for trans- 
Atlantic service—is in a vessel of about 20,000 h.p., 
with a safety valve load of 430 lb., and a final steam 
temperature of 650 deg. F. In two vessels under 
construction for foreign owners, and intended for 
cross-Channel service, it has been decided to install 
water-tube boilers carrying 370 lb. pressure and a final 
steam temperature of 620 deg. F. The progress in land 
work, in order to obtain higher pressures and tempera- 
tures, has been far more rapid than in marine work. 
There are cases now where pressures even above 
1,000 lb. are being used, and we ourselves have con- 
structed 807 boilers in which the pressure exceeds 
350 lb. Of these, 458 carry pressures exceeding 
400 lb., and quite recently an order has been placed in 
Germany for a boiler to evaporate 100 tons of steam per 
hour at a pressure of 3,200 Ib. 

While it is correct to say that carrying higher 
pressures and temperatures adds to the weight and the 
cost, the output required from the steam-raising plant 
is diminished, because so much less steam is required 
for the production of the power. The introduction 
of water-tube boilers means a very great reduction 
in the weight of the steam-raising plant, a saving 
which can be utilised either to give additional power, 
or by suitably designing the lines of the vessel, to 
obtain a reduction in the size and cost of the ship 
required. In regard to the thermal efficiency of the 
boiler unit, the gain in itself is not great, but the 
quality of the steam produced, with high pressure and 
temperature, means a very large saving in steam con- 
sumption in the machine which is using it. In land 
practice it has been very closely examined, and the 
very careful tests which have been carried out in 
America with a boiler pressure of 650 lb., and a tempera- 
ture of 750 deg. F., show that a shaft horse-power can 
be obtained for an expenditure of 10,000 B.Th.U. of fuel 
per hour, corresponding to an overall thermal efficiency 
of about 25 per cent. It is estimated by Professors 
Mellanby and Kerr that if the boiler pressure be raised 
to 1,000 lb., and the superheat temperature to 
850 deg. F., the overall efficiency would be raised to 
32 per cent. Such figures are obviously directly 
comparable with what can be done with the internal- 
combustion engine. 

In comparing the thermal efficiency of the steam- 
using plant with the internal-combustion engine, how- 
ever, the cost of the fuel in the two cases must also be 
considered, and there is a great advantage commercially 
in favour of the steam plant. In an estimate made by 
me some time ago, the relative cost of fuel figures for a 
mechanically coal-fired steam-raising plant were about 
123d. per 1,000 shaft horse-power per hour, and about 
196d. per 1,000 shaft horse-power per hour in a Diesel 
engine, and very similar results have been stated by 
various authorities. These figures were based, in the 
case of the coal-fired plant, on coal valued at 25s. per ton, 
and having a calorific value of 11,000 B.Th.U. per lb.. 
and assumed an overall thermal efficiency of the plant 
of 25 per cent. In the case of the Diesel engine, a 
thermal efficiency of 30 per cent. was taken, with 
fuel at 4/. per ton, and having a thermal value of 
18,500 B.Th.U. per lb. Evidently, therefore, it is to the 
interest of shipowners, and also a matter of national 
interest, to favour developments in marine boilers in 
order to utilise to the best advantage our natural 
resources and, at the same time, to reduce the running 
costs of the ships. In making the statement in regard 
to the relative cost of the fuel, it should be noted that 
the figures refer to the cost of fuel only, and do not take 
into account any other considerations, such as labour 
cost, which might be to the disadvantage of the coal- 
using plant; or capital cost, which would be to the 
advantage of the coal-using plant. 


* Paper read at a meeting of the Institution of Naval 
Architects, March 22, 1929. Abridged. 
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The above figures have been based on the use of 
mechanical-firing for coal as, with hand-firing, there 
would be considerable increase in fuel cost, probably in 
the region of 10 per cent. This question of mechanical- 
firing is of first importance and raises the question of the 
comparative advantages and disadvantages of mechani- 
cal stokers and fuel pulverising plant. Mechanical 
stokers are hardly practicable with the cylindrical 
boiler, but experience is accumulating to show that 
pulverised fuel plant can be designed and installed 
suitable for use with this type of boiler. With the 
water-tube boiler, either method of burning the coal 
can be used, whichever is found to be advantageous 
for the service of the ship. Many examples of economi- 
cal performances with boilers and steam machinery 
even with hand-fired coal, have recently been obtained 
—to mention only such examples as the new vessels of 
the Ellerman Line, which it is hoped will be published 
soon. Other results have been published for the 
steamer Borneo where a coal consumption figure of 
1-13 lb. per indicated horse-power per hour was 
obtained with coal having a thermal value of 13,410 
B.Th.U. In another paper at this meeting we are 
being told of the results obtained in the vessels of the 
Canadian Steamship Company, and if the further 
economy to be obtained in the utilisation of higher 
pressures and temperatures, such as those recently 
demonstrated in the oil-fired ocean liners of the 
Canadian Steamship Company, are appreciated, it is 
certain that the possibilities awaiting the utilisation of 
pressures and temperatures greatly in advance of any- 
thing used in the ordinary way in marine work will 
sooner or later be generally realised. 

If we are to utilise high pressures, the use of the 
water-tube boiler becomes absolutely essential, as the 
cylindrical boiler cannot be constructed for the pressures 
now required. In regard to pressure, there is no 
difficulty at all in using existing materials. It is 
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this temperature of 850 deg. F., however, experimental 
research shows that the more important consideration 
is probably the limiting creep stress figure. Informa- 
tion available indicates that up to the temperature of 
850 deg. F., the limit of proportionality falls below 
the limiting creep stress value, but for higher tempera- 
tures, the creep stress becomes a more important 
consideration when the loads are sustained for long 
periods at high temperature. This research work is 
still under investigation with the National Physical 
Laboratory, and not yet completed. 

This temperature question, therefore, has an import- 
ant influence on the materials which are to be used for 
superheaters, and it would seem that up to the present, 
so long as we limit ourselves to a moderate temperature 
under 850 deg. F., we can use ordinary materials, and 
in land practice this has been found to be the case, as 
the boilers at the Langerbrugge station, carrying a 
safety valve load of 796 lb. and a superheat temperature 
of 842 deg. F., have been working satisfactorily for the 
last four years. If higher temperatures are required, 
it appears to be necessary to make some change in the 
material. There are alloy steels now producible in 
which the elastic limit at high temperatures is main- 
tainable at from 14 to 16 tons, but at present the cost 
of these is too high for economical use, and whilst my 
firm have been experimenting with several of these 
alloys at our own works, up to the present we are not 
prepared to say that all-round satisfactory results are 
certain. There are also some recent experiments 
reported in Germany with vanadium and molybdenum 
steels, which seem to promise good results, but we 
have not yet had an opportunity of testing them. 
On the whole, the question of change of materials must 
still be regarded as in an experimental stage. 

It may be of interest here to indicate the designs of 
boilers actually in service at the present time, and these 
being of the water-tube type, the question of increasing 


merely a question of suitably adjusting the scantlings| the pressure to anything that is desired presents no 
to the stress required, but in regard to temperature, | difficulty. Figs. 1 and 2 on Plate XX XVIII show one 
the question is not so simple, because the elastic limit | of the boilers fitted in the Atlantic transport ships, the 


of ordinary mild steel, which is about 16 tons at atmos- 
pheric temperature, drops to 5} tons at 850 deg. F., 
and therefore in calculating the scantlings required the 





Minnetonka and the Minnewaska. Safety-valve load 


220 lb. and superheat temperature 500 deg. F. Natural 
draught, oil-fired. Figs. 3 and 4. 


One of the boilers 


elastic limit of the material is ultimately the controlling | fitted in the Nieuw Holland, with closed furnace, forced 


factor, and not the ultimate strength of the material, | draught, oil-fired. 
Above ' superheat temperature 670 deg. F. Incidentally, I would 


a practice we have adopted for some years past. 





Safety-valve load 290 Ib., and 
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mention that there are 43 ships fitted with this same type 
of boiler, mostly with mechanical stokers, belonging to 
the same line. Figs.5 and 6 above. One of the boilers 
fitted in the Patras, with mechanical stokers. Safety- 
valve load 206 lb., and superheat temperature 570 deg. 
F. Figs. 7 to 9 on page 406. One of the boilers now being 
tried in the Statendam. Closed furnace, forced draught, 
oil-fired. Safety-valve load 430 lb. and superheat 
temperature 650 deg. F. 

In regard to the methods of firing, as we maintain 
that the use of coal is desirable, we have to take into 
consideration mechanical means, and there are two 
methods at the present time, either the mechanical 
stoker or pulverised fuel. Up to the present, the 
mechanical stoker has been quite satisfactory, and 30 
ships have been fitted with the forced-draught, underfeed 
type, as illustrated in Figs. 5 and 6, and quite recently 
two vessels are being built in America, each with four 
boilers of the Babcock and Wilcox type, and stokers 
of the chain-grate type. The drawings of these are 
not yet received, but it is anticipated that this type of 
stoker, suitably adapted for marine work, will give 
improved results. Considerable experience has also 
been obtained in the use of the retort-type stoker in 
the Canadian Pacific ships of the Beaver class. 

The alternative method is pulverised fuel, which is 
adaptable either for the tank boiler or the water-tube 
boiler. A boiler is expected shortly to be under 
construction for a vessel to be built in this country, 
adapting pulverised fuel to a Babcock and Wilcox 
boiler. In this case, in order to obtain the best 
working conditions for pulverised fuel, and _ the 
largest range in fuel quality, it is proposed to adopt 
cooling arrangements for the brickwork of the furnace. 
To ensure a high efficiency, a high furnace temperature 
is required, and at present, for high furnace tempera- 
tures, the unsupported refractory materials obtainable 
do not possess good durability. Therefore water 
cooling of the brickwork is introduced. In regard to 
the question of efficiency, there is not much difference 
between mechanical grate firing and pulverised fuel 
firing. It is slightly in favour of the latter, and it is 
also anticipated that in the latter case there may be 
a rather larger range of fuels which can be used, and 
there is more flexibility in the manipulation of the 
boilers, as pulverised fuel in that respect compares 
more nearly with oil-firing. In connection with the 
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burning of coal, hand-firing usually leads to heavy loss | been carried out at Renfrew for some time past, and 
under mercantile conditions, and hence the desirability | have shown the possibility of results which certainly 
for the introduction of mechanical means for burning | surpassed anticipation in regard to the possibility of 
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the coal. There is usually a gain of 10 per cent. over | the size of furnace required, and the methods of dealing 
TABLE I. 
| Feed | Pressure, Saturated | Superheat | H. 
— | 5 | 8.V. Temperature. Temperature. |~_ 2 | aces 
| | | Saturated. Superheated. | Total. 
a SS ee | acleaidelaeatantaiesigltiealiads 
| | | ae | —— 
A eat 100 250 405 | — 1,133 _ 1,133 
B a 250 550 481 670 deg. F. 983 | 121 1.104 
C “| 350 | 520 750 deg. F. 876 | 1,049 








hand-firing, and it may be even more than this. Pul-| with the ash. A liberation of over 60,000 B.Th.U. 
verised fuel now gives considerable promise, and has| per cubic foot of furnace volume was shown to be 
the advantage that it is adaptable to the tank boiler | practicable, and a dry ash was obtainable. 
in existing ships, as well as to the water-tube boiler. In view of the general adoption of the water-tube 
In addition to the collier which is being built on the | boiler in naval and land practice, and the practical 
Clyde for the Berwind-White Coal-mining Company, | discontinuance of the tank type for these purposes, 
two other similar vessels are being built in America, | the question arises as to why marine engineers have 
one of which is to be fitted wit cylindrical boilers, and | been so conservative in regard to its adoption in view 
the other with Babcock and Wilcox boilers, and the| af the great advantages obtainable by its use. 
Bethlehem Shipbuilding Corporation have recently | Undoubtedly, for a water-tube boiler the feed-water 
ordered pulverising equipment for these two ships | supply of the boiler must be good, and as free as possible 
from the Fuller Lehigh Company of America. We shall|from deposit-forming matter; 7.e., the condensing 
thus shortly get a reliable comparative test of the | plant must be reliable, because if condensers leak, salt- 
pulverised fuel plant with both types of boilers. A | water obtains access, and the water-tube boiler is more 
similar equipment is also being installed in the Warrior | rapidly affected than the cylindrical boiler, from its 
river towboat, called the Dwight P. Davis. This boat | much smaller water contents and its far more rapid 
is fitted with a Babcock and Wilcox marine boiler, | turnover. When the water-tube boiler was first intro- 
and the owners, who had previously tried pulverised | duced for naval purposes, this was the first difficulty 
fuel on other ships of their fleet of other types, in| encountered, but steps were taken to deal with it. 
conjunction with the United States Shipping Board,|The experience to-day, however, with the modern 
not being satisfied with the results, decided to fit a| materials used for condenser tubes has materially 
Fuller Lehigh installation in this vessel. In connection | altered the situation, as much greater reliability can 
with the question of pulverised fuel, experiments have | now be anticipated from the condensers, and the fear of 
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contamination of the fresh water from salt-water 
leakage is largely allayed. This is shown by the 
increasing number of vessels which are being fitted 
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with water-tube boilers. In any case the make-up 
feed has to be fresh water, which is usually distilled 
from evaporators, which can be of the low-pressure type. 
No one would question that the use of high-pressure 
and high-temperature steam is immensely advantageous 
from the point of view of steam consumption ; more- 
over, means can be provided for heating the feed- 
water to a high temperature and thereby avoiding 
condensation losses. The great gain due to high 
pressure and temperature is due to the diminution in 
the steam consumption of the machine; the thermal 
efficiency of the boiler unit in itself has of recent times 
been very high, and so there is little margin for increase, 
but this is not so when the turbine side is considered, 
as you may expect a shaft horse-power for less than 
7 lb. of steam owing to the increased thermal efficiency 
of the turbine, and the increased temperature of the 
feed water also reduces the amount of fuel which has 
to be burnt in the boiler. To-day we have feed- 
heaters, superheaters and air-heaters, all as boiler 
auxiliaries. Economisers are under consideration. 
Table I above shows the amount of heat which has 
to be transmitted per pound of water to convert it into 
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steam under various conditions, and it will be of interest 
to note from this aspect alone the considerable gain of 
of the boiler unit, independently of the fact that the 
steam produced does so much more work in the machine, 
and, assuming that the boiler efficiency remains 
constant, which can easily be arranged, the gain is 
perceptible. 

As an adjunct to this, Table II shows the mean 
temperature of the fluid in the boiler and in the super- 
heater in the three corresponding cases, and a study 
of this will indicate the importance of the choice of 
position of the superheater in the boiler in relation to 
the pressure and temperature to which the unit has 
to be worked. 

Figs. 1 to 4 on Plate XX XVIII, and pages 405 and 
406, show the various positions of the superheaters cor- 
responding to the above. It has to be borne in mind, 
that the position selected for the superheater is also 
dependent on other considerations, viz., the tempera- 
ture to which the material can be subjected with safety, 
because the actual temperature of the metal forming 
the superheater tube is, no doubt, in excess of the 
contained fluid, and with too high a gas temperature 
externally, it is quite possible that trouble may arise 
owing to the transmission rate through the metal 
to the contained fluid not being sufficiently rapid. 
As mentioned above, my firm is carrying out at the 
present time exhaustive experiments with an experi- 
mental superheater with various high-temperature 
alloys, but these are not yet concluded, nor have we 
up to the moment been able to formulate any definite 
statement. A further point which influences the 
position of the superheater is the fuel to be used, and 
the method employed in using it. The position requires 
variation with mechanical stokers or with pulverised 
fuel, also if coal, oil, or wood be the fuel, as all these 
affect the conditions of the hot gas surrounding the 
superheater. 

(To be continued.) 


PORTABLE ELECTRICALLY-DRIVEN 
WOODWORKING TOOLS. 


THE extended facilities for supplies of electric 
power available not only in modern factories and 
works but on those sites on which large buildings are 
being erected, have resulted in the rapid development 
of plant for economically using that power in 
erection and other operations hitherto largely carried 
out manually. Examples of such means are seen in 
the Cobra series of portable electric wood-working 
tools which are illustrated in the accompanying Figs. 
1 to 3. The agents for these tools are Messrs. C. F. R. 
Giesler, Limited, Swinton House, 324, Gray’s Inn-road, 
W.C.1. The essential feature of the tools is the use, 
in a variety of ways of what has become known as the 
mortise chain, that is, a flexible hardened cutting tool, 
this chain being driven directly from the shaft of an 
electric motor of about 1 h.p. The standard applica- 
tion of the apparatus is shown in Fig. 1, where it is in 
use on a plain mortising operation. 

The alignment of the tool with the work is secured 
by the substantial side stop on the sledge which 
forms its base, and adjustment for positioning the tool 
in a lateral direction is obtained by a slotted table 
which slides in V-grooves in the sledge, clamping 





A pair of circular columns is rigidly attached to the 
slide, and these form the ways or guides on which 
feed is given to the tool. Adjustable stops on them 
determine the depth of the hole to be cut. The casting 
carrying the motor and cutter is constructed with two 
sockets engaging with the columns, and has a hand 
grip across the top. The sockets contain spiral springs 
for withdrawing the tool on completion of the cut. 








The vertical feed is given by the pressure of the 
operator’s hand on the grip, the apparatus being 
steadied by another grip at the end of the motor, in 
which the electric switch is arranged. The chain tool 


screws being provided to hold it in any desired position. | 


| passes over a guide provided with a tensioning 
| device. The horizontal feed which determines the 
length of the mortise, is obtained by moving the sledge 
bodily along the timber. The standard machine will 
cut mortises up to 4 in. in depth and either 2 in. or 
1 in. wide. The casing frame and sledge are all of 
aluminium, and the net weight of the machine 60 Ib. 

To adapt the machine for tenoning, or cutting any 
kind of kerf, saddle, or ridge in building timber, a 
special triangular chain guide is substituted for the 
normal one, thus lengthening the cutting surface. 
Tenons can be cut on mortised joists without having 
to turn the joists over. The sledge is, of course, removed 
and the machine rests on the under surface of the 
slide, a spring plate, furnished with teeth, being 
attached on which the operator places his foot to 
hold it down. Another adaptation is shown in Fig. 2 
which shows the chain tool used as a saw for cross- 
cutting, trimming, or bevelling roof joists, &c. It will 
be readily recognised from this figure that a special 
chain guide is required in this case also. This is 
fitted with a handle at the outer end to enable extra 
pressure to be put on the cut, if necessary. As no 
feed is required on the slide the columns are clamped 
and a handle is fitted to one side, as shown in the 
figure. It may be here stated that the adaptation 
for sawing purposes has been so successful in practice 
that a special design of saw, named the Catena, has 
been developed having a slightly larger motor, i.e., 
about 2 h.p. This will cut a log 20 in. in diameter. 
Large models are also made with a motor at each 
end, which will cut logs up to 40 in. in diameter. 

The machine is not, however, limited to the chain 
tool as will be seen in Fig. 3, in which it is shown 
with a cutter attached directly to the motor spindle, 
engaged in cutting tread and riser grooves in a stair- 
case frame. The motor is clamped to a saddle which 
has a horizontal traverse along a machined bed. 
Longitudinal feed is given by a screw running the full 
length of the bed, and the length of cut is determined 
by adjustable stops. Vertical feed is given by moving 
the motor bodily downwards by means of the screw 
shown. The cutter can also be given a slight move- 
ment, for adjustment, in a horizontal plane at right 
angles to the main traversing motion. The bed on 
which the saddle slides is pivoted on a vertical 
axis so that different angles of stairs may be dealt 
with. The column which forms this axis is fitted 
with a clamping device for the wood being operated 
on. The arrangement shown in Fig. 3 is, as 
already pointed out, designed to utilise the standard 
machine for a special operation but, as in the 
case of the chain saw attachment, a special, and some- 
what simpler, machine is made if separate apparatus 
is required for different operations. 

The standard machine can also be adapted in a 
few minutes for boring holes up to 2 in. in diameter. 
This is effected by removing the chain gear and 
| substituting a small attachment containing a pair of 
| chrome nickel bevel wheels which make the necessary 
| speed reduction, as well as changing the horizontal 
motion of the motor shaft to the vertical one of the 
boring bit. Further the machine can be made to 
| Sharpen the teeth of its own cutting chain by fitting 
a disc grinding wheel on the motor spindle and carrying 
the chain on a small bracket. 


RESEARCH IN 
INEERING BY 
APPARATUS.* 

By F. C. JonanseEn, B.Sc. (Eng.). 
(Continued from page 373.) 
PROPELLERS. 


A most important branch of small-scale research, 
intimately connected with fluid resistance, but differing 
in important particulars from the types of problem 
already considered, is concerned with screw-propellers, 
windmills, and fans. From a dimensional analysis of 
the physical agents affecting the performance of this 
class of machines it appears that, over most of the 
range of practical operation, the condition for dynamical 
similitude is represented by 
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= for model ae for full scale (4) 
where 
speed of advance of screw relative to the 
main body of fluid, 

w = rotational speed, 

d = atypical dimension, e.g. the diameter. 
The relations between the forces exerted by two 
geometrically similar models may thus be summarised 


| as follows :— 


v= 


Model. Full-Scale. 
ae t t = Hy 
Thrust coefficient : ped padi PVD? ~ PRD 








* Paper read before the Institution of Mechanical Engi- 
| neers, on Friday, March 15, 1929. Abridged. 





Model Full-Scale 


a = ate = . = 
ped pwds PV?D3 


ar 


Torque coefficient : 


Efficiency: 7» = H 

It will be observed that the above conversion equa- 
tions are in accordance with the assumption, usually 
made with regard to propeller performance, that thrust 
and torque are both proportional to the square of the 
speed. The degree of accuracy which may be achieved 
by small-scale trials based on this assumption is well 
exemplified by Table I in which the measured perform- 
ance of a screw 8-91 ft. in diameter is compared with 
that of a one-third scale model. The small-scale results 
are due to Eiffel.* 


TABLE I.—Comparison between Small-Scale and Full- 
Scale Air-Screw Performance. 


Effi- 





PD oF 48 iene 
| Thrust | ciency 
Dia- piel | Measured | dicted | Measured dicted 
—, | R.p.m. | Speed, | Thrust, | ‘grom | mgr ei 
a | m.p.h. | model, | ! * | model, 
| | | Ib. | per 
| | cent. 
- ms iz stainable — _ d _o — — ——— ———=» 
2-97 | 1,600 0 | 21-7 — | 0 — 
2-97 | 1,600 | 14:1 18-9 — 43 — | 
»-97 | 1,600 | 19-5 | 16-9 vn 54 — 
2-97 1,600 23-8 | 15°3 — | 60 — 
2:97 | 1,600 29-0 | 12-8 —_ 65 — 
2-97 | 1.600 | 34-2 | 10-9 — | 67 — 
2-97 | 1,600 | 39-2 | 7:7 — | 2 — 
8-91 | 540} 0 200 | 20 | oO 0 
8-91 | 540 11:0 | 186 182 32 34 
8-91 540 22-0 | 156 148 58 58 
8-91 540 | 32-5 109 105 67 67 


An interesting qualification of 
of the similitude condition symbolised by = may 
It affects small-scale research on 


here be noted. 


thin-blade screws whose performance may be affected | 


by flexure. Adhering to the assumption that the 


viscosity and elasticity of the fluid medium are | 


ineffectual, the stresses in a blade due to centrifugal 
force may be expressed by 
fe = Wy (0, w, d) 
Se 
o uw d* 

where o = density of blade material. 

Similarly the stresses due to aerodynamic forces 
may be expressed by 


or constant. 


the perfect generality | 


| minimum transverse dimensions of the tunnel. Fig. 3* | 


| shows a convenient experimental arrangement. The 


|a horizontal arm from whose extremities fine wires | 
| terminating in scale-pans descend through the tunnel | 
| floor. * Thrust is measured by the ordinary ‘“‘ down- | 
| wind force’ balance. The characteristics of the model | 
|may thus be determined over a range of conditions | 
of translational and rotational speed. 

| Small-scale tests of windmills may be attempted 
on very similar lines to those adopted for air screws, | 
v V | 
saan) 
as regards dynamical similarity. The driving motor, | 
however, now functions as a magnetic brake and | 
serves to control the rotational speed. | 
| The performance of a fan working in an enclosed | 
| chamber will be affected to an appreciable extent by | 
| such an enclosure. The fan chamber and ducts should, | 


| 
| 


and under similar conditions (namely, 


therefore, be reproduced in an experimental scale). 


model. Measurements of torque and discharge present | 
|no serious difficulty on the small scale; and whilst | 
| no comparative tests of similar large and small instal- | 
| lations appear to be on record, it is very probable | 
that predictions from model research could be made | 
| with: reasonable accuracy. 

Experiments on models of marine propellers are | 
fundamentally of the same nature as those on air 
|screws. The models are, however, usually smaller 
'and seldom exceed 9 in. in diameter. The model, 
mounted below a carriage with its shaft immersed 
to a depth of at least one diameter of the screw, is 
traversed through the water of an experimental tank. 
| Thrust is directly measured by a calibrated balance, 
and torque is delivered to the propeller shaft through 
a coiled spring, the rotary defiexion of which, under 
load, provides a measure of the torque absorbed. | 
In experimental work on the relations between a vessel | 
and its screw, the ship model is mounted on a separate | 
balance and screw and ship, at the appropriate distance 
apart, are moved together. 


| 





VIBRATION. 
The conditions under which scale models can give | 
| representative results in experiments on the vibrations | 
|of rotating or oscillating mechanical engineering | 
| structures will become apparent by an examination | 
| of the underlying dimensional theory. In the most | 
|general case the amplitude 6 and frequency wu of | 
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be constant numbers for the model and its original. 
Where only lateral vibrations take place, therefore, 


P@®D5| model screw is driven at speeds up to 3,000 r.p.m. | the deflection coefficient may be written 
| by a small three-phase motor. Torque is determined | 
from the reaction of the motor stator which carries | 


TO 
oP w lo? 


4 = 4 


The first of these arguments, 


). 


e 
cov Tepresents the 
effects due to the elastic properties of the material. 
If the scale-model be made of the same material as 


| the original so that e and o are the same for both, the 


condition for dynamic similarity reduces to 
lw for the model = L (2 for the full scale. 


The second argument, ES z» represents the effect of 
w 


l 
vibration of the weight 
further condition 


of the rotor, and imposes a 


iG for the model — for the full scale. 
These two conditions can hold simultaneously only 

g _L 
a ae 
stant at the earth’s surface. A possible manner of 
effectively increasing the gravitational constant 
would be to rotate the mode! at the end of a long 
horizontal arm. Except in very special circumstances 
such a method would prove altogether impracticable. 
Moreover, in many machinery vibration problems 
the deflexion due to the weight of the moving parts may 
be neglected. The sole condition for dynamical 
similitude between a machine and a _ geometrical 
scale-model, constructed of the same materials, is 
then that 7 shall equal LQ, or that the speed of 
rotation of the model shall exceed that of the original 
in the in'verse ratio of the linear scales. When, there- 
fore, 


where G is the actual gravitational, con- 


w=0.% ; « (36) 


for 


the deflexion coefficient = for the model 


the original. By entirely similar reasoning, the fre- 
quency coefficient 


Q 


= for the model for the original, 


u lfor the model = U L for the original. 
When the weight of the machine can be neglected, 
the condition w / = Q Dis seen to hold when the vibra- 
tions under investigation are either flexural, torsional, 


| vibration at any chosen point in the rotor will depend | °T both, always provided that the moduli e and » 


| for the model are identical with E and N for the original 


fa = Yo (p, w,d, v) 


whence 
: | Ee (ated ) 
pwd? — Ys ha d 
or, if ” be constant 
wd 
(a 
aaa = constant. 


If, therefore, a propeller and its scale-model be 
constructed of the same material and tested in the 
same medium, stresses due to centrifugal and aero- 
dynamic forces will be the same in both if «*d? (or w d) 
is the same for both. Since, too, the elastic modulus 


is the same for both, the strains will be the same, | 
so that even under load, similarity of shape between | 
The com- | 


the model and original will be preserved. 
bination of the two conditions . 


v 'f 


ad aD (5) 
and 
wd = 2D (6) 
results in the further condition 
v= V (7) 


In so far, therefore, as distortion of a propeller may 
affect its performance, the strictest similitude for 
small-scale research will be attained when the tip 
speed and the translational speed are the same for 
model and original. This statement is based, of 


course, on the previous assumption that viscosity | 


and elasticity of the fluid do not affect the problem. 
The achievement of the conditions stated in (6) 


and (7) above is limited, practically, by the air speeds | 
maximum | 
value of which is about 140 ft. per second, i.e., 95 | 


available in wind tunnels, the present 
m.p.h. Full-scale values of tip speed, on the other 
hand, can generally be attained in model experiments. 

The wind tunnel is the most convenient apparatus 


for testing air screws and windmills. The experi- 


mental technique is largely the same in the two) 
With the object of reducing | 


classes of machine. 
to negligible proportions the interference arising from 
the restrictions of the wind tunnel, the diameter of 
the model screw is preferably limited to half the 





Research 


* Technical Report of the Aeronautical 
Committee, 1912, vol. iii, No. 54, page 36. 


|on the quantities :— 

l, a typical dimension of the rotor, 
o, the density of the material of the rotor, | 
e, modulus of direct elasticity of the material of the | 

| rotor, | 

| n, modulus of transverse elasticity of the material | 

of the rotor, 

i, transverse moment of inertia of the cross-section | 

| considered, | 
j, polar moment of inertia of the cross-section con- 

sidered, 

w, rate of rotation or oscillation, and 

g, gravitational constant. 

|The physical equations for amplitude and frequency 

may therefore be written as follows :— 

5 = 1 (1, g,e, nN, a, js w, q) 

U = do (I, o, €, N, t, j, W, 9) 

where ¢; and ¢g are unknown functions. The evalua- 

tion of the exponents of like dimensions in these 

equations leads to the expression | 


( a ee ee ) 
6= lbs \o Ror ghar’ iW WW It} - 
e n oy og 
uU= wh, (ea Tew’ WW is) > (9) 
Small-scale research may thus take the form of an 
| investigation into the variation of the deflection coeffi- 


and 


(8) | 


and 


h@ 6 p u 
‘cient —> and of the frequency coefficient -—> due to | 
Ww 


variation of the non-dimensional groups forming the 
| arguments of ¢, and @4. 
A brief inspection will serve to simplify the form of | 
| these functions. In the first place, if the vibration of 
}a machine is known to be almost wholly flexural, | 


n ° . . . 
the group a which is connected with torsional 
ae o l4w* 


Similarly —“— 

“ 6 Rw 
be disregarded if only torsional vibrations are in 
question. In the second place, since the immediate 
purpose of the present analysis is to determine the 
relations which should hold between geometrically 
similar rotating structures, it will be possible to dis- | 


| vibrations, may be disregarded. may 


- i é , 
regard variations of both ja and % since these will | 





* Reproduced from the Annual Report, National Physi- 
| cal Laboratory, 1927, by permission of the Controller of 
H.M. Stationery Office. 


| (10) will accompany reduction of 


| brass model of a steel prototype, J (; 


ey whilst a/ ( 


| or torsional vibrations alone are in question such a 
| method is legitimate, though not very helpful ; 


| and that the densities ¢ and = are the same. It may 
occur, however, that the corresponding speed « 
may be so high as either to be difficult of attainment on 
the small scale or to produce vibrations of frequency 
wu too high for accurate measurement. Again, the 
deflexion 6 on the small scale may be inconveniently 
small. In such circumstances it may be possible to 
reduce the corresponding speed w and magnify the 


| deflexions by constructing the model of more flexible 
| material than that used in the original. The geometry 
| of the two being kept similar, the condition for dynamical 
| similitude reverts to the equation 


a. = 
~ SLO» 


e 
o 12 w? 


Sim 
and w becomes equal to vr ) 

Reduction of w below its value as given by equation 
. Thus for a 


ez 


Eo 





ro 
=.) is about 





cs) 
~ 


vi -) isabout 0-5. If either flexural 
but 
if both types of vibration are present, as in the general 


= 

case, the method is invalid, since af is not equal 

to V (2) for substances suitable for model con- 
No 

struction. - 

Vibration of Rotors.—Many simple cases of vibration 
rotating shafts yield to mathematical analysis* and 
are, consequently, outside the scope of small-scale 
research except in so far as such methods may prove 
less laborious than mathematical treatment. There is 
scope for research, however, in checking theoretical 
predictions and in indicating the extent to which 
such assumptions as underly the theory are admissible. 

As regards more complex vibrational problems, 





| against which experimental research offers the most 


promising mode of attack, two types of investiga- 
tion by small-scale apparatus may be distinguished, 





* Technical Report of the Aeronautical Research Com- 
mittee, 1918-19, vol. ii, No. 551, page 691. 
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namely, that concerned with the fundamental principles 
to be observed in the design of vibrationless machines, 
and that concerned with the reduction of vibration in | 
structures whose design is more or less strictly deter- | 
mined by other considerations. 

To predict the lines on which any successful research 
should be developed is quite impossible. So far, 
however, as the first or fundamental type is concerned, 
experience in other branches of research suggests 
that the experiments should proceed from the simple | 
to the more complex forms of structures, the findings 
of each stage being incorporated in the succeeding one. 
Thus, the development of a vibrationless multi- 
crank engine should preferably start from experiments | 
on a simple cylindrical shaft mounted in readily | 
adjustable bearings, and driven, by a motor housed 
in a distant sound-proof chamber, through some form 
of magnetic coupling so that direct transmission of 
vibrations to the model structure may be sufficiently 
avoided. With the shaft in rotation, the natural 
frequencies of the bearing blocks and bed-plate may 





Fig. 3. 


be detected, and the effects of the length, type and 
situation of the bearings on the critical speed of the 
shaft studied. At this stage of the research it will 
be of interest to compare the experimental results 
with those deduced theoretically, and to estimate 
the extents to which the variable features of the 
apparatus contribute to such discrepancies as are 
found to occur. The information thus ascertained 
may be applied to a further stage of the research in 
which a number of model cranks, capable of arrange- 
ment as regards axial and angular position, now take 
the place of the simple shaft. Any troublesome 
frequencies which now accompany arrangements of 
cranks which are known to give good balance require 
close attention, and their removal beyond the speed 
range of the corresponding full-scale structure should 
be attempted by such modifications of the model 
as are suggested by the nature of the vibrations. 

For the simulation of torsional fluctuations in a 
model rotor electromagnetic methods appear to offer 
the greatest facility in application and control. If 
each crank be fitted with an iron armature and 
rotated between the poles of an electromagnet, an 
impulse, whose frequency is directly controlled by 
the rotation of the experimental shaft, may be given 
every one or two revolutions in imitation of the power 
stroke of the piston. Under these conditions the 
effects of shaft rigidity, the general inertia of the rotor 
and the angular position of the cranks at the instant 
when the external impulse is applied, on the production 
of torsional vibrations appear to be capable of very 
close examination. 

From the main results of such a research as that 
just outlined it should be possible to lay down the 
general principles to be followed in designing a machine 
free from dangerous vibrations. It wil, consequently, 
be a most desirable feature of the research to construct 
an improved model in which those principles have 
been embodied and to demonstrate the relative merits 
of its performance. 


| model right through its critical speeds. 


|of a full-size machine. 





As regards the second type of research, whose object 
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| is the elimination of vibration from an existing design 


of machine, the general mode of experiment by small 
apparatus will preferably start with an investigation of 
the extent to which the various features of the machine 
contribute to its vibration. On this account it will 
usually be desirable, at all events in the early stages, 
to replace reciprocating by rotating masses. Under 


these conditions, the advantages of the small scale of | 
the apparatus became apparent especially with regard | 


to the facility and completeness with which external 


vibrations, not pertinent to the specific inquiry, may | 


be excluded; and to the possibility of running the 


destroyed in the process, the danger and expense are 
negligible compared with those incurred by fracture 
A detailed examination of 


If the rotor be | 


the model at speeds in the critical region should reveal | 


the principal causes and subjects of vibration, upon a 
knowledge of which rational modification may be 
based. 

Vibration of an Air-Screw.—Valuable suggestions 
regarding the experimental methods which may be 
employed in small-scale vibration researches are 
contained in a recent study of the vibrations in 
the blades and shaft of anair-screw.* The experi- 
ments were made with model metal screws 3 ft. in 
diameter, and of varying blade width and geometri- 
cal pitch. Over a range of rotational speeds the 
frequency of vibrations, due to flexural oscillation 
of the blades, was determined by means of a hot- 
wire microphone used in conjunction with a valve 
amplifying unit and a sensitive galvanometer. 

This is an adaptation of the Helmholtz resonator 
due to Tucker.f The experiments threw light on 
sources of discrepancy between observed and calcu- 
lated results, and established the validity of apply- 
ing small-scale frequency measurements to full- 
scale air-screws operating under dynamically 
similar conditions. 

Vibration in Turbine Discs.—A type of small- 
scale research somewhat similar to the last occurs 
in connection with the vibrations of turbines. 
From published accounts{ there is evidence that 
failures in turbine discs may be originated by 
forced vibrations intensified by resonance. Mathe- 
matical treatment of the problem§ is so far 
restricted to very simple cases of discs of uniform 
thickness, and its results are only remotely 
applicable to design since such practical features 
as curved profiles, shrinking and clamping at the 
central shaft with their accompanying initial 
stresses, and the forces due to inertia and reaction 
at the blades can be but very imperfectly taken 
into account in the analysis. 

In small-scale research on this subject an alter- 
nating-current electromagnet fed by a variable- 
speed motor-generator suggests itself as a suitable 
means of forcing vibrations of definite and variable 
frequency in a steel wheel. Exploration of the 
wave phenomena in a rotating wheel may be 

carried out by magnetic coils in close proximity to the 
wheel. One set of coils is stationary in space, whilst the 
other rotates with the wheel. Variations of the air gap 
between these coils and the wheel due to vibration of 
the latter induce periodic fluctuations of current which, 
after amplification, may be transmitted to an oscillo- 
graph and photographically recorded. This type of 
apparatus has hitherto been employed mainly on full- 
scale research, but it appears to be equally suitable for 
small-scale work. 

As an example. of the use of model turbine wheels 
of reduced elasticity, for illustrating the vibration 
phenomena which call for investigation, reference may 
be made to some preliminary experiments by the 
General Electric Company of America.|| A series of 
rubber discs, loaded at the circumference to simu- 
late the effect of bucket blades, were rotated and 
their vibrations examined by intermittent sparks. 
These and similar observations paved the way to a 
recognition of the dangerous condition in which waves 
stationary in space (t.e., travelling backwards at the 
speed of wheel rotation) occur in turbine wheels. 
Further experiments on a model wheel fitted with 
buckets and driven by compressed air demonstrated 
the production and maintenance of travelling waves 
due to the feathering action of the buckets. 

From these experiments it appears that determina- 
tion of the frequency is an easier matter than the 
measurement of the deflection of a vibrating body. 
Both the resonator and the induction coil oscillo- 
graph indicate critical conditions by the relatively 
large amplitude of recorded vibrations, although the 
amplitude is not actually measured. The merit of 
reduced elasticity models lies mainly in the production 





* Proc. Roy. Soc., Series A., 1925, vol. cvii, page 451. 

+ Phil. Trans. Roy. Soc., Series A, 1921, vol. cexxi, 
page 389. 

{ Journal Inst. E.E., 1921, vol. lix, page 565. 

§ Proc. Roy. Soc., Series A, 1921, vol. xcix, page 272 ; 
and 1922, vol. ci, page 133. : 

|| Trans. Amer. Soc. Mech. E., 1924, vol. xlvi, page 31. 








by such means of measurable, sometimes readily 
visual, amplitudes. On account, however, of depar- 
tures, in large amplitude vibrations, from the assump- 
tions of classical elastic theory, it is frequently objected 
that reduced elasticity models cannot represent 
phenomena occurring on full-scale machines where 
amplitudes are much smaller. An appreciable degree 
of elastic dissimilarity undoubtedly necessitates care 
in the interpretation of observations. On the other 
hand, amplitudes many times greater than those 
normally present in the full scale may occur in a 
reduced elasticity model without serious violation of 
the elastic assumptions; and in connection with the 
turbine-wheel experiments, tests on thin model discs 
showed no perceptible change of frequency over a 
wide range of amplitude. 

Torque Vibrations—An exceedingly interesting 
application of small-scale apparatus is described in the 
report* of a research on the torque fluctuations in 
certain types of electric locomotives in which coupled 
driving wheels are rotated through cranks and connect- 
ing-rods. The rotors, represented on the reduced 
scale by massive discs, were belt-driven by a small 
electric motor, their motion being transmitted to the 
coupled driving wheels by variable arrangements of 
connecting mechanism. By means of a suitable form 
of torsion-meter, fluctuations of turning moment were 
chronographically recorded. From a specimen chart 
reproduced in the report it is evident not only that the 
frequency and amplitude of the torque fluctuations 
could be readily measured, but also that critical 
ranges of speed accompanied by excessive fluctuation, 
extending between well-defined limits, were clearly 
exhibited. 

The model just described appears to have been used 
to confirm theoretical predictions. When such a model 
has been found to give results in good agreement with 
those of one simple theoretical case, more complicated 
mechanisms can evidently be rapidly investigated, 
after appropriate modifications of the model, with 
considerable confidence and an enormous saving of 
mathematical labour. Similar apparatus and methods 
are probably applicable to all sorts of reciprocating 
machinery, more especially to locomotives where 
vibrations induced by extraneous causes may, on the 
full scale, mask almost completely the effects under 
investigation. 

(To be continued.) 








THE BUSSEY COAL DISTILLATION 
PROCESS. 
By H. B. Cronsuaw, Ph.D., A.R.S.M. 


THE promise held out by some of the newer pro- 
cesses of coal distillation, is exemplified in the large 
plant for the manufacture of smokeless fuel, oil, and 
gas by the low-temperature system in course of erec- 
tion at Glenboig, near Glasgow. This is held to be 
the largest so far taken in hand, and is expected to 
be in full operation by June 1 next. The plant referred 
to belongs to the Bussey Coal Distillation Company, 
and will have a throughput of 500 to 600 tons of coal 
per day, and a daily output when working at capacity 
of approximately 300 to 400 tons of smokeless fuel 
(semi-coke), 15,000 gallons of crude oil, and 15 million 
cubic feet of gas. 

There will be 14 retorts, each having a capacity of 
50 tons, and similar in principle to the two retorts 
illustrated in Fig. 1, on page 410, a view of a plant which 
has been working for some time in the United States. 
Fig. 5, on page 411, shows the plant under erection at 
Glenboig, in which it should be stated round retorts are 
being installed instead of rectangular, as in the American 
plant. 

The Bussey retort, illustrated in Figs. 2, 3 and 4, on 
page 410, belongs to theistationary, vertical shaft, and 
interally-heated type. It consists of a simple, steel 
shaft, lined with firebrick and supported on a con- 
crete base. Its general form is that of a truncated 
cone of oval cross section 30 ft. high, 2 ft. by 2 ft. 
at the top and 8 ft. by 3 ft. at the bottom. The 
cross-sectional area thus increases uniformly down to 
the base, the full section of which is occupied by a 
grate or multiple twyer A. This grate is hollow and 
divided into sections, through which air, gas and steam 
in controlled amounts are injected into the base of 
the charge. Immediately above the grate is the 
discharge mechanism, which consists of a hollow 
water-cooled cast-steel cutter-bar B having a slow 
reciprocating movement at right angles to the grate’s 
largest dimension. This is actuated by a screw mech- 
anism driven by a small motor. The bar, in moving 
backwards and forwards across the grate, pushes off 
the coke from either end alternately. Its speed may 
be varied to suit the desired rate of operation. On 
top of the retort are two feed-hoppers C and D, and 
below it are two discharge hoppers E and F, each 
being fitted with valves operated automatically by 





* Forschungsarbeiten, 1924, No. 266. 
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hydraulic cylinders which are shown above and below 
the retort in Fig. 3. 

The coal is delivered into an automatic skip, which 
discharges through a chute into a conveyor running 
over the battery of retorts. Each retort is then 
automatically fed in regulated amounts from the 
conveyor. The coke is discharged directly into the 
first air-tight hopper E, where it is steam-quenched, 
and then drops into the second hopper F, and thence 
by way of a chute on to a conveyor which runs along 
the base of the plant and delivers the coke to the 
screening-house. The products of carbonisation are 
removed from the top of the retorts by an exhauster, 
and are led into the by-product plant where the 
permanent gas is stripped of its crude oils. 

The operation of the retorts is simple. Combustion 
is maintained within the charge at its base by injecting 
the required amounts of air, gas, and steam through 
the grate, which is so designed that the distribution 
of the gases within the charge can be varied at will. 
The rates of feed and discharge are under control, 
and are correlated so as to keep the retort chamber 
filled at all times, and also to keep the charge moving 
through the retort at the desired speed. Additional 
control is maintained by varying the suction at the top, 
the pressure at the base, and the amounts of air, gas, 
and steam admitted through the grate. By the proper 
manipulation of these factors, including the rate of 
operation of the discharge mechanism, the tempera- 
ture-gradient within the charge can be maintained as 
desired. The operators’ chief duty is that of keeping 
check on the temperatures and pressures at various 
points within the retort. 

While the design and operation of the retorts are 
simple, the chemistry and physics of the carbonising 
process are extremely complex, and as yet little under- 
stood. The charge within the retort chamber may be 
considered as divided into three zones which merge 
into each other. In the top zone the incoming coal 
is heated to about 150 deg. C. (300 deg. F.) by the 
gaseous products from below, and some condensation 
of the oils takes place. The condensate is carried down 
by the charge, partly revaporised, and again swept 
upwards to the gas outlet. Meanwhile the heavier 
fractions are carried by the charge into the second 
zone, where the temperature range is between 150 deg. 
C. and 425 deg. C. (300 deg. F. and 800 deg. F.). This 
may be looked upon as the distillation zone proper. 
Thirdly, the bottom zone is where the hardening 
or setting of the carbon residue takes place, and where 
the reduction of its volatile content is brought to the 
desired point. This is also the zone of combustion, 
in which gas and air are burned to supply the heat 
necessary to carry on the process. 

Thus, it is clear that so far as the distillation process 
is concerned, the upper parts of the charge act as 
a dephlegmating column. It is also obvious that the 
conditions for cracking are absent, and that cracking 
cannot take place to any appreciable extent because 
firstly, the temperature of the oils is never raised 
beyond their temperature of vaporisation, and, 








secondly, gases always move from the warmer to the 
cooler parts. 

Operation of full-sized retorts on 34 different coals 
indicate that the average yield of carbon residue is 
equal to the fixed carbon plus the ash in the coal 
charged. The semi-coke is in lump form. No pre- 
paration is needed for the market other than sizing 
over screens, when such is required by particular 
market conditions. Any breeze produced is returned 
to the retort with the charge of coal, when it becomes 
incorporated in the mass of carbon residue. Tests 
have shown that the Bussey coke is eminently suitable 
for smokeless combustion in the domestic grate, and 
the retorts can be run to give a product having a 
volatile content of any desired value, between 2 and 
12 per cent. The sulphur content is abnormally 
low, irrespective of the amount of sulphur in the coal 
treated. A comparison of cokes made by the Bussey 
and the usual coke-oven processes from a particular 
coal have demonstrated the fact that the density of 
the former is 15 to 20 per cent. greater than that of 
the latter. Moreover, its combustibility is 10 to 15 per 
cent. greater. This suggests its application as a metal- 
lurgical coke, and as a fuel for water-gas manufacture, 
when coals suitable for that purpose are selected. 

One of the most interesting features of the process 
is that tests with a full-sized retort have shown that a 
good coke can be made from most cannels and other 
coals usually classed as non-coking; in fact, by 
modifying conditions of operation, practically all 
sizes and grades, from slacks and duffs to run-of-mine, 
can be successfully treated. 

The yield of crude oil or “ tar” varies from a mini- 
mum of 20 gallons to a maximum of 40 gallons per ton 
of bituminous coal charged, and a yield of approxi- 
mately 30 gallons may be expected from any fair 
grade of high volatile bituminous coal. It was found 
that cannel coal gave yields of 50 to 100 gallons per 
ton of coal charged. In conformity with low-tempera- 
ture tars in general, the Bussey crude oil can be dis- 
tilled to yield, say, motor spirit, white spirit, paraffin 
oil, creosote and lubricating oil, together with a carbon 
or ‘ pitch” residue or wax. Or, the crude oil may 
be cracked or hydrogenated to give a greatly increased 
yield of motor spirit. 

As one would expect, the amount and nature of the 


‘crude oil, as well as the products derivable therefrom, 


vary with the particular type of coal carbonised, and 
it is one of the objects of the laboratory work in hand 
to select those which are capable of returning the highest 
values in crude oil. When more is known about the 
products commercially derivable from low-temperature 
tars, and when standardised methods have been 
devised for their measurement, it will be an important 
function of the plant laboratory to investigate the 
available coals from this standpoint. It is probably 
no exaggeration to say that low-temperature tars 
will eventually provide the raw materials for a number 
of valuable products comparable with those won by 
chemical research from _ high-temperature tars. 
Already, Professor Morgan, at the National Chemical 


Laboratory, has succeeded in isolating, by simple 
processes, a series of resins which form tough adherent 
films on wood and metal; they possess considerable 
binding power, for when mixed with fillers they can 
be machined or moulded into a variety of useful 
products, such as are made from synthetic resins. 
Other products that have been prepared from low- 
temperature tars are disinfectants, which do not 
redden on exposure or when employed as emulsions, 
synthetic resins and flotation oils. 

An average coal may be expected to yield by the 
process described between 20,000 and 30,000 cubic 
ft. of gas per ton, and its calorific value is about 
250 B.Th.U. per cubic foot. It is possible to raise 
the calorific value, although this will, of course, be 
accompanied by a reduction in volume. The gas is 
clean, and can be distributed by ordinary methods 
of piping without fouling. It is adapted for industrial 
heating, as, for instance, in steelworks, foundries, 
brickworks, and the glass and pottery industries, and 
it may be readily converted through the medium of 
modern gas engines into cheap electric power. 

We have noted some of the points brought out in 
the operation of the Bussey plant. The following 
features of this process for the treatment of coal by 
distillation may also be noted :—The design is simple ; 
the retort is a stationary, vertical shaft down which 
the charge passes continuously by gravity. The 
process is a continuous one, and the charging and 
discharging operations are automatic and adjustable. 
There is a complete absence of moving parts so far 
as the retort itself is concerned, which naturally mini- 
mises wear and tear, as well as power consumption. 
Moreover, the absence of any agitation or rotary move- 
ment of the charge reduces the amount of coal dust 
carried into the by-product plant by the gas, and 
likewise ensures the production of a lump coke practi- 
cally free from breeze. Another contributory factor 
is the method adopted for discharging the coke, already 
described. There is free movement of the charge 
through the retort under the influence of its own 
weight, and no tendency to stick or hold up develops. 
This has been attained by the development of a retort 
having a particular internal form, which increases in 
cross-sectional area right down to the grate, where the 
coke is sliced off the base of the charge by the cutter- 
bar without permitting it to become congested. 

As regards thermal operation a high efficiency is 
secured by (a) the production of heat for carbonisation 
within the retort chamber itself, (6) transmission of 
this heat to the charge uniformly and rapidly by 
means of a gaseous medium, (c) extraction of the 
residual sensible heat from the gaseous products by 
means of the incoming coal, and (d) recovery of sensible 
heat from the coke and its immediate transference to 
the charge. The temperature gradient of the charge, 
the rate of movement of the charge and the distribution 
of gases within the charge, are all under full control. 
Conditions in the retort are such that agglomeration 
of the more finely-divided portions of the charge takes 
place, while the charge acts as a gas scrubber and as 
a dephlegmating column for the oils. The floor space 
occupied by each 50-ton retort unit is about 425 sq. 
ft., and plants may be built up of any number of 
50-ton units, and expanded at any time by simply 
adding other units. 








THE BAUER-WACH EXHAUST 
TURBINE ON S.S. ‘‘ BONIFACE.’’* 
By C. F. A. Fyrn. 


In May, 1927, two sister cargo steamers, Basil and 
Boniface, were ordered by the Booth Steamship Com- 
pany, Limited, to be built and engined by Messrs. 
R. and W. Hawthorn, Leslie and Company, Limited. 
In December, 1927, the owners instructed the builders 
to instal the Bauer-Wach exhaust steam turbine system 
in the second steamer. Otherwise the two vessels are 
identical, with identical machinery. Both steamers were 
put into service in 1928. After the decision was 
arrived at to instal the exhaust turbine system, the 
main difference that was made to the Boniface’s 
machinery was some modification to the cut-offs of the 
valves, increased area of the eduction pipe from 490 
sq. in. to 1,440 sq. in., and enlargement of the circulating 
water supply from 15-in. bore to 18-in. bore. The 
Boniface was designed to the following general particu- 
lars: Length, between perpendiculars, 405 ft. ; length 
overall, 421 ft. 104 in.; moulded breadth, 53 ft. 6 in. ; 
and mean draught to the bottom of the keel, 25 ft. 
24 in., when the vessel was fully loaded and floating on 
an even keel. The arrangement of the machinery is 
shown in Fig. 2, page 411. The displacement, fully 
loaded, was 11,730 tons, and the deadweight capacity 
about 8,000 tons. Under these conditions, the contract 
was for 11 knots to be easily maintained as an average 
overaround voyage, the designed power of the propelling 
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machinery to give this speed being 2,950 i.h.p. at 
80 r.p.m., developed on one shaft. 

The propeller is driven direct by the engine; the boss 
is of cast iron, the blades of high-tension bronze. The 
diameter of the propeller is 18 ft. 6 in., and the pitch 
16 ft.6 in. uniform. The rake-back of the blades is 
18 in., and the blade area 100 sq. ft.expanded. Right 
hand. The co-ordinates of the centre of the propeller 
boss are as follows: Above the base line of ship 10 ft. 
4} in., and 3 ft. 9} in. forward of the sternpost. The 
steam supply to the deck machinery is from the main 
boilers, which also supply steam for heating purposes 
about the ship, as well as to auxiliaries in the engine 
room. Particulars of the various hull coefficients, &c., 
are given in Table III, below. The engine-room staff, | 
consisting of a chief engineer and four other engineers, | 
was the same as on the sister ship, which had not the 
turbine. The engine room is located amidships, and 
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position for the turbine chosen finally was on a stool 
on the tank top, aft of the engines, the stool being 
bolted to the gear-case aft of it, necessitating widening 
and raising the thrust recess, the owners deciding to 
arrange for ample space at that part to lift out the 
main gear wheel through the engine skylight, preferring 
this to having to cut into the hold. The turbine, which 
was made by The Wallsend Slipway and Engineering 
Company, is of the reaction type, with 750 mm. 
diameter at the last row of blades. There are seven 
rows of blades, of stainless steel. The hydraulic clutch 
was manufactured by Messrs. Beardmore. The turbine 
speed is 3,400 r.p.m. at 2,700 combined i.h.p., at which 
Messrs. Hawthorn, Leslie guaranteed a saving of 17 per 
cent. steam consumption, to be ascertained during 
twelve hours’ trial off the Tyne—six hours without and 
six hours with the turbine, with the engine adjusted to 
give the equivalent of about 2,700 i.h.p. in both con- 
ditions ; the power was to be measured by torsion-meter 


water-sealed from the air cock on the top of the-feed 
heater, drip-fed by a 3-in. bore pipe, and the vacuum 
depends upon the waterseal. The interlocking arrange- 
ments described in Dr. Bauer’s paper (Institution of 
Engineers and Shipbuilders in Scotland, 1927-8) are so 
well known now that it is unnecessary to attempt to 
give details here. As the revolutions of the turbine are 
known by tachometer, the ratio of the gearing is 
known, and the main propeller revolutions are known ; 
the slip can be verified as 3 per cent., at any time, and 
tends to go up slightly in bad weather. This might heat 
the oil, but in moderate weather, even in warm sea 
water, there was little of that with the Boniface. 

The builders’ trials were carried out in July, and 
consisted of two six-hour runs, both on identical tide 
conditions, in identical weather. One without the 
Bauer-Wach gear from 9 p.m. on July 18, till 3 a.m. 
on July 19, at 77-78 average r.p.m., with high- 
pressure cut-off 0-60, and with the Bauer-Wach gear 





is of the following dimensions: Length, 29 ft. 6 in., 
plus?13 ft. 14 in. for thrust recess; mean breadth, | 
524 ft. The total coal-bunker capacity is 1,012 tons | 
permanent, and 1,258 tons reserve (the latter is a coal | 
or cargo space). On the basis of consumption of fuel at | 
ordinary speed, 11 knots, the estimated endurance of | 
the vessel is 23,000 nautical miles. | 


Fig.3. “S.S. BONIFACE.” VOYAGE N21. 


InpicaTor DiacraMs Taken Avaust 27, 1928, at 10 a.m. on Run Between New York anv Banta. 


Combined I.H.P. of Reciprocating Engine = 2,050 
Corresponding I:H.P. of Turbine at 28} in. Vacuum = 809. 
Total 1.H.P. = 2,859. 
M.P. LH.P = 626, Cut-off = 56°3%. LP. LH.P.=574. Cut-off = 60°65 %, 
R.P.M. = 750. R.P.M. = 75:0. RB.P.M. = 75'0. 
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Combined I.H.P. of Reciprocating Engine = 1,101. 
Corresponding I.H.P. of Turbine at 28} in. Vacuum = 267. 
Total I.H.P. = 1,368. 
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I.H.P. = 448. 


R.P.M. = 60°4. LP IH.P. = 311. R.P.M.= 60.4. 


on July 19, from 10 a.m. till 4 p.m., at 
78-33 average r.p.m., and with high- 
pressure cut-off, 0-45. The course was 
shaped oval, round by the islands and 
back, for the purpose of avoiding sharp 
turns. The comparison was as fair as 
could be made or desired. The water- 
meter and feed-pump counter readings 
were noted simultaneously every hour. 
At the end of the official six hours’ 
trial of the reciprocating engine in 
combination with the exhaust turbine, 
during which the high-pressure expan- 
sion block was set for a cut-off of 25 in. 
of the stroke and the rim of the toothed 
wheel of the reversing gear was 3 in. 
past the centre, making the actual cut- 
off about 22} in. of the stroke (0-45), 
the revolutions were 79-4 per minute. 
7000 1200 «#00 =61600 «(1800 =2000 2200 200 A demonstration was made of the 
LHP of Reciprocating Engine effect of cutting out the Bauer-Wach 

gear. The revolutions per minute 
| very quickly dropped to 68}. Upon putting the 
/exhaust turbine into gear again, the revolutions per 
| minute came back to 79 in about three minutes. 
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Fig.4 “S.S. BONIFACE”” 
1H.P. OF RECIPROCATING ENGINE AND EXHAUST TURBINE 
AT DIFFERENT VACUUM. MAIN STEAM IN ENGINE-ROOM, 
21518. PER SQUARE INCH, 144°F. SUPERHEAT. 
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The supply of steam required at sea for auxiliary | Taste III. 
purposes is taken from the main boilers, which are fitted | = : 














with Howden’s forced draught. There is no donkey | | | | Voyage | Voyage 

boiler. The three boilers are 16 ft. 6 in. diameter by | Trial Load | _Run | Run | Table IV, page 413, gives details of performances on 
12 ft. long, the heating surface is 8,826 sq. ft. the | = Trip. | Draught. | = | —— |a round voyage from New York to Brazilian coast 
grate surface 195 sq. ft. There are nine furnaces in | i "| ports and back to New York, and includes a few figures 
all. Smoke-tube type of superheaters supplied by the | as 1 r = | from the trial trip. The outward run from New York 
North-Eastern Marine Engineering Company, Limited, | . | Ft. in. | Ft. in. | Ft. in. | Ft. in. | to Bahia was made under ordinary working conditions 
are fitted for a specified superheat of 150 deg. to 160 | pean 1 2 ‘ae rit Bs ec = 4 ia | with the ship fairly deeply loaded. The homeward run 
deg. F. The working pressure is 215 lb. by gauge.| Draught, mean :.| 17 9$ | 25 2} | 22 54] 14 103 | northward was at light draught and reduced power. 
The cylinders are 25} in., 43$ in., and 73 in. in| Displacement - -| 7,959 tons) 11,730tns.|10,310tns.) 6,520 tons | During the voyage run northward at easy speed, the 
diameter, by 51 in. stroke. The main condenser is of | aco pc = | ee | 0-708 | chief engineer made experiments which showed that 
the ““V” type, with 3,900 sq. ft. of cooling surface in| area oo a 908 sq.ft.) — = — _| power was obtained from the turbine at much lower 
three nests of tubes. The air pump is 25 in. in diameter | Immersed _midship | i | revolutions than was expected from some early data 
by 27} in. stroke, driven by the pump levers. The | OB ay ym sa Se 27200 MEN ieee | obtained from the inventors and contractors. The 


main injection was increasec' from 15 in. to 18 in. | | experiment to find the lowest power at which the tur- 
to ensure the high vacuum required for an exhaust TS | bine would give assistance to the reciprocating engine, 
turbine, and the Boniface has an 18-in. centrifugal | and steam consumption by water-meter, not on coal con- | showed that at a certain very low speed, viz., 47 r.p.m., 
circulating pump. The thrust-block is of the single- | sumption, which varies according to quality used. For | the turbine did not drag, and it seemed that there was 
collar type, and incorporated in the gear case in the | superheated steam installations, especially those in which | sufficient kinetic energy in the exhaust steam to 
Boniface. Fig. 6, page 414, shows the gear-case with the | the surplus auxiliary exhaust steam from the exhaust | enable the turbine to overcome friction and keep pace 
main thrust-shaft, large gear-wheel, second reduction- | feed-water heater has a branch leading into the low- | with the engine. Indicator diagrams were not taken 
pinion, oil clutch and first reduction-wheel. Messrs. | pressure casing of the main engine, a large oil separator | at this critical low speed, but the powers have been 
Swan, Hunter and Wigham Richardson, Limited, | is inserted between the low-pressure cylinder and the | deduced from the function of the revolutions. Fig. 4 
the English licensees, supplied the exhaust turbine, | turbine. It is a box of about 80 cub. ft. fitted internally | shows the i-h.p. of the turbine corresponding with the 
gearing, exhaust steam change-over valve and auto-| with grid baffles, which have to be taken out occa-|i.h.p. of the reciprocating engine, when the two are 
matic cut-out valves. The installation of these units | sionally to be cleaned. It acts as a separator for oil | working together for three different degrees of vacuum, 
was effected by the engine builders, who had the | deposit, and serves also as a separator for water, which | and also the i.h.p. of reciprocating engine and exhaust 
advice of Dr. Bauer in adapting the Bauer-Wach | drains from it to an automatic trap below. The spindle | turbine at different vacuum with main steam in engine- 
system to a set of engines already partly built. The | gland of the servomotor for the change-over valve is | room at 2151b. per squareinch, and 144 deg. F. superheat. 
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The information more recently obtained was kindly 
given us by the Vulcan Company, and is plotted in 
thick lines. Our extensions of these in dotted lines 
were made to help the chief engineer to name the power 
at these very low revolutions; but it is interesting, 
moreover, to notice that these support the method of 
using a curve of cubes of revolutions for estimating 
power, and incidentally this relation between i.h.p. and 
revolutions agrees with data from 8.8. Alban taken over 
a range of i.h.p. from 3,021 down to 148. Experiments 
were also made at these reduced powers to find what 
difference was made in the speed when the feed-heater 
surplus auxiliary exhaust was led into the low-pressure 
receiver instead of to the auxiliary condenser. The 
results showed an increase of 0-5 to 0-7 of a revolution 
per minute with the Bauer-Wach gear out, and 1-0 to 
1-3r.p.m. with the Bauer-Wach gear in use, in favour 
of the low-pressure receiver. 

As the Basil and Boniface were built by the same 
firm at one and the same time, off the same scrieve and 
drawings, a comparison between their performances 
at sea under similar conditions is given in Table V. At 
sea the Basil high-pressure cut-off is at 314 in. to 32 in. 
of the stroke, while the Boniface cuts off at 26-2 in. of 
the stroke. The consumption is much in the same 
proportion. 

An experiment was also tried on the voyage run 
northward to find what vacuum could be obtained by 
the air pump alone, i.e., without using the vacuum 
augmenter, with the minimum speed of main circulating 
pump (although the ship was at very light draught) 
through temperate, tropical, and then temperate 
waters. Table IV shows that 28} in. vacuum was 
maintained with or without the augmenter. Probably 
the increase of centrifugal pump size from the 15 in. 
which the inventors approved to the 18-in. bore which 
Messrs. Hawthorn, Leslie installed, helped to produce 
this result. From the extremely good vacuum which 
we find recorded at the lowest reduced powers, viz., 
about 28} in. with 30-in. barometer, at 560 i.h.p. of the 
reciprocating engine, when the augmenter was shut 
off, it is more than probable that this shutting off of 
steam from the nozzles saves a good proportion of steam 
at low powers, and shows that at these reduced powers 
if the augmenter breaks down it will not matter much. 
Examinations of the turbine blades were made after 
some months of running, and there was an absence of 
grease. The baffles of the exhaust steam purifier were 


TABLE V.—Comparison OF PERFORMANCES OF BASIL AND BONIFACE ON RUN FROM SAVANNAH TO PERNAMBUCO. 


Date when run was made 
Weather ; 


Steaming time 


Distance run 

Speed, in knots .. 

Total coal (tons), all purposes, s, under way 

Coal per day (tons), all purposes, under dhigaed 
Kind of coal es ¥ 


Apparent slip per cent. of propeller 
Revolutions per minute main engine .. 
I.h.p. of reciprocating engine at mean rev olutions 
I.h.p. of turbine es in. semen 
Total i.h.p. 
Lb. coal per i.h. p. per hour 
Draught of ship—mean for run 
Displacement tons , 
pé vs 
LHP. 

pi vs 
Coal per day i 
Lb. water per hour, all purposes 
Evaporation per pound of coal as fired 
Calorific value of coal 


” ” ” 


oa b.h.p. at propeller 


examined, and, although they had been filtering oil- 
impregnated steam, they were as clean as when new. 
The Mollier diagram for indicator diagrams, (see 
Figs. 3 and 5,) showing 1,368 i.h.p., commences at the 
initial pressure in the high-pressure cylinder taken 
from the indicator diagram, viz. 206 lb. absolute, with 
144 deg. F. superheat. The diagram was drawn approxi- 
mately in the absence of instruments for checking 
dryness in receivers. 


between high-pressure back pressure and the medium- | 
pressure diagram top pressure. ‘The top part of the 


vertical line of each of the four triangular diagrams | 


shows the heat drop corresponding to the work done in | 
the cylinder per pound of steam. In each triangle the 
horizontal line is drawn from this definite point on the 
vertical line to the appropriate back-pressure line. In | 
the medium pressure, the end condition is atmospheric | 
pressure. In the low-pressure triangular Mollier dia- | 
gram, the end condition is the back pressure measured | 
on the indicator diagram. The short horizontal line | 


between the low-pressure triangle and the turbine | 


Thermal efficiency main engines a and propelling ‘auxiliaries oni.h. p. : ; | 


The vertical line of the high | 
pressure shows adiabatic expansion to the condition | 


Fic. 6. 


triangle represents the fall between the low- pressure | 
back pressure and the turbine receiver pressure, about | 
4 lb. at half power. The barometer was 29-64 in., 
atmosphere 14-53 lb. absolute, 23 in. vacuum in the 





Boniface. 


October-November, 1928 
Fresh wind, moderate follow- 
| ing sea | 
13 days, 10 hours 


..| December, 1928. 
Head wind and sea swell 


13 days, 12 hours, 
13 minutes. 


3,692 3,683 
11-47 11°36 

489 } 435 
36-44 32-21 


60 per cent. Pocahontas, 40 | Pocahontas and Durham, mixed 
per cent. Yorkshire with a |___in ratio 3 Pocahontas to 1 


few tons Durham | Durham. 
2-20 6-05 
72°67 74°35 
2,439 2,070 
~ 820 
2,439 2,890 
1-40 1-04 
20 ft. 4 in. 23 ft. 8} in. 
9,260 10,950 
273 250 
18,265 22,454 
ao 29,700 
9-89 Ib. 
| 14,125 


14,500 
— 17-95 per cent. 
15-0 per cent. 


|turbine casing 11-27 Ib. below the atmosphere, and 
| at this 3-26 Ib. sheslate pressure the efficiency of the 
turbine diagram seems good. The diagram is subject 
|to the usual assumptions. The work done in the 
| cylinders is compared with that done during adiabatic 
expansion. 








CATALOGUES, 


Tube-Bending Machines.—Messrs. Hilmor, Limited, 
Fitzroy-court, Tottenham-Court-road, London, W.1, 
| have issued a catalogue of their tube- bending machines, 
describing the different sizes of machines and the method 
of operating them for producing all the bends usually 
| required, 

Pipes.—A catalogue of main steam pipes, tubular coils 
and hydraulic tubes is to hand from Messrs. The Scottish 
|'Tube Company, Limited, 34, Robertson-street, Glasgow, 
C.2. Bends, branches, expansion bends and joints, 
| flanges, supports, and a large variety of coils are shown. 

| Several pages are occupied with British Standard tables 
| of pipe flanges, metric equivalents, steam tables, useful 
formule am! other technical information. 
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REDUCTION GEAR. 


Milk-Filling Machine.—Messrs. Burlectas, Limited, 
Palace of Industry, Wembley, have ise-:9d a pamphlet 
describing their ‘‘ Auto-Dairy ” unit for bottle washing, 
filling, pasteurising and sealing milk in glass bottles. 
The machine is the invention of Mr. Arthur G. Enock, 
M.1.Mech.E. 


Steam Turbines.—The A.E.G. Company, Berlin, have 
sent us a copy of a special catalogue of steam turbines 
reviewing their twenty-five years’ experience in building 
these, and giving a very full technical description of the 
current types. The catalogue is in German text, and is 
priced 5 marks. 


Metallic Packing.—Messrs. Green and _ Boulding, 
Limited, 162a, Dalston-lane, London, E.8, have sent us a 
catalogue of the Tripp metallic gland packing, giving 
sectional illustrations and a list of standard sizes. These 
packings are suitable for high pressures and for use with 
steam, air or carbon dioxide. 


Electric Welding.—Messrs. The Quasi-Arc a ee 
Limited, 15, Grosvenor-gardens, London, S.W.1, are 
issuing a loose-leaf binder containing about 30 circulars, 
with room for additions. These circulars, which are well 
printed and illustrated, clearly describe the numerous 


| applications for which the process is suitable. 


Smiths’ Hearths, d&c.—Messrs. James Keith and 
Blackman Company, Limited, 27, Farringdon-avenue, 
London, E.C.4, have sent us new lists showing smiths’ 
hearths, portable forges and fans, air heaters, and a 
thermostat controller for automatically regulating gas 
jets to maintain liquids at a given temperature. 


Air Compressors.—A new catalogue of portable and 
semi-portable air compressors, with petrol-engine or 
electric-motor drive, is to hand from Messrs. Lacy-Hul- 
bert and Company, Limited, Beddington, Croydon. 
The variety of portable mountings is considerable and 
shows ingenious adaptations to special requirements. 


Electric Motors.—Messrs. Higgs Motors, Witton, 
Birmingham, have issued a new edition of their catalogue 
dealing, in separate sections, with induction motors, 
direct-current machines, and motor-generator sets. The 
new lists contain several additions, and full particulars, 
including dimensions, capacities and prices, are given 
for every item. 


Magnetic and Resistance Alloys.—We have received a 
catalogue dealing with Mumetal and Rhometal magnetic 
alloys, and another dealing with a high-temperature 
electrical resistance alloy named ‘“‘ Pyromic,’’ from Messrs. 
The Telegraph Construction and Maintenance Company, 
Limited, Wharf-road, City-road, London, N.1. These 
catalogues contain full technical particulars of each of 
the alloys. 


Brick-Making Machinery.—A catalogue of machinery 
for making bricks from lime and sand, slag, or clinker, is 
to hand from Messrs. Sutcliffe, Speakman and Company, 
Limited, Leigh, Lancs. The processes employed with 
each of these materials are described in detail, and 
illustrations and descriptions of machines used are 
given. These include grinding and mixing mills, feeding 
and measuring machines, presses which shape the bricks 
at 1,200 to 3,000 per hour, and the drying or hardening 
chambers. 
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THE WELLAND SHI —]I, | make 14 ft. navigation possible between Prescott and 
- Cano | Montreal, a distance of 112 miles in which there is a 


IN the introductory article to the general subject drop of 225 ft. This fall constitutes one of two serious 
of the Welland Canal, published in our issue of | physical barriers preventing access to the lake 
March 8 (page 285 ante), we dealt with the shipping | region by the St. Lawrence river. The drop takes 
on the Great Lakes, and pointed out that although | the form of a series of rapids, but as we are not 
these lakes provide a highway for a vast amount | much concerned with this in the present articles we 
of traffic, some of it destined for export, the water- | need not enlarge upon the subject here. The second 
borne trade is throttled down very considerably | physical obstacle to free navigation is the Niagara 
between the eastern end of Lake Erie and Atlantic | escarpment between Lakes Erie and Ontario, 
seaboard ports. From this it is concluded that, if | where a difference of level of 325 ft. has to be 
facilities permitted, more of the export traffic | negotiated. It is with this that we are now more 
would reach Montreal direct in the large vessels in | particularly interested, for it is this obstacle which 
which it is moved on the lakes, thus reducing costs | has been overcome for some 100 years by the 
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Welland Canal, now, however, of a size much smaller 


by eliminating re-handling on the way to the ocean 
port. Now, as pointed out, by whichever route this 
trade finds its way to port, it has to be re-handled 
at Port Colborne and Buffalo into canal boats, or 
else it proceeds by rail. It has again of course, | 
to be re-handled at Montreal or New York. Even 
if direct shipment overseas from the head of the 





lakes did not become general, it seems logical to 
suppose that the elimination of one re-handling 


than will accommodate the large vessels in traffic on 
the lakes themselves. 

Canal works in Canada date back to 1700, when 
an attempt was made to improve water communi- 
cation above Montreal by cutting a small channel 
without locks and with a depth of only 18 inches, 
from Lachine to Montreal. This work failed, due 
to financial difficulties, and though twice revived, 





on its way to the seaboard would tend to economy. |it was abandoned completely some time after 

The present reconstruction of the Welland Canal | 1733. 
will transfer a great deal of traffic to Prescott,| The first locks actually constructed on the 
which it has been decided to make the Canadian | St. Lawrence were built by the Royal Engineers, 
terminal at the head of Lake Ontario. Similarly, it|for military purposes, round the lower and upper 
is probable that traffic will forsake Buffalo, in favour | rapids between Lakes St. Louis and Francis. These 
of some port such as Oswego, since this will give a | locks were 40 ft. long and 6 ft. wide, and with only 
longer mileage at low lake rates. In either case re- | 2} ft. of water on the sills. First constructed in 
handling will still be necessary, and will continue | 1779-83, these locks were enlarged in 1800-04, 
to be so until the contemplated St. Lawrence water- |to a length of 110 ft., width of 12 ft., and depth 
way, or some alternative, in the form of a recon-| on sills of 4 ft. This depth being adopted at the 
struction of the so-called St. Lawrence Canals, is|time as standard, in 1821-25 the Lachine Canal 
brought into existence. These canals at present | was built by the Government. Almost immediately 





a standard depth of 9 ft. was proposed and adopted, 
and the Cornwall Canal, commenced in 1834, was 
built on these lines. By 1848, the Lachine Canal 
having been deepened, 9 ft. navigation was 
possible irom Montreal up to Prescott on Lake 
Ontario. The locks were then 200 ft. long by 
45 ft. wide. 

The history of the Welland Canal takes one back 
to 1816, when the whole subject of inland navigation 
was reviewed by the Parliament of Upper Canada, 
and a Commission appointed which, in 1823, recom- 
mended the construction of a canal across the 
Niagara Peninsula, suitable for the class of vessel 
then in use on the lakes. This, of course, was 
a much larger project than the canals between 
Montreal and Lake Ontario, owing to the much 
greater difference of levels involved. The part of 
the Niagara Peninsula found to be best suited to 
this scheme is shown in the maps, Figs. 4 and 5. 

The first enterprise following upon this was an 
undertaking bya private company, which, however, 
met with relatively little success. The company 
was formed in 1824, on the initiative of William 
Hamilton Merritt, the president being Mr. George 
Keefer, who turned the first sod on November 30, 
1824. The scheme was generally considered to 
have been rather ill-planned. The route chosen, 
after the abandonment of a preliminary project to 
build a combined rail and canal route, ran from 
Port Dalhousie to Port Robinson, where locks 
connected with Chippawa Creek which was utilised 
for the lower 8? miles of its course, before it 
joined the Niagara River about 2 miles above the 
Falls, as may be seen in Fig. 4. At the Niagara 
River end Chippawa Creek was entered by a short 
channel cut across a point of land on the up-stream 
side. At the Lake Ontario end the route made use 
of Twelve Mile Creek, to be seen in Fig. 5. The 
unsuitability of the southern approach to the canal 
down the swift flowing Niagara River was one of 
the objections to this scheme. Difficulties were 
also encountered in traversing the main ridge, which 
necessitated what was known as the “‘ Deep Cut,” 
70 ft. deep, between Port Robinson and Allanburg. 
Here, in fact, trouble developed just when the work 
was nearing completion, and slides threw the opening 
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water for working the canal proving insufficient 
from the Chippawa Creek, the company turned to a 
scheme of utilising the Grand River, Fig. 4, as a 
feeder, necessitating a connection 27 miles long, and 
also the raising of the level of the canal, but co- 
incidentally diminishing the depth of the Deep 
Cut. This scheme was completed by November 
30, 1829, on which date two schooners passed through 
the waterway from Lake Ontario to Lake Erie. 
This waterway was usable by vessels of 7} ft. 
draught. In 1831, power was obtained, and a 
Government loan secured, to complete the canal 
to Port Colborne on Lake Erie, by enlarging the 
feeder for about 5 miles, i.e, to Welland, and 
cutting a new channel onward, all this later work 
being on the alignment which is followed practically 
by the canal now in use. In this form the canal 
was 274 miles long. It was opened in 1833. The 
canal had 40 wooden locks, all 110 ft. long, 22 ft. 
wide and with 8 ft. depth of water on the sills, 
except the first three at Port Dalhousie, which 
were 130 ft. by 32 ft., and the one at Port Colborne 
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THE WELLAND SHIP CANAL. 
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Fie. 7. OLp AND PRESENT CANAL AQUEDUCTS OVER CHIPPAWA CREEK. 
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which was 125 ft. by 24 ft. The ruling bottom | 
width was 24 ft. The feeder canal had a bottom | 
width of 20 ft. and depth of 5 ft. only. 

At the request of the company steps were taken | 
in 1839 for the canal to be taken over by the | 
Province, and after the Union it was transferred | 
to the Government of Upper Canada. Having | 
proved in many ways unsatisfactory, its recon- | 
struction was very soon taken in hand. The | 
wooden locks, which are said to have given con- 
stant trouble from bulging, and according to records | 
had frequently to be hewn down to admit of | 
the passage of vessels, were rebuilt in stone, with | 
dimensions as follows : Length 120 ft., width 26 ft., 
depth of water 8} ft. By increasing the lift, the | 
number of locks was reduced to 27 and soon after | 
the works were started in 1842, the locks were | 
re-designed for a length of 150 ft., width of 264 ft. | 
and depth of 9 ft. on the sills. A branch canal from | 
Dunville on the Grand River to Port Maitland | 
at its mouth, was also built. The enlarged canal Fic. 8. PRESENT CANAL AQUEDUCT OVER CHIPPAWA CREEK. 
was opened for traffic in 1850. The lock built at} 
this time at Port Maitland was 200 ft. long, 45 ft.| and a commission was appointed to report on| | close to Thorold. The section of the old canal north 
wide and, like the others, had a depth of 9 ft. The|the best means of bringing about improvement. | | of Allanburg went out of use in 1890. From Allan- 
next improvement was an increase in depth to 10 ft.,| It recommended a uniform system for the St.| burg onwards, the old canal was widened and 
accomplished by raising the banks and the lock | Lawrence and Welland routes, with locks 270 ft. | deepened. 
walls, this being brought into effect in 1853. By this | long, 45 ft. wide and with 12 ft. of water on the| One of the features of the second canal was a stone 
time it had become evident that the Grand River | sills. The latter figure was subsequently increased | arch aqueduct carrying the canal over the Chippawa 
would not suffice as a feeder for a canal with much | to 14 ft. Work on the third reconstruction of the | Creek. This was replaced in the reconstruction 
traffic, and plans were devised for a further recon- | Welland Canal on these lines commenced in 1873,| by a similar but larger stone structure on the 
struction so that the canal could be fed from Lake | and was completed for 12 ft. depth in 1881, w ater | third canal. Both aqueducts stand to-day side 
Erie. This necessitated lowering the summit supplies being drawn from Lake Erie, and to 14 ft. | by side and testify to the excellent class of con- 
level 8 ft. Although this work was inaugurated in | |depth in 1887. The third or present canal leaves | struction adopted in each instance. The aqueduct 
1846, the end was not achieved until as late as 1881. | Lake Ontario at Port Dalhousie, but, as shown in | | by which the second canal was passed over 

It having become evident that the require- | Fig. 5, the route chosen did not follow Twelve Mile | | Chippawa Creek consists of four arches each 45 ft. 
ments of navigation called for larger capacity Creek, but cutting through instead on a new line | | | wide at the springings, the height being 6 ft. from 
and greater uniformity as regards the St. Law-| much to the east of the old canal as far as Allan-| floor to springings, and 13 ft. to soffit. The 
rence and Welland Canals, in 1870 the Govern- | burg, attacked the Niagara escarpment much more | | present canal aqueduct is 85 ft. wide at floor level 
ment again took up the question as a whole, | directly, the greater part of the rise being taken | and consists of six arches 40 ft. wide, the height 
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from invert to soffit being 19 ft. In Figs. 7 
and 8 we reproduce two recent views, taken 
at this point, looking south. Fig. 8 is a view 
taken looking along the aqueduct of the present 
canal, the stone wall on the extreme left being the 
facing wall of the aqueduct of the second canal. 
Fig. 7 taken from a point a little further back shows 
the old (second) canal aqueduct somewhat to the 
left of the centre and the present canal aqueduct 
slightly to its right. On the extreme right hand are 
works connected with the present reconstruction, 
to which reference will be made later. 

From what was said in our first article, it will be 
evident that locks of a length of 270 ft. do not make 
adequate provision for the shipping of the Great 
Lakes, which many years since expanded to such an 
extent, that vessels of this length now only form 
a fraction of the total tonnage. Nevertheless, the 
growth on the canal system has been very large. 
In 1904, the traffic passing through the Welland 
Canal represented only 620,000 tons. By 1914 it 
had risen to 4,000,000, and last year stood at 
7,439,617. The capacity of the present Welland 
Canal is placed at 8,000,000 tons, while the limit 
of the St. Lawrence Canals is set by the 
capacity of locks at Cornwall at about 9,000,000 
tons, so that, with the rate of increase main- 
tained for a short while, the canals will 
probably be taxed to the utmost. With such 
an expansion in business, and the great increase 
in size of vessels, there would seem to be little doubt 
that the foresight of the Government to build this 
time on a large scale will prove in the end to be 
justified. This enterprise was embarked upon in 
1901, after the completion of the St. Lawrence 
Canals to 14 ft. navigation. The first work under- 
taken was the deepening of the Port Colbourne 
entrance to 22 ft., and the improvement of the 
protection provided there, together with the con- 
struction of a 1,000,000 bushel grain elevator 
for the use of the larger vessels incapable of passing 
through the canal. These works were completed in 
1908, since which date the elevator accommodation 
has been twice increased by 1,000,000 bushels, 
and even so has at times been taxed to the limit. 
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At the time of the discussion of the relative merits 
of the St. Lawrence and Ottawa routes, very exhaus- 
tive surveys were made of the Niagara Peninsula. 
These were carried out chiefly between 1907-1912, by 
Mr. J. L. Weller, Superintending Engineer of the canal 
and finally the decision was made to re-locate the 
Welland Canal on an improved alignment, thus lead- 
ing to the fourth and present reconstruction, which 
will convert the undertaking into a ship canal of the 
first order. The work on this was actually put in 
hand in 1913. Since, in this reconstruction, it was 
decided to adopt locks of large size, reducing at 
the same time their number as far as possible, it 
was necessary to find an alignment which would 
afford suitable sites for very massive structures, 
comparable, in fact, more with those of the Panama 
Canal than with those of any other waterway. The 
main dimensions for the locks were fixed originally 
at a length of 800 ft., since modified to 820 ft., 
(859 ft. between gates) a width of 80 ft., and 
depth on sill 30 ft. To overcome the difference 
in level between Lakes Ontario and Erie (325 ft. 
6 in.) it was decided to reduce the lift locks 
to seven, with an average lift of 464 ft. The 
difference between the present canal and the 
new Ship Canal is strikingly brought out in 
the diagrams Fig. 9, on this page. These show the 
length of ten miles nearest Lake Ontario. This 
stretch covers the whole of the rise in level between 
the two lakes, the remaining 15 miles being on 
the summit level. The new waterway has a mini- 
mum depth of 25 ft., but structures are all being 
made for a depth of water on the sill of 30 ft. The 
prism width is 200 ft. at the bottom and 300 ft. 
at the water line, while all curves are widened, 
some to as much as 600 ft. 

The geological strata of the Niagara Peninsula on 
the line of the Welland Canal, lie almost horizontal in 
a west.to east line, but slope gently at from 20 ft. to 
30 ft. to the mile in a southerly direction. The actual 
formations met with near the surface working from 
north to south, are roughly as follows: From the 
shore of Lake Ontario for about 4 miles inland the 
formation is Ordovician, and known as Medina or 
Queenston shale. This is a red shale, the bed extend- 








ing to a thickness of many hundred feet, the Silurian 
formations overlying this outcrop in the following 
order: Thorold sandstones and Medina shales, 
extending to the foot of the escarpment, above 
which occur Niagara shale and Clinton limestone or 
dolomite. Above this again is Niagara limestone 
(Lockport dolomite), which constitutes the upper 
layer over which the Niagara River falls in the 
neighbouring gorge. Proceeding south, the Guelph 
dolomite is found below the surface, changing 
after some four miles to Camillus shale. An outcrop 
of a thin bed of Akron dolomite overlaid by a 
thinner bed of coarse sandstone brings one to 
Onondaga limestone for the last couple of miles 
to the Lake Erie shore. The Niagara limestone or 
Lockport dolomite has a thickness of 80 ft. or so, 
and the Niagara (Rochester) shales beneath it a 
thickness of some 60 ft. The Clinton formation 
under this is only a few feet in thickness, but the 
underlying strata of Medina formation below consists 
of layers of red and mottled shales and red and 
mottled sandstones, together about 110 ft. thick. 
The Ordovician Queenston bed, exposed at the 
north end of the line is, as already stated, a red 
sandy shale. It was found possible to site all the 
major works of the reconstruction on good rock. 
The Medina shales are sound and firm if main- 
tained in a damp condition, but disintegrate rapidly 
if allowed to dry. For this reason precautions have 
had to be taken where these were encountered, to 
expose the finished face to air for the shortest 
possible time, excavation being followed up almost 
immediately by concreting. On large pieces of 
work, to effect this satisfactorily, it was found 
advisable to rough the excavation out, leaving a 
surface layer to be removed at the latest possible 
moment. 

The alignment of the new canal may be followed 
in Fig. 5, while a section is given in Fig.6. The 
Ship Canal commences with an entirely new harbour 
constructed at Port Weller, on Ten Mile Creek, 
about 10 miles west of the Niagara River and 3 
miles to the east of Port Dalhousie, and, as will be 
noticed, the escarpment is in this case attacked even 
more directly than in the case of the present canal. 
Canal chainage starts from the outer end of the Port 
Weller harbour, the first lock being met with at 
about Mile 2, and the second at about 33. The third 
lock is,situated just beyond Mile 6, where the new 
line crosses that of the present canal. At about 
this point, the present canal makes a wide sweep, 
taking the escarpment by means of a succession of 
fourteen locks, which though not constituting a 
continuous flight have, nevertheless, very small 
stretches between them. This series of locks, with 
the ponds attached to them, form a very interesting 
sight, especially when vessels are following each 
other closely through them at times of dense 
traffic. 

Two interesting views of this section of the present 
canal are given in Figs. 11 and 12, on page 430. The 
corresponding manner in which the ship canal will 
surmount the same difficulty is shown in the lower 
diagram of Fig. 9. Locks 4, 5, 6 and 7 are all placed 
close together and practically at right angles to the 
run of the escarpment, the first three being twin 
locks in a single flight and with their wing walls 
constituting a structure 4,100 ft. in length, and 
giving a total lift at this point of 139} ft. It may 
be remembered that the highest lift on the Panama 
Canal is 85 ft., for the three locks at Gatun, and it 
will thus be realised that the Welland Ship Canal 
involves engineering structures which put it in the 
front rank. It is in fact, one of the largest under- 
takings at the present time, not only in the British 
Empire, but in the world. It is true that the 
length and width of the locks are not so great as at 
Panama, but the lift for such a work is unprecedented 
—a maximum lift per lock of 47 ft. 9 in. compared 
with 32 ft. 4 in.—so that, while not altogether simi- 
lar, the engineering problems. are certainly of the 
same order. Fig. 10 shows a diagrammatic com- 
parison of the Welland Canal Lock No. 4 and one 
of the Panama Canallocks. At Panama there are 
six double locks with 46 gates of between 47 ft. 
4 ins. and 82 ft. nominal height, 7.e., from sill to 
coping level; the new Welland canal will have 
8 locks (11 chambers) with 27 steel and 5 timber 
unwatering gates, 35 ft. 6 ins. to 83-4 ft. in height. 
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shows gates 82 ft. high as in use at Panama, this size 
was only required in the case of four leaves installed 
at Miraflores. In the case of the Welland Canal no 
less than eighteen leaves of this height will be re- 
quired, and eight of 83-4 ft. 

At the head of Lock No. 7, at Mile 8-7 the canal 
passes Thorold and is at summit level. Between 
Thorold and Allanburg, a somewhat more direct line 
has been chosen for the Ship Canal, which, however, 
follows the old alignment between the last town and 
Port Robinson. Again, between Port Robinson and 
Welland, a more direct route is taken than formerly, 
but beyond Welland to Port Colborne, the old line is 
followed except at one place where a large bend is 
cut out. The present length of 263 miles will, 
by these changes, by which objectionable bends 
have been eliminated, be reduced to 25 (27? miles 
between ends of breakwaters), and as the number of 
locks to be negotiated will be reduced so materially, 
a great saving in the time of passage is anticipated. 

In the present canal, with electrical lock equip- 
ment, it takes usually from 20 to 30 min. to pass a 
vessel through a lock, and the time of passage 
from lake to lake is from 15 to 18 hours. Under 
favourable conditions, lockages have been effected 
in 8 min., but this is very uncommon. In the new 





Ship Canal, the locks will be capable of being filled 






between Thorold and Allanburg (2 miles) and 
includes the guard gate structure. No. 5 extends 
on to Port Robinson, and is 3} miles in length. 
Section No. 6, 4 miles long, extends from Port 
Robinson to Welland and includes the Chippawa 
Creek syphon crossing. No. 7 continues the work 
to Humberstone, and | as a length of 6 miles, while 
No. 8 includes the remainder of the canal proper, 
with Lock No. 8 andthe harbour and new break- 
water at Port Colborne. 

Contracts were awarded as long ago as 1913 
for work on Sections 1, 2, 3 and 5, on a unit-price 
basis, and actual construction commenced in that 
year. Owing to scarcity of labour, &c., due to the 
war, work was suspended in 1916, and the surrender 
of these contracts was accepted in 1917. Until 
the end of 1918 nothing further was done, but steps 
were then taken to reopen the work with a view 
to providing employment for the large numbers 
of demobilised troops. In the year 1919, new 
contracts were entered into with the same firms on 
a cost-plus-percentage basis, found to be here, as 
elsewhere, the only practicable thing to do at a time 
when prices were high and unstable. Section 4 
was included in these contracts. The early months 
were spent getting together again or reconditioning 
plant either scattered or laid up during the idle 
years. On restarting, conditions, unfortunately, 


out among the men owing to loss of earnings. 
Men left the work, and discipline suffered in the 
attempts of the contractors to retain others. Many 
asked, and were allowed where possible, to go back 
to the 10-hour day, whereupon organised labour 
interfered and called a general strike in September. 
Some interesting figures appeared at the time in 
reports of the Engineer-in-Charge. On Section 
No. 1, the men at this time were working 100 per 
cent. on the 8-hour day—44-hour week. On Section 
No. 2, 52 percent. were voluntarily working 10 hours, 
On Section No. 3, the 10-hour day men were 81 per 
cent. of the total, while, on Section No. 5, no less 
than 100 per cent. of the force were voluntarily 
working on the 10-hour basis. The answer of the 
men to the order of the leaders was only half- 
hearted, but was sufficient to dislocate the work 
entirely. 

This state of affairs, following upon an effort 
mainly directed to ease unemployment, and 
coupled with other difficulties, such as obtaining 
supplies of cement, power and equipment, made it 
advisable to close the works down completely 
again. Work on Sections Nos. 2 and 3 was termi- 
nated in September, and in Nos. 1 and 5 in Novem- 
ber. On all but the last section, work was not 
resumed till late in the season of 1920. Section 
No. 5, working throughout on the 10-hour basis 
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in 8 min., and lockages will be effected, it is esti- 
mated, in less than 40 min. for the large vessels. 
With the higher speed possible in the canal reaches 
and the smaller number of locks, this will reduce the 
time of passage to something like one half of that 
common at the present time. 

Except for Nos. 4, 5 and 6 in flight, the locks on 
the Ship Canal will be single chamber structures. 
Double construction has been chosen at the escarp- | 
ment to expedite the passage of vessels, one flight | 
being used for up and one for down traffic. In| 
addition to the lift locks, a set of guard gates will | 
be located on the summit level to protect lock No. 7 | 
on the edge of the escarpment, and a guard lock, | 


No. 8, 1,380 ft. long between gates, is located| — 


near Port Colborne. The need for the latter arises | 
from the fact that Lake Erie level is liable to very | 
considerable fluctuations if the wind sets in one | 
direction or another. This range is sometimes as | 
much as 12-75 ft., and a possible range of 14 ft. has | 
been allowed for at the guard lock. The average 
lift in the guard lock will be about 3 ft. It may | 
be added that in this reconstruction the Chippawa | 
Creek is crossed, not by an aqueduct of the type | 
previously employed, but by an inverted syphon, | 
which is one of the most interesting works on the | 
new canal. 


Leaving details of desigr, &c., to a later issue, | ~ 
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proved to be very unsettled. The Hydro-Electric 
Power Commission of Ontario was in the middle 
of its big Queenston-Chippawa Development,* and 
this work was being pushed on against time, 
practically regardless of costs, so important was 
it considered to obtain the extra power it would 
furnish. As much of the work was similar to 
that on the Ship Canal, and the latter was being 
restarted largely as a relief scheme, it followed that 
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re-started without delay when work became 
practicable. Troubles were, however, not over. 
The Hydro-Electric Commission revised its rates 
in 1921, introducing a reduction. The step was 
followed on the Canal by notices of reduction, 
this being followed by a conference of officials, 
which decided upon a 20 per cent. decrease. This 
again was followed by further conferences, after 
which the Department of Labour issued a new 
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we propose to conclude this article with particulars | the Queenston undertaking temporarily regulated |schedule of rates, very similar to that in force on 


of a general nature regarding the work involved, | 
and the conditions under which much of it has been | 
carried out. The project was divided originally | 
into nine sections, subsequently reduced to eight | 
by the merging of the original sections Nos. 8 and 9. | 
The eight present sections have the following | 
approximate limits :—No. 1 includes the harbour | 
at Port Weller on Lake Ontario, and extends to a | 
point between locks Nos 1 and 2 ; it is about 2} miles | 
long. No. 2 section is 4} miles long, and includes | 
locks Nos. 2 and 3. No. 3 Section is 2 miles long, 


with locks Nos. 4, 5,6 and 7. No. 4 Section runs 


| 


but includes the main rise up the ce 


the local conditions of labour. From this the 
Canal works suffered materially. In order to 
advance its work rapidly, the Hydro-Electric 
Commission agreed to an 8-hour day and 44-hour 
week, and high rates of overtime for the additional 
2 hours making up the 10-hour day usually worked. 
The same terms were demanded cn the Carnal, and 
after negotiations the 8-hour day was conceded on 
similar rates as those paid on the Queenston 
work. This was put in force in August, resulting in 
a great loss in output, while dissatisfaction broke 





* See ENGINEERING, vol. cxviii, page 220 (1924). 


the Queenston work. The Canal work was thus fora 
time practically regulated by what was done on 
the neighbouring Queenston work, with the result 
that for these several years conditions were extremely 
difficult, costs exceedingly high, and the work was 
being carried on at an expense which was greatly 
in excess of what was really necessary, in view of 
the fact that there was no real urgency about the 
matter, and that the Dominion was only appro- 
priating yearly a moderate sum for the under- 
taking. The major part of the Queenston scheme 
| was completed in 1921, and conditions on the Canal 
| at once began toimprove. The cost-plus-percentage 
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contracts on Sections Nos. 1, 2, 5 were cancelled in 
this year, and new contracts made on a unit-price 
basis. The same step was taken in 1922 with regard 
to Sections Nos. 3 and 4. A little later the sections 
were reduced to their present number of eight by 
grouping Nos. 8 and 9 together. 

At the end of the 1928 season the work was more 
than 90 per cent. complete. The original estimates 
embraced the following items: Rock excavation, 
6,000,000 c. yds.; earth excavation, 40,000,000 
c. yds. ; concrete, 2,200,000 c. yds. At the present 
time the following amounts have been handled : 
Rock excavation, 8,750,000 c. yds., earth excavation, 
51,000,000 c. yds. ; concrete, 3,400,000 c. yds. The 
original estimated cost was 50,000,000 dols., and the 
date of opening 1918, but owing to the above 
mentioned causes, the total cost will probably be 
in the neighbourhood of 115,000,000 dols., while the 
opening will probably be in 1930. From what we 
have said it will be clear that labour and greatly 
increased quantities have been responsible for the 
increased expenditure, with, of course, the general 
rise in prices of supplies since the war. To give an 
idea of the fluctuation of labour costs we show in 
Table I, selected typical wages in cents per hour paid 
on the work, under government regulation, from 
1913 onwards. The figures in italics show the 
hours per day worked. 

The above figures do not reveal the whole story, 
for in the early years, some classes of labour were 
working 11 and 12 hours. Steam shovel crews, 
&c., have done this throughout. In 1921, many 
classes of labour worked more than 10 hours. Again 
in 1922 overtime was paid at time and a-half. The 
fluctuations of which these figures are only represen- 
tative, are clearly responsible not only for a large 
part of the increase in cost, but also for the constant 
revisions of the estimates which have been made in 
recent years of the total cost of the work. 

In subsequent articles we propose to deal in 
greater detail with the design and construction of 
the Ship Canal, facilities for this having been very 
kindly placed at our service by Col. A. E. Dubuc, 
Chief Engineer of the Department of Railways and 
Canals, of the Dominion Government, and Mr. 
Alex. J. Grant, M.E.I.C., Engineer-in-Charge of 
the Canal reconstruction, whose assistance and 
courtesy during a recent visit to the works we 
hereby gratefully acknowledge. 








THE INSTITUTION OF NAVAL 
ARCHITECTS. 


(Concluded from page 391.) 


THE members reassembled on Friday morning, 
March 22, with the President, Admiral of the Fleet 
the Right Hon. Lord Wester Wemyss, in the chair. 
After the list of candidates for election and trans- 
ference had been read by the secretary and approved 
by the meeting, and the scrutineers for the next 
annual meeting had been appointed, the Chairman 
stated that the morning session would be devoted 
to three papers, of which the two last would be 
read consecutively and discussed together, as they 
were on closely allied subjects. 


PULVERISED FUEL AT SEA. 


The first paper was read by Engineer Rear- 
Admiral W. Scott-Hill, and was entitled ‘‘ Powdered 
Coal for Ships.” We propose to reproduce this paper 
in a subsequent issue of ENGINEERING. 

The discussion was opened by Engineer-Captain 
J. C. Brand, who remarked that he had very little 
in the way of criticism to make, as he was in general 
accord with almost all the statements contained in 
the paper. The amount of power, however, required 
for pulverised coal firing, was really rather less than 
stated, as a consumption of not more than the 
equivalent to about 2} per cent. to 3 per cent. of 
the steam generated could be guaranteed. There 
were distinct gains in the increased steadiness of 
steaming, consequent on the use of pulverised coal, 
thus, in the case of a 10-knot tramp steamer of 6,500 
tons, 1 day in 24 would be saved owing to time not 
being required for cleaning fires, &c. It had been 
objected that when the pulverising mill stopped, 
the flame immediately went out. This was easily 
guarded against by the adoption of a storage bin for 
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the fuel. Machinery breakdowns were minimised by 
having both steam and electric drives with a clutch 
arrangement for making the change-over. 
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ns : 
veriser was of the impact type and the burners 


were duplicates of those used in the Mercer except 
that there was no provision for oil burners. Captain 


The choice of a burner should be influenced by its | Brand had said that the problem of distribution was 
capacity for efficient working at low powers. The | solved ; he himself would add that it was solved in 
range of power required at sea was much wider than two places at least. The distributor was an example 


that on land. On shore it was usual to provide for 
a ratio between high and low power of 3} to 1, but 
at sea the range was often 12 tol. Thus, a steamer 
in harbour might have to work at the rate of only 
6 tons to 7 tons coal consumption per day of 
9 hours to 12 hours. The distributor problem had 
been solved, and the bogey of the danger of explo- 
sions from pulverised coal had been laid. This fuel 
was quite harmless, even if spread over stokehold 
plates, and only required intelligent handling and 
not elaborate precautions. A pulverised coal stoke- 
hold should be provided with adequate instruments 
such as a CO, recorder, pyrometers, &c., and even 
if thus fully equipped, would be nothing like so 
complicated as the control room of an electric ship 
which there was no difficulty in operating. 

As to the disposal of ash, by judicious planning 
of the draught speeds in the several parts of the 
boiler and uptake, this could be caught in the 
smokebox, from which it was easily removed. In 
this connection, he might say that his firm main- 
tained a speed through the smoke tubes of only 
2,800 ft. per minute, as against the more customary 
3,500 ft. per minute. This speed was quite sufficient 
to keep the tubes free from ash, because the degree 
of pulverisation they obtained in their mills was such 
as to enable most of the fuel to pass a 300 mesh, 
and not 200 as was the more usual practice. The 
fact that a combined mill and burner fitted to each 
furnace was being experimented with in the United 
States had been mentioned, and he predicted that 
this would sooner or later be heralded in the popular 
press as a great advance. They had worked at this 
problem 20 months ago, and abandoned it as not 
being a practical scheme. For one thing, the power 
demands were high, in the American vessel men- 
tioned the power amounted to 44 kw.-hours per 
ton, instead of the British 15-kw.-hours per ton 
hour. Again, air control and heating was not so 
easily maintained. Ih reply to a question from 
Sir Eustace d’Eyncourt, relative to the use of inert 
gases in pulverised coal bunkers, Captain Brand 
stated that his firm’s present practice was to pul- 
verise the coal on board. The bunkering of ready 
pulverised coal would undoubtedly follow when 
those concerned had been educated to that point 
by the less developed methods now in use. 

Mr. J. W. M. Topley said that Admiral Scott-Hill 
had enumerated as one of the advantages of pul- 
verised fuel the abolition of the cleaning of fires. 
It might assist appreciation of this point to look 
at it from the cash aspect. It was possible that 
the operating economies secured by the maintenance 
of a steady steam pressure would often outweigh 
the savings to be looked for in the fuel and wages 
bill. It had been calculated, from automatic 
steam pressure records on several runs of a line of 
steamers to the East, that a trip occupying twenty- 
two days would have occupied only twenty days had 
full steam pressure been maintained, and the corre- 
sponding revolutions secured. This was not an 
estimate but a close calculation from carefully 
recorded facts. It would mean, if effected, a saving 
of four days on the round trip. Taking the total cost, 
including overhead charges, wages, &c., at the very 
conservative figure of 2501. per day for a 10,000- 
ton ship, it followed that the expenditure to put 
against the earnings of a single round trip was 
reduced by some 1,000/. 

Since charterers had the attraction of the quicker 
passage, there was greater likelihood of the vessel 
being employed. Even if it were not employed for 
a greater portion of the year, the cost of periodic 
overhaul and idle time was spread over a greater 
number of trips, and the saving per trip correspond- 
ingly increased. Allowing no more than five trips, 
or 200 days’ steaming, per year, that amounted to 
5,0001. per annum. There was one other vessel 
which should be added to the list of ships fitted for 
burning pulverised coal given in the paper. This 
was the tug Tamaqua, owned by the Reading 
Railroad Company, U.S.A., which had been equipped 
at Philadelphia and was now in service. The pul- 





of a secondary mechanical problem hanging up success 
of the main problem at first, but the minor difficulties 
which originally prevented continuous running with 
the Peabody distributor in the Mercer, had now been 
completely overcome. 

Engineer Rear-Admiral W. M. Whayman thought 
the statement made in the paper that pulverised 
coal was likely to oust the mechanical stoker owing 
to the wide range of fuel which could be dealt with, 
should be challenged. It was an open question 
whether the range was not as wide with the 
mechanical stoker ; at all events, the latter did not 
require such small coal. He would point out that 
the trials referred to in the paper under the heading 
** Distribution ” as being carried out in the United 
States were not yet completed. He agreed that 
CO, recorders and other instruments were necessary 
in a pulverised-coal stokehold. With regard to 
ash, he noted that no difficulty had been experienced 
in cylindrical boilers in removing the ash in liquid 
form. His own firm, dealing with water-tube 
boilers, had succeeded in keeping the ash in a friable 
condition, in which it was, perhaps, still more readily 
removed. 

Sir John H. Biles endorsed the hope that the near 
future would see a thoroughly up-to-date ship built, 
embodying a pulverised-fuel system, high-pressure 
water-tube boilers, and other means for attaining 
economy. It was necessary as a national policy to 
extend the use of coal as a fuel in ships, and such a 
vessel would be the best means of demonstrating its 
real advantages. 

Rear-Admiral Hill said that his paper was 
intended only to clear the air and promote discussion, 
and he had little further to add. He understood 
that the Stuartstar was at that time in London, 
and had made such successful trips that the remain- 
ing double-ended boiler was to be forthwith con- 
verted to burn pulverised fuel. 


Water-Tuse Borers In SuHips. 


The next paper was entitled “ Modern Develop- 
ments of the Water-Tube Boiler for Marine Pur- 
poses,” and was read by Mr. A. Spyer. We com- 
menced to reprint it in abridged form on page 404 
of our issue for March 29, and will complete it in 
a subsequent issue. This paper was followed by 
one by Engineer Rear-Admiral A. E. Hyne, entitled 
“Suggested Modifications to Marine Water-Tube 
Boilers.” This paper was very fully illustrated and 
contained numerous tables. Owing to space limita- 
tions we are unable to reprint it, but the following 
is a short synopsis. 

Much of the data was obtained from papers by 
Mr. Donald W. Rennie and Mr. Harold E. Yarrow. 
The fundamental idea was to increase the radiant 
heating surface of the Yarrow boiler of the normal 
inverted V type by adding a third, and central, 
bottom drum connected to the steam drum by a 
vertical wall of tubes which divided the furnace 
into two chambers. In the more developed designs 
it was proposed that this vertical wall should be 
formed of curved tubes so as to enclose a chamber 
of an approximately elliptical cross-section, into 
which burners would discharge and which would 
virtually form a third furnace. Feed heating, air- 
heating, and superheating elements were considered 
in detail, and different methods of grouping the 
tubes in any one element with a view to utilise 
fully the available radiant heat were investigated. 
The rationale of the paper was the comparison of 
heating surface values in a standard boiler design 
with a modified design. 

The discussion on both papers was opened by Mr. 
Harold E. Yarrow, who was of opinion that Mr. 
Spyer’s prediction that the water tube boiler would 
ultimately be adopted generally in the mercantile 
marine, was already showing signs of fulfilment. 
Water tube boilers had recently been fitted in 
several important vessels, for example the Duchess 
class liners, the P. and O. Viceroy of India, and the 
two large vessels Empress of Japan and Empress 
of Britain, were being fitted with boilers of the 
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same type. Mr. Spyer’s reference to mechanical 
stokers as having been found satisfactory at sea had 
received confirmation from Mr. Johnson’s paper of 
the previous day, in which it was stated that there 
had been an increase in efficiency of 9 per cent. to 
10 per cent. in the ship of the Beaver class while the 
maintenance charges had been less than 1d. per ton 
of coal burned. There was an impression abroad 
that renewals of brickwork in water-tube boilers 
were unduly high, but, provided there was a con- 
siderable amount of heating surface exposed to 
direct radiation, so as to take heat away quickly, 
there was nothing to be alarmed about. The cost of 
brickwork renewals in the Beaver class of vessels had 
averaged only 51. per voyage. 

So far as efficiency was concerned there was, after 
deducting the power required for pulverising, little 
difference between mechanical stokers and _pul- 
verised fuel. He was interested to note that a 
heat release of over 60,000 B.Th.U. per cubic foot 
of furnace volume had been shown to be practicable 
at Renfrew with pulverised fuel, as it confirmed 
what they had obtained at Scotstoun, somewhat 
to their surprise, as they had expected 30,000 B.Th.U. 
per cubic foot would be about the limit. Mr. Spyer 
had quoted a superheater temperature of 842 deg. F. 
for the Langerbrugge installation. He would in- 
quire whether that was a temporary or continuous 
condition. If the latter, then the tube itself would 
be somewhere about 900 deg. F. Would not a 
heat-resisting steel be desirable for such a tem- 
perature ? 

They had a boiler working continuously at 600 Ib. 
pressure and 780 deg. F., though it sometimes went 
up to 800 deg. F. or even more, and no trouble 
had occurred. At the same time they felt that 800 
deg. F. should be the limit until such time as heat- 
resisting steels became practicable. The boiler 
efficiency figures quoted by Mr. Spyer had confirmed 
Mr. Johnson’s figures. He would add that the 
guarantee figure for the boilers of the Empress of 
Britain was 86 per cent. The introduction of 
welded drums as used on the Continent would lower 
the cost of boilers. 

He thought boiler designers ought to be much 
indebted to Rear-Admiral Hyne for his careful 
paper, which had added materially to the knowledge 
on the subject of the value and disposition of the 
different forms of heating surface. The illustrative 
examples were all interesting, but he thought the 
designs were rather complicated and this would add 
to the cost. Rear-Admiral Hyne proposed to increase 
that part of the heating surface exposed to radiant 
heat, at the same time reducing that not so exposed, 
but he thought it was preferable to reduce all the high 
pressure parts and to let the gases leave them at a 
high temperature, recovering the heat at a later 
stage by means of superheaters, economisers, and 
air heaters. With regard to the characteristic 
figure given in the paper, in which the conventional 
Yarrow-type boiler of inverted V form was shown 
with a vertical centre wall of tubes and an additional 
bottom drum, he thought it should be placed on 
record that boilers of this form had been designed 
and built some considerable time ago by the late 
Mr. W. H. Martin, the former engineer manager 


then all stresses were removed by a most careful 
and scientific heat treatment. 

It was interesting to note that both the Board of 
Trade and Lloyd’s Registry had lately approved of 
arc-welded flanges on all main steam pipes of the 
new P. and O. turbo-electric liner. It was to be 
hoped that this was an indication of possible 
reconsideration by the Registration Societies of the 
question of welded drums which had certain con- 
structional advantages over riveted ones, and were 
less costly than forged ones. It might be pointed 
out that Messrs. Babcock and Wilcox’s Continental 
works used welded drums of large size, and to 
operate at high pressures. The installations con- 
cerned were not, of course, under British jurisdiction. 

Another point to which allusion had been made 
was that of heat-resisting steel for superheaters, and 
reference might again be made to Continental 
examples. He was able to show a photograph of 
1 of 22 superheater elements made of a new steel 
alloy. This was at work in a large boiler installa- 
tion. The working pressure was 2,275 lb. per 
square inch, and each element had been tested at 
6,000 lb. for two hours, and was then annealed in 
an oxygen-free atmosphere to remove possible 
stresses from local deformation during testing. The 
yield point of this new material at 850 deg. F. was 
11 tons, as compared with 5-5 tons for mild steel. 
At 1,100 deg. F., the yield point was 7-25 tons, 
compared with three tons for mild steel. The steel 
was readily workable, could be welded, and was non- 
corrosive, while it was not expensive. He believed 
it would become available over here before very 
long. 

Continuing, Mr. Martin said that he appreciated 
Mr. Yarrow’s reference to his father’s early work in 
connection with the introduction of a special type of 
boiler in foreign navies. The boilers referred to 
were eight in number, and were made for two ships 
of a foreign power. They were coal-fired, and had 
a working pressure of 270 lb. per square inch, Six of 
them were fitted with a central wall, which not only 
increased the radiant heating surface, but divided 
the otherwise rather wide fire grate. There was no 
bottom drum, as in Rear-Admiral Hyne’s design, 
but the tubes contained an inner tube for the down- 
coming water, being, in fact, large ‘“‘ Field’ tubes 
with ends below the grate level. The spaces 
between the tubes were filled in with special fire- 
bricks, so that a continuous wall was formed. 
Rear-Admiral Hyne’s proposals were worked out 
on perhaps a more scientific basis than these efforts 
of 30 years ago, but as examples of installations 
actually carried out, he thought the latter were not 
without interest. It might also be of some interest, 
in view of the comments which had been made in 
several of the papers relative to the necessity of pure 
feed water, to state that the late Mr. W. H. Martin 
always supplied, with his water-tube boilers, a 
small chemical testing cabinet, known as a feed- 
water controller, by which the engine-room staff 
were enabled to make daily tests of the salt con- 
tents, acidity, and other conditions of the feed 
water. Apparatus for detecting entry of oil into 
the feed was also supplied. 

Mr. John Reid thought the papers under discus- 





of the Royal “‘ de Schelde ” Shipbuilding and Engi- 
neering Company Limited of Flushing. The schemes | 
put forward in the present paper had been, however, | 
developed quite independently. 

Mr. W. Hamilton Martin said that references had | 
been made in the papers and discussions to welded | 
drums. This was a practice which was rapidly | 
extending on the Continent. One firm alone had | 
manufactured some 800 such drums which were in | 
service in many countries: and’ were successfully 
operating under pressures ranging from 200 to 850 lb. 
per square inch, after approval by several different | 
societies. The process consisted of making the | 
drums by water-gas lap-welding of a rolled plate. | 
British registration societies at present insisted on | 
covering any welded joint which was in tension 
in a boiler, by a butt-strap, but this practice had been | 
abandoned on the Continent, on the logical grounds | 
that if the weld had been weli made the strap was | 
superfluous, while if it were not perfectly made it | 
would be further weakened by the butt-strap| 
rivet holes. The welded drums were hydraulically | 


tested to a limit not likely to recur in practice and | 





sion were intended to show that the Scotch boiler 
was becoming extinct. It was true that the average 
efficiency of this type was only about 60 per cent., 
but the designer usually disclaimed responsibility 
and laid the blame on the user for this poor per- 
formance. He thought the water-tube boiler would 
have the same history in marine work, and for the 
same reason, namely, that marine engineers had, 
for the past 30 years or so, neglected combustion. 
As an example, he would quote a first-class ship in 
which, after some search, he found an -ordinary 
U-tube in a dark corner by the forced-draught fan 
as the sole instrument in use. The funnel tempera- 
ture was no less than 625 deg. F. Some slight 
changes, using proper pyrometers, &c., increased 
the thermal efficiency by 10 per cent., and effected 
enormous savings in the coal bill. He feared such 
a state of affairs would be repeated with water-tube 
boilers, and a change of practice would have to be 
made if high pressures were adopted. Again, thermal 
efficiency was no use as a measure of success. What 
was wanted was a low fuel rate per shaft horse-power. 
Lack of attention to combustion further led to lowered 





furnace efficiency, and possibly to undue superheater 
temperature with consequent worry to the engineer 
from fear for his turbine blades. The stokehold 
personnel in merchant ships used much too rough- 
and-ready methods, particularly in the management 
of oil-burners. He thought that the right way to 
maintain efficiency was to adopt some sort of 
automatic control of combustion. 

Mr. Spyer, replying to Mr. Yarrow’s question, 
said that the Langerbrugge average continuous 
temperature was 810 deg. F. At the start, very 
high temperatures had been accidentally reached, 
and several tubes had failed, but since then, no 
trouble had been experienced. As regards the 
welded drums on the Continent which Mr. Martin had 
referred to, these had behaved very well. The heat- 
resisting steel described by Mr. Martin seemed likely 
to prove very useful. He did not agree with Mr. 
Reid that makers did not follow up their boilers in 
practice. His own firm equipped boilers throughout 
with suitable pyrometers, CO, recorders, and so 
forth, and kept a watch on performance. 

Rear-Admiral Hyne, in the course of a brief 
reply, said he estimated that while his designs would 
increase the cost by 25 per cent., they would increase 
the output of the boilers by 50 per cent. 


Motor Lirer-Boats. 


The last paper on the programme was one by 
Mr. J. Rennie Barnett, entitled ‘‘ Motor Life- 
boats of the Royal National Life-Boat Institution,” 
and this was read by the author on the afternoon 
of Friday, March 22. The chair at this meeting was 
occupied by the president, Lord Wester Wemyss, and 
the paper, of which we propose to print an abstract 
in an early issue, records the progress made in the 
design and construction of motor boats for the life- 
boat service since the previous paper read by the 
author in 1922.* It describes the latest types of 
deep-water and shallow-water boats, and refers to 
a 64-ft. boat with a speed of 17 knots now under 
construction by Messrs. Thornycroft for rescue 
work in connection with accidents to aircraft in the 
cross-channel service. The chief advance made in 
recent years, the author states, is the introduction of 
twin screws. 

The discussion was opened by Sir J. E. Thorny- 
croft, who remarked, in connection with the 17-knot 
boat referred to, that the speed mentioned would 
only be possible under favourable conditions. The 
power necessary was very great, and the machinery 
fitted was similar to that employed in a high-speed 
boat of the semi-skimming type. The two engines 
were each capable of developing 375 h.p. He 
recalled the fact that the first steam life-boat, 
named Duke of Northumberland, had a speed of 
7 or 8 knots, and mentioned that another more 
powerful boat, built some thirty-two years ago, 
was still doing useful service on the Gold Coast. 

Captain H. F. J. Rowley, who followed, first 
referred to the question of speed, and remarked 
that it might be asked why a speed of 17 knots 
was required for the boat to be used on the aircraft 
rescue service while 8 knots sufficed for the ordinary 
life-boats. The point was that if it were attempted 
to drive one of the latter at a high speed under the 
weather conditions usually encountered by life- 
boats, the crew would be washed overboard. The 
boat for the air traffic was a different question. 
An aeroplane, when a wreck, became a ship within 
the meaning of the Merchant Shipping Act, and 
was covered by the charter of the Royal National 
Life-Boat Institution; means had therefore to 
be provided to meet this obligation. In moderate 
weather, he continued, an aircraft forced to descend 
upon the water would not remain afloat for more 
than from 20 minutes to three-quarters of an hour, 
and a high-speed boat was therefore necessary to 
reach her within that period. In heavy weather, 
he feared, nothing could be done. Referring to 
the recent disaster to the Rye Harbour life-boat, 
Captain Rowley mentioned that some experiments 
had been made on the stability of the craft by 
putting her under a crane in dock. It was found, 
in turning the boat over, that there was a heavy 
pull on the sling at an angle of 45 deg. with the 
vertical, the pull gradually diminishing to zero at 








* See ENGINEERING, Vol. cxiii, page 506 (1922). 
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90 deg. and the boat heeling right over from an 
angle of about 95 deg. It was thought that the 
disaster arose from the fact that the boat was 
picked up by an abnormal sea and turned over 
in this way. The speaker finally referred to the 
excellent sea-going qualities of the 45-ft. 6-in. 
boat dealt with in the paper, and, in confirmation of 
this, read extracts from the report of the commander 
who had taken one of these boats round the coast in 
bad weather in November last. 

Mr. E. W. Blocksidge, in the course of his remarks, 
said he was glad to note that progress had been made 
in equipping power life-boats with wireless tele- 
graphic apparatus, and referred to the valuable 
assistance the latter could render in life-saving work. 
With regard to the propellers of motor life-boats, he 
said it appeared to be essential to house these in 
tunnels in order to clear wreckage and to allow for 
the conditions of launching. This arrangement, 
however, must encroach on the available internal 
space, and he asked if the author would give some 
idea of the carrying capacity of the various boats. 
He also asked why it had been considered necessary 
to fit steel or metal watertight bulkheads in the 
64-ft. life-boat, in preference to bulkheads of ordinary 
wood or fireproof timber, and finally enquired if, in 
the case of twin-screw boats, one of the engines would 
suffice to enable the boat to carry on in a seaway 
under service conditions, in the event of the other 
engine breaking down. 

Mr. J. H. Narbeth expressed appreciation of the 
skill displayed in the design and construction of the 
boats, and remarked that it was a wise course to 
build motor boats to take the place of sailing or 
rowing boats. There was, he said, a falling off in the 
number of men capable of taking boats of the two 
last-mentioned types out to sea in bad weather. 
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In replying to the points raised by the various 
speakers, Mr. Barnett said he was sorry Capt. 
Bremner had not contributed to the discussion, as 
he (Capt. Bremner) had been responsible for the 
machinery. The experiments on the Rye Harbour 
life-boat referred to by Capt. Rowley, he said, agreed 
closely with the calculations made by his staff, and 
it was gratifying to have the calculations confirmed 
in that way. In reply to Mr. Blocksidge’s queries, 
with regard to the carrying capacity of the boats, he 
said the 45-ft. boats could accommodate about 
80 to 100 passengers and the larger boats from 
150 to 200 passengers. He would, however, give 
the exact figures for inclusion in the Transactions. 
Steel bulkheads, he continued, had been introduced 
because a lighter and more rigid bulkhead could be 
made in that material than in wood. In the 17-knot 
boats, however, fireproof-wood bulkheads had been 
fitted as well as steel bulkheads. With regard to 
the use of a single engine in the twin-screw boats, 
he said that one engine would propel the boat 
satisfactorily and would be quite safe. He was 
unable, at that moment, to say what speed would be 
maintained, but he thought about 7 knots. In this 
case, also, he would ascertain the correct figure for 
inclusion in the paper as printed in the Transactions. 
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This concluded the programme of the meeting, 
which terminated after votes of thanks to the 
Secretary, Mr. R. W. Dana, and the Chairman, Lord 
Wester Wemyss, had been proposed and carried, 








THE InstirvTIoN oF WATER ENGINEERS.—The 
thirty-fourth summer general meeting of the Institution 
of Water Engineers will be held at Birmingham from 
May 22 to 24 next. The business meetings will take 
place in the Council Chamber of the Council House and 
will commence at 10.30 a.m., on May 22, when the new 
president, Mr. F. W. Macaulay, will deliver his presidential 
address. The business meeting will continue in the 
afternoon, and the annual dinner of the Institution will 
be held in the evening at the Grand Hotel, Birmingham. 
The papers to be read and discussed are as follow: 
on Birmingham Waterworks: More Recent Develop- 
ments,” by Mr. J. W. Wilkinson; “ Wenallt Reservoir, 
Cardiff: Special Construction Works,” by Mr. Ww. 
Cover; ‘‘Some Remarks on the Geology of the Elan 
Valley,” by Dr. H. Lapworth: and ‘“ The Construction 
of the Shavers End Reinforced-Concrete Service Reser- 
voir, Dudley, belonging to the South Staffordshire Water- 
works Company,” by Mr. R. A. Robertson. The two 
last days of the meeting will be devoted to visits to 
Elan Valley, Prestwood pumping station, Bartley 
reservoir, and Frankley Works. Members who intend to 
participate in the meeting should return their forms of 
application for tickets, etc., to the Secretary of the 
Institution, Parliament Mansions, Westminster, London, 
8.W.1, before April 15 next. 
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(Concluded from page 387.) 

Concrete Shrinkage and Flow.—At the pre-| 
sent time, an important part of the Station's 
work is concerned with following the results of | 
changes of moisture in stone, concrete and other 
building materials. It will be remembered that, | 








by Professor McBain for the Building Research | 
Board, and confirmatory observations made at the | 
Building Research Station itself, it was shown that | 
natural stone and other building materials, including | 
cement and concrete, but usually not including | 
bricks, are in fact colloid substances of the type | 
known as rigid gels, which may be so associated | 
with water that their physical properties vary 
from time to time with the quantity of water they 
contain. The suggestion that this might be the 
nature of these substances resulted from earlier | 
investigations by Dr. Stradling at Bradford. 
Not only does the strength of such substances | 
vary, but their stress-strain ratio also varies with 
the changes in their moisture contents, and con- | 
siderable attention is. therefore, being given to | 
accumulating measurements of these variations | 
under different conditions. 

The more important of these measurements relate | 
to the shrinkage of concrete and the resulting | 
stresses, and much practical, as well as scientific, | 
interest attaches to investigations now in progress | 
in respect to the shear stresses and adhesions within | | 
reinforced concrete. 

Figs. 43 to 48, on page 421, illustrate an appara- 
tus used in the constant-temperature room for 
measuring the shrinkage of reinforced concrete and 
the consequent initial stresses induced in the steel 
reinforcement. The apparatus consists essentially 
of a rectangular frame, detailed in Fig. 43. This 
is suspended from a wooden gallows, which is shown 
in Figs. 47 and 48, the weight of the frame and the 
specimen it carries being balanced by weights W, 
which are connected to the frame by wires passing 
over pulleys P, as shown in Figs. 47 and 48. At the | 
mid-points of the two rectangular end members of | 
the rectangular frame, small brackets are fixed | 
which carry steel balls in depressions on their upper | 
sides. The arrangement of these brackets is shown | 
in detail in Figs. 44 and 45. The apparatus is used | 
to measure the end shrinkage in a steel bar encased | 
in concrete. The bar is supported at each end on | 
the two steel balls carried by the small brackets. 
It is not shown in position in Figs. 47 and 48, but 
it will be understood that it lies horizontally in the 
frame parallel to the side members C of the rect- | 
angular frame. The ends of the concrete-encased 
bar are shown in Figs. 44 and 45. | 

A steel ball is embedded in each end of the bar | 
to be tested, and the alteration in the length of the | 
bar, due to the shrinkage of the concrete, is ascer- | 
tained by measuring the alteration in the distance 
between these two balls. To enable this to be done, 
one of the end members of the rectangular frame is | 
provided with a hardened and ground anvil, which | 
occupies the position A of Fig. 48, and is shown in | 
detail in Fig. 45. The other end member of the | 
frame carries a micrometer, indicated at M in| 
Figs. 47 and 48, the method of mounting it being | 
shown in Fig. 44. The absence of changes of | 
length due to changes in temperature, which, of | | 
course, should not occur in a constant-temperature | 
room and with lagged specimens, is checked before | 
each reading by the use of two heavily-lagged | 
standard bars. Periodical measurements in this | 
apparatus of the length of reinforcing bars before | 
they are encased in concrete and_ periodically 
afterwards usually show the bars to have been 
shortened through the shrinkage of the concrete, 
especially with air-cured specimens. The induced 
stresses are calculated from the shortening and 
known dimensions of the bar. 

It is, however, by no means to be assumed that | 
concrete shrinks uniformly in drying, or imposes | 
a uniform stress throughout its mass on the rein- | 
forcing members. By an ingenious construction, an | 
extensometer has been designed for measuring the | 
distribution of stresses in reinforced concrete, both | 
while it is setting and drying, and when, at the end | 
of the experiment, the reinforcement is withdrawn | 
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Fig. 49. ExTENSOMETER FOR MEASURING STRAINS IN REINFORCED CONCRETE. 
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forcibly from the concrete in which it is embedded. 
A general view of two examples of this instrument is 


given in Fig. 49, on the opposite page, and its con- | 


struction is shown in detail in Figs. 50 to 54. The 


arrangement consists of a vertical tube, which is used | 


as a reinforcing bar, being embedded in concrete up 
to the level indicated in Fig. 53. Inside the tube, 
a series of bars, } in. wide, and of varying length, is 
arranged, the bars, in each case, being connected to 
the tube at a point near their lowerends. This con- 
nection is made by cross-pins, which are clearly shown 
in Fig. 53. The pins are formed like a lathe centre at 
each end, and fit at one end into depressions on the 
inner surface of the tube, the other end fitting into 
corresponding depressions in the ends of screwed 


plugs. The plugs are sufficiently large to enable the | 


pins to be inserted into the tube through the tapped 
holes into which they screw, and by tightening-up 
the plugs, the pins are caused to make rigid con- 
nection with the tube. The vertical bars inside the 
tube are, in each case, connected to one of the cross- 
pins, and are free from the others. For instance, 


the shortest, left-hand, bar of Fig. 53, fits tightly | 


over the upper pin; the second bar fits tightly on 


to the second pin, and has an oval clearance hole 


where it passes the upper pin, and so on. 


The contraction of the reinforcing tube due to the 


shrinkage of the concrete, which may vary in 


different parts of its length, is communicated to the | 


rods inside, and transmitted to a_ tilting-mirror 
arrangement at the top of the apparatus. By these 
means, the relative and absolute contractions of 
different parts of the tube may be measured. The 
tilting-mirror arrangement is generally similar to 
that already described in connection with other 
apparatus, and need not be dealt with in detail. 
The five tilting mirrors, one for each rod, are 
carried on horizontal spindles, provided with adjust- 
able balance weights to enable the mirror to be 
brought into line. Finished surfaces are arranged 
at the top of the rods, and the mirror spindles form 
rollers between them. Relative motion of any two 
neighbouring rods causes tilting of the corresponding 
mirrors, so that the beams of light reflected from 
them move over the indicating scale. A zero posi- 
tion is given by a mirror fixed to the tube, and 
shown in Fig. 50. 

A phenomenon allied to the shrinkage of concrete 
on drying is its plastic flow when under compression, 
and Figs. 55 to 59 give general and detail views 
of a roller-mirror extensometer by which it is 
studied. 

As shown in Fig. 59, a cylinder of concrete is 
provided with end caps, and is carried in a vertical 
position between two heavy plates. 
corners of these, lie helical springs, and compression 
is put on to the specimen by putting tension on 


these springs by screwing on the round nuts shown | 
The extensometer is shown in position | 


in the figure. 
in Fig. 59, and in detail in Figs. 55 to 58. It consists 
essentially of two steel measuring pieces, one of 
which is shown separately in Fig. 56. These pieces 





At the four | 





56. ROLLER MIRROR EXTENSOMETER 
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Fic. 59. Rotter-Mrrror EXxTENSOMETER. 


| 
| are bent inward at the lower ends and formed to a 
| knife edge, while at the upper end they carry inde- 
| pendent blocks with knife edges. The two parts 
| can be clamped together by the knurled screw shown, 
| but when the apparatus is in use, the block rides on 
| small rollers carried between it and the measuring 
| piece. The two measuring pieces are clamped on to 
| the concrete specimen by means of flat springs and 
| two brass studs with nuts at each end, as shown in 
| Fig. 55. The knife edges rest on the specimen, 
| and it will be clear that, as this is compressed, they 
| willapproach each other. As they do this, the upper 
| knife-edge block rolls on the small rollers, which are 
| accordingly rotated. These rollers carry mirrors 
|on their outer extensions, as shown in Fig. 57, so 
'that the compression of the specimen tilts the 
|mirrors and enables the magnified effect of the 
| movement to be read off on a scale, as on the instru- 
| ments previonsly described. 
Weathering of Roofing Materials.—A series of what 
may be called practical tests is illustrated in Figs. 60 
‘and 61, page 424, which show the arrangement 
adopted for testing bituminous sheetings, asphaltes, 
and similar material by exposure to cycles of ultra- 
violet rays, water and freezing. The ultra-violet rays 
_ for which the arrangement is as shown in Fig. 60, are 
obtained from a mercury-vapour lamp. Fig. 61 
shows the arrangement for the exposure of 
the specimen to artificial rain. The usual cycle 
adopted over a week is five nights, from 5 p.m. to 
| 9.30 a.m., under the artificial sunlight, 3 hours on 
| three days per week exposure to about 15 deg. C., 
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and exposures to rain for 2 hours daily on the 
freezing days, and 4 hours daily on the other days. 

The foregoing description of the station must 
be read with the reservation that it does not 
exhaust the work of the Building Research Board. 
At the National Physical Laboratory, for instance, 
and elsewhere, the subject of vibrations in buildings 
and their transmission through the ground is being 
studied, the wind pressure on structures is being 
investigated experimentally by new methods, and 
the experiments on the distribution of wind pressure 
on roofs are being continued. The equipment 
described naturally does not include all the varie- 
ties of apparatus that are being employed at the 
station. The adhesion between concrete and steet, 
for example, is now being determined with suffic- 
ient precision to enable a quantitative theory to 
be worked out, and to be tested with concrete 
of different compositions and after varying storage 
treatments. The results are being extended with 
precision to modern rapid-hardening cements, and, 
in particular, the relation of adhesion to qnantity 
of mixing water is being investigated with an 
exactness not attained in carlier work and with 
results which do not always confirm it. Import- 
ant differences in the effect of age and storage on 
bond strength or adhesion are being found between 
different cements and concretes, the hitherto incom- 
plete or unknown data regarding the shrinkage and 
induced stresses of aluminous-cement concretes at 
various ages, and with different percentages and 
| positions of reinforced core, being supplied ; much 
new: information is also being obtained in regard 
|to the effect of differences in mixes and in mixing 
water on various types of joints, the strength of 
various concretes, and the properties of rapid- 
| hardening cements. Transverse tests have been 
developed for the strength of bricks, which are found 
to be of greater practical value than the compression 
tests at present in use, and by direct experiment it 
has been shown that the crushing strength of bricks 
is only a very rough guide to the behaviour of 
erected walls and structures. These illustrations 
are a small sample, taken at random, of the manner 
in which the equipment of the station is being 
turned to account. 

We desire, in conclusion, to express our thanks 
jto the Department of Scientific and Industrial 
Research for its permission to investigate this 
station, and to Dr. Stradling and his staff for the 
| patience with which they have assisted our enquiries. 

















PROPOSED SEWAGE-DISPOSAL PLANT, ToRonTOoO.—The 
| Department of Overseas Trade informs us that Messrs. 
| Gore, Nasmith and Storrie, consulting engineers, Toronto, 
|are to be instructed to draw up tentative plans for a 
proposed sewage-disposal plant to be erected on the new 
| sewer-farm site on the Grand River, Kitchener. The 
| work is the result of a decision reached by the Sewer 
| Committee after discussion of a communication from the 
| Deputy Minister of Health. Interested British firms 
| should communicate with the Department, 35, Old 
| Queen-street, London, 8.W.1, quoting reference No. 
| A. 7670. 
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OF A WATER-TUBE 
BOILER. 


Tue bursting of a drum of a water-tube boiler while 
under steam is happily a very rare occurrence. During 
the war, as is well known, there were failures of a 
few water drums of Yarrow boilers, and at one time 
considerable anxiety prevailed regarding the drums 
of many such boilers in H.M. Navy. But where 
trouble did occur it was always with boilers fitted 
with D-shaped drums, and, with the reversion to the 


EXPLOSION 


circular section for the drums, the trouble ceased. | 


With this in mind, considerable interest is to be found 
in the recently issued Report of a Preliminary Inquiry 
under the Boiler Explosion Acts, 1882 and 1890, into 
the explosion of a water drum of a Stirling boiler, 
the drums of which are always circular in section. 
The explosion took place at 12.20 p.m. on April 2, 
1927, at the Newport Iron Works, Middlesbrough, of 
Messrs. Dorman, Long and Company, Limited, at a 
time when the men were leaving the works, and serious 
as the accident was, and extraordinary as were the 
results, it is a matter for congratulation that no one 
was killed and only one person injured. Seeing that 
the whole boiler was blown bodily from its seating and 
carried nearly 240 ft. away, the smallness of the 
casualty list is remarkable. 

The boiler which exploded was one of a group of 


four Stirling boilers, four Woodeson boilers, and five | 


Babcock and Wilcox boilers, all heated by blast-furnace 
gas, the Stirling and Woodeson boilers providing 
steam for the turbo-blowers which supply air under 
pressure to the blast furnaces. The Stirling boilers 
were numbered 65, 66, 67 and 68, and it was No. 68 
which exploded. This boiler was of the tive-drum type. 


having two water drums and three steam and water | 


drums, with an additional superimposed dry-steam 
drum. It was the back water drum which burst, 
and after the accident it was found that the back 
longitudinal seam of this had given way for the entire 
length of the drum. Each water drum was 11 ft. 2 in. 


long and 3 ft. in diameter, but while the upper half— | 
the tube-plate—was in. thick, the lower half was | 


yy in. thick. The longitudinal seams were lap-jointed 
and double riveted, the rivets being 43 in. diameter. 


the pitch 2} in., with the two rows of rivets 14 in. apart. | 


The drums had the usual dished and flanged ends, 
single riveted to the shell, one dished end being % in. 


thick, while the other end, which carried the manhole, | 


was } in. thick. 
Made by the Stirling Boiler Company, Limited, at 
their Motherwell Works in 1905, No. 68 boiler was 


installed at the Newport Iron Works towards the end | 


of that year, and thus, at the time of the explosion, 
was over 21 years old. Nos. 65, 66 and 67 boilers were 
about two years older. The boiler was insured for a 
working pressure of 165 lb. per square inch by the 
National Boiler and General Insurance Company, 


Limited, Manchester, whose inspectors regularly carried | 


out examinations. The last internal and external 
examination by them had been made on December 16, 
1926, only three months before the accident. 


In | 
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UttTrRA-VIoLET Liagut Tests oF Roorrna MATERIALS. 


;company, the boiler was periodically inspected by 
| the staff of Messrs. Dorman, Long and Company, and 
| this particular boiler was examined by the foreman 
| boilersmith twelve days prior to the explosion. 
| Of the damage done by the boiler as a missile, of which 
| an account is given in the report, there is no need to 
| dwell. Two days after the accident, Mr. C. W. L. Wren, 
| the Board of Trade Surveyor, found the boiler lying 
| on the vacant ground where it had fallen, and the 
|report contains an excellent photograph of it. He 
| speaks of finding it ‘‘ with the shell of the rear water 
drum opened out, having torn apart at the inner row 
of rivets of the bottom plate of the back longitudinal 
| seam,”’ and of the shell plate disclosing ‘“‘ numerous 
| cracks extending from, and between, the rivet holes, 
the latter being elongated in the direction of the axis 
of the drum.” One dished end was still attached to 
the shell ; the others had been blown some distance 
away. The boiler stop valve, the deadweight safety 
valve, the high- and low-water alarm float and lever, 
the feed valves, water gauges and other fittings were 
all found in damaged condition, but there was no 
| evidence of the boiler having too high a pressure or 
of being short of water. A closer examination of the 
fractured seam showed that caulking had recently 
been carried out ‘“‘ and a strip of the shell 2 ft. 8 in. 
long was consequently cut off and compared with that 
part of the plate from which it had been torn; it 
| was then seen that the flaws in way of the rivet holes 
| had extended until they were through the plate where 
the seam had been recently caulked.”” In another 
part of the plate, cracks were found varying in depth 
| to “over half of the thickness of the plate.” It is 
| quite clear from the report that this drum had been 
; in a dangerous condition for some time. 

In view of the importance of the matter, all possible 
explanations for the failure were discussed, and 
enquiries were made regarding the steel, its composition 





of the boiler, and the general treatment of the boiler 
on service. Messrs. David Kirkaldy and Son carried 
out tensile, bending and Izod impact tests on specimens 
cut from the fractured plate, but they could only find 
that the stresses were not likely to have caused failure 
of the plate, and they were of the opinion that the 
cracks had developed slowly during a considerable 
time. Investigations at the National Physical Labo- 
| ratory also led to the conclusion that ‘‘ the results do 
not indicate any abnormal characteristic of the steel 
| which would account for the failure.’ As Mr. A. E. 
| Laslett, the Engineer Surveyor-in-Chief of the Board of 
| Trade, observes: ‘“‘ the very thorough enquiry held 


consequent failure under ordinary working conditions 
which can be accepted as conclusive, though various 
theories have been advanced and discussed in the 
report.”” The suggestion that the failure was due to 
caustic embrittlement is rejected by the surveyor, but 
in a letter published elsewhere in this issue, Mr. C. E. 
Stromeyer, who has made a special study of this matter, 
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ARTIFICIAL-RAIN TESTS OF ROOFING 
MATERIALS. 


Fig. 61. 


The first of these incidents is that of March 31, when, 
owing to a defective sludge valve, the boiler was put out 
of service, the steam blown off and the boiler cooled 
down by the introduction of cool feed water. ‘“‘ Such 
drastic treatment of a boiler, is,” says Mr. Laslett, ‘ it is 
hoped, unusual.” Most engineers will agree that boilers 
rapidly heated and cooled many times will develop 
leaks if not more serious trouble, but we do not think 
that, in this case, the action taken on March 31 could 
have accelerated matters much. If such treatment 
had been general, the other boilers would possibly have 
been affected, but examinations of Nos. 65, 66 and 67 
boilers showed no cracks of importance. The second 
incident Mr. Laslett calls attention to is the caulking 
of the rear lap joint on March 21, necessitated by the 
leakage at the seam, which afterwards gave way. 
There was nothing unusual, we think, in undertaking 
such caulking, but it is very evident that the dangerous 
condition would have been disclosed by a hydraulic 
test. Such tests may, of course, be extremely mis- 
leading, and every boiler-insurance company has records 
of boilers in which the plating has been dangerously 
wasted, and nevertheless hydraulic tests have been 
passed satisfactorily. In the case under review, there 
was not serious wastage, but the plate was badly 
cracked. In the report, it is stated that the boiler 
was tested by hydraulic pressure to 240 lb. per square 


| inch, on November 1, 1918, and again on May 5, 1921, 


| so that it was six years since No. 68 boiler was last 


: | tested. 
and properties, the methods used in the manufacture | 





has revealed no cause for the cracks in the plate and its | 


In naval and marine practice, such hydraulic 
tests are carried out with great regularity. They 
are simple and inexpensive, but if not relied on 
exclusively, and made with due care and attention, 
they do afford an indication of any undue weakness and 
give confidence to those in charge of the boilers. Boiler 
explosions, at one time, were very common occurrences, 
and were sometimes attended with great loss of life. 
That they have now become infrequent is due to many 
causes, such as improvement in design, better material, 
superior workmanship and above all more skilled 
attention. But with all these factors there is the 
constant need for the regular performance of those 
tests by which alone the engineer is able to assure 
himself of the safety of the boilers under his charge, 
and one of the most valuable of such tests is that of 
proving the boiler under water pressure considerably 
in excess of the ordinary steam pressure. 








GARAGE DeEsigN CoMPETITION.—The designs sub- 
mitted in the Competition of the Royal Institute of 
British Architects for the design of a garage in the 
theatre area of London will be on exhibition in the 


‘gives his reasons for reaching a different conclusion. | galleries of the Institute, 9, Conduit-street, Hanover- 
Mr. Laslett, later on, refers ‘‘ to two incidents in the square, London, W.1, from April 9 to 20 next, between 


addition to the inspections on behalf of the insurance | history of this boiler which suggest some comment.” | the hours of 10 a.m. and 8 p.m. 














APRIL 5, 1929.] 


LABOUR NOTES. | 


THE meeting between the Trades Union Congress | 
General Council, the National Confederation of Em- | 
ployers Organisations and the Federation of British | 
Industries, has been fixed for April 23. When the two 
employers’ organisations intimated that they were | 
unable to. agree with the proposal of the Melchett- | 
Turner conference to set up a National Industrial 
Council, they also stated that they would welcome an 
opportunity of a conference “at which they could 
examine the question of the Confederation and your 
General Council and of the Federation and your General 
Council, within the limits of their respective repre- 
sentative capacities and powers, usefully consulting 
together upon matters of common interest to British 
industry.” At such a conference, it was added, the 
employers would ,be able to explain “the difficulties 
which stand in the way of consultation with your 
Council through a National Industrial Council as 
proposed in the Melchett-Turner report.” In accepting 
the invitation to confer, the General Council said 
that after hearing the employers’ explanation of the 
difficulties referred to, they “would then consider 
whether, in the light of the proceedings at this con- 
ference, further steps could usefully be taken.” 





Addressing the annual conference of the Independent 
Labour Party at Carlisle last week-end, Mr. Maxton, 
M.P., the chairman, said that he regretted that during 
the past eight months, the leaders of industrial labour 
had spent their time in ineffective discussions with the 
most obnoxious employers in the country, and at the 
end of that time had produced a programme of 15 pro- 
posals only one of which had anything to do with 
Trade Unionism, while the others were alternative 
proposals to the proposals the same men had agreed 
to in collaboration with the Labour Party, when they 
were preparing the party’s programme. If, instead 
of wasting their time in this harmful way, the Trade 
Union leaders devoted their attention to the way by 
which organised workers were going to take a share 
in the control and direction of industry, they would be 
making a definite contribution to the building up of a 
new social order. 





The effect of the General Strike on the membership 
and funds of British trade unions is clearly indicated 
in the report of the Chief Registrar of Friendly Societies 
for 1927. The loss of members was 300,000, nearly 
half of whom were in the mining group, and the funds 
decreased by 4,100,000/. to 8,478,000/.—the lowest 
figure for any year since 1914, when the total was 
6,969,000. The Amalgamated Engineering Union 
lost nearly 8,000 members, the United Society of 
Boiler Makers and Iron and Steel Ship Builders more 
than 5,000, and the Ship-constructors’ and Shipwrights’ 
Association, 3,500. The National Society of Brass 
and Metal Mechanics increased its membership by 
nearly 2,000. 





The Trades Union Congress General Council has 
decided to provide six scholarships, open to male and 
female members of affiliated unions, three at the 
Labour College, London, and three at Ruskin College, 
Oxford, for the college year 1929-30. The value 
of each scholarship is 150/., which will cover fees, 
board and lodging, and part of a student’s personal 
expenses. A further sum of approximately 25/. will 
be required, it is expected, to meet the total cost in 
each case. Applications are to be made to Mr. Citrine 
not later than June 15, and candidates must not be 
under 20 or over 35 years of age. In passing on the 
information to members of the National Union of 
Railwaymen, Mr. Cramp points out that the “ Union 
is not prepared to make any grant to cover” the 
estimated extra expenditure of 25/1. He adds that 
“the scholarships will be contingent upon the con- 
tinuance of the Labour College.” ‘‘ This is,” he says, 
“a matter the N.U.R. Executive Committee have 
to consider when the South Wales Miners’ Federation 
arrive at a decision in regard to their continued co- 
operation or otherwise in the conduct of the Labour 
College.” 





The Bulletin of the Industrial Commissioner of 
New York State intimates that, beginning with Jan- 
uary, 1929, all the index numbers of factory employ- 
ment and pay rolls formerly published by the Bureau 
of Statistics and Information on a June, 1914, basis, 
are transferred to a new base, namely, the average for 
the three years 1925, 1926 and 1927. It has been felt 
for some time, the Commissioner says, that the year 
1914 was too far removed in point of time to provide 
a satisfactory basis for judging current changes in 
employment and pay rolls. In the period sirice 
1914 business in the United States has experienced an 
extraordinary development. Pay rolls have advanced 





more than 100 per cent. since June, 1914, so that the 
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as those for employment. Some of the newer indus- 
tries have greatly increased in importance. Some of 
the other industries are taking a smaller part in the 
industrial effort, and, because of invention and re- | 
organisation, the relation between employment and | 
production has materially changed. 


| management.” 
| posting of notices was not always practical, as many 


In choosing a new base, it is explained, it was | 
thought best to select as late a period as possible, | 
so that it would not be necessary to change to a still | 
later base within the next few years. While it is never | 
claimed, the Commissioner says, that the base for a 
series of index numbers is a normal period, many 
readers tend to put that interpretation upon it. From 
that point of view, a single month presents certain 
difficulties, especially when comparing the index for 
one industry with that of another. At any given 
time certain industries are likely to be more active 
than others. By using the average for three years 
some of these differences have been eliminated. None 
of the years included in the base represent periods 
of exceedingly high or exceedingly low business 
activity. No change is made in the number of reports 
included, so that the actual number of employees and 
the actual pay rolls remain the same as originally 
published. Index numbers on one base can, therefore, 
be transferred to the other by a simple ratio method. 





A “ Note ’’ in the latest issue of Industrial and Labour 
Information deals with the criticisms which have 
been published of the 1930 budget of the International 
Labour Organisation. It is stated that the budget 
for 1929, which was approved by the Assembly last 
year, showed a gross total expenditure of 8,782,640 
Swiss francs. Deducting the sum estimated to be 
received during the year from the sale of publications, 
the net total was 8,612,640 francs, and it was the latter 
sum that the States Members were called on to contri- 
bute. The budget for 1930, as adopted by the Govern- 
ing Body, shows a gross total of 8,713,678 Swiss francs, 
or approximately 70,000 francs less than the 1929 figure. 
It is necessary, however, to deduct from this total the 
sum of 180,000 francs, being the estimated receipts from 
sales of publications, the sum of 3,338 francs, repre- 
senting miscellaneous receipts, and the further sum of 
124,662 francs, representing the contribution from 
Brazil, which is still a member of the International 
Labour Organisation, though not of the e of 
Nations. This leaves a net total of 8,405,678 francs 
to be collected from the States Members of the League— 
a reduction of 206,962 francs as compared with 1929. 





The proposed budget for 1930 does not, it is pointed 
out, include any provision whatever for the creation 
of new posts in Geneva. It does include certain in- 
creases in salaries (due to the increments provided for 
in the contracts of the staff of the Office), provision 
for the holding of two sessions of the Conference 
(consequent on the holding of two sessions in 1929), 
provision for the upkeep of the Office premises (for 
which provision must now be made on the normal 
scale, as the building is no longer new), provision for 
a conference of experts on silicosis, to be held in South 
Africa at the invitation and mainly at the cost of the 
Transvaal Chamber of Mines, and provision for the 
establishment of a correspondent in China, repeatedly 
demanded at recent sessions of the Conference as a 
means of maintaining direct contact with conditions 
and movements in that country. These increases 
are, however, counterbalanced by a saving of nearly 
300,000 francs due to the decision that the Office 
shall no longer be responsible for the Refugees Service, 
which was transferred to it from the League a few 
years ago. The net result, therefore, is, the statement 
concludes, that the expenditure of the Office is as nearly 
as possible stabilised, and that the States Members 
of the League will actually be called on to contribute 
next year over 200,000 francs less than they are paying 
this year. 





A fuller report of the contribution of Mr. Forbes 
Watson, the British employers’ delegate, to the recent 
discussion at Geneva on the Washington Hours’ Con- 
vention is given in the same official publication. He 
had, he said, some additional points to raise besides 
those mentioned by the British Government. In the 
first place, there was the question whether the formula 
should be that of the eight-hour day and the 48-hour 
week, or that of the eight-hour a or the 48-hour week. 
The latter would be more suitable in Great Britain, 
where it was usual to work five and a-half days, or 
sometimes five. His next point was that in Articles 2, 
5 and 6 of the Convention, an important part in the 
regulation of hours of work was assigned to employers’ 
and workers’ organisations. That was not, perhaps, 
calculated to produce uniformity; it was also not 





clear what was to happen in countries where no such 


425 


| index numbers for pay rolls are about twice as high | organisations existed. The Convention also left many 


matters to the decision of the State. He did not believe 
in the State interfering in industrial matters. Another 
question was whether overtime rates were to apply at 
the end of the eight hours or at the end of the 48. 
He would also like to have some definition of what 
was meant by * persons in a position of supervision or 
Further, the provision relating to the 


workers had no fixed place of work. 


According to the Director, Mr. Forbes Watson went 
on to say, the British argument was sometimes that 
the Convention was too loose, and sometimes that it 
was too tight. But a coat might quite well be too 
tight in some places and too loose in others. He 
thought it was time that the Washington Convention 
was taken back to the tailor. He did not wish to 
reflect on the authors of the Convention, who had had 
a very difficult task to perform, but it seemed clear 
that the haste with which the Convention had been 
drawn up explained its defects. The time had come 
when, according to the British Government’s proposal, 
the doubtful points should be cleared up, and the 
Governing Body should endeavour to obtain the 
adoption of a revised text which would make a really 
‘allie application of the Convention possible. 





At Monday’s session of the annual conference at 
Carlisle of the Independent Labour Party, the National 
Council presented the report of a special committee 
on “the living income.” This outlined the detailed 
scheme, by which, it was claimed, a national living 
income standard could be attained within two years. 
The first step proposed was that the living income 
standard should immediately be demanded after a 
Labour Government had attained office. The standard 
minimum rate would be made obligatory in regard to 
employment by public authorities, and would be the 
basis for unemployment allowances, Poor-law relief, 
and pension grants. For industries privately con- 
trolled, a time limit of two years for the introduction 
of the minimum rate would be given. 


Moving the adoption of the report, Mr. E. F. Wise 
said that the scheme provided for a substantial and 
progressive improvement in wages and living conditions, 
the transfer as quickly as possible from private to 
public ownership of the key and monopoly services, 
and the use to the utmost extent of existing trade 
union organisation. It used the demand for a living 
wage as a lever for pressing forward reorganisation on 
social lines. It proposed to use the powers and 
resources of the Government to assist, stimulate, and 
force the improvement of working-class conditions. 
It endeavoured to combine the three forces of the 
working-class movement, political, industrial, and 
co-operative, for a frontal attack on poverty, and 
definitely and deliberately aimed at improving the 
standard of life. Unless the House of Lords was 
obstructive, they would begin in two years to reap the 
fruits of the reorganisation of the key industries, 
and wider powers of control and direction could then 
be exercised to force up wages in other trades to the 
standard minimum. After discussion, the report was 
adopted by 183 votes to 134. 


In addition to raising a question on which general 
engineering employers feel strongly, the London 
members of the Electrical Trades Union, who claim 
that lift installation work is theirs and should be 
paid for at the rate ruling in the electrical contracting 
industry, are prospectively involving themselves in 
trouble with other trade unions. The position of the 
lift makers is not unreasonable. Theirs is not a 
sheltered trade, whereas the electrical contracting 
industry is. It cannot, therefore, afford to pay the 
same rates as the electrical contracting trade. The 
E.T.U.’s claim that its members should instal lifts, 
made by specialists in another branch of engineering, 
places it in conflict with other organisations, amongst 
which are the Amalgamated Engineering Union and 
the Amalgamated Society of Woodworkers. As both 
of these societies resent the action taken by the E.T.U., 
the Trades Union Congress General Council may 
eventually be called upon to adjudicate in the matter. 





It is hoped that, by the time this issue appears, the 
trouble at the Austin Company’s works at Birmingham 
will be over. ‘ Stay-in” strikes are futile if incon- 
venient affairs, and the employers adopted the right 
course, in this instance, by closing down. It is standard 
practice now in engineering to carry on while differences 
are being adjusted, and in view of this the conduct of 
the men left a good deal to be desired. ; 








AND INCLINED GRATE FOR STEAM 
BOILERS.* 
By J. S. ATKINSON. 
(Continued from page 312.) 

THE next step in the development of the rotary furnace 
was at the Sherdley Works of the United Glass Bottle 
Manufacturers, Limited, of St. Helens. In this instal- 
lation was embodied the large amount of data collected 
from the foregoing purely experimental plants, and 
it was laid down as the first commercial adaptation of 
rotary-furnace principles to the firing of Lancashire 
boilers. It was set to work in October, 1926, and during 
the first month or two of working, certain minor 
mechanical features called for attention ; it was found 
that a different type of fire-bar was required to allow 
of more growth longitudinally under heat. However, 
since the beginning of January, 1927, and up to the 
time of its removal in November of that year, the rotary 
furnace here gave most excellent and trouble-free 
results, working at a continuously high rating and for 
168 hours a week. It is now doing equally well at the 
Ravenhead Works of the same company, the United 
Glass Bottle Manufacturers, Limited. 

A photograph of this plant is reproduced in Fig. 10 
on this page, and it will be seen that coal is fed into 
two small hoppers from an overhead platform, on which 
is also mounted the fan. The feed gear and the 3 h.p. 
motor driving the grates can be seen, and at the back the 
ash-box from which ash is removed by hand. It should 
be noted that this installation was carried out in the 
small stoking space usually found in Lancashire boiler 
houses, and there still remained plenty of space for 
working round the furnaces. Behind the wall at the 
back there is the coal road. The actual working of this 
plant can best be followed by referring to the general 
arrangement of the plant shown in Figs. 11 to 14 on this 
and the opposite pages. The furnaces are mounted on 
a chassis capable of being readily withdrawn from the 
boiler front for overhaul, &c. The drums themselves 
are constructed of mild-steel plates, and the firebars 
lining these are of ordinary cast iron of a deep sec- 
tion ; asimilar inclination is given the drums as was em- 
ployed in the other plants. The throat castings mounted 
on the boiler front are lined with firebrick, and this 
lining is extended for a short distance into the 
boiler flues to protect the joints from heat. On 
the outside of these throat castings are mounted the 
mechanical feeds, whilst inside is built the fuel dam of 
refractory blocks. The fuel is pushed through these 
by the ram feeds, the passage in the blocks having a 
half turn, and causing the fuel to enter the fire-bed of 
the rotary furnaces proper where the fire-bed takes 
up the position shown. The firebars, passing under the 
fuel, take up the underlayer until it reaches the upper 
edge of the fire-bed where it falls down the slope. It 
can be readily appreciated that this results in an 
intimate intermingling of the green coal entering and 
the fuel already burning, and that ignition of this green 
coal is almost instantaneous. A constantly homogene- 
ous fire-bed is maintained and permits a high-pressure 
air blast. This is introduced by air ducts extending 
round the drums, and the air reaches the fire-bed by a 
very similar arrangement to that of the Glasgow plant, 
the stops being adjustable. It is found that they only 
require regulating when coals of entirely different 
physical characteristics are used. A small amount of 
air passes these stops and acts as preheated secondary | 
air entering above the fuel bed. | 

The flames leaving the furnaces and passing through | 
the boiler flues travel in the form of a whirlwind | 
or spiral movement. This is actually realised by | 
virtue of the angle of the fire bed, and gives intimate | 
mixture of the hot secondary air, the richer flame from | 
the ignition of the volatiles, and the leaner carbon | 
flame from the section nearer the ash-pit. Moreover, | 
it will be realised that this spira] flame enables better | 
use of the entire heating surface of the flues to be 
made, there being no dormant gases at the bottom of | 
these. At the ashing end, the fuel is completely con- | 
sumed, the resultant ash being mainly in the form of 
small nodules, and falling over the dam ring into the | 
ash-pit. The form of this ash varies according to its | 
fusibility, and with certain tow fusion-point ashes, a | 
small proportion adheres to the bars and has to be | 
removed by hand. This condition can be greatly eased | 
by cooling the bars more than is normally obtained 
by the incoming air, the additional cooling being 
obtained by the use of water-spray in the blast. 

As stated above, the new bars were fitted at the | 
beginning of January, 1927, these being of a different | 
pattern, and the construction of these new bars and 
the method of fixing them is best shown in Fig. 15, on 
page 427, which represents a more recent installation. 
The firebars are held in position at each end by ring | 
castings ; these castings give even spacing to the bars 








° wt read before the Bradford Engineering Society, 
November 12, 1928. 
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but allow of their free expansion and contraction 
longitudinally. 

This plant was removed in November, as mentioned 
above, by reason of the Sherdley Works being reor- 
ganised, and it was re-installed in the Ravenhead 
Works of the same company, also in St. Helens. The 
work required to be done on this plant, after 11 months 
of intensive working, together with the three months 
of intermittent but nevertheless hard work when it 
was first put to work, was negligible, with the exception 
of the feeds, which were altered to the screw-feed 
type. The firebars and retaining rings were found to 
be in perfectly good order after being in use since 
January, and actually were used when the plant was 
re-started at Ravenhead at the beginning of the next 
month, December, 1927. These same bars were 
retained until the end of May, 1928, before 
requiring renewing—a life of nearly 16 months, 
which certainly exceeded our expectations. Actually 
in April two sections of the retaining ring at the feed 
end needed replacement. 

During this time many tests were run. Careful 
records taken, and it was found that efficiencies in 
day-to-day work averaging 70 per cent., for the boiler 
only, were obtained. With economisers in use, although 
under these conditions the boiler could not be isolated 
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for tests, it was calculated that this efficiency would be 
as high as 80 per cent. 

Further tests on more recent installations have been 
made where overall efficiencies of well over 80 per cent. 
have been shown, but as these tests were of only short 
duration, viz. about eight hours, the Author hesitates 
to publish them in detail. One installation will shortly 
be tested over continuous running for a month, when 
absolutely accurate figures can be obtained, which it 
is hoped to publish. Notable features of the available 
data are the high boiler output, amounting to at least 
25 per cent. more than from the same boiler when 
hand-fired on good forced draught grates and using 
similar fuels; also the high CO, content of the 
waste gases. This has often been maintained at 
17 per cent. with no trace of CO, and ordinary daily 
charts show an average of 14 per cent. to 15 per cent., 
the recording instrument being checked daily by an 
Orsat apparatus. These features are due to the even 
density and depth of the fire-bed and the intensity of 
combustion, whereby ideal combustion conditions are 
obtained. There is no interruption of steaming due 
to cleaning of fires, and the boiler output can be 
controlled closely for any type of load by regulation 
of the feed and air supply only; a hand-wheel on 
each feed alters the rate of feeding by varying the 








Fie. 16. Rotary-FurNAcE INSTALLATION AT WARRINGTON. 


engagement of a pawl with the ratchet wheel driving 
the feed screw. Incidentally, this detail of design is 
quite new and permits any variation of engagement of 
the pawl between 5 deg. and 350 deg. of each revolution 
of the driving shaft. 

Many tests have been run on low-grade and refuse 
fuels, and a notable feature is that dust bituminous 
fuels ball up into small lumps during ignition, which, 
of course, allows even penetration of air to the fire-bed. 
Good steaming has even been obtained with belt pickings, 
with only 45 per cent. of combustible material, these 
having been first ground to a dust fineness in a mortar 
mill, a crusher not being available. The mechanical feeds 
do not allow larger pieces than 2 in. to 3 in. cube being 
fed. Even with such fuels, combustion has been 
carried out efficiently, CO, readings of 10 per cent. to 
12 per cent. being maintained and the full normal 
rating of the boiler developed. The fact that low-grade 
and refuse fuels are so consumed, with little need for 
labour, opens up new means for their disposal, more 
especially at the pit head, and two recent installations 
will now be described which have been laid down with 
this purpose in view. Both were put down as a 
result of full-scale tests carried out on the plant at 
St. Helens on the actual fuels to be used. 

The first is at the Old Boston Colliery of Messrs, 
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Richard Evans and Company, Limited, of St. Helens, | 
and the fuel is drained slurry, containing 30 per cent. of | 
ash on the dry basis and, as fired, some 30 per cent. to | 
35 per cent. moisture. 


load for 168 hours a week. The boiler is laid off only 


up to 19 cwt. per hour, and although, with this installa- 


tion, the evaporation cannot be definitely determined, | 


it is giving at least as high an output as the other 


boilers in the same range supplied with slack coal | 
From 44 Ib. | 


burned on modern steam-blown grates. 
to 5 lb. of steam is raised per lb. of fuel,and CO, is 


maintained between 10 per cent. and 12 per cent. nis | 
this 


difficulties whatever are experienced in burning 
fuel; a good fire is easily maintained, and the carbon in | 
the ash averages about 7 per cent. It was soon 
found that, to ensure a constant feed of this wet slurry 
through the existing hoppers entailed too much labour, | 
and so hand firing through the ash-pit doors is now | 
resorted to. The fuel is very fine, about half passing a | 
200 mesh, and the remainder a 60-mesh sieve. In its moist | 
form, it takes a clay-like consistency and bridges over | 
in the hoppers. This difficulty is expected to be over- | 
come by the provision in the hoppers of a vertical | 
shaft with agitating fingers shaped after the style of | 
a propeller. Work on this is in hand. 

Several improvements indicated as desirable from 
experience gained at the Sherdley plant were incor- | 
porated on this installation, one of the most obvious | 
being the insulation of the ash box, which, at the | 
Sherdley Works, radiated an unpleasant amount of | 
heat. At Old Boston Colliery, one can hold one’s | 
hand comfortably on the exterior of the ash box. The | 
air duct is also much wider, and, in fact, surrounds the 
whole of that part of the drum not utilised for the | 
drive and its support. This also forms effective heat | 
insulation. The drive is improved, and is taken from | 
a line shaft supported independently, which can be | 
extended for further furnaces. On this line shaft are | 
fixed worms driving a worm wheel, thence to the drums | 
through a spur gear. 

The second of these installations is at Messrs. Barber | 
Watker and Company, Limited, Bentley Colliery, where | 
dry fines, mostly of a powder fineness, are being | 
utilised,.the products of a dry-screening plant. . Fig. 15 | 
shows a section through this particular plant, and it | 


will be noted that the air duct is sub-divided into three | 
sections, with means for varying the air pressure to each 
section of the grate. Also, a section at the feed end of the | 
drum is lined with firebrick. It was found, at a pre- | 
liminary test at the Ravenhead Works, that a con- 
siderable percentage of this fuel was blown over the 
bridge before any balling action took place. It was 
estimated that the radiated heat from this lining and 
from the flame passing over the incoming fuel would 
tend to ball this up before it was subjected to any air 
current. This is actually happening, but a considerable 
quantity is still carried over. The fuel is so fine that a 
high proportion of this is burned in suspension, the 
ash being deposited in the flues. This is believed to be 
due to the air stops not being close enough together 
and allowing the air to escape up through the thin | 
edges of the firebed. This will shortly be rectified. | 
Even so, results: are extremely promising; the boiler, | 
which is 30-ft. by 9 ft. 6 in., using the dust, is evapora- | 
ting well over 9,000 lb., the flue gases showing a CO, | 
content of 12 per cent. to 13 per cent. With fine slack as | 
fuel, the boiler output approximates 14,500 Ib., and | 
it is regarded as doing nearly the work of two other 
boilers ; up to a ton of fuel an hour is burnt. 

This plant has only recently been started up, and 
accurate figures as regards the performance are not yet 
available, but will be shortly. This same remark also 
applies to another plant recently put to work at Messrs. 
Joseph Crosfield and Sons, Limited, Warrington. 
This company forms part of the Lever group, who are 
well known as paying the most careful attention to | 
their boiler plant. Results, up to date, are very favour- 
able, accurate means for tests being available. However, 
as the plant is in its early days, figures cannot yet be 
given. The coals being used are cheap slacks from 
local collieries. Fig. 16 is a g>neral view of this plant. | 

Summarising, the principal features of the rotary 
furnace, are :—An overall efficiency of boiler and 
economiser of 78 per cent. to 80 per cent. using ordinary 
cheap boiler slacks. An increase in boiler output of | 








up to 50 per cent. above its normal rating using such | 


fuels. On low-grade fuels and refuse fuels of up to 
6,000. B.Th.U., overall efficiencies of 65 per cent. to 70 
per cent. are obtained with outputs of the normal 
boiler rating. The labour required is only one man to 
+ or 5 boilers, with bunker feeds and some form of 
mechanical ash handling. Black smoke is entirely 
absent. This was particularly noted at Messrs. Holts 
and also the Sherdley, St.-Helens, installations, where, at 


times, the boiler fired by the rotary furnaces was the | 


only one in use. 


(T'o be continued.) 


The calorific value is about | 
5,600 B.Th.U. per lb. This plant was put to work in| 
February, 1928, and is steaming at practically, full | 


} 


24 hours every three weeks. The furnaces will burn | 
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BRITTLENESS IN ARSENICAL CoPpPEeR: ErRRaATUM.— 
In our report of the recent Institute of Metals’ meeting, 
we stated, on page 352 ante, that Mr. J. H. Grant, when 
discussing Mr. Blazey’s paper, “‘ Brittleness in Arsenical 
Copper,”’ had said ‘* Bismuth allied with oxygen would 
most certainly be deleterious.’’ This should have read, 
** Bismuth, not allied with oxygen, would most certainly 
be deleterious.” 


PERSONAL.-Mr. TT... Peart, Rochester Chambers’ 
26, Collingwood-street, Newcastle-on-Tyne, has been 
appointed representative of Messrs. Thomas Smith and 
Sons (Rodley), Limited, Steam and Electric Crane 
Works, Rodley, Leeds, for the North-Eastern district 
| of England.—Sir James Devonshire, K.B.E., has retired 
| from the position of Chairman and Managing Director of 
| the North Metropolitan Electric Power Supply Company, 
Seven Sisters-road, Finsbury Park, London, N.4, 
| but retains his seat on the board, and is appointed 
Deputy-Chairman. Lord Ashtield has been appointed 
Chairman of the company.-—Messrs. Rotherham Forge 
}and Rolling Mills Company. Limited, Rotherham, have 
| removed their London office from 118 to 110, Cannon- 
street, E.C.4.—Messrs. K. N. Electrical Products, Limited, 
are moving from 87, Wardour-street, London, W.1, into 
more extensive premises at 5-7, Singer-street, Tabernacle- 
street, London, E.C.2. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Though a good deal of irregularity 
prevails in the local steel and engineering trades, the 
general undertone is one of quiet confidence in the 
future. The holiday stoppage has been of about average 
duration, and though. deliveries were expedited before 
works suspended operations, a considerable number of 
contracts remain uncompleted. In heavy crude steel, 
the volume of inquiries augurs well for the future, 
though new business shows a slight easement, as com- 

ared with a month ago. Acid steel is still unsatis- 
ee. This is attributed to the condition of the 
railway steel plants. These are attracting a fair amount 
of work from overseas at keenly competitive prices, but 
very little is being given out on home account, and 
producers in the axle, tyre, and wheel departments are 
examining the possibility of introducing further economy 
measures. Price movements continue upward, notably 
in alloys for special steel manufacture. Tungsten, in 
its several forms, is dearer, and as stocks at works are 
low, it is expected that users will be compelled to cover 
forward output at the higher rates. There is a sustained 
run on steel scrap, not only on inland account, but for 
export purposes. The latest quotations are as follow :— 
Siemens acid-steel billets, 8/. 15s.; hard _ basic-steel 
billets, 77. 5s. 71. 15s., and 8l. 15s.; soft basic billets, 
6l. 17s. 6d. ; Derbyshire foundry iron, 67s. 6d. ; Derby- 
shire forge iron, 63s.; Lincolnshire foundry iron, 71s. ; 
Lincolnshire basic iron, 68s. 6d.; crown iron bars, 
10. 10s.; iron hoops, 12/. 10s.; steel hoops, 91. 10s. ; 
soft wire rods, 7/1. 12s. 6d. One of the most welcome signs 
in the finished sections is the disposition of British 
colliery companies to order equipment and tools more 
freely. Buying in these products has been exceptionally 
flat for a considerable period, and if a real revival sets 
in, considerable benefit will accrue to this district. 
Activity is seen in electrical and automobile tools, and 
an increased proportion of steel is going into use in 
railway carriage construction, for shipbuilding purposes, 
and in house-building. 


South Yorkshire Coal Trade.—The market still 
under the holiday influence, but there are signs that 
recent activity will be fully restored. Industrial needs 
are at a fair level, and export requirements show no sign 
of diminution. There has been a strong demand for 
coking slacks, with no easement in various qualities ot 
coke. House-coal values are fully maintained at their 
recent level. Sufficient orders remain undischarged to 
ensure active deliveries for some time ahead.  Quota- 
tions :—Best branch hand-picked, 27s. to 28s. 6d. ; 
Derbyshire best brights, .23s. 6d. to 25s.; Derbyshire 
best house, 21s. to 22s.*; "screened house coal, 18s. tol 9s.; 
sereened house nuts, 17s. to 19s.; Yorkshire hards. 
15s. 6d. to 16s. 6d. ; Derbyshire hards, 15s. 6d. to 16s. 6s. ; 
nutty slacks, 68. to 7s.; rough slacks, &s. 6d. to 9s. 6d. ; 
smalls, 3s. 6d. to 4s. 


is 








NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 


The Coal Trade.—Though exports of coal were reduced 
in the past week on account of the intervention of the 
holidays, there was no relaxation in shipment pressure, 
for a number of steamers were waiting for berths while 
some vessels were also on demurrage. Clearances in 
the past week totalled 519,540 tons, compared with 
633,577 tons in the preceding week, shipments at 
Newport falling from 129,005 tons to 98,954 tons, at 
Cardiff from 162,049 tons to 122,616 tons, at Barry from 
196,250 tons to 161,374 tons, at Port Talbot from 
34,272 tons to 28,264 tons, and at Swansea from 76,982 
tons to 60,078 tons. At Penarth, however, the exports 
were increased from 35,019 tons to 48,254 tons, in spite 
of the suspension of work caused by the holidays. The 
general tone of the market continued strong, with best 
Admiralty large on the basis of 22s., and smalls from 
14s. to 15s. 6d., according to quality. These figures 
were, however, more or less nominal in the absence of 
free supplies, and with outputs reduced by two days 
holidays the scarcity is likely to remain as acute as 
ever. Tonnage has arrived pretty freely, so that active 
shipments at the docks are assured for some weeks. 
The epidemic of influenza amongst the men and horses 
in the pits has subsided to a considerable extent, so 
that outputs should further improve. Colliery order 
books are, however, well filled for the next month, and 
provided sufficient shipping is to hand the likelihood of 
any appreciable increase in the quantity of free coal 
available is remote. 


A Quarter’s Shipping Transfers.—During the first 
quarter of this year 17 steamers were sold or purchased 
by South Wales owners. The vessels, which changed 
hands, totalled 73,400 tons d.w. Eight new vessels 
were ordered during the three months, and two new 
shipping companies were registered, with a capital of 
300,0007. and 3,000/. respectively. 


Iron and Steel.—Exports of iron and steel goods in the 
past week totalled 12,342 tons, compared with 17,087 
tons in the preceding week. Shipments of black-plates 
and black-sheets were increased from 376 tons to 762 
tons. and of galvanised sheets from 2,389 tons to 3,830 
tons, but those of tin-plates and tetne-plates were lowered 
from 8,270 tons to 6,483 tons, and of other iron and steel 
goods from 6,052 tons to 1,267 tons. The price of tin- 
plates remained stationary at 18s. 3d. to 18s. 9d., of 
galvanised sheets at 13U. 10s, to 131. 128. 6d., and ot 
Welsh tin-plate bars at 6/. 6s, 3d 
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NOTES FROM THE NORTH. 


Gtascow, Wednesday. 


Scottish Steel Trade.—Conditions in the Scottish steel 
trade have shown little change during the week and are 
inclined to be rather quiet. Specifications do not come 
in in very large volume, and at some works no distance 
ahead can be seen. Thereis, however, still a fair amount 
of work to be given out by shipbuilders, and steelmakers 
are hopeful of a steady run for a while, even though ton- 
nages specified are not heavy. The demand for structural 
sections is fair. Inquiries from overseas are not maturing 
as makers would like. In the black-sheet trade there is 
no change to report. There is a fair amount of work on 
hand to keep plant going, but much more could be under- 
taken, and makers are patiently waiting for the Spring 
demand. Prices remain steady and are as follow :— 
Boiler plates, 107. 10s. per ton ; ship plates, 8/. 7s. 6d. per 
ton; sections, 7]. 17s. 6d. per ton; black sheets, }-in., 
8l. 15s. per ton ; and galvanised corrugated sheets (No. 24 
gauge), 131. 15s. perton ; all delivered at Glasgow stations. 


Malleable-Iron Trade.—Quite a fair amount of activity 
still exists in the West of Scotland malleable-iron trade, 
as arrears of orders have not yet been cleared off. Fresh 
business is, however, not too plentiful although producers 
hope that the firmer tone of the market, and the advanced 
prices now asked by English makers may result in more 
bookings soon. In the re-rolled steel bar branch of the 
trade, there is a fair amount passing, but makers complain 
that the prices being obtained are far below what they 
ought to be when the high price of raw material is taken 
into account. Deliveries of the latter from the Continent 
are still poor, but should gradually improve now that 
weather conditions are better. Prices are unchanged 
and are as follow :—‘‘ Crown ” bars, 101. 5s. per ton for 
home delivery, and 91. 15s. per ton for export ; re-rolled 
steel bars, 8/. per ton for home delivery, and 71. 15s. 
per ton for export. 


Scottish Pig-Iron Trade.—A dull tone is general in the 
Scottish pig-iron trade, but there is an opinion gaining 
strength that improvement is very likely before long. 
At the moment, however, the demand on home account 
is somewhat limited, and the same may be said in connec- 
tion with the shipping trade. Prices are as follow :— 
Hematite, 77s. per ton, delivered at the steel works ; 
foundry iron, No. 1, 75s. per ton, and No. 3, 72s. 6d. per 
ton. both on trucks at maker’s yards. 


Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, March 30, amounted to 831 tons. 
Of that total, 804 tons went overseas and only 27 tons 
coastwise. For the corresponding week of last year the 
tigures were 605 tons overseas and 49 tons coastwise, 
making a total shipment of 654 tons. 


Shipbuilding.—While there is a distinct renewal of 
activity in the Scottish shipbuilding industry at the 
moment, there is a decided shortage of new contracts, 
and as the output remains along high lines, the orders to 
replace those vessels launched are far from sufficient. 
During the past month the number of new contracts 
reported was twelve, whereas there were 26 vessels put 
into the water. The result is that the number of empty 
berths is increasing. The output figures for the month of 
March and the total for the quarter are as follow :— 


Marcu, 1929. THREE MontTHS 
1929, 


SSS, _ 


Ves: Tons. Ves. ‘Tons. 
The Clyde > ae 75,520 42 147,611 
The Forth vis Pe , 2,274 6 7,499 
The Tay ‘ia ee — 1 770 
The Dee and Moray 
Firth ae ces 2 100 5 470 
Total 26 77,894 54 156,350 


It is interesting to note that the Clyde output for the 
past month is a record for the month of March, and brings 
the total for the quarter up to 147,611 tons. The latter 
is now the third highest total for the first three months 
of any year, the other higher totals were 162,897 tons 
last year and 149,841 tons for the year 1921. 








_ SALINOMETER FoR UsE on STEAMSHIPS.—A circular 
issued recently by the Mercantile Marine Department 
of the Board of Trade contains a copy of a specification 
for salinometers for use on steamships, drawn up by 
the National Physical Laboratory in collaboration 
with the Board of Trade and the British Nautical 
Instrument Trade Association. The new specification 
is to come into force on January 1, 1930. The circular, 
which bears the number 1673, is issued for the information 
of surveyors, and is obtainable from H.M. Stationery 
Office, Adastral House, Kingsway, London, W.C.2, 
price Id. net. 





_Hypravtic-PressuRE TEST ON MALLEABLE-IRON 
Firtinc.—A copy of the certificate of a hydraulic- 
pressure test carried out by the Sheffield Testing Works, 
Limited, on a 1-in. size malleable-iron fitting, described 
as a Wask banded elbow and manufactured in accord- 
ance with B.E.S.A. Specification No. 154, by Messrs. 
Walter Slingsby and Company, Limited, Woodhouse-road, 
Keighley, has just reached us. The elbow showed no 
signs of leakage until the pressure of 8,940 lb. per square 
inch was reached. At this pressure, water commenced 
to spray from pin-holes which appeared close to the 
outer rims of the fitting. The pressure was increased 
to 9,250 Ib. per square inch, but complete rupture of the 
fitting did not take place. 
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NOTES FROM CLEVELAND AND THE) 
NORTHERN COUNTIES. | 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—While fixed minimum 
prices for Cleveland pig-iron are not altered, it is diffi- 
cult to effect purchases. They stand :—No. 1 quality, 
69s. 6d.; No. 3 g.m.b., 67s.; No. 4 foundry, 66s. ; and 
No. 4 forge, 65s. 6d. Merchants have command of 
moderate quantities, but their conditions of contract 
with producers preclude their selling in large parcels to 
consumers in the North-Eastern district. They are 
reported to have put through a little export business. 
Makers’ saleable stocks are extremely small, and they 
are stated to have disposed of their output almost to the 
end of May. Possibly June orders could be placed at 
round about minimum figures, but for delivery further 
ahead buyers are paying a premium of ls. 6d. Scarcity 
of Cleveland pig is causing much uneasiness, particularly 
as shortage of coke supply threatens to check progress in 
the direction of effort to increase iron output. 


Hematite.—Both home and overseas customers are 
pressing for larger deliveries of east-coast hematite, and 
with supply very inadequate, makers are in a strong 
position. In this branch no arrangement exists for fixing 
prices, and merchants are at liberty to dispose of their 
holding where they please. Second hands are fairly well 
bought, but they look for rise in values and are not at 
all disposed to undersell manufacturers. Stocks of 
hematite have been cleared, and makers have little iron 
to offer for early delivery. Individual negotiation results 
in contracts being arranged near the equivalent of 
ordinary qualities at 74s. 


Foreign Ore.—Foreign ore merchants are not keen on 
securing new business at prices now ruling. On the 
other hand, consumers are moderately well bought, and 
are disinclined to follow any further upward movement 
of quotations. Present market rates are ruled by fully 
23s. c.i.f. Tees for best rubio. 


Blast- Furnace Coke.—To meet the increasing local use of 
Durham blast-furnace coke, expansion of production of 
that commodity is necessary. Consumers here were 
experiencing much difficulty in obtaining supplies 
sufficient for their needs. The acute shortage is attribut- 
able to heavy export sales. Exceptionally high prices 
have been paid for spot lots, and for ordinary business, 
quotations are now based on good average qualities at 
20s. delivered to works in this district. 


Manufactured Iron and Steel.—Most departments of 
the finished iron and steel industries have a good deal of 
work on hand, and manufacturers of some commodities 
are very busy. Values tend upward. Common iron 
bars are 10/. 5s. ; best bars, 101. 15s. ; double best bars, 
1ll. 5s.; treble best bars, 11/. 15s. ; iron rivets, 117. 10s. ; 
packing (parallel), 8/.; packing (tapered), 10/.; steel 
billets (soft), 6. 15s.; steel billets (medium), 7/. 5s. ; 
steel billets (hard), 7/. 15s.; steel rivets, 11. 5s.; steel 
ship plates, 8/. 7s. 6d.; steel angles, 7/. 17s. 6d.; steel 
joists, 7/. 17s. 6d. ; heavy sections of steel rails, 87. 10s. ; 
black sheets (No. 24 gauge), 101.; and galvanised 
corrugated sheets (No. 24 gauge), 13/. 10s. to 131. 15s. 


Shipments of Iron and Steel.—Aggregate iron and steel 
shipments from the Tees during March are officially given 
as 79,207 tons, of which 24,873 tons were pig-iron, 
4,041 tons manufactured iron, and 50,293 tons steel. 
Once more Scotland was the largest receiver of pig-iron, 
taking 7,859 tons, Italy being second with 6,752 tons, 
while Norway accepted 2,010 tons, Belgium 1,734 tons, 
and France, 1,434 tons. The Cape was the chief importer 
of manufactured iron—834 tons. Principal customers 
for steel were :—India, 10,872 tons; Natal, 3,585 tons ; 
Argentina, 2,938 tons ; Australia, 2,890 tons ; The Cape, 
2,562 tons; Portuguese East Africa, 2,197 tons ; Straits 
2,047 tons; Japan, 1,816 tons; and Tanganyika, 1,265 
tons. 








ConTRacts.—Messrs. The British Thomson-Houston 
Company, Limited, Rugby, have received a repeat 
order from the Metropolitan Electric Tramways Company, 
Limited, for 140 light-weight traction motors of the 
B.T.H. 509 type. The total number of traction motors 
of this type ordered by this Tramways Company is 
now 354.—-An order for the main engine of a steam tug, 
for service on the Rhine, has been placed with Messrs. 
Jaffa Engineering Company, Utrecht, Holland. The 
engine is of the vertical single-acting Uniflow type and 
has four cylinders, the diameter of which is 300 mm., and 
a piston stroke of 400 mm.; it develops 250-300 i.h.p. 
at 210 r.p.m. A Schmidt superheater is to be installed 
and the boiler pressure will be approximately 240 lb. per 
square inch.—Messrs. British Furnaces, Limited, Derby 
road, Chesterfield, have recently received, through 
Messrs. Pauling and Company, Limited, London, an 
order for oil-fired spring-plate, rivet-heating, forge, case- 
hardening, and tyre-expanding furnaces for the Benguela 
Railway, Portuguese West Africa.—The Municipal 
Council of Rotterdam, Holland, has awarded to Messrs. 
The British Thomson-Houston Company, Limited, 
Rugby, a contract for 25,000-volt, three-phase, 50-cycle 
switchgear required in connection with the new power 
station 3 miles nearer the mouth of the Maas than the 
existing Schiehaven power station, which has reached 
maximum capacity. The switchgear comprises 39 B.T.H. 
isolated-phase equipments incorporating oil circuit 
breakers of the most modern construction, and having 
an interrupting capacity of 1,500,000 kv.-a.—The 
Department of Local Government and Public Health, 
Dublin, has ordered six months’ supplies of Osram 
meétal-filament, gas-filled and vacuum lamps, and Robert- 
son carbon lamps from Messrs. The General Electric Com- 





pany, Limited, Magnet House, Kingsway, London, W.C.2. 
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NOTICES OF MEETINGS. 


INSTITUTION OF ELECTRICAL ENGINEERS.—T'o-night, 
7 p.m., Victoria-embankment, W.C.2. Meter and 
Instrument Section Meeting. ‘‘Some Technical Con- 
siderations Concerning Power Factor in Relation to 
Tariffs,’ by Mr. E. W. Hill. North-Eastern Centre : 
Monday, April 8, 7 p.m., Armstrong College, Newcastle- 
on-Tyne, Annual General Meeting. ‘* The Testing of 
Porcelain Insulators,” by Mr. B. L. Goodlet. Wednesday, 
April 10, 6 p.m. Wireless Section Meeting. ‘‘ Short 
Waves,” by Mr. T. L. Eckersley. Thursday, April 11, 
6 p.m. Ordinary Meeting. ‘‘ The Testing of Porcelain 
Insulators,”’ by Mr. B. L. Goodlet. 


INSTITUTION OF MUNICIPAL AND Coun'ty ENGINEERS.— 
Yorkshire District: Saturday, April 6, 2 p.m., Town 
Hall, Leeds. ‘‘ Local Government Bill and the Municipal 
Engineer,” by Mr. W. J. Hadfield. 


Institute or BrivisH FounpryMEN.——Lancashire 
Branch : Saturday, April 6, 3 p.m., College of Technology , 
Sackville-street, Manchester. Annual Meeting “ Foundry 
Organisation,” by Mr. J. Yates. Lancashire Branch. 
Burnley Section : Tuesday, April 9, 7.15 p.m., Municipal 
College, Ormerod-road, Burnley. Annual General Meet- 
ing. 

Huut Association oF ENGINEERS.—Saturday, April 
6, 7.15 p.m., Technical College, Park-street, Hull. “‘ The 
Carbonisation of Coal,” by Mr. H. E. Copp. 


INSTITUTE OF TRANSPORT.—Monday, April 8, 5.30 p.m. 
Institution of Electrical Engineers, Victoria-embank- 
ment, W.C.2. ‘The Port of London,’ by Mr. J. H. 
Estill. 

Soctety or Enearveers.-—Monday, April 8, 6 p.m., 
Geological Society, Burlington House, Piccadilly, W.1. 
‘* Notes on the Inspection of Public Works,” by Mr. G. H. 
Gardner. 

INSTITUTION OF THE RuBBER INDUSTRY.——Monday, 
April 8, 7.30 p.m., Blackfriars Theatre, William-street, 
New Bridge-street, E.C.4. “Some Aspects of Rubber 
Manufacture in America,” by Mr. H. Rogers. 


Rattway Cius.—Monday, April 8, 7.30 p.m., 57, 
Fetter-lane, E.C.4.  “ The Railway Museum, York.” 


INSTITUTION oF CiviL ENGINEERS.—Tuesdav, April 9. 
6 p.m., Great George-street. S.W.1. “The New Pieca- 
dilly Circus Station,” by Mr. H. Hall. Birmingham and 
District Association : Thursday, April 11, 6 p.m. Cham- 
ber of Commerce, New-street, Birmingham. Annual 
General Meeting. ‘The Reconstruction of Holt Fleet 
Bridge,” by Mr. B.C. Hammond. Yorkshire Association : 
Thursday, April 11, 7.30 p.m., Hotel Metropole, Leeds. 
“The Shildon-Newport Electrification, L.N.E.R.,” by 
Mr. J. Banning. 

INSTITUTE OF MARINE ENGINEERS.—Tuesday, April 9, 
6.30 p.m., 85-88, The Minories, Tower Hill, E.l. “‘ The 
Relative Merits of Pulverised Fuel and Mechanical 
Stoking, and their Application for Marine Purposes,” 
by Mr. W. E. Woodeson, Junr., and Mr. J. 8. Gander. 


INSTITUTION OF AUTOMOBILE ENGINEERS.—Tuesday, 
April 9, 7.45 p.m., Royal Society of Arts, John-street, 
Adelphi, W.C.2. ‘Automatic Spark Advance,” by 
Mr. H. S. Rowell and Mr. C. G. Williams. 


Institute oF Fup..—Wednesday, April 10, 6 p.m., 
Chemical Society, Burlington House, Piccadilly, W.1. 
‘Some Notes on Waste Heat Recovery,” by Major W. 
Gregson. 

INSTITUTION OF PRODUCTION ENGINEERS.-—Birming- 
ham Branch : Wednesday, April 10, 7 p.m., Grand Hotel, 
Birmingham. ‘ Heat Treatment,” from the Production 
Engineer’s Standpoint,” by Mr. C. M. Walter. 


Royat Soctery or Arts.—Wednesday, April 10, 
8 p.m., John-street, Adelphi, W.C.2. “‘Some Modern 
Aspects of Electrical Communication, by Mr. G. H. 
Nash. Friday, April 12, 4.30 p.m., ‘‘ Recent Electrical 
Developments in India,” by Mr. A. T. Cooper. 


INSTITUTION oF STRUCTURAL ENGINEERS.—Thursday, 
April 11, 6.30 p.m., 10, Upper Belgrave -street, S.W.1. 
‘“* Casing Piles Damaged by Marine Worms in Reinforced 
Concrete; and other Repairs at Swanage Pier,” by 
Mr. F. M. Du Plat Taylor. 

INSTITUTION OF MECHANICAL ENGIJNEERS.—South 
Wales Branch: Thursday, April 11, 6.30 p.m., South 
Wales Institute of Engineers, Cardiff. Thomas Hawkley 
Lecture. ‘‘ Engineering Principles in the Machinery of 
the Stars,” by Professor A. 8S. Eddington. London: 
Friday, April 12, 7 p.m., Storey’s-gate, S.W.1. Informal 





~ 





Meeting. ‘‘ Pumping Plant,” introduced by Mr. F. E. F. 
Durham. 
Institute oF Metats.—London Local Section : 


Thursday, April 11, 7.30 p.m., Society of Motor Manu- 
facturers and Traders, Limited, 83, Pall Mall, S.W.1. 
Annual General Meeting. Open Discussion. ‘“‘ Hard- 
ness Testing,”’ by Dr. G. A. Hankins. 








H.M.SS. “ Sussex,” “‘ BRIDGEWATER,” and “ SAND- 
wicH.”—The official Admiralty inspections of H.M. 
Minesweeper Bridgewater and of H.M. Cruiser Sussex 
were conducted at the Hebburn-on-Tyne shipbuilding 
yard of Messrs. R. and W. Hawthorn, Leslie and 
Company, Limited, on March 12 and 15, respectively. 
The former vessel was commissioned after her official 
acceptance trial, which was held on March 14, and the 
latter proceeded to Chatham after undergoing her 
acceptance trial on March 19. The official Admiralty 
inspection and the acceptance trial of H.M. Minesweeper 
Sandwich, which has also been constructed by Messrs. 
Hawthorn, Leslie and Company, were held on March 22 
and 23, respectively. 
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GUNBOATS IN CHINA.--The new 
Chinese 1,500-ton gunboat Yung Sui was launched at 
Shanghai recently. The vessel, which has taken five 
months to complete, has been built at the Kiangnan 
Dockyard, and is the second gunboat to be constructed 
during the present National Government regime. The 
first gunboat to be launched at Shanghai was the 
Shun Ling. A third vessel is now under construction 
at the Dockyard. 


CONSTRUCTION OF 


THE Late Mr. D. M. Nessit.—We regret to announce 
the death at Leicester, on March 15 last, after a very 
short illness, of Mr. David Mein Nesbit, Chairman of 
Messrs. Ashwell and Nesbit, Limited, heating, ventilating 
and general engineers, Barkby-lane, Leicester, and also 
Chairman of Messrs, Thornewill and Warham (1919), 


THE Present Cana Lock 





No. 16, AND PONDS IN SERIES ON THE 


RisE TO THE NIAGARA ESCARPMENT. 








CANAL FROM Top OF NIAGARA ESCARPMENT, WITH 


Limited, colliery engineers, Burton-on-Trent. Mr. Nesbit, 
who was connected with heating and _ ventilating 
engineering for the greater portion of his active life, 
was born in 1855. He became associated with the 
late Mr. Frank Ashwell in December, 1896, and the 
firm of Messrs. Ashwell and Nesbit was incorporated as a 
limited liability company in 1897. Mr. Nesbit continued 


to take an active share in the interests of his firm 
until the end. The firm of Messrs. Thornewill and 
Warham was established by Thomas Thornewill as 


long ago as 1732, was incorporated as a limited company 
in 1902, and was reconstructed in 1919. Mr. Nesbit 
became a member of the Institution of Heating and 
Ventilating Engineers in 1899 and was elected president 
in 1900. He was the third president of the Institution, 
which was established in 1897. In 1904, Mr. Nesbit 








Locks AND PONDs IN SERIES. 


became the first president and honorary treasurer of 
the National Association of Master Heating and Domestic 
Engineers, the name of which body was afterwards 
changed to the National Association of Heating, Venti- 
lating and Domestic Engineering Employers. He 
continued to take a very active interest in the operations 
of the Association, and was still holding the position 
of honorary treasurer at the time of his death, having 
been re-elected, for the twenty-fifth time, at the annual 
general meeting of the Association, held in London as 
recently as March 13 last. Mr. Nesbit was also a member 
of the American Society of Heating and Ventilating 
Engineers, and a founder member of the Institute of 
Fuel. He was elected an associate member of the 
Institution of Mechanical Engineers in 1895, and became 
a full member in 1898, 
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LONDON TRAFFIC. 
TuosE of us who live and work within the 
boundaries of London are conscious that to get 
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| from place to place is ever becoming a longer 


business, and that to cross the streets tends to be 
increasingly dangerous to life and to limb. This 
is not because nothing is being done to alleviate 
matters, but simply because the problem is so 
intricate and the means necessary to achieve 
a solution, if they can be found, so difficult to 
apply, that any remedies that can be suggested 
are neutralised by the rate at which the disease 
develops. This condition is well brought out in 
the third annual report of the London and Home 
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provements which may be desirable in the inte- 
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of trams, and the congestion is serious. 
thing, it is true, has been done by the wharfingers 
themselves providing some accommodation on their 
own premises, while the tendency to procrastina- 
tion has been checked by confining the loading 
and unloading of any one vehicle to a period 
of 30 minutes. In addition, parking space has been 
made available on the site of St. Olave’s Church- 
yard. But what has been done, as the Committee 
themselves say, will not ensure that the congestion 
will disappear. though it may afford a starting 
point for the further examination of the problem. 
Tooley-street, moreover, is not an isolated example, 
and indeed loading and unloading of goods are 
|important factors in the traffic problem, which 
| certainly cannot finally be settled by any imposi- 
| tion of time limits or by the various schemes of 
Prunisacrya which have been suggested, but which 
| there is considerable delay in starting. 

Street works are another factor in street conges- 
tion, to which attention is called. Roadways must be 
repaired and even re-constructed. They must also, 
unfortunately, be opened up periodically to enable 
water, gas mains and electric cables to be laid and 
examined. But there seems to be no reason why those 
responsible for such operations should not conduct 
them with more consideration for the road user, 
nor why there should not be closer co-operation, so 
that the inevitable disturbance may be reduced to a 
minimum. ‘The insufficiency of such co-operation as 
there is is shown by the fact that the number of 
unnecessary obstructions in 1927-28 was larger than 
it was the year before, though the Committee take the 
charitable view that it is still reasonably small. 
The ideal solution would naturally be not to lay 
mains in the streets; or, since that is impossible, 
to place them in subways. The Committee, there- 
fore, recommend that grants towards the construc- 
tion of such subways should be made from the 
Road Fund, where the disturbance is bad enough to 
justify the expenditure, that more use should be 
made of side streets for laying “trunk lines,” and 
that greater care should be taken in the siting of 
junction boxes. 

The Report deals with a wealth of other matters, 
such as ways and means of preventing the in- 
creasing number of street accidents, the limitation 
of the number of omnibuses plying in certain streets, 
“ roundabout ” and “ one-way ” systems, reversing, 
taxi-cabs, tramways standards, telephone kiosks 
and traffic signs, all of which in one way or another 
contribute to, or are the resuit of, congestion, and 
whose regulation on proper lines should lead to at 
least some measure of relief. In fact, it is in such 
minor matters that the advice the Committee 
can give is of most immediate use, since it is often 
sufficient to point to defects to have them remedied. 
Most of the major matters mentioned in the 
report, such as the provision of a new Victoria Dock 
Road, the re-building of Charing Cross Bridge, the 
Chertsey road scheme and the co-ordination and 
improvement of the passenger facilities in the various 
parts of London, have already been previously dealt 
with and are waiting for some action to be taken. 
Attention may, however, he called to the obstacles 
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bridges. which exist in certain parts of Lenten | 
No less than 44 of these bridges are either defic- | 
ient.in width, lack footways, are of the bascule 
pattern, or exhibit constructional defects. The 
reconstruction of many of these, which is obviously | 
necessary, is, however, hampered by the financial 
conditions that appertain to such work, with the | 
result that so far it has only been possible to com- | 
mence any improvement in eight cases. This 
state of affairs is but one example, of which many | 
are alluded to, either directly or indirectly, of the | 
intricacy which delays progress and may even | 
prevent any improvement being made. It points | 
to the need, moreover, of some Central Authority, in | 
whose hands the power to cut the various Gordian | 
knots which exist, can be placed. | 

In this connection, it must not be forgotten that | 
ul these attempts to improve matters, heroic as 
they often are, are based on the policy of adapting 
the streets to the traffic. There is every prospect 
therefore that any possible alleviation can at best 
be but temporary, and that before very long the 
position will be as bad as, or worse than, it is now. | 
Those who, at present, do business in London, | 
but who could equally well do their business else- 
where might, therefore, be advised to consider the 
benefits of transfer to outer districts, especially as 
the amenities of the country will do something 
towards rendering such a course attractive. By | 
moving out of London in this way, they would not | 
only advantage themselves but also those others who, | 
for one reason or other, are tied to the Metropolis. | 
In this matter an example might well be set by | 
certain government departments. 


| 
| 
| 
} 


CHANGE OF WORK AND OUTPUT. 

In every type of continuous work there comes a | 
time when the output of even the best worker falls | 
off, but energy, or the power of doing work, is | 
restored by either rest or change of occupation. 
Left to himself, the worker will supply these resto- 
ratives at irregular intervals as circumstances and 
his feelings dictate, but it has not been found that 
he puts them in always, or even usually, at the best 
times or in the best manner. When Dr. F. W. 
Taylor was studying how his men could be enabled 
to get better results out of their labour, one of the 
best-known conclusions at which he arrived was | 
that for this purpose it was necessary to prescribe | 
exact intervals of rest to be intercalated in the work, 
and the epochs at which they should be taken. 
These rest periods were far in excess of what would 
have been thought reasonable if their advantage 
had not been demonstrated by trial, and results 
similar to those that Taylor obtained in work 
involving considerable muscular exertion were 
obtained by his followers in operations of which the 
strain was mainly or entirely mental. While, 
however, they were extraordinarily successful in 
improving the output of the workers on the 
operations with which they had to deal, they did 
not arrive at an acceptable formula by which the 
alternations could be prescribed in general terms, 
and they seem to have done little in investigating 
the effect of change of cccupation instead of absolute 
rest. The circumstances that must determine the 
best alternation for any kind of work are so various | 
that probably a general formula may be impossible. 
Even if this is so, however, there seems little doubt | 
that in every kind of work which has output for its 
object there must be some best alternation of work, 
rest and possibly change of occupation, which will | 
enable the average worker to obtain the best output. 

Not so long ago a common criticism of investiga- 
tions into industrial fatigue was that men took care 
not to work hard enough to produce fatigue. This 
was a generalisation of the same order as that to | 
which David was led by undue haste. There are 
doubtless men who, as the saying goes, hate work | 
and hate them that like work, but at no time have 
such men represented the bulk of workers fairly. 
Fortunately, too, at the present time the good sense 
of the silent majority of those who work without 
talking is being fortified by much saner and better- 
informed leading than was always available. The 
average man wants to get the most he can for his 
energy, and with proper inducement is anxious to 








‘control the effect of the minor influences that tend to 


| however much he would like to be free from them. 


| little or no direct information about the relative 
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| Mr. F. G. L. Stock, on the comparative effects of 


| performed by girls. 
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sufficient in itself to show him how that best can 
be obtained. The difficulty is most apparent in the 
case of repetition work. When a man is working 
at less than full speed he has a margin of energy 
at his command, by which if he wishes he can 


reduce his output. When, however, he is going at | 
full speed, those influences exercise their full effect, 


That his work should bore him when continued too 
long is due to a moral defect in himself if he is not 
working at full speed, and the remedy lies within 
his own powers. If, however, he is going all out, as 
he should be, the onset of boredom, in the same way 
as the occurrence of muscular fatigue, will legiti- 
mately and irresistibly reduce the extent and 
uniformity, and possibly the quality of his work. 
The amount of work that has been done on the 
effect of changes in occupation is much less than 
the fairly considerable number of investigations 
into the effect of rest pauses. There is, in particular, 


effect on output produced by uniform and varied 
work respectively, or the limit of time for which 
a single operation can be continued with advantage. 


Mr. 8. Wyatt and Mr. J. A. Fraser, assisted by 


variety and uniformity in work, which has just 
been published by the Industrial Fatigue Research 
Board (Report No. 52; H.M. Stationery Office, 
ls. 3d. net). The report relates to observations 
made on several different types of repetition work 
Though the observations were 
very minute, they were conducted in each case on a 
very small number of operators, and on some of these 
only for a very few days. The results, therefore, are 
suggestive rather than conclusive, but they are 
sufficiently concordant both with themselves and 
with those of previous investigations to make it 
likely that the suggestions to which they lead would 
be borne out in practical experience. 

In a preliminary investigation observations 
were made on the unaltered practice of the shops, 
the operations chosen being soap wrapping, handker- 
chief folding, and a process in the assembly of bicycle 
chains. In the soap wrapping, which included 
packing into boxes, it happened that the method 
of working was changed over from a routine by 
which the filled boxes were immediately wrapped 
up into packages, sealed, labelled and put into a 
wooden case, to one in which the soap was supplied 
on a conveyor and the operators were engaged un- 
interruptedly on the wrapping and packing into 
boxes. Observations on six workers showed a 
slight gain of output in the continuous work, varying 
from } per cent. to just over 6 per cent. In folding 
handkerchiefs, on some days only a single method of 
folding was used, and on others the method of 
folding was changed every hour, but with no sensible 
difference in the output. The assembly of bicycle 
chains involved sizing the holes of flat links by 
slipping them on to two steel pins, which were 
then placed in one of a number of two-hole jigs on 
a rotating table. The links were thus carried past 
a point at which they were automatically forced 
down on to a swelling in the centre of the pin, 
two links previously there being forced past the 
swelling, and flicked off by the operator when the 
next two links were put on. The comparison in 
this case was made between continuous work and 
a system under which the operator spent half the 
morning and half the afternoon on a different and 
simpler operation. In this instance the variation 
of job produced improved output of from about 
2 per cent. to 5 per cent., the increase being greatest 
as the end of the spell approached, and greater in the 
afternoon than in the morning. An operation of 
fixing airtight lids to cigarette tins was performed 
by teams of three operators, the second having less 
to do than the first, and the third less than the 





the results when the operators changed places every 
day and when they changed several times a day, 
indicated a gain of output with varied work of | 
from about 5 per cent. to 14 per cent. with an} 
average of about 9 per cent. 


On three operations changes were made intention- | 


[APRIL 5, 1929. 


of uniform activity for individual operations. One 
of these consisted of weighing and wrapping tobacco, 
and the results compared were for the whole 
spell bemg occupied with one of these processes, 
and for a change from one to the other being 
made once or twice during the spell. The one 
change gave an average increase of output for the 
spell of about 11 per cent., and the two changes, of 
about 14 per cent., the increases of individual workers 
varying from 5 per cent. to nearly 25 per cent. 
In the assembling of cartridge cases three distinct 
operations were involved, and it was found that 
there was an optimum number of times for which 
each could be done before changing to the other, 
which varied with its strenuousness. 

The conclusions suggested by the authors are 
that for light repetition work the rate of production 
is smaller and less regular with uniform than 
with varied work, attaining a maximum at 14 hours 
to 2 hours of unvaried work, but that too frequent 
changes, with their repeated loss of swing, depress 
output. Apparently, too, changes should be more 
frequent as the work is more fatiguing, and the 
alternative occupation should be markedly different 
from that for which it is substituted. These con- 
clusions seem within the facts, so far as they can 
be taken to represent what would occur with a 
larger number of operators observed for longer 
periods than in some of the observations in question, 
and they are to much the same effect as those 
suggested by earlier investigations. 








THE ENGINEERING OUTLOOK. 
[X.—MarRINnE ENGINEERING. 

It is difficult to consider effectively the position 
of the marine engineering industry without taking 
into account the shipbuilding industry, and this 
again is so much involved in the welfare of the ship- 
ping industry that they are incapable of divorce- 
ment. The shipping industry may be regarded 
as the parent of which shipbuilding and marine 
engineering are equally children, but as the building 
of the ship is the first essential, marine engineering 
becomes in a sense complementary to, and depen- 
dent on, shipbuilding. 

So far as shipping is concerned, the year past 
cannot be regarded as an outstanding success. 
Freights and time charter rates have not been 
favourable and, according to the Board of Trade 
estimates, shipping income in 1928 was no better 
than in 1927. The decline in coal exports has had a 
direct effect on home port shipping, but it is signifi- 
cant to find Sir William Seager, at the Annual 
Meeting of the Chamber of Shipping, talking of “a 
more encouraging outlook for the shipping industry.” 
At the same meeting Sir William Currie found the 
withdrawal from the shipping business of the 
Australian Government and the gradual diminution 
by the American Shipping Board of its interests in 
shipping ‘‘a matter of very complete satisfaction.” 
Obviously a return to free and fair competition 
must be a matter of satisfaction to British shippers. 
and taking all these considerations into account 
the prospect appears to be better. There are 
indications of competition for the ** Blue Riband ” 
of the Atlantic—a healthy sign for the shipping 
industry and a good one for shipbuilding. An 
improvement in shipping may not mean an imme- 
diate call for new ships; when one considers the 
large volume of idle tonnage during the past year 
it probably would not have a favourable reac- 
tion at once, but nevertheless a healthy shipping 
industry gives the shipbuilder good reason to look 
ahead with some semblance of confidence. 

Turning to the shipbuilding industry, tonnage 
launched in Great Britain and Ireland during 1928 
amounted to 1,445,920 tons. represented by 420 mer- 
chant vessels of 100 tons gross and upward. This 
total of tonnage exceeds that of 1927 by over 
200,000 tons and is the highest recorded since 
the year 1921, when 426 vessels of 1,538,052 gross 
tons were launched. The tonnage in 1927 was 
probably unduly high owing to the fact that work 
which would normally have been accomplished in 
1926 was carried into 1927 because of the inter- 
ruption created by the coal and general stoppages. 
No such reason can be assigned to the year 1928 and 


work his best. This anxiety, however, is not always | ally in order to ascertain roughly the best duration | so it is clear that in volume, although not necessarily 
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in value, the past year has seen an improvement in 
shipbuilding. 

The British total launchings represent 53 per cent. 
of the world total—the same percentage as last 
year. Denmark, France, Germany, Holland, Japan 
and Sweden increased their launchings greatly 
during the past year, Denmark and Sweden indeed 
reaching six figures in tonnage launched for the 
first time. Swedish launchings totalled 106,912 
tons, represented by 20 vessels, her previous highest 
was 18 vessels of a total gross tonnage of 67,400 
tons in 1927. Denmark launched 31 vessels of a 
tonnage of 138,712 tons as against the previous 
highest figure of 77,300 tons on account of 37 vessels 
in 1921. The increasing independence of other 
nations is a matter of some concern, and Table I, com- 
piled from Lloyd’s Annual Summary, indicates the 
small volume of shipbuilding done on foreign account 
in 1928, 

TABLE I.—WMerchant Vessels Launched in Great Britain 
and Ireland during 1928. 
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length between the commencement of a ship and 
its completion. As is shown in Table IT, the tonnage 
commenced in 1928 is less than the tonnage com- 
menced in 1927, and as the bulk of the tonnage 
commenced in 1927 may now be safely regarded as 


Some good contracts have, however, been placed 
and others are in contemplation, and it seems quite 
probable that shipbuilders will succeed in main- 
taining an activity of about the same level as 1928. 
The marine engineer is a different case, however. 
His interest in a ship is of much shorter duration 
than the shipbuilder’s, and consequently his periods 
of pressure tend to be more spasmodic. A reliable 
measure of activity in marine engineering is supplied 
by statistics of employment. Firstly, those supplied 
by the Ministry of Labour indicate a reduction of 
unemployment in this section, as shown in Table ITT. 
TaBLe ITI.—National Unemployment Insurance Statistics, 
Marine Engineering. 





‘ . - = ven Tonnage 
Countries for which No.of | Gross | a 
intended. Vessels. | Tonnage. | ph gry 
Great Britain and Ireland ..| 310 | 1,153,636 79°9 
British Dominions a 46 122,972 8-5 
Argentina 4 9 5,617 0-5 
France =| 7 | 8,981} 0-6 
Holland H 5 20.908 1-4 
ctf 8 25,398 | 1°7 
Poland p 4 6,755 | 0-4 
United States 4 32,094 | 2-2 
Venezuela 6 18,869 1-3 
Other countries : 21 50,690 | 3°5 
Total aca we 420 0 


1,445,920 | 100- 


No less than 88-4 per cent. of the total launchings 
were on account of customers within the Empire, 
and only 11-6 per cent. for foreign countries. The 
total launchings for registrations overseas, including 
the Dominions, amounts to 20-1 per cent. of the 
total, comparing with 21-8 per cent. in 1927 and 
over 22 per cent. average for the five pre-war 
years 1909-13. As in most other branches of 
engineering, we do not seem to make advance in 
T. ABLE ; AT. —Shipbuilding —_ 


Tonnage t baertive * 
Year. commenced percasiy chy rea’ 
construction 


(000 tons gross). (000 tons gross). 


1921— 

Ist Qi 393 3,302 
2nd 69 2,795 
3rd 51 2,552 
4th 55 1,918 
1922— 

ist Qr 51 1,619 
2nd , 39 | 1,439 
a al 82 | 1,198 
re os 231 1,120 
1923— | 

Ist Qr. .. AY 355 1,311 
On. ok. a 241 1,208 
Ss | 112 1,029 
i ee inl 245 1,231 
1924— | 

Ist Qr. .. - 228 1,372 
2nd ,, 375 1,464 
3rd, 253 1,431 
4th ,, 195 | 1,236 
1925— 

Ist Qr. | 202 | 1,091 
ond ,, 189 1,017 
3rd” | 260 928 
4th | 161 | 788 
1926— 

Ist Qr. 193 | 768 
2nd ,, 168 | 670 
3rd_,, | 68 | 667 
4th ,, | 152 661 
1927— | 

1st Qr. | 580 | 1,196 
2nd ,. 437 | 1,382 
3rd, 370 1,528 
4th , 377 1,574 
1928— 

1st Qr 342 1,441t 
2nd ,, 279 1,203¢ 
3rd, 245 ,090t 
4th 432 1,243+ 





* “ Effective’ tonnage under construction means—Total 
tonnage under construction, less tonnage on which work is 
suspended. 


+ Tonnage upon which work was suspended not known. 
The progress of the motor-ship is worthy 
of note. In 1919 the tonnage of internal-combustion- 
engined vessels launched was 32,936; during 1927 
there were launched 80 motorships of a gross tonnage 
of 355,779 tons; in 1928 the corresponding figures 
were 76 ships of 427,916 gross tons. 

There is inevitably a lag of some considerable 


exports. 


No. No. | No. 
Date. Insured. | Unemployed.) Employed. 
July 23, 1923 ea 66,870 14,844 52,026 
July 28, 1924 a 66,110 10,751 55,359 
July 27, 1925 | 61,720 13,450 48,270 
July 27, 1926 ..| 58,370 | 16,774 | 41,596 
July 25, 1927 aa 57,130 | 7,514 | 49,616 
July 23, 1928 = 55,030 7,374 47,656 


(ages 16-64) 


‘But dn paeemn require to be considered with 
reserve in the light of the explanation already 
made that the statistics for 1928 refer only to 
insured persons between the ages of 16 and 64, 
whilst for previous years they refer to all insured 
persons. On the basis of information available 
it is permissible to deduce that the exclusion of 
men over 65 accounts for approximately 1,200 
persons in the case of marine engineering. Even 
if it is assumed that the whole of these men are 
still engaged in marine engineering and were all 
employed on July 23, 1928 (the only date for which 
official figures are available), it is clear that the 
man-power requirements of the industry continue 
to decline and that the number employed in July, 
1928, was less than at the corresponding period of 
;the previous year. This may to some extent be 
| accounted for by the increasing use of the Diesel 
| engine, which is more standardised in design. 
| Another guide to employment is furnished by 
Table IV, which has been compiled from an investi- 
gation by sample of the principal marine engineering 


| 
| firms in the large marine districts. 





| TABLE IV. Mimics neat in enasninad Engine wine 


Number Index 
Employed. | 1914 = 100 
| | 
1914 .. er 3 | 18,048 100-0 
1920 .. ‘a a 20,565 113-9 
1923— 
1st ‘aaa 7,980 44-2 
2nd a asl 7,258 | 40-2 
1924— 
Ist half- ‘abe oy 9,547 52-9 
“a. » ne 11,155 61-8 
Mist st half-year val 11,023 61-1 
2nd = ea 9,279 51-4 
1926— 
Ist paereer 8,931 49-5 
2nd ee oe 7,997 44-3 
1927— | 
Ist half- piesadl ee 10,388 57-6 
2nd “as aa 12,540 69-5 
1928— ee 
1st half-year i 13,606 75°4 
2nd reer ad 11,819 65-5 








Here it is seen the employment, on the whole, 
was better during 1928 than in 1927, which is in 
consonance with the improvement in tonnage 
launched. For the first half-year a comparatively 
high figure was achieved, with a steady decline 


those interested to attend both. 
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| during the past year was much below the pre-war 
| level, although, happily, it was the highest recorded 


since 1920. 


TABLE batimtbabaasaen pease Baporte of Marine conical 


launched, there is every indication that the launch- a | ‘Welume. Value. Value per ton. 
ings of 1929 will not be so good as last year. Tons. £000 £ 
5 A | | 
. . | | 
Tonnage upon which work was suspended is not | : 
available for 1928, and therefore the figures for | 1913... ..| 54,568 —si| 2,337 42-8 
tonnage under construction are not capable of | pms ee C4 a B 2- 
920 .. - 61,$ ,90¢ : 
correction for strict comparison with previous years. | 1921 |. fe 64,994 $389 H 129-0 
Even so, it is clear that tonnage under construction | —_ . «| a | eee 4 
during 1928, although better than 1925 or 1926, | 199 29491 ‘ | 6 
1924 22,421 1,753 78-6 
was not so good as 1927, a further indication and | 1925 27,363 2,272 73-2 
firmati So dedien int hi hi Ge ae 22,830 1,645 72-2 
confirmation of a decline in launchings this year. | 1927 _. a 17,620 1,318 74-8 
co ae 27,110 2,033 75-0 





It is estimated that the exportation of marine 
engines increased considerably during the year 
past, but even so, the estimated total is but half 
the 1913 figure. as shown in Table V. The ascen- 
dancy, be it temporary or not, of the Diesel engine 
is bound to have some influence in this sphere, 
because, although British manufacturers have 
developed and thoroughly adopted this type of 
propulsion, they are not alone, and are not so 
supreme as they were and still are in the production 
of steam turbines and reciprocating engines. We 
have the authority of Lloyd’s Register of Shipping 
| for stating that the ‘‘ tonnage of vessels fitted with 
|internal-combustion engines is steadily increasing 
|in comparison with the total output,” and that 
‘while the average gross tonnage of the steamers 
of 500 tons gross and upwards launched during 1928 
is 4,112 tons, the similar average for motor-ships 
reaches 6,732 tons.” As against this, however, is 
to be set the fact that the steam turbine made 
further progress last year and the four latest vessels 
launched were fitted with this means of propulsion. 
It is too early, and it is not within the ambit of this 
review, to hazard a forecast as to the future of the 
Diesel engine, but so long as it is fashionable it 
must be expected that countries who may have 
purchased our steam engines will continue to produce 
their own internal-combustion engines. 

If iron and steel production is safeguarded it 
may have serious reactions on the shipbuilding and 
marine engineering industries of this country. It is 
contended in some quarters that shipbuilding could 
not have made its partial revival had it not been 
for the importation of cheap Continental steel. 
Perhaps fortunately, this contentious issue cannot 
very well arise this year, and so it may be safely 
left over to a later review. Surveying all the 
considerations which have been taken into account, 
the conclusion emerges that marine engineers 
cannot yet foresee a period of prosperity comparable 
with pre-war days. Such a prospect seems far 
distant, particularly when it is remembered that 
much of the work that is being performed is on an 
unremunerative basis. On the other hand, looked 
at from the depths of depression to which this 
| industry has become accustomed, there is light on 
| the horizon, and although the results of the year 
1929 can hardly be expected to be better than those 
of 1928, there is a strong likelihood that the opening 
| of 1930 will be more promising. 
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SectionaAL Worip PowER CONFERENCE AT 
BARCELONA. 


Two sectional meetings of the World Power Con- 
ference are to be held during the coming year. One 
at Barcelona from May 15 to 23, and the other at 
Tokyo at the end of October and the beginning of 
November. Some details of the preliminary arrange- 
ments for the second of these gatherings have 
already been given in ENGINEERING, and particulars 


| of the former have now been issued by the Secretary, 


International Executive Council, Central Office, 
World Power Conference, 63, Lincoln’s Inn Fields, 
London, W.C.2, from whom copies of the programme 
and forms of application for membership can be 
obtained. It will be noted that the dates of these 
conferences are such that it will be possible for 
It may be recalled 


towards the end of the year, as was anticipated in | that at the first Plenary World Power Conference 


this review last year. 


The average employment ! 


at Wembley in 1924 the whole field of power 





production and utilisation was covered, while at the 
sectional meetings held in Basle in 1926 and in 
London in 1928 the subjects dealt with were water 
power development and internal navigation, and 
fuel problems respectively. At Barcelona attention 
is to be devoted to the complete utilisation of 
water power resources, and papers will be pre- 
sented under five headings: General hydrological 
problems; technical problems of water power 
utilisation ; economic and financial problems ; legal 
problems ; protective measures and defence works 
of undertakings. These papers will be divided 
into two classes—those termed “ national,” which 
will be contributed by authors in the various 
participating countries through their respective 
National Committee, or through a member of the 
International Executive Council, and those termed 
‘reporters’ papers,” which will be prepared by 
general reporters appointed by the Spanish National 
Committee, under whose control the Conference is 
being organised. These reporters’ papers will 
contain summaries of all the “national papers” 
presented before January 1, 1929, and will also 
point out those aspects of the subjects dealt with, 
towards which it is felt discussion should be 
directed. No country will be allowed to submit 
more than one “national paper” under each 
heading, but this paper may be the work of 
several authors. On the other hand, any paper 
may cover all or any of the sub-divisions into which 
the main headings are divided. Some care seems, 
therefore, to have been taken to prevent the over- 
lapping to which we called attention in our criti- 
cisms of the London Conference last year, though 
we notice that authors are still being encouraged 
to clothe their thoughts in an abundance of language, 
and may thus be tempted, in order to fill space, 
to obscure what is novel by what is already common 
knowledge. While it is perhaps too late to avoid 
this pitfall, there is still time for those whose duty 
it is to prepare the General Reports and to organise 
the discussions to carry out their work so that 
what is really important is brought to light and 
criticised. If this is done, the Barcelona Conference 
should play a useful part in solving one aspect of 
how power can be produced and utilis¢d on economic 
lines. 


Earty Days or Rarways. 


In our issue of March 22 we recorded the presen- 
tation to the North Eastern Railway Museum, 
York, of supposed relics of the old Wylam Wagon 
way. That railroad was the scene of the experi- 
ments of Blackett and Hedley with locomotives. 
Trevithick’s engines of 1804-1808 had been tried in 
South Wales, Newcastle and London, Blenkinsop 
and Murray’s engines were at work outside Leeds 
in 1812-13, and about the same time Blackett and 
Hedley produced “ Puffing Billy,” now in the 
Science Museum, and “Wylam Dilly,’’ preserved 
at Edinburgh. Stephenson’s first engine ‘“‘ Blucher ” 
was constructed in 1814. But railroads were in 
use long before locomotives, and their history carries 
us back to the 15th century, when longitudinal 
timbers were laid on roads in mining districts. | 
Writing so long ago as 1676, Roger North, referring | 
to the neighbourhood of Newcastle, said, ‘ Another | 
remarkable thing is their way-leaves; for when | 
men have pieces of ground between the colliery and | 
the river they sell leave to lead coals over their | 
ground; and so dear that the owner of a rood of 
ground will expect 29/. per annum for this leave. 





The manner of the carriage is by laying rails of | 
timber from the colliery down to the river exactly | 
straight and parallel; and kulky carts are made} 


with four rowlets fitting these rails, whereby the 
carriage is so easy that one horse will draw down 
four or five chaldron of coal, and is an immense 
benefit to the coal-merchants.” One remarkable 
wagon way constructed in 1712-25 was that a 
Tanfield, Newcastle, which was 5 miles long, 
involved heavy earthworks and had a masonry 
arch 102 ft. span. In 1738 a tramway was laid from 
Cockenzie to the coal-pits of Tranent across the 
ground, where a few years later the battle of Preston- 
pans was fought. The use of cast-iron plates or 
edge rails came in towards the end of the 18th 
century, while the first public railway was intended 
to connect London and Portsmouth. Promoted in 
1799, it was carried as far as Croydon in 1803 and 
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as far as Merstham in 1805. This is better known 
as the Surrey Iron Railway. Itis said this was the 
first railway sanctioned by Act of Parliament, and, 
according to George Dodd, 5 were sanctioned by 
1805, 16 by 1815 and 32 by 1825. By that time the 
locomotive had passed from the experimental stage, 
and with the successful opening of the Stockton 
and Darlington Railway on September 27, 1825, 
another chapter in railway history began. 


THe Hume RESERVOIR. 


Works for the regulation of the Murray River 
have shown steady development during the past 
eight years or more, and illustrated descriptions of 
their principal features were given in a series of 
articles in ENGINEERING, vol. cxix. It was pointed 
out that the most important item in the general 
scheme was the construction of the Hume or Mitta 
Mitta Reservoir in the upper reaches of the river, at 
a point some 6 miles above Albury, the modifications 
of the original plans of which are described in some 
detail on page 153 of our last volume. The original 
estimate for this work was 2,288,100/., but this has 
since proved to have been inadequate for the plans 
ultimately decided upon. Unexpected expenses 
have again recently supervened in the carrying out 
of this work, as the estimated total cost of construc- 
tion, as adopted by the River Murray Commission 
in 1927, was 4,563,100/., but this figure has been 
subjected to a revision, which brings it to 5,872,637/. 
Explanations of this last increase, were set forth in 
the annual report of the Commission, presented to 
the Legislative Assembly in October last, and it was 
upon the suggestion of this Commission, who did 
not feel themselves justified in approving this extra 
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By A. Betz, Géttingen. 

In Enernerrtnc of September 7, 1928, Mr. 
Meldahl published a note under the above title 
concerning a drawing in the Jubilee edition of 
Hiitte (vol. i, page 358, Fig. 30). The drawing in 
question is here reproduced as Fig. 1, and represents 
the flow in a suddenly narrowed channel. Mr. 
Meldahl’s view is that the vortices shown in the 
corners could not, in reality, be present. First, I 
should like to point out that the drawing is taken 
out of previous editions, and originated at a time 
when regions filled with fluid in flow were schemati- 
cally represented without any importance being 
attached to as correct a representation as possible 
of the streamlines in the fluid. The method of 
representation had a somewhat similar meaning to 
the shading used in representing sections of a body. 
It is immediately obvious that the lines in Fig. 1 
are not exact streamlines, since some of them 
suddenly stop or begin; and this is, of course, 
impossible with exact streamlines. 


Fig.1. 
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expense without first consulting the Governments of 
the contracting States, that it was decided to appoint | 
a committee to inquire into the whole situation, and | 
to report as to whether the work was being carried | 
out economically and efficiently. As is known, three 

separate States are involved in the scheme, as, 

after rising in Victoria, the Murray forms the 

State boundary between that State and New 

South Wales, while its lower reaches and mouth 

are in South Australia. The Hume Reservoir 
is situated on that portion of the river which 

forms the inter-State boundary, thus the Govern- 

ments of Victoria and New South Wales are jointly 

responsible for its construction. The principal 

reasons given by the former State for the increase 
over the previous estimate, were that quantities and 
unit costs of items had risen in connection with 

the diversion of existing railways, the building and 

maintenance of the township and works buildings, 

&ec. According to the New South Wales authori- 

ties, the earlier estimates had been prepared before 
precise information was available as to the nature 
and depth of the foundations, and before the designs 
of certain sections of the work had been completed, 

notably that of the energy dissipator, for which 

nearly 10,000 additional cubic yards of concrete 
were required ; while it was stated that the re- 

designing of the floodgates resulted in increased 
length and width of the bridge and roadway. 

Lastly, no allowance was made for trash racks, the 
cost of which was later estimated at 14,1751. 








RESEARCH FELLOWSHIPS IN ENGINEERING.—A number 
of research fellowships for post-graduate study in 
engineering are available each year at Ohio State Univer- 
sity. Full particulars regarding these may be obtained 
on application to the Dean, Graduate School, Ohio State 
University, Columbus, Ohio, U.S.A. 


THE RuskIN PLANT ON THE ALOUVETTE-STAVE FALLs, 
Canapa.—A contract has recently been awarded by the 
| British Columbia Electric Railway Company to Messrs. 
| Stuart Cameron and Company, Limited, and Messrs. 
| Armstrong, Morrison and Company, Limited, of Van- 
| ecouver, for the construction of a dam near Ruskin, 
| on the Stave River. The total cost of the dam will be 


t | approximately 1,200,000 dols.; it will be 180 ft. high, 


| 350 ft. long at the crest, and 120 ft. wide at the base. 
The contract calls for completion by October 31, 1930, | 
and the work is to be commenced at once. Other con- 
tracts for tunnels, hydraulic and electrical machinery, 
and power-plant equipment will be let almost imme- 
diately. The Ruskin installation, which will be the 
third of the British Columbia Electric Railway Company’s 
chain of hydro-electric power plants on the Alouette- | 
Stave falls, will have an initial capacity of 43,000 h.p., | 
in one unit. Provision has been made for the addition 


of a second unit of the same capacity, when the demand 
for power warrants it. Two further units can be installed 
and the ultimate capacity of the plant will be 173,000 h.p. 














Big, 2. 


But, after all, the drawing merely provided an 
occasion for Mr. Meldahl’s note to the effect that a 
vortex could not be formed in such a corner. I 
should like to discuss the matter a little more 
closely, since it has a certain far-reaching interest. 
That such vortices can appear in the corners, in 
opposition to Mr. Meldahl’s view, is shown by the 
photograph of such a flow which is reproduced here 
(taken in the Kaiser Wilhelm-Institut fiir Strémungs- 
forschung at Géttingen). (Fig. 2). The photo- 
graph shows half a suddenly narrowed pipe. The 
flow is in the direction of the arrow. 

Nevertheless, Mr. Meldahl’s note is by no means 
completely wrong, since these vortices need not 
necessarily always appear. When the approaching 
stream, in front of the obstacle, has approximately 
the same energy at every part of the cross-section, 
then the corners are completely filled by the stream, 
though the velocity of flow in the corners is very 
small. The resulting flow thus corresponds roughly 
to that sketched by Mr. Meldahl. 

Generally, however, the flow near the walls of the 
pipe is retarded. The fluid velocity increases as 
we pass from the walls to the middle of the pipe. 
The single fluid elements are thereby set in rotation 
(they roll, as it were, along the wall of the pipe). 
When these elements arrive in the corner they are 
stopped, but retain their rotation, and so form the 
vortex in question. The rotation is then, however, 
decreased because of the proximity of the walls. 


| But new elements, rapidly rotating, continually 


arrive with the oncoming stream, while the elements 
with retarded rotation pass down-stream. A 
rotation of the fluid—that is, a vortex—thus remains 
permanently in the corners. 








CALENDAR.—We have received a handsome monthly 
tear-off calendar from Messrs. Metropolitan-Vickers 





Electrical Company, Limited, Trafford-park, Manchester. 
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LETTERS TO THE EDITOR. 


CAUSTIC EMBRITTLEMENT OF 
STEEL. 


To Tue Epiror oF ENGINEERING. 


Smr,—The recently published report on the boiler 
explosion at the Newport Iron Works in April, 1927, 
has been awaited with great interest, because it had | 
been surmised that this was a case of caustic embrittle- | 
ment, but I at least must confess to a feeling of dis- | 
appointment with the report, the suggestion that the | 
explosion was due to caustic being dismissed with the 
remark that “‘. . . boiler experts . . . who have been | 
consulted in this case are strongly of opinion that . . . | 
caustic could not have affected the structure of the | 
material. ...’’ Seeing that the nature of caustic 
embrittlement, which had been a mystery for many 
years, was first detected by me, and that my experi- 
ments on this subject in this country have not been 
controverted, the above quoted remark by the chief 
engineer may have given the very strong impression | 


that they represent my carefully considered opinion. | 





I am therefore anxious to state that, although I offered 
my services to the Board of Trade, I was not consulted, 
and now, as far as I can judge from the report, I have 
no doubt about the explosion being due to caustic 
embrittlement. I also feel sure that if the surveyor 
who was instructed to inquire into the cause of the 
accident had been permitted to view the dozens of 
fractures in the museum of the Manchester Steam 
Users’ Association he would have had to come to the 
same conclusion. I regret very much that the report 
makes it appear as if this were another mysterious 
steel failure, and also that, even if it had appeared to be 
a mystery, no more searching study was made of the 
case. I an, Sir, 
Yours faithfully, 
C. E. STROMEYER. 
Lancefield, West Didsbury. 
April 2, 1929. 








“ LOCOMOTIVE K.’’ 
To THE Eprror OF ENGINEERING. 


Sm,—‘ Locomotive K’’ cannot complain of lack 
of advertisement. Your leader in ENGINEERING of 
last week will give a new lease of life to the notoriety 
which you consider ‘‘ the old machine ’’ has, with some 
unfairness, acquired. 

Those of your readers who have not yet read the 
Bridge Stress Committee’s report, and were not present 
at the Institution of Civil Engineers when that ‘‘ great 
compilation ’’ was under discussion, may be interested 
to learn how this old warrior earned her unenviable 
reputation. 

Although her name is now apparently a byword for 
everything that, in the opinion of the bridge engineer, 
is bad in locomotive construction, the Bridge Stress 
Committee’s late staff regard her with gratitude and 
almost affectionate remembrance. If No. 1456 is still 
in being, she must sometimes sigh for those brilliant 
days in her, perhaps, uneventful career, when she 
set the pace for engines of far more sporting breeds, 
not only on her native tracks but all over the country 
from Devon to Kent, and from Hampshire to the 
Cumberland Border. 

In the early days of the Committee’s labours, a 
search was made for engines with a heavy hammer-blow 
and a certain class of mineral engine, in use on what 
was formerly the Lancashire and Yorkshire Railway, 
was discovered which, on account of having no balance 
weights to counteract the rotating parts outside the 
frames, clearly filled the bill. It was not unique in 
this respect as, later on, many classes of engines were 
found which were, in ordinary running, even more 
severe on the permanent way and on bridges than 
this Lancashire and Yorkshire Railway coal engine. 

To these engines we assigned the distinguishing 
index ‘‘ K,” for convenience in referencing the records 
and diagrams illustrating their effects on the bridges. 
Whether they ever attained sufficient speed in per- 
forming their ordinary duties to inflict serious stresses 
on the track was a question which did not greatly 
interest us at the time. We gained, however, much 
satisfaction from the discovery of an unexpected 
turn of speed, when running light, and this accom- 
plishment, of which the owners were, it is believed, 
ignorant, enabled us, as you have stated, to get 
pronounced effects. 

It was considered that it was eminently desirable 
to test as many of the selected bridges as possible with 
the same type of engine, and accordingly locomotive 
“ K,” and also locomotive “ A,’’ of which far less 
has been heard, were employed wherever possible. 
Before the end of the programme of tests, and during 
the ensuing year, when the analysis of the results 
was continued, several classes of engines were found to 
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be equally objectionable, and although few actually 
had a heavier hammer-blow at—say—n revolutions 
per second, some of these were engines habitually 
travelled at very high speeds in daily service, and their 
punishment of the track was therefore a regular 
occurrence and not merely a tour de force on our 
part. 

If anything of value has emerged from the work 
of the Committee, and this is not, I think, disputed, 
the importance of co-operation between bridge engi- 
neers and locomotive engineers has at least been 
definitely proved and fully acknowledged by the 
Committee in their report and by their Chairman, 
Sir Alfred Ewing, and other members, in public 
utterances since the report has been published. Without 
such co-operation the report could not have seen 
the light of day. 

It is perhaps a matter for regret, as you suggest, that 
Sir Henry Fowler’s colleagues did not come to his 
assistance in the recent debate—although those 
who heard him did not observe that he was in real 
need of help—but the good work is going on, and 
despite the good-humoured jests which have been— 
not unkindly—levelled at ‘* Locomotive K,’’ bridge 
and locomotive engineers are not indulging in recrimi- 
nations but are assisting each other to enable the 
best engines, from all points of view, to be designed. 

London. CoNRAD GRIBBLE. 

March 26, 1929. 








WILLIAM MURDOCH. 
To tHE Eprror oF ENGINEERING. 


Stmr,—I agree with the statements made by Mr. 
Malcolm N’Niven on page 370 of your issue of March 22, 
but would like to add the name of Matthew Murray, of 
Leeds, who built locomotives before George Stephenson, 
and did other excellent engineering work, as may be 
learned from the memorial book on Murray recently 
published by Messrs. Edwin Jowett, and reviewed in 
your issue of February 22, last, on page 243. 

Yours very truly, 
A. 8. E. ACKERMANN. 

17, Victoria-street, S.W.1. 

March 22, 1929. 








RESEARCH IN MECHANICAL’ EN- 
GINEERING BY SMALL-SCALE 
APPARATUS. 

To THE EpiToR oF ENGINEERING. 


Str,—In your report of my contribution to the 
discussion of Mr. Johansen’s paper at the meeting of 
the Institution of Mechanical Engineers (page 368, 
ante), I am made to say that, in my work on orifices 
and fluid-measuring devices, I “had not troubled 
about scale effect.” 

This is not quite correct, as what I said was, that 
certain fluid measurement problems (such as when an 
orifice calibrated with water was used as a model for a 
larger orifice which measured low velocity air) were 
among the few cases where it was possible to work at 
the same Reynolds’ number on both the model and 
on the full-size apparatus. I attempted to suggest 
that ‘scale effect” was introduced by having to work 
at different Reynolds’ numbers in the model and in the 
full-size apparatus, and that when one could work at 
the same Reynolds’ number in both cases, “ scale 
effect ’’ did not come in. 

In your summary of my remarks on the speed of 
torpedo-boat destroyers in shallow water, your report 
omits to say that I was able to predict from theory, 
and.to prove in practice, that higher speeds could be 
obtained in very shallow water than in deep sea. 
This was quite an interesting new fact when it was 
brought out some 25 years ago. 

Yours faithfully, 
Joun L, Hopason. 


P.S.—I should be glad if you would insert the above 
letter, which only deals with some of the partial 
statements in your report; e.g., you say nothing of 
my fairly extensive work on pipe friction, which was 
the subject of two of the slides I showed. I cannot 
blame your reporter, as the discussion on Mr. Johansen’s 
paper was extraordinarily badly handled, so that I, 
and several speakers who had real information to 
impart, were left with only two or three minutes to 
impart it. I am enclosing, herewith, a copy of one 
of my recent papers on fluid measurement, which has 
caused considerable interest in America, and to which 
you may care to make some reference. 


[Nore.—The paper received with the above letter 
from Mr. Hodgson was one entitled “The Laws of 
Similarity for Orifice and Nozzle Flows,” having 
been taken at the Annual Meeting in New York of the 
American Society of Mechanical Engineers, December 3 
to 7, 1928.—Ep. E.] 
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NOTES ON NEW BOOKS. 


The Practical Electrician’s Pocket Book, 1929, which 
is published by Messrs. Odhams Press, Limited, at 
2s. 6d. net, is distinguished from other publications of 
a similar kind in that each chapter is provided with a 
short, though useful, bibliography. The reader whose 
interest is stimulated by the contents, is not therefore 
left in ignorance as to where to seek for further infor- 
mation. It has the additional advantage that the index 
is detailed and well-arranged, so that there is no 
difficulty in finding the data for which one is looking. 
A bibliography and an index should, of course, be 
features of every pocket-book, but they so seldom are 
that their inclusion is worthy of comment. In this 
edition, which is the thirty-first of its line, oppor- 
tunity has also been taken to bring the supply voltages 
of the various electricity undertakings in the country 
up-to-date. The ground covered is wide, and each 
section has been written by a specialist on the subject 
to which it relates. The book is well illustrated by 
both photographs and diagrams, though some of the 
latter might be made clearer in future editions. The 
domestic side of electricity supply is suitably stressed, 
and there is a minimum of waste matter in the shape 
of descriptions of obsolete arc lamps. Those for whom 
this little volume is intended will find it useful. 





Those whose business brings them into contact with 
shipping, shipbuilding or marine engineering will find 
the twenty-seventh edition of The Directory of Ship- 
owners, Shipbuilders and Marine Engineers, which is 
compiled under the direction of the Editor of Ship- 
building and Shipping Record and published by the 
Directory Publishing Company, Limited, at a price 
of 20s. net, an almost indispensable vade-mecum, since 
it contains references to more than 34,000 firms. For 
instance, by referring to it it is possible to obtain 
information as to the ownership of any specific vessel, 
as well as to discover who built the ship, who con- 
structed its engines, and what its tonnage, draught and 
year of construction are. It also gives the capacities 
of the various shipyards and the names and addresses 
of their directors, together with lists of consulting 
marine engineers and naval architects, and of the 
societies and associations connected with shipping 
and shipbuilding. The directory is well indexed. 





The current edition of the Chemical and Engineering 
Catalogue, edited by Dr. D. M. Newitt, and published by 
Mr. Leonard Hill, 173, Fleet-street, London, E.C.4, price 
15s., has been improved and enlarged in comparison 
with previous issues. It contains a large amount 
of detailed information regarding the products of 
various firms, the nine sections into which it is divided 
being shown by thumb indentations. Its purpose is 
to provide a text book of condensed information 
embracing the manufacturing and production processes, 
necessarily carried out by men having chemical train- 
ing, and in the development of which experimental 
and laboratory research work are involved. With this 
end in view, the data and tables section has been 
doubled, and the technical book section has been 
revised, both being brought up-to-date. In addition, 
the number of firms whose names appear has been 
largely increased. In a foreword, Sir Robert Hadfield 
points out the assistance which the chemical engineer 
has received from the metallurgist in designing appara- 
tus for the production of liquid hydrocarbons, alcohols, 
and organic acids from water gas. This book should 
do much to assist in the maintenance of this useful 
relationship. 


It is often stated that science is neglected in this 
country, but if this be so, it is not due to the absence of 
societies, whose sole or partial objectis the promulgation 
of information which comes under this heading. In 
fact, the Official Year Book of the Scientific and Learned 
Societies of Great Britain, which is published by Messrs. 
Charles Griffin and Company, Limited, at the price of 
18s. net, contains ample evidence that the number of 
these bodies is very large, and we believe that, in their 
own particular spheres, they are doing useful work. The 
book is divided into fourteen sections, the first of which 
comprises societies occupying themselves with several 
branches of science or with science and literature 
jointly. It therefore includes such bodies as the 
Royal Society and the British Association, not to 
mention others of minor and local importance. The 
other sections cover more specialist bodies, includ- 
ing those concerned with such matters as mechanical 
science and architecture, chemistry, biology, and naval 
and military science. In each case, the names of 
the officers are given, together with such details as 
terms of membership and meeting place, while in many 
instances a list of the papers read during the last 
session is included. It should therefore prove a 
valuable book of reference, especially as the informa- 





tion is as up-to-date as is possible in the circumstances. 
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THE LATE MR. R. W. REID. 


Iv is unusual, though not absolutely unprecedented, 
for an engineer to be promoted to a managerial 
position in the railway hierarchy. It is still more 
exceptional for such promotion to occur before 
the officer concerned has reached late middle age, 
at which period in his existence, according to both 
proverb and experience, his ideas have lost the 
flexibility of youth. The advantages of having an 
engineer in what is increasingly becoming an engi- 
neering job are thus not so evident as they might 
otherwise be and are likely to be less apparent, 
if the present tendency to employ economists, 
lawyers and business men in these positions continues. 
It is, therefore, with great regret that we have to 
record the death of Mr. Robert Whyte Reid, C.B.E., 
one of the vice-presidents of the London Midland and 
Scottish Railway Company, which occurred after an 
operation on Thursday, March 28, at the early age 
of 44. As will be remembered, since the beginning 
of 1927, the management of this railway has been 
vested in an Executive Committee, consisting of a 
president and four vice-presidents, with the secretary 
and chief legal adviser. Two of these vice-presidents 
control the operating and commercial sections, a third 
is in charge of the finance and service departments, 
while Mr. Reid was responsible for works and ancillary 
undertakings. In this position he had proved a 
conspicuous success, while his abilities and his age 
both lent strength to the view that further promotion 
awaited him in due course. For every reason, therefore, 
his loss is to be much deplored. 

Mr. Reid came of a railway family, being the son 
of Mr. William Paton Reid, C.B.E., who was for some 
years locomotive superintendent of the North British 
Railway. He was born at Balloch, Scotland, on 
February 25, 1885, and received his early education 
at the Harris Academy and High School in Dundee. 
On leaving school he was apprenticed to Messrs. Kelvin 
and James White, of Glasgow, where he was engaged 
in the various shops and in the drawing office for 
five years. At the same time he attended classes 
in engineering subjects at the Glasgow and West of 
Scotland Technical College, and obtained first-class 
certificates in mechanical construction and drawing, 
as well as in mathematics, mechanics, electrical 
engineering and chemistry. On the completion of 
his time he joined the electricity department of the 
Woolwich Borough Council as engineer-in-charge of 
sub-station equipment. During the two years for 
which he held that position he studied mechanical and 
electrical engineering at the Woolwich Polytechnic. 
In 1907 he was appointed draughtsman and estimator 
with the Brush Electrical Engineering Company, 
Limited, of Loughborough, and then entered the 
Carriage and Wagon Shops of the London and North 
Western Railway Company at Wolverton as an im- 
prover. During the time he held the latter position he 
obtained the silver medal given to the student taking the 
Honours Grade in Railway Carriage Building at the 
Wolverton Science and Art Institute. In 1909 he joined 
the Midland Railway as Works Assistant in the Carriage 
and Wagon Department at Derby, where, to begin 
with, he was engaged in inspecting and testing electric 
cranes and other machines for the new stamping 
shops, which were then being erected, and in assisting 
the works manager in their equipment and organi- 
sation. He was also responsible for the starting up 
of several other new shops in the department and for 
introducing tools, which enabled improvements in 
the constructional metheds to be made. In addition, 
he had charge under the superintendent of the various 
out-station depots on the railway. From 1916 to 
1919 he was in sole control of the department, owing 
vo the absence of the superintendent, Mr. Bain, at 
the Ministry of Munitions, while, on the retirement of 
that official in the latter year, he succeeded him as 
carriage and wagon superintendent of the Midland 
Railway. 

It is hardly necessary to recall that at this period 
the conditions of the war years had at once played 
havoe with the existing organisation, and had called 
attention to the desirability of introducing new methods 
into the department under Mr. Reid’s control. The 
directors, therefore, took the wise course of sending 
him to the United States to make a tour of the principal 
railway and private carriage and wagon shops, in 
order to study the methods of construction, repair 
and administration, which were then being employed. 
As a result he obtained permission to apply what 
may be called mass-production principles to the 
construction of railway carriages and wagons, and 
thus to increase the output and improve the quality 
of the finished vehicles. The advantages obtainable 
in this way are so great that it may at first sight 
seem strange that they were not introduced before, 
and still stranger that the Derby example has not been 
more widely followed in this country. The reason 


seems to be that while the benefits of machining 
various parts to jigs and gauges, and inspecting 
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them before they are passed forward to assembly, 
are recognised in motor-car, machine-tool building 
and other work, where metals are the material involved, 
there was, and is, considerable difference of opinion 
as to their suitability for wood, which may shrink 
or warp after the machining operations have been com- 
pleted. Experience has shown, however, that this 
fear is groundless, and that, as far at least as the well- 
seasoned timber used in railway construction is con- 
cerned, tenons can be machined accurately to size to fit 
mortises, and that parts may be taken and put 
together without hand fitting or selective assembly 
of any kind being necessary. In addition, of course, 
a higher quality product is obtained. 

The employment of the principles we have just 
described having been decided upon it was next neces- 
sary to undertake the still more difficult task of reorgan- 
ising the shops concerned, so that the new methods 
could be applied as efficiently as possible. The first step 
in this reorganisation was to fit the machines with 
various fixed and adjustable stops, so as to ensure 
that the parts turned out should be exact duplicates 
of each other to within 0-004 in. This in turn meant 
the production of more accurate tools than those 
then in use, and the overhauling of the designs with 
a view to standardising as many detail parts as 
possible, so that they could be put through in large 
batches. In this way the ratio of setting-up time 
to machining time was much reduced. In addition, 
the physical arrangement of the machines had to be 
altered, so that a steady flow of the material through 
the shops to the bays where the various parts, and 
finally the complete vehicle were assembled, could be 
maintained. It is hardly necessary to point out 
that all this meant considerable engineering know- 
ledge, much thought, careful planning, and not 
a little conflict with the human element; but that 
it was justified is evident from the fact that it has 
been found possible in this way to bring down the time 
taken to build a carriage body from six weeks to 
six days and to obtain an output of eighty-seven 
12-ton standard wagons per week. In _ addition, 
a considerable saving in space has been possible, 
the new plant occupying five roads, where under the 
old system twenty roads would have been required for 
the same output. To Mr. Reid, ably seconded by Mr. 
E. J. Lemon, must be ascribed the credit for a very 
notable advance in engineering practice, which cannot 
fail to have a beneficial effect on railway economics. 

Mr. Reid was created C.B.E. for services at the 
Ministry of Munitions during the war in connection with 
the design and construction of special rolling-stock. He 
was elected a member of the Institution of Mechanical 
Engineers in 1921, and was latterly a member of Council, 








THE LATE LORD MONTAGU OF 
BEAULIEU. 


Few names stand out more prominently in the 
history of the motoring industry than that of Lord 
Montagu of Beaulieu. Himself a pioneer motorist, he 
was untiring in his efforts to improve both road and 
vehicle, and so marked was his success that his work 
in other directions is apt to be overshadowed. It 
should not be forgotten, however, that he served with 
distinction in the Army, and had a long and important 
Parliamentary career. Born in June, 1866, John 
Walter Edward Douglas-Scott-Montagu was educated 
at Eton and New College, Oxford, his early bent for 
engineering being shown by the fact that he specialised 
in mechanics both at school and university. Though 
it was clearly unnecessary that he should obtain that 
detailed knowledge of engineering essential to its 
pursuit as a profession, he elected to follow his theoreti- 
cal training by a period at the bench, and accordingly 
entered the London and South Western Railway shops 
at Nine Elms. There can be little doubt that the 
training obtained in this work stood him in good 
stead in later years, as it enabled him to view problems 
in which both road and rail were concerned in true 
perspective, besides giving him an insight into the 
practical difficulties underlying transport developments 
of all kinds. He entered Parliament soon after leaving 
Oxford as Conservative member for the New Forest 
division of Hampshire, which constituency he con- 
tinued to represent until 1905. In later years, he was 
frequently in his seat in the House of Lords when 
transport matters were under discussion, and was 
untiring in his efforts to combat legislation which he 
conceived as being restrictive to road development. 
Among the more outstanding events of his Parlia- 
mentary career was the initiation of the debate on 
air policy in March, 1916, one of his most strongly- 
held convictions being that the development of aviation 
had modified the position of this country almost funda- 
mentally from a strategic standpoint. 

It would require more space than we have at our 
disposal to refer, in any detail, to the numerous direc- 
tions in which Lord Montagu assisted in bringing both 
road and car to their present state of perfection. At 





[APRIL 5, 1929. 


the time when he first began to interest himself in the 
road transport problem, only the most primitive types 
of car were available, and the roads, although compar- 
able with those of other nations, were designed and 
surfaced entirely from the point of view of horse- 
drawn traffic. Undoubtedly, the subject of our 
memoir was fortunate beyond the majority of his 
fellows in seeing his early ideals taking concrete shape 
within his own lifetime, and there can be little doubt 
that his influence and enthusiasm, though not always 
appreciated at the time, played a measurable part in 
initiating the great arterial roads which now enable 
road transport to compete effectively with the railway. 
Lord Montagu was one of the first members of the 
Royal Automobile Club, and as far back as 1902, he 
initiated experiments to determine the best means 
of dealing with the dust nuisance on roads. He was 
quick to realise the potentialities of the Press as an 
educative medium, and founded Car Illustrated, of 
which he occupied the editor’s chair for many years. 
He retained his interest in journalism until his death, 
a large number of his articles having appeared in 
recent years in The Times, of which he was a member 
of the staff from 1905 to 1912. He also published 
several books of a non-technical character on motoring 
subjects. 

Lord Montagu had his first war experience in the 
Matabele campaign of 1896, during which he acted 
as war correspondent for The Times. He was a 
member of the old Volunteers, and when war broke 
out in 1914, he became Colonel in Command of his old 
regiment, the 2/7 Battalion, The Hampshire Regi- 
ment, and proceeded to India. After a short period 
of service, he became adviser to the Government of 
India on Mechanical Transport Services, a position 
which he held for four years. During this period, his 
wide experience in transport matters was of great 
value to the Government, and his services were recog- 
nised by the award of the C.S.I. in 1916, and of the 
K.C.IL.E. three years later. It was in January, 1916, 
that the Persia, on which he was a passenger, was 
torpedoed in the Mediterranean, and he was only 
rescued after spending thirty-two hours clinging to a 
half-submerged boat. 

Lord Montagu could not have exercised the wide 
influence which he undoubtedly exerted unless he 
possessed an attractive personality, and he was, in 
fact, popular with all with whom he came in contact. 
He travelled widely and took a great interest in yachting 
and other sports, in addition to motoring. He was also 
an expert naturalist, and was Verderer of the New 
Forest. He occupied a large number of public positions, 
including membership of the Road Board from 1910 
to 1919. He was a Companion of the Institution of 
Mechanical Engineers, an Associate of the Institution 
of Civil Engineers, and a Member of the Institute of 
Transport. He died on Saturday last, at the age of 
62, his son, born in 1926, succeeding to the barony. 








SIMPLE PYROMETER FOR FOUNDRY 
AND WORKSHOP USE. 


PaRTICULARS have reached us of a simple and 
inexpensive form of pyrometer suitable for foundry and 
workshop use and capable of measuring the temperature 
of molten metals and other hot bodies, such as tools and 
cutters, in a hardening furnace. The instrument 
consists of a long narrow frame, in the centre of which 
is a strip of shaded glass, the shading gradually 
increasing so that the glass is clear at one end and 
practically opaque at the other. On the frame is 
mounted a slide, resembling the cursor of a slide rule, 
and in the centre of the slide is a small hole through 
which the hot body can be observed through the shaded 
glass. To take a temperature, the user looks at the 
body through the hole in the slide, from any convenient 
distance, and moves the frame along until the glow just 
becomes invisible. The temperature is then given 
on a scale graduated on the frame and read against the 
edge of the slide, the scale being graduated from 
500 deg. to 1,460 deg. C. in steps of 20 deg. The 
instrument, to which the name “ Pyroversum ” has 
been applied, can be carried in the pocket like a foot- 
rule, and has no accessories and requires no adjustment. 
It is, obviously, simple and convenient to use, and will 
doubtless find numerous applications in those ordinary 
metallurgical operations in which a high degree of 
accuracy is not essential. The instrument is supplied 
by Messrs. Viozone, Limited, 19, Cursitor-street, 
London, E.C.4. 





THe PuysicaL Society.—The fourteenth Guthrie 
lecture will be delivered before the Physical Society by 
Professor P. W. Bridgeman, of Harvard University, on 
the ‘* Properties of the Elements under High Pressures.” 
The lecture will be delivered at 5 p.m. on Friday, April 19, 
at the Imperial College of Science, Imperial Institute- 
road, South Kensington, 8.W.7. Admission is free and 
without ticket. The offices of the Society are at |, 





Lowther-gardens, Exhibition-road, London, S.W.7. 
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KITSON-MEYER LOCOMOTIVE FOR THE CUNDINAMARCA RAILWAY, COLOMBIA. 


CONSTRUCTED BY 
Fig. 4. io 
je--------------------------- 8.4 over Car Roof--- 


2! 94" Be. 
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KITSON - MEYER LOCOMOTIVE FOR 


THE CUNDINAMARCA RAILWAY. 

IN our two-page Plate XX XIX, with this week’s 
issue of ENGINEERING, and on this page, we illustrate 
a Kitson-Meyer locomotive built recently by Messrs. 
Kitson and Company, Limited, Airedale Foundry, 
Leeds, for the Cundinamarca Railway, of Colombia. 
This railway has a length of about 63 km. The loco- 
motive in question has been built to 3-ft. gauge, but 
as the line is to be widened in the future to metre 
gauge, the wheels have been designed to allow of 
conversion to this gauge merely by the replacement 
of tyres, brake beams and hangers. 

The Kitson-Meyer type of locomotive was intro- 
duced in 1894, for work on mountain railways, involv- 
ing steep gradients and severe curves. In this instance, 
the boiler, framing, tanks, bunker, &c., are carried 
on two bogies, each with six coupled driving wheels 
and a two-wheel Bissel truck. The connection is 
made by large pivots, placed as near as possible to 
the centre of the driving wheel base in each case. 

The engine has four cylinders of 14-in. diameter and 
18-in. stroke, and the driving wheels are 2 ft. 10? in. 
in diameter. The boiler pressure is 160 lb. per square 
inch, and, at 85 per cent., the tractive effort works out 
at 27,600 lb., the factor of adhesion in the loaded 
condition being 4-73. The engine has plate frames, 
j in. thick and set 4 ft. 7 in. apart. The firebox is 
3 ft. 11} in. wide inside and has 2-in. water legs all 
round. It provides 106-5 sq. ft. of heating surface. 
The boiler barrel has an inside diameter of 4 ft. 34, in. 
at the smallest ring (next to the firebox), and the 
length between tube plates is 11 ft. 0? in. The small 
tubes in the barrel are 1} in. in diameter. There are 
109 of these, and 14 larger tubes, 5% in. in diameter, 
for the accommodation of the superheater elements. 
The heating surface provided is as follows :—In the 
firebox, 106-5 sq. ft.; small tubes in barrel, 552-4 sq. 
ft. ; large tubes in barrel, 217-8 sq. ft.; making a total 
of 876-7 sq. ft., in addition to which the superheater 
has a surface of 160-5 sq. ft. The grate area is 27 sq. ft. 

The driving wheels, as stated, are 2 ft. 103 in. in 
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diameter, and the Bissel truck wheels 2 ft. 2 in. in 
both cases. The total wheel base is 40 ft. 4 in., but 
the rigid wheelbase is only 6 ft. 2} in. The bogies 
have each a wheelbase of 12 ft. 24 in., and the bogie 
centres are 23 ft. 44 in. apart. The steam supply 
for each bogie is carried from the superstructure to 
a central point in each case, whence connection is 
made with the bogies by means of large ball-and- 
socket joints. The exhaust is brought back to the 
smokebox, ball-and-socket joints being again employed 
close to the point of movement. The reversing gear 
for both bogies and the brakes are worked from the 
foot plate, and are provided with universal joints. 

The locomotive carries 2} tons of coal in its bunkers, 
and has a water capacity of 1,753 gallons. The maxi- 
mum gradients of the line on which it will operate are 
4 per cent. compensated, and the smallest curves are 
of 80 m. radius. Fully loaded, the total weight of the 
locomotive is 70 tons, when the load on the front set 
of coupled wheels is 29-35 tons, and on the rear set 
28-95 tons, making a total of 58-3 tons available for 
adhesion. 


THE NEW PICCADILLY CIRCUS 
STATION.* 
By Harry Hatt, M.Inst.C.E. 

THE original station, designed to accommodate 
passengers travelling by both the Great Northern, 
Piccadilly and Brompton and the Baker Street and 
Waterloo Railways, now known as the Piccadilly and 
Bakerloo Tubes, respectively, was opened in 1906. 
The traffic at the old station had increased from 1} 
million to 25 million passengers a year, and the area 
available precluded any useful development to increase 
its accommodation. It was eventually decided to 
build a new station under the Circus itself, with a 
circulating area and staircases communicating with 














* Abstract of a paper to be read before the Institution 
of Civil Engineers on Tuesday, April 9, 1929. The con- 
struction of the Piccadilly Circus Station was described 
in ENGINEERING, vol. cxxvi, pages 608 and 637. 
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the principal pavements. The sanction by Parliament 
for the construction of the new station was obtained 
in 1923. 

The new booking-hall is of oval form in plan, with 
five subways and seven entrance staircases. Eleven 
reversible escalators convey passengers to or from 
the platforms of the two low-level stations. Three 
of these escalators are in two tunnels leading from the 
booking-hall floor, which is at a level of 153 ft. (above 
a datum 100 ft. below Ordnance datum) down to an 
intermediate landing at a level of 111 ft., and three more 
escalators are in a single tunnel leading from this landing 
to another at a level of 90 ft., from which, by means 
of staircases and footbridges, access to the Bakerloo 
Railway platforms, which are at a level of 80 ft., is 
provided. Three other escalators in a single tunnel 
lead down from the intermediate landing to another 
landing at a level of 71-71 ft., which communicates by 
footbridges and staircases with the Piccadilly Railway 
platforms, at a level of 60 ft. 

Increased facilities for interchange of traffic between 
the platforms of the two stations is provided by four 
new footbridges and six new staircases. A new 
emergency spiral staircase is situated between the two 
stations, giving easy access to the platforms of both. 

The booking-hal] has an area of 16,000 sq. ft. The 
floor is about 15 ft. below the surface of the road, 
which provides sufficient head-room as well as ample 
room for the steel and concrete roof supporting the 
roadway. Construction was begun by sinking a shaft 
within a hoarding at the site of one of the main 
stanchions, from which a timbered heading was driven 
at a level of 159-29 parallel to the major axis crossing 
the site of two more of the main stanchions. From 
this and other headings driven subsequently, shafts were 
sunk to the levels of the foundations of the remainder 
of the main stanchions. From four of these shafts 
connecting-headings were driven parallel to the major 
and minor axes of the oval to the site of the enclosing 
wall, and from the ends of these the headings for the 
lower-level section of the enclosing wall were driven, 
work being done in both directions until the wall was 





completed. The middle section of the enclosing wall 
was built in a similar manner from the ends of a set of | 
connecting-headings driven on top of the former head- | 
ings, which had been filled with 20-to-1 Portland cement | 
concrete. The top section of the enclosing wall was | 
built, as the upper section of the dumpling over the | 
area of the booking-hall was excavated, the end of the | 
outer ring of the roof joists being built into it. 

In the erection of the steelwork supporting the roof, 
one of the primary main girders was first erected in 
one of the main headings; other headings were then 
driven at right angles to it, in which four secondary 
main girders were erected and their ends attached to 
the primary main girder. Another primary main | 
girder was then brought near to the free ends of the 
four secondary main girders, lifted on to its supporting- 
stanchions, and bolted to the ends of the four secondary 
girders. The remainder of the steelwork within the 
central oval was similarly erected. Meanwhile, headings 
were driven in all directions towards the enclosing 
wall, column-foundations were put in, main girders 
were erected on the tops of the columns as soon as they 
were fixed, and so on, until the enclosing wall was 
reached. 

All the headings for the erection of the secondary 
main girders for the roof of the central oval were con- 
structed with steel joists as head-trees, set up slightly 
above their final level and wedged up to the underside 
of the concrete road bed. When the secondary 
main girders were erected and fixed, the steel head-trees 
were lowered on to them, becoming permanent roof- 
joists, and made good to the road bed above by 9-in. 
brick piers set in cement mortar. The outer roof 
beams, which ranged from | ft. 6 in. to 2 ft. 4 in., 
centre to centre, were erected in narrow headings, which 
were widened out as each beam was erected and blocked 
up ready to be made good to the road bed with brick 

iers. 

Pre-cast slabs were set on the lower flanges of the 
steel roof joists and beams, the space above, between 
the slabs, brick piers and road bed being packed 
with 7-to-1 Portland-cement concrete. As the excava- 
tion over the booking-hall floor-area approached the | 
enclosing wall, that for the machine chamber below | 
was begun and the chamber was concreted, the con- 
creting of the booking-hall floor following. The five 
subways and seven staircases were then constructed. 
The station was opened to the public on December 10, 
1928. | 











TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
Possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 


Lathe.—The supply of one 12-in. gap lathe, The 
Municipality of Port Elizabeth, South Africa ; April 25. 
(Ref. No. A.X. 7712.) 


Vacuum-Brake 





Gear.—The supply of vacuum-brake | 
gear rubber parts. The South African Railways and 
Harbours Board; May 16. (Ref. No. B.X. 5191.) 


Turbo-Generator Plant and Cooling- Water Equipment.- 
The supply and erection of a steam turbine and generator, 
condensing plant and auxiliaries, switchgear and cables, 
cooling-spray and equipment, or, alternatively, cooling 
tower complete. Municipality of Bloemfontein, Electric 
Supply Department, South Africa ; May 18. (Ref. No. 
B.X. 5192.) 


Locomotive Arles. 
The South African 


The supply of locomotive axles, 
Railways and Harbours Board. 
Johannesburg ; April 25. (Ref. No. A.X. 7719.) 
Buildings and Public Works.—The construction of 
certain public buildings and the cleansing anc 
canalising of the sand bed of the Candelaria and of the 


River Acelhuate, San Salvador, South America. (Ref. 
No. A.X. 7722.) 
Disinfectors and Hospital Equipment.-A firm in| 


Auckland, New Zealand, is desirous of being placed | 
in touch with United Kingdom manufacturers of steam | 
and formaldehyde disinfectors for mattresses, etc., and | 
of hospital equipment and apparatus generally. (Ref. 
No. B.X, 5201.) 





FARM MACHINERY IN CANADA,—-A short memorandum | 
on the sale of farm machinery in Western Canada has | 
been prepared by the Department of Overseas Trade | 
from information furnished by the office of H.M. Trade 
Sommissioner at Winnipeg. United Kingdom firms | 
desirous of securing a copy of the memorandum should 
communicate with the Department, at 35, Old Queen- 
street, London, 8.W.1, quoting Reference No. A.X. 7667. 


Mip-East ENGLAND ELectriciry ScHEME.——The 
Central Electricity Board announce that they have 
adopted the Mid-East England Electricity Scheme, and, 
in accordance with Section 4 of the Electricity (Supply) 
Act, 1926, have published it as adopted. Technical and | 
other particulars of this scheme were given on page 162 
of ENGINEERING for February 8, last, and are also 


issued by H.M. Stationery Office at a price of ls. 6d. net. | 563,900 tons during January last, and 550,800 tons during | 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS 
(Specially Compiled from Official Reports of London Metal Markets.) 
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Norte.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of 


the London Metal Exchange for “ fine foreign” and “standard” metal respectively. The prices shown for 
| lead are for English metal, whilst those for spelter are for virgin metal. Middlesbrough prices are plotted 
| for steel plates and rails, and also for hematite and Cleveland pig-iron. The prices given in the case of steel 
| plates are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. The pig-iron 
| prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price of quicksilver is per 
| bottle, the contents of which vary from 70 Ib. to 80 lb. The price of tin-plates is per standard box, but in 
| other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 
| lines represent 11. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each. 








LAUNCHES AND TRIAL TRIPS. 


«« Azrrec.”’—Single-screw fruit-carrying and passenger 
steamer ; four-cylinder triple-expansion engine. Trial 
trip, March 28. 


pany, Limited, Glasgow, for Messrs. The Cuyamel Fruit 
Company, New Orleans, U.S.A. 


and 


Single-serew Canadian lakes 
Trial 


triple-expansion engine. 


* SARNIADOC.” 
canals cargo steamer ; 
trip, March 30. 
by 20 ft. Constructed by Messrs. Barclay, Curle and 
Company, Limited, Glasgow to the order of Messrs. 
Paterson Steamships, Limited, Fort William, Ontario, 
Canada. 


British PRopuction OF Pic [RON AND STEEL.—The 


number of blast furnaces in operation at the end of | 
| February was 140, an increase of one since the begin- 


ning of the month. The production of pig iron during 


| February amounted to 519,600 tons, compared with | 


Main dimensions, 405 ft., by 53 ft. 2 in., | 
by 33 ft. 6 in. Built by Messrs. Barclay, Curle and Com- | 


Main dimensions 259 ft., by 43 ft. 4 in., | 


| February, 1928. The daily rate of production during 
| February was 18,557 tons, against 18,190 tons during 
| January. The output of steel ingots and castings during 
| February amounted to 782,900 tons, compared with 
764,600 tons during January and 764,400 tons during 
February, 1928. nity 
THE INSTITUTION OF NAVAL ARCHITECTS.—The summer 
meeting of the Institution of Naval Architects is, this 
| year, being held in Italy. Members will leave London 
on Saturday or Sunday, September 14 and 15, and will 
|arrive in Rome on Monday evening, September 16. 
| Tuesday to Thursday, September 17 to 19, will be spent 
in Rome, and the party will then visit Naples, Genoa 
and Trieste, returning to London, from Trieste, on 
| September 29. Two alternative itineraries have been 
provisionally submitted by the Italian State Railways 
Agency, and it is anticipated that a 50 per cent. reduction 
in railway and steamer fares in Italy will be granted. 
Members who intend to participate in the meeting 
should communicate with the Secretary of the Institu- 
tion, 2, Adam Street, Adelphi Terrace, London, W.C.2, 
if possible before April 15 next. 
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RECENT DEVELOPMENTS IN 
ELECTRIC FURNACES.* 


By D. F. Campsett, M.A., A.R.S.M. 


THE appreciation of the advantages of electric 
methods of metal melting and heat-treatment has 
made rapid progress during the last two years, and it is 
proposed to make a rapid survey of the present processes 
to which electric furnaces have been applied in this 


country and abroad, with special reference to the | 


non-ferrous trades, and to indicate the characteristics 
of the equipment used and the reasons which have 
influenced the adoption of electric heating. 
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A question of interest in connection with these fur- 
naces relates to the size of the unit to be recommended 
for any particular shop. Ajax-Wyatt furnaces of 
600, 1,200, and 2,240 lb. capacity have been built 
absorbing 60, 120, and 240 kw., respectively, and, 
generally speaking, the two smaller sizes are to be 
recommended. In one French works very large induc- 
tion furnaces are used for brass melting, scrap being 


charged and metal poured at frequent intervals, the | 


furnace being used as a metal mixer to overcome slight 
irregularities in composition of the scrap, but this 
system of working is now giving way to intermittent 
working in smaller units. In all countries the system of 
pouring the whole charge except an amount necessary 








Fie. 1. 
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60 AND 120-Kw. Agax-Wyatr FuRNACES. 











Fie. 2. A BrrmtnaHamM MELTING SHOP WITH SIx FURNACES. 


Melting.—Great progress in melting has been made 
in connection with improvements in furnace linings 
in the case of low-frequency induction furnaces and the 
development of the Ajax-Northrup ironless induction 
furnaces, for metals of high melting point, has resulted 
in the elimination of costly crucibles. For the melting 
of brass for rolling-mills and extrusion presses, the 
Ajax-Wyatt furnace is now the standard equipment 
in the larger European and American works, and its 
usefulness has also been proved in the case of nickel- 
brasses of various analyses, while its use for melting 
other metals such as cast iron has been demonstrated. 
The method of fritting the lining, which is described 
later when dealing with high-frequency furnaces, is 
applicable also to this type of furnace, and has greatly 
extended its field of application. 





* Paper read before the Institute of Metals, London, 
on Thursday, March 14, 1929. Abridged. 





| to maintain the secondary circuit is generally adopted. 
| In such a case the 600-lb. or 1,200-lb. units are preferred. 
| The larger furnace has the advantage of a 10 per cent. 
| reduction in the amount of electric current used for 
melting, and a substantial reduction in labour costs, 
especially when casting large ingots, for example, 
large slabs in water-cooled moulds or heavy extrusion 
billets, but when casting small billets, generally used in 
England for the cold-rolling of brass strip, the smaller 
600-lb. unit is usually to be preferred. The casting 
of one charge, involving the pouring and feeding of a 
large number of small moulds, often takes from 10 to 
12 minutes, and if this time is doubled for a large furnace 
the proportion of time lost is sufficient to offset the 
advantage in the reduction in power consumption and 
labour costs. Thus the arrangement of the shop and 
casting methods adopted should be the determining 
factor in choosing between units of 600-lb., and 1,200-Ib. 
capacity, and this will depend largely on whether hot- 
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|or cold-rolling is adopted, and consequently large or 
| small billets are required. 

Fig. 1 shows induction furnaces of 60-kw. and 120-kw. 
capacity, capable of casting 6-8 cwt., and 12-15 ewt., 
respectively, and it will be seen that the difference in 
size and space occupied differs but slightly. Fig. 2 
shows an installation of a number of furnaces used for 
casting large extrusion billets in cannon moulds arranged 
in turntables with ball-bearings. The use of this type 
of furnace for melting nickel-brass is now well estab- 
lished, and is undoubtedly the most economic equip- 
ment available. producing a metal of a quality 
unattainable by gas or oil furnaces, as nickel alloys 
melted in a carbon-free crucible or lining are undoubtedly 
superior to those produced in other types of crucible. 

The induction furnace most commonly used is the 
Ajax-Wyatt type having a vertical secondary channel, 
but other furnaces have been built with horizontal 
submerged channels. Large furnaces of this type 
having a 2-ton metal bath have been in use for some 
years in France using three-phase current, but, although 
the power consumption is about the same as in the 
case of the vertical channel furnaces, the power factor 
is only about 0-5, so that they are inadmissible on 
power supply circuits without heavy penalties or much 
capital expenditure for condensers or synchronous 
motors for improvement of power factor. These large 
horizontal furnaces have the same objection as the 
old induction furnaces used in the steel trade, which 
led to their abandonment in most cases. The vertical 
design lends itself to high power factor, as small distance 
between the secondary circuit and transformer core 
are essential to economical installation and operation, 
and this feature must be incorporated in all designs of 
induction furnace. 

The high-frequency furnace of the Ajax-Northrup 
type which was described in a previous paper* has 
advanced rapidly during the last two years, and a 
large number of installations varying from 5 to 20 cwt. 
have been made for the melting both of nickel and iron 
alloys. This equipment has certain features, the 
value of which are becoming more and more apparent 
as our experience is widened. The metal is melted 
under ideal conditions for mixing alloys, as there is a 
rapid circulating movement, as a result of which a 
degree of homogeneity hitherto unknown is easily 
obtainable. Thus we find numerous difficulties in 
rolling, forging, and deep pressing have disappeared 
in metals melted in this way, and the cost of these 
operations is reduced owing to the increased malle- 
ability. Fig. 3 shows a 5-cwt. Ajax-Northrup furnace 
casting nickel alloys, and Fig. 4 shows the new method 
of melting in the foreground, and an are furnace which 
has given excellent service in the background. This 
interesting installation gives an opportunity of compar- 
ing the relative merits of the two furnaces as regards 
convenience, cost, and quality. 

Another feature is the purity of the metal, as it is 
not contaminated by impurities from coke or furnace 
gases, which have been demonstrated to penetrate 
ordinary crucibles far more easily than is generally 
realized. Not only is the metal so melted generally 
of superior quality to that produced by older methods, 
but the cost of melting has been reduced to a very low 
figure, since fritted linings made by the method referred 
to above have taken the place of the crucibles previously 
used in these furnaces. This method consists of forming 
a furnace lining by placing a metallic liner or template 
inside the furnace and pouring a carefully prepared 
lining material between this liner and the furnace 
inductor coil. By the application of heat induced 
in the liner, the mixture is fritted and a good crucible 
of the required composition is rapidly formed in situ. 
The liner is further heated until it melts and is incor- 
porated with the first charge, due allowance being 
made for its weight. In the case of pure nickel melting, 
sheets of this metal may be used for this template, 
but in cases where iron is permissible in the first heat, 
steel sheets are generally used. 

The principal application of this equipment to the 
non-ferrous trades is the melting of nickel and its 
alloys, with the exception of nickel-silver, which 
can be melted in Ajax-Wyatt furnaces more economi- 
cally as regards power consumption and capital cost. 
Great improvement in quality and reduction of cost 
has resulted from the use of fritted linings in these 
furnaces, which give a life varying from 50 to 250 heats, 
depending on the alloys melted, but in any case the 
lining cost is reduced to from 1s. to 3s. a ton, as compared 
with a very much higher cost when crucibles are used. 
The composition of the fritted lining may vary consi- 
derably, and be acid, neutral, or basic, according to 
the metallurgical operation being conducted. An 
Ajax-Northrup high-frequency furnace of 1-ton capa- 
city, operated by a motor generator set of 650-kw., 
has recently been constructed in this country, and this 
represents the largest unit yet built, but larger furnaces 
present no technical difficulties, though they are more 





* See ENGINEERING, vol. cxxiii, page 334 (1927). 
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likely to find use in the steel industry than the non- 
ferrous trades. 

The principle of a coreless induction furnace is also 
being applied to normal frequencies, and the melting 
of metals in this way presents no great difficulties. 
The high capital expenditure in condensers for correc- 
tion of the power factor renders this furnace unecono- 
mical for melting non-ferrous metals which can be 
treated in furnaces of the Ajax-Wyatt type, but it may 
be usefully applied in certain cases where the advan- 
tages of a simple form of crucible renders the more 
complicated form of the core type of induction furnace 
inadmissible. 

Heat-Treatment.—Having noted recent advances 
in melting practice, we turn to the heat-treatment of 
metals by electricity, which affords a wider scope for 
its application, though the advantages are often more 
difficult to establish, and frequently can only be proved 
when all questions relating to improvement in quality 
and reduction in cost of subsequent treatment are 
taken into the balance-sheet, which is sometimes 
unfavourable to electric heating if the furnace operation 
is considered individually and apart. Whether electric 
power, gas, oil, or coal shall be used is often a problem 
difficult of solution, and it is proposed to explain a 
few cases where electric heating has been applied. 
successfully, and the reasons for its adoption. The 
successful application of electrical heating in metal- 
lurgy requires a most careful study of furnace construc- 
tion, because the high cost of the heat unit requires 
efficient application to justify its use, and the low 
temperature of the heating element as compared with 
common flame temperatures introduces a new charac- 
teristic, with its attendant advantages and difficulties. 

It has been said that the designers of furnaces are 
not sufficiently explicit as to the performance of their 
equipment, while the constructors sometimes complain 
that metallurgists do not really know the characteristics 
of the fuel-fired equipment they are using, or of the 
furnaces they require, and it is hoped that this paper 
and the subsequent discussion may do something to 
bring to a focus the present state of electric furnace 
design and crystallise into definite form the amorphous 
desiderata of many metallurgists. Can a certain 
heat-treatment be carried out advantageously with 
electricity ? This is the question frequently asked. 
The answer will depend generally upon the following 
considerations :—Is the present method entirely 
satisfactory as regards quality ? Or is it possible to 
make an improvement both in product and shop 
conditions by using electric furnaces, with their many 
conveniences of cleanliness and adaptability? If 
coal is being used, and there is no possibility of improve- 
ment in quality or reduction in total operating costs, 
then electricity can rarely be recommended. If gas 
be used, the time schedule and control required for 
manufacturing operations, and prices of gas and 
electricity, must be carefully considered before a 
recommendation can be made. 

In the case of two large furnaces recently built in the 
Midlands the balance was in favour of electricity, | 


under the following conditions, for the reasons indicated. | 
Each furnace has a chamber 8 ft. 6 in. long, 7 ft. 6 in. | 


wide, and 2 ft. high, rated alternatively at 55 kw. 
or 122 kw., when used for low-temperature heat 
treatment at 515 deg. C. or carburising at 900 deg. C. 
At the former temperature the heat loss was 8 units 
per hour, and at 900 deg. C. the loss was 26 units 
per hour. . 

In the case of the latter furnace a comparison was 
made between the furnace using electrical energy at 
0-7d. per unit and a modern well-insulated gas-fired 
furnace utilising town gas costing 2s. 9d. per 1,000 
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the substance to be treated, as, for example, in the | of steel, for carburising, hardening, pottery decorating, 
Snead process or the induction methods now being | &c., are generally advantageous where electricity is 
developed. The methods of applying heat by external | reasonable in price and accurate control is required. 

resistors depend upon the temperature desired, and, | High temperatures in resistance furnaces are obtained 
generally speaking, resistors of metallic alloys of the | by the use of graphite resistors covered with a ceramic 
nickel-chrome series are the most advantageous roid ie to prevent oxidation, and by the use of rods 
working temperatures up to 1,000 deg. C., while non-| made of carborundum and silicon, and mixtures of 
metallic resistors of carbon, carborundum, or silicon | these refractory electric furnace products. These are 
mixture must be used for high temperatures, until| known under the trade names of Silit and Globar, 
better heat-resisting resistance alloys are obtainable. | which are made in Germany and U.S.A., respectively. 
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cub. ft., allowance being made for the difference in 
size of the two furnaces. The cost of operation may 
be divided as follows :—(a) Heat required to warm the 
furnace when cold, which is an occasional expenditure. 
This utilised 35s. worth of electric energy against an 
estimated cost of 24s. 8d. for gas, showing a balance in 
favour of the gas furnace for this item. (b) The 
constant cost of maintaining the heat losses. The cost | 
of maintaining the electric furnace at temperature | 
under working conditions was 30 units per hour, | 
costing 1s. 9d., whereas the cost of gas to maintain | 
temperature was 6s. 7d. per hcur. This shows a very | 
large saving in the annual fuel bill. (c) The cost of | 
heating up the metallic charge. The energy actually | 
used to heat the charge is equal in both cases in 
quantity, but the cost of the calorie is cheaper in the | 
case of gas. | 

On a year’s operation the saving on item (4) in 
favour of the electric furnace is greater than the | 
difference in favour of the gas furnace under the first | 
and last headings, and thus electric heating is justified, 
both on account of cost and also an improved quality | 
of product, due to accurate heat regulation. Electrical 
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Metallic resistor furnaces form the greater number| These bars give working temperatures up to 1,400 
of those in use, and the design varies so much in|deg. C., but the design of highly efficient furnace 
heating methods and mechanical features that only | involves some difficulty owing to the leakage of heat 
a few typical examples can be described. The simplest | through the bar itself and the electrical contacts. 
form is, perhaps, the drying oven, which includes | To reduce this, Silit rods are made to fit securely into 
core-drying stoves and japanning ovens. Low-/a shorter rod of much larger cross-section than the 
temperature annealing of metals, such as aluminium | resistance rod itself, thus reducing the heating effect 
and its alloys, at 500 deg. to 600 deg. C., is an applica- | in the exposed part of the bar. Round this a metallic 
tion which is justified where a close temperature control | wire is wound to connect to the "bus-bar supplying 
is required, and similar furnaces are used for tempering | current to the rod. Furnaces heated in this way are 
steel where very accurate heat-treatment is required. | suitable for the heat-treatment of high-chromium 
steels, where rapid heating to high temperatures 1s 


heat-treatment is based on the change of electricity |Temperature control with gas-fired furnaces at low 
into heat, either by heat radiated from a resistor, | temperatures presents serious difficulties which are | 
provided with electrical current directly from the | non-existent with electric heating. Medium tempera- 
mains or by means of a transformer, or by resistance of | ture metallic resistor furnaces for the heat-treatment | 


required for softening stainless iron or steel strip. _ 
The rating of furnaces is a subject on which there is 
a good deal of misconception. The kilowatt input 1s 
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not a measure of the value of equipment, and a 100-kw. | doors and furnace structures is of vital importance to 
inefficient furnace may well be less costly to build than | efficiency, but a large item of expenditure is good 
efficient plant of 60-kw. rating. The manufacturer | insulating material. Table I indicates the dissection 
pays heavily for kilowatts where power is bought on | of costs in(A) a simple box-type high-efficiency furnace ; 
& maximum demand basis, and in such cases he should | (B) a three-chamber annealing furnace with recupera- 
demand from the furnace builder the smallest possible | tive features; (C) a 105-ft. two-track pottery-decora- 
kilowatt rating that can produce the required amount | ting kiln for highly efficient working on the contra- 
of metal, as it is the product which should be the | flow principle, with complete control and automatic 


maximum possible with the rating reduced to the | regulation of temperature. 


minimum compatible with efficiency. Thus, a furnace 


From the above figures it will be seen that brickwork 


of 60 kw. may be more costly to build but more | is a large item of cost, but this is justified by the low 


economical to operate than a similar furnace of 100-kw. | heat losses. 


The following detailed description of 


rating. In this connection the efficiency must also be | several heat-treatment furnaces, with definite figures 


most carefully considered, and the consumption of 
energy to maintain the required heat with doors closed, 





of performance, may be of interest. In the case of 
a simple box-type furnace having a hearth area of 
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or the rate of temperature drop after the current is 
cut off, are simple and effective methods of specifying 
thermal efficiency. Without some such specification 
it is impossible to determine the relative merits of 
tenders for furnace equipment. Power consumption 
is always greatly increased if doors are frequently 
opened, and consequently the door mechanism should 
be efficiently designed and used as little as possible. 
The price of electric furnaces, generally speaking, is 
high, and it may be of interest to explain how the cost 
is made up, and to indicate when high-efficiency 
expensive furnaces are justified. The cost of operating 
is almost entirely consumption of electrical energy, 
and this is utilised in heating the metal to the desired 
temperature, providing the latent heat of fusion when 
melting, and compensating furnace losses when opera- 
ting. In addition, the time and energy required to 
bring furnaces to operating temperatures after Sundays 
and holidays, or in the morning when working day shift 
only, must be carefully determined in every furnace 
and for each schedule of work. The proper design of 
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Continuous Brass Strip ANNEALING FURNACE WITH THREE CHAMBERS. 


4 ft. 3 in. by 3 ft. 3 in. and a height of 3 ft. 6 in., running 
at a normal working temperature of 517 deg. C., the 
radiation loss is 7 units per hour, while the same furnace, 
when working at 800 deg. C., has a radiation loss of 
10-5 units per hour. This furnace will require 44 hours 
to cool from 700 deg. C. to 250 deg. C., or about 10 deg. 
C. per hour. These figures indicate the high efficiency 
of the insulation and design. 

A simple form of heat-treatment furnace for coin 
blanks and small forgings and pressings is used in 
several works, having simple recuperative features. 
The loading of the furnace is 80 kw., and there is one 
heating chamber and two insulated hoods. The cham- 
ber in the furnace is 22 in. in diameter, and 39 in. 
high. The power consumption per ton depends largely 
on the weight and type of boxes used, the reduction 
in one case being 17 per cent. when nickel-chrome sheet 
boxes were used in place of steel tubes. The power 
consumption for heating brass discs and forgings 
varied from 104 to 132 kw.-hr. per ton, for slight 
variations in form and composition. A side-charged 
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tube annealing furnace, shown in Fig. 6, has the fol- 
lowing characteristics. The power consumed when 
annealing brass tubes is 130 units per ton. The 
weight of each charge is 1 ton, and each operation is 
of 1 hour’s duration. The rating of the furnace is 
200 kw., and very special precautions in design and 
charging equipment are necessary, owing to the large 
door and consequent heat losses, unless charging and 
door mechanism are most carefully designed. 

The Snead annealing machine gives a very efficient 
method of heat-treating rods or tubes, the time required 
for heating a tube being only 3 or 4 seconds, and 
the power consumption less than 50 units a ton. 
This machine consists of a bench about 25 ft. long, on 
which two clamps for holding the tubes are mounted. 
One clamp is fixed, and the other is on a carriage 
equipped with wheels on ball-bearings, each clamp being 
connected to one terminal of a transformer, which is 
controlled by a contactor switch operated either by 
hand or automatically. To operate the machine, a girl 
first rolls a tube into position on the jaws and depresses 
a pedal. This causes two solenoids to close the clamps, 
the contactor switch is automatically closed, and the 
current passes through the tube, which expands as 
it heats, and pushes the carriage forward. The dial 
indicates the extent of this movement, and, when the 
desired expansion (and consequently temperature) 
is reached, an adjustable finger makes contact with the 
pointer, the contactor switch is tripped automatically, 
and the solenoids automatically release the tube, 
which is rolled down a slope to the bench below. 

The continuous annealing of brass strip has made 
rapid progress during the last two years, and is advan- 
tageous owing to its general convenience and the 
improvement of product, rather than to any direct 
saving in fuel consumption. This is a case where fuel 
costs alone do not favour electric annealing under 
normal British conditions, but the method is fully 














TABLE I. 
Furnace. 
A | B | Cc. 

Structural steelwork “a --| 28°8 24-3 4°5 
Rails and bogies and mechanical 

pusher gear ot ‘5 we Nil 15-1 20-8 
Insulating and firebrick work ee] 20°5 23-8 22-4 
Electrical switches, transformers, 

and instruments a «| 25°6 5-7 7°5 
Heat control instruments and pyro- 

meters ae ae ae Pi: ee 3°3 10-1 
Nickel-chrome resistors 4°5 3-7 2-2 
Nickel-chrome castings wa 6-0 2-2 1-6 
Erection and sundries «s eof 14°6 21-9 25°2 
Cables, &c. .. oe a aa aa ~— 5-7 














justified if all the advantages are taken into considera- 
tion. The process cannot be described as_ bright 
annealing, as a simple pickling and drying process is 
required, but the quality of the strip is much improved, 
as the very fine film of oxide is quite even over the 
whole surface, which is not scratched as in the case of 
other continuous methods of annealing. This type 
of furnace can only be recommended at present for 
alloys containing less than 75 per cent. of copper, 
owing to excessive oxidation in the case of high-copper 
alloys or copper strip. 

These furnaces, one of which is shown in Fig. 7, 
consist of three flat heating chambers each about 20 ft. 
in length and 3 ft. 3 in. in width, capable of annealing 
strip to a width of 34 in., or, alternatively, annealing 
three strips of lesser width at the same time. The 
strip hangs in the furnace in catenary form, and does 
not touch the floor, and consequently a very fine surface 
is obtainable. This appears to be the logical method 
of annealing strip, as continuous operation can be 
maintained with corresponding reduction of metal in 
process. Furthermore, the furnaces are so clean and 
heat losses so small that they can be put in a rolling- 
mill building without inconvenience. This method is 
limited in practice to strip varying from 0-3 mm. 
(0-012 in.) to 1-2 mm. (0-047 in.) in thickness, and 
furnaces of the three- or six-chamber regenerative 
bogie type would be recommended for annealing 
thicker metal in cases where electric heating is justified, 
while for thinner strip, equipment such as that used 
for aluminium foil would be applicable. 

The continuous strip furnace is heated in the roof and 
bottom, and the metal emerges at 300 deg. C., a tem- 
perature at which no damage to quality occurs. The 
mechanism consists of unwinding drums, which can 
be rapidly replaced by ingenious mechanism, and the 
end of one strip is rapidly joined to the beginning of the 
next by an automatic riveting or welding machine, 
whereby the loss of time is reduced to a minimum. 
As compared with annealing furnaces fired by gas, it 
has been found that electric heating gives a more 
even film of oxide, owing to the regularity of tempera- 
ture. Consequently, light pickling requiring only a 
fraction of the time previously necessary, leaves a 





uniformly bright surface without the stains which 
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occurred with gas-heating. As a result of the satis- 
faction given by this equipment, one works is now 
altering two furnaces from gas to electricity, and con- 
structing four new electric furnaces. In the case of a 
furnace annealing 63 : 37 brass, the output of a chamber 
3 ft. 3 in. wide is 5 tons per 24 hours, when treating 
strip 0-5 mm. (0-019 in.) thick, and this output is 
increased substantially when annealing metal contain- 
ing 67 per cent. of copper. The working temperature is 
700 deg. C., and the power consumption varies from 
155 units to 200 units per ton. The rating of such a 
furnace is 60 kw. to 100 kw., the latter power only 
being used when heating up the furnace after the week- 
end. 
Another recently completed British furnace, which 
is the biggest of its kind yet constructed, consists of a 
doubie-track tunnel pottery kiln obtaining heat 
recuperation by the contra-flow method. The tunnel 
is 103 ft. 6 in. long, and the length over loading cham- 
bers is 113 ft. 6 in. Each track holds 24 trucks, 
4 ft. 6 in. in length and 1 ft. 3 in. wide, with a super- 
structure to carry the ware 2 ft. 5in. high. The middle 
portion of the kiln is heated by nickel-chrome spiral 
resistors inserted in grooved bricks, the resistors being 
placed in echelon on each side and in the centre. The 
trucks are pushed through the kiln in opposite direc- 
tions on the two tracks by variable speed pusher gear, 
the total time required for a truck to pass completely 
through the furnace averaging about 24 hours. This is 
equivalent to a rate of 1 truck per chamber in 60 
minutes. The pusher gear allows of any rate of speed 
from one truck per half hour to one truck per day. As 
each truck enters the kiln it passes the hot trucks 
coming out in the opposite direction, and consequently 
gradually absorbs heat until it reaches the firing zone. 
The temperature is controlled automatically, and the 
connections can be so varied that the temperature can 
be adjusted both vertically and longitudinally. 

The kiln, which is used for decorating and “* harden- 
ing on,”’ works at a temperature of about 850 deg. C., 
but, as stated above, the temperature can be varied in 
a vertical plane, so that.the ware on the lower tiers of 
the superstructure can, if desired, be fired at a con- 
siderably lower temperature than that on the upper 
tiers. It is found that as a result of the cleanliness of 
atmosphere and exact temperature control, the quality 
of on-glaze decoration is higher than can be obtained 
in the ordinary kiln, while the work is far less onerous 
and the fuel cost is greatly reduced. 

Electrification of Works.—The following description 
of the Aron Hirsch Works of the Hirsch, Kupfer u. 
Messingwerke, A.G., near Eberswalde, Germany, the 
largest existing brass-melting shop and rolling-mills, 
may be of interest as showing the extent to which 
electricity is now being used in metallurgy of brass. 
The total energy used for electric melting and heat- 
treatment is 4,500 kw. The total power consumption is 
about 36 million kw.-hr. per annum at present, but 
when the present programme of electrifying the whole 
works is completed two years hence, the total power 
consumption is expected to reach 60 million kw.-hr. | 
per annum. The annual increase of load during the | 




















last three years and other technical information are 
shown in Table II. As a result of careful study and 
TABLE II. 
| 1926. | 1927. 

Total load, kw.-hr. 16,699,960 | 25,966,000 
Total day load, kw.-hr. 9,487,320 | 13,350,700 
Total night load, kw.-hr. 7,212,640 | 12,615,300 
Ratio—day tonight load| 1-32: 1 1-06: 1 
Reactive load, kw.-hr. ..| 11,532,800 7,567,200 
Ratio—reactive to effect- 

ive load—tan 0-690 0-292 
Corresponding cos } 0-822 0-959 
Maximum load, kw. 3716 5027 
Load factor J tr 50-1 59-0 
Highest monthly maxi- 

mum demand, kw. .. 3920 5050 6260 
Lowest monthly maxi- 

mum demand, kw. .. 3010 3630 5010 
Ratio—highest to lowest 

maximum demand 1-30: 1 1-39: 1 1-26: 1 
Motor load, kw.-hr. ae e 13,060,689 | 14,721,488 
Furnace load, kw.-hr. .. 12,905,311 | 17,830,682 
Ratio—motor to furnace 

load os oe 1-01:1 0-825: 1 














ws ! : | 
regulation of power and load factors, and a favourable | 
power contract, the cost of power is about 0-3d. by 
day and 0- 15d. by night, although the power is obtained | 
from a fuel-burning station. =a | 

Melting furnaces consist of a large battery of Ajax- | 
Wyatt furnaces of 120 kw. and 60 kw. capacity, con- 
suming about 190 kw.-hour per ton melted in the case 
of the Jarger units, and 220 units per ton in the smaller | 
furnaces, when melting 60:40 brass. The total | 
melting equipment installed, including spare furnaces, 
is 30 Ajax-Wyatt furnaces of 120 kw., and 5 furnaces of | 
the same type of 60 kw., melting 250 tons per day. | 
The melting capacity is now being increased to a still | 
larger tonnage. Furnaces of this type are also used | 


with special linings for melting nickel-brass, and more 


than 2,000 heats have been made in many such linings. 
In addition, a high-frequency Ajax-Northrup furnace THE PROPULSION OF SHIPS BY 


is used for melting pure nickel and alloys containing | MODERN STEAM MACHINERY.* 


high percentages of this metal. A special siliceous | By J. JoHNson. 

lining, fritted by the process already described to form a | (Concluded from page 378.) 

crucible in the furnaces, is used with excellent results | A 

and alloys of a high degree of malleability and purity are | ; — ne, 

being made. The power of this furnace is 100 kw., and | Section 1.—As usage varies somewhat, it is necessary 
to define the precise meaning of the coefficients 


it produces about 440 lb. of nickel in 80 minutes. | : hii 
Heat-treatment furnaces of several kinds are used, | €™ployed in the paper. Under the heading Pro- 
| pulsion ”’ is included all fuel expended in working the 


and 16 of various sizes are already in use or being con- if : 1] : 
structed. One large three-chamber electric continuous | Main engines and the whole of the auxiliary machinery 
(including steering gear) incidental to the propulsion 


strip annealing furnace about 20 ft. in length, and rs rs 
having a rated capacity varying from 60 to 100 kw., of the vessel. All Purposes referred to the total 
is used with success, and two similar gas-fired furnaces | Weight of fuel consumed per day, and embraces that 
will shortly be converted to electric heating, and four defined for “ Propulsion” plus that expended in 
more are being built. A great deal of work and lighting, heating, cooking, refrigeration, ventilation, 
expense has been necessary to perfect the equipment &c., or what may be appropriately described in ships 
for this delicate operation. Tubes are annealed in an Of this class, as “ Hotel Services.” The Admiralty and 
electric furnace 26 ft. in length, which is charged from | Fuel Coefficients are used for comparative purposes, 
the side by a special charging machine. A feature of Within permissible limits only, for ships of somewhat 
this furnace is the exceptionally well-designed and_ similar proportions and speed subject to North Atlantic 
weather conditions. These coefficients are in general 


quick-acting door mechanism, which reduces the heavy | : € , 
heat losses which are inevitable with large side doors. | use nowadays for interpreting the service performances 


The normalising of tubes is done in a small Snead of ships. They are used to supplement the “ fuel per 
annealing machine, which has been previously described. | Shaft horse-power-hour” ratio because the cost of 
The power of this is 100 kw., and the power consumption | producing power cannot properly be considered apart 
is 45 to 50 kw.-hours per ton, but it must be remembered | from the efficiency of propulsion. If the prime mover is 
that this equipment involves a heavy single-phase of a heavy and costly type, the natural tendency is to 
load of rather an intermittent character. It is, how- | put up the revolutions, resulting in a loss of propeller 
ever, a highly efficient means of utilising power, owing | efficiency. Comparisons between power station and 
to the extreme speed of generating heat and the speed | marine practice are both suitable and desirable up to a 
of each operation (4 seconds), which reduces the time | point, but the overall performance of a ship must 
factor of the radiation loss to a minimum. Other | ultimately be assessed by appropriate technical and 
furnaces in these works are pot annealing furnaces, | commercial standards. ‘ 
with chamber for heat recuperation. These are used | Section 2.—As frequent reference is made to the steam 
for annealing small parts, such as coinage blanks. | rates of turbines, boiler efficiencies, &c., it is desirable 
Each unit has a power of 80 kw., and the heating equip- | to explain the methods adopted during trials to obtain 
ment is arranged in the form of a cylinder covered at | accurate data. Two torsion-meters of the Siemens- 
the top, which can be put over the pot to be heated. | Ford type were fitted to each line of calibrated shafting 
Insulated hoods are provided for the heat exchange | and the zeros carefully set. The engines were then 
between the mass which has been heated and a cold | worked up the power scale, and the meter readings 
charge, by means of which about 30 per cent. of heat | noted. Close correspondence was obtained and the 
remaining in the annealed charge can be transferred | small differences reduced to a minimum by averag- 
and economised. Power consumption varies from | ing the results. A Glenfield and Kennedy meter 
104 to 226 units per ton, according to the quality of the | of the displacement type was fitted on the dis- 
metal. | charge side of the feed pumps. A test was run for 

Electric billet-heating furnaces are also used, and it some hours with only the main turbine condensate 
is the intention of the management to eliminate entirely | passing, so as to register the net steam rate. Certain 
the use of gas throughout the works in favour of | deep oil tanks were reserved for the fuel consumption 
electricity, for its convenience often justifies its use in| trials, and these were sounded and Pneumercator 

readings taken at an anchorage in calm water before 


cases where the actual gas fuel cost is less than that of t é € 
the electrical units consumed. The heavy night load | the start of the trials, and again at the completion, after 
the vessel returned to an anchorage. Careful Pneumer- 


during the hours of cheap power and the excellent load 
factor indicates a very efficient organisation, and the | cator readings of fuel consumption were taken hourly 
power factor is maintained at a high level by suitable | during the trials and the boiler efficiency calculated 
condenser equipment, though the heavy load of Ajax- | from the meter readings and other boiler data, a par- 
Wyatt and resistance furnaces does much to counteract | ticularly full set of which was recorded. It thould be 
the low power factor of the rolling-mill motors. The | observed that the boiler efficiency of 85-5 per cent. 
power factor is corrected by a battery of oil-immersed | was registered in association with a steam rate of 
paper and metal foil condensers to 0-95. The works|7:3 lb. for the turbines. Obviously, if the latter 
just described have the largest production of any single | figure were too good, the boiler efficiency would be 
metallurgical establishment producing brass, and the | correspondingly augmented, and conversely, if the 
boiler efficiency were too high, the steam rate would 


most general use of electricity. 
In Great Britain there are many cases where the | be correspondingly diminished. The fact is that these 
figures check one another. In a similar manner, the 


cost of power can be substantially reduced if proper 

steps be taken to improve the load and power factor, | shaft horse-power as used in the machinery calculations 

so as to get the best possible terms under a contract, | was applied to the propulsive coefficients of the vessel. 
All data relative to the performance of the various units 


but as the power contracts vary so much in different 
districts, it is advisable for manufacturers to consult | in the installation were cross-checked with the utmost 
care. 


men who have special experience in these intricate 
Section 3.—In view of the fact that important deduc- 


questions. For example, in one works, a contract is 
based on a fixed charge on the maximum demand | tions are based on the relative prices of a Scotch and 
measured over $ hour and charged on a 12-monthly | water-tube boiler of similar capacity, the weights of the 
basis. In addition, for every kilowatt-hour there is a| two types are shown in greater detail in Table XVIII, 
fixed charge for the daylight hours, and a reduced | opposite, in order that the features of each may be 
charge during night hours, each being subject to a| properly focussed. Opinion differs as to the durability 
sliding scale dependent on the price of a certain quality | of Scotch and water-tube boilers. This is a matter 
of coal. In addition, bonuses and penalties are incurred | which can best be dealt with by discussion, but com- 
for high or low power factors. This is a common form of | parison should, of course, be made between up-to-date 
contract, but it gives opportunities to experienced | examples of each. 
engineers to utilise their power to best advantage and| It may be observed, however, that the water-tube 
boiler is one having a definite mode of circulation with 


obtain the cheapest rate. i 

no appreciable temperature difference existing in its 
component pressure parts. It has no stays, and in the 
high-pressure type there are no rivets or caulked 
landings. The pressure parts, including the tubes, are 
of stout scantlings, and if made of good material and 
provided with suitable feed, possess all the elements 
of great durability. With good design and a suitable 
system of forced draught, there are no grounds for 
apprehending trouble or undue deterioration of the 
casings. With injected fuel, the risk of major damage 
| to the boiler tubes is small, as the fuel can be shut off 
immediately if the water is lost. Under the stimulus of 
modern requirements, the design of automatic feed 
water regulators is undergoing changes in the direction 
of closer control and greater reliability, all conducive 











British WATERWORKS ASSOCIATION.—The summer | 
meeting of the British Waterworks Association will be 
held at Portsmouth from July 2 to 5. The works of 
the Portsmouth Waterworks Company at Farlington, 
Havant, and Bedhampton will be inspected. A visit 
will also be paid to the pumping station of the Southamp- | 
ton Corporation at Otterbourne. 


THE British Scrence Guitp.—A public meeting, 
which will deal with developments of British chemical 
manufactures, will be held in the Mansion House, London, 
E.C.2, at 4.30 p.m., on April 24 next. Lord Melchett, 
President of the British Science Guild, will take the chair. 
Among the addresses to be given are, “‘ Fertilisers from 
the Air,” by Sir Frederick Keeble; and ‘ Synthetic 
Drugs,” by Mr. F. H. Carr. Tickets for the meeting 
may be obtained from the office of the Guild, 6, John- 
street, Adelphi, London, W.C. 2. 





* Paper read before the Institution of Naval Archi- 
tects, Thursday, March 21, 1929. 
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to ease and safety of operation. The heat transmission 
rates in mercantile water-tube boilers are low by com- 
parison with naval and power-station practice, and 
there is no reason why the life of the fire rows of tubes 
should not extend to ten years or longer. The brushing 
of the interior of the tubes, where scale is absent (as | 
it ought to be) is an extremely simple process and can | 
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combustion chambers, and other diieadiaielias are 
considered in their entirety, it cannot be seriously 
considered for higher pressures alongside the modern 
water-tube boiler, particularly for large capacities, 
which, unquestionably, is the direction in which develop- 
ment work must proceed if the economic possibilities 
inherent in steam plant are to be utilised. 
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be effected expeditiously and cheaply. Contrary to the | 
views one often hears expressed, the Scotch boiler is not | 
casy to clean thoroughly, particularly in way of tube | 
necks, tube plates, and combustion chamber back plates, | 
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| Section 4.—The forced-draught arrangements in the 
| Duchess of Bedford and later installations are worthy 


of notice. Each boiler has its own motor-driven forced- 
| draught fan (of very ample capacity), situated along- 


TABLE XVIII.—Comparison or ScotcH AND WaATER-TUBE BOILERS oF SIMILAR CAPACITY. 





Empress of Australia. 


Water-tube-Boiler. 





(Double-ended 8.B. 220-lb. Working (350-lb. Working Pressure. 680 deg. F. 
— | Pressure. 620 deg. F. Temperature. Temperature. Heating Surface, 
| Heating Surface, 6,250 sq. ft. 5,200 sq. ft.) 
Oil Basis.) 

Tons Tons 
Total weight ex water 130 | 73 
Weight of water .. 49} 7 
Working weight 1793 80 
Steel generator a papi ee 95-00 24-50 
Superheater ae 3-00 5-60 
Air heater 5 10-00 
Light steel-work | Smoke-boxes and up-tz - s to base of funnel.' All boiler casings and — to base of funnel 

10-¢ 
Brickwork 1- 50 13. 10 
Mountings 2-50 | 1-00 
Lagging ‘ 4-00 | 2-50 
Furnace fronts 4-00 Included in casings 


130-00 





where space is restricted. The large double-ended 
Scotch boiler, as constructed for pressures of 220 Ib., is a 
credit to the boiler-maker, but the fact remains that 
it is a primitive device for raising steam, and when the 
multitude of stays, large and small, flat surfaces, 
collapsing pressures on furnaces, deformation of 





73-00 





side the boiler at the stokehold platform level. The 
trunking arrangement is therefore simple, and diffi- 
culties of distribution between boilers eliminated. 
The total volume of air required for combustion tra- 
verses the stokehold platforms, resulting in very 
comfortable working conditions. As each boiler is 
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a separate unit with its own uptakes and air heater, it 
may be opened up, if necessary, for attention or 
cleaning on the fire side at sea. In the later and larger 
installations, where the boilers are of 6,000 h.p. and 
8,000 h.p. capacity, each boiler has its own forced- 
draught and induced-draught fan, the latter being 
motor driven and placed above the air heater. These 
boilers will be worked under balanced draught. What- 
ever merits the closed stokehold system may have for 
naval work, it lacks many of the features which the 
foregoing arrangement provides for mercantile purposes. 
With balanced draught there is no tendency for stoke- 
hold air to leak into the furnace, or for the furnace 
gases to leak into the boiler-rooms, the ventilation of 
which may be supplemented according to the nature 
of the climatic conditions under which the vessel is 
to be operated. 

Section 5.—Although great advances have been 
made in condenser tubes, marine engineers will natur- 
ally welcome further security. In view of the com- 
bined efforts now being made by manufacturers and 
designers, there is reason to believe that material 
progress in this direction will be made. In the high- 
pressure installations under review, reserve distilled 
water-tanks are fitted in the wings of the engine room 
at a level above that of the condensers. Their capacity 
is in excess of the internal volume of the condensers, 
and pipe connections are provided to enable the con- 
tents to be discharged into the condensers and pumped 
back again after the water test is completed. This 
operation occupies 30 minutes. There are also con- 
nections to the main hot-well tank with control valves 
at the starting platform, so that the combined capacity 
of the reserve tanks is always readily available in 
emergency. The arrangement is illustrated on Fig. 3. 

Section 6.—The quantity of steam piping in these 
high-pressure steam installations is surprisingly small. 
The adoption of electrically-driven auxiliaries, of course, 
eliminates a great deal in the engine room. The 
maze of piping one is accustomed to see on the tops of 
a battery of Scotch boilers is absent. The total weights 
of steam and exhaust piping in the Empress of Canada 
and Empress of Japan boiler rooms will be 9 tons and 
6 tons, respectively. With large capacity boilers, the 
number of pipes, valves, joints, and fittings is sensibly 
diminished. In vessels with two or more _ boiler 
rooms the major proportion of the boiler power may 
be arranged in the aft compartment, forward and 
adjacent to the engine-room. 

Section 7.—It is not sufficiently appreciated in cer- 
tain quarters how much stress is laid nowadays on 
the elimination of vibration. What was accepted some 
years ago would not be tolerated to-day. New stan- 
dards have arisen, and the requirements of the travel- 
ling public become more exacting daily. Anexamina- 
tion of the claims of various types of propelling plant 
is not complete without considering the effect on seat- 
ings and the hull structure throughout the life of the 
vessel, and the possible expense involved in rectifying 
defects. 

Section 8.—The combination of Diesel and turbo- 
generators referred to in the text has many attractions. 
The use of electrically-driven auxiliaries throughout the 
machinery spaces and the adoption of electricity for 
cooking, added to the growing requirements in the 
matter of lighting, heating and ventilation, constitute 
in the aggregate a very substantial figure. The auxiliary 
Diesel generator is admirably suited for this duty, and 
also permits of boilers being shut down entirely in port 
in all excepting extreme winter conditions. As a vessel 
may be in port 160 days out of the year, a considerable 
saving in fuel is effected. The Diesel generators are, 
however, very costly, and it has been found expedient 
to limit their capacity to the average sea-load. The 
cost of providing adequate reserve with this form of 
plant would be almost prohibitive, but having regard 
to the paramount importance of electrical energy 
being available at all times for propelling auxiliaries, 
steering gear, &c., adequate reserve there must be. 
This can be most cheaply and conveniently provided in 
the form of turbo-generators arranged to work with 
high-pressure superheated steam. These machines are 
relatively light, and take up a modest amount of space, 
so that 100 per cent. standby (on the average load) 
can be suitably provided. At sea the Diesel generators 
may take two-thirds of the load and the steam sets 
one-third. Under manceuvring conditions, or in 
narrow waters, both types of machine are always run 
in order to minimise the risk of failure of current to 
any of the important auxiliaries. The switchboard 
is designed so that essential auxiliaries always receive 
current in preference to the domestic services in the 
event of there being a shortage, due to the stoppage 
of a machine. The use of turbo-generators in associa- 
tion with the turbo feed-pumps during manceuvring 
is helpful in promoting a circulation of steam through 
the superheaters and steam pipes. 

Section 9.—The use of coal and oil for marine pur- 
poses has recently been dealt with by Sir Eustace 





Tennyson d’Eyncourt and others, and very little 





J 


remains to be said on the subject. As a matter of 


general interest, the following tables have been com- 
piled to show the amount and distribution of the known 
ceal and petroleum resources. It is not claimed, of 
course, that these are anything more than indicative 
in a very broad way of the great disparity between the 
world’s coal and oil reserves. 


CoaL. Millions 

of Tons. 

Great Britain 147,000 
United States 3,836,657 
Germany 410,000 
France 19,000 
Belgium ms 20,000 
Austria-Hungary ... 17,000 
Roumania ... 40,000 
Australia 344,000 
Japan 48,000 
China 630,000 
Canada ag 1,234,269 
South Africa 56,200 


India 
6,802,126 

Millions 

of Barrels. 


Total ‘ i 
PETROLEUM. 





United States 7,000 
Canada 995 
Mexico e. 4,525 
N. and S. Africa 9,280 
Algeria and Egypt ie 925 
Persia and Mesopotamia ... 5,820 
S.E. Russia os a 5,830 
Roumania and Galicia 1,135 
N. Russia and Saghalien ... 925 
Japan and Formosa : 1,235 
China ie oo 1,375 
India 995 
E. Indies 3,015 
Total 43,055 = 


6,900 million tons. 
On the basis of the foregoing comparison, there would 


appear to be something about one thousand times 


more coal by weight than oil. Moreover, according 


to the United States Geological Bureau, only 33 per 


cent. of the petroleum is available as heavy fuel, the 
balance being disposed of in more lucrative markets. 

There can be little doubt that for large high-speed 
passenger ships the only fuel to be entertained at 
present is oil. In the case of cargo ships considerations 
of cleanliness, speed of bunkering, &c., are not para- 
mount, but the cost of fuel is. 

The distribution of coal and oil and the correspond- 
ing prices at world ports are matters of considerable 
importance. An examination of the case of the cargo 
steamer referred to in the paper may profitably be 
extended, with particular reference to the burning of 
boiler oil or coal. On most of the trade routes, a steam- 
ing radius of 10,000 miles will span cheap zones of coal 
or oil. In order to illustrate the significance of this, 
the daily consumption for a vessel of this type is given 
in the following table, and the prevailing market rates 
at the principal ports are shown in Fig. 4 on the 
previous page. 

Twin-Screw Cargo Vessel, 7,000 S.H.P. (15 knots). 


High-pressure 





Steam. 
_ Diesel. 
Boiler | 
Oil. | Coal. 
| Tons. Tons. | Tons. 
Daily consumption.. ..  ../ 31:6 | 47-5 | 71-0 
Bunkers for 10,000 miles, plus 2 | | 
day’s reserve—total 30 days 950 1,420 | 2,130 
Machinery, bunkers and feed-water | 2,350 | 2,620 | 3,330 


Using these consumption rates, one may readily | 


compute the relative fuel costs on any of the well- 
known services. To be free to utilise coal or oil, which- 
ever is cheapest, at any stage of a voyage will, it is 
submitted, enable the voyage to be made on the 
lowest possible expenditure for fuel. 








THe INstTITuTION OF ELecrRicAL ENGINEERS.—At | 
the invitation of the Société Frangaise des Electriciens, 
the summer meeting of the Institution of Electrical 
Engineers will, this year, be held in France. The 
members will leave London for Paris on June 11 next, 
and the following four days, from June 12 to 15, will be | 
spent on visits to various power stations and electrical 
installations in the Paris neighbourhood, including the 
wireless station at Sainte-Assise, and the Carnot central 
automatic telephone exchange. On June 16, the mem- 
bers will leave Paris for Bordeaux and the Pyrenees, 
and among the hydro-electric works to be visited are 
the Eguzon, Hourat, Soulom and Gavarnie plants. 
Pau, Eaux-Bonnes, Lourdes, Toulouse and Carcassonne 
will also be visited. The Paris-Orleans and Midi Railways 
have generou 'y d to provide railway transport, 
from Paris to Bordeaux and the South, for the members 
and their friends, free of charge. In addition, the 
Nord Railway is allowing the party between Calais or 


Boulogne and Paris to travel at half the usual fares, 
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| PREVENTION OF COAL-DUST 
EXPLOSIONS BY MUD. 

WHEN it was recognised that mine explosions owed 
their violence and wide extent largely to the presence 
| of coal dust, successful attempts were made to stop the 
| advance of an explosive wave, first by keeping the coal 
| dust damp, and then by covering it with incombustible 
|rock dust. In recent years, a combination of the two 
| methods has been tried, chiefly in the Western United 
| States, by applying mud to the galleries and faces. 
|The miners naturally disliked working in mud and in 
| atmospheres charged with moisture or with dry dust, 
and the engineers soon discovered that any such 
treatment had to be far more general and thorough 
than the first experiments, made in simple galleries, 
indicated. The treatment, however, undoubtedly 
affords some protection, and experiments on the most 
efficient methods are being continued. The United 
States Bureau of Mines has come to the conclusion, 
also arrived at elsewhere, that the use of water is to 
be encouraged, but that dependence upon it to prevent 
widespread explosions is futile. Rock dust, in general, is 
more effective. The new Circular, No. 6099, on Muditing 
in Coal Mines, by D. Harrington and F. E. Cash, deals 
particularly with the mud treatment. 

Coal-dust clouds, it has been found, may still ignite 
when they contain 12 per cent of moisture, and will 
propagate a flame when containing 20 per cent. of 
moisture. Incombustible rock dust will render coal dust 
inexplosive if present in the proportion of at least 
65 per cent.; rock dust barriers, however, are not 
sufficient. All roofs, timbers, floors, shafts, entries, 
air courses, cross cuts and pillars should be dusted, and 
parallel entries also. This means that parts temporarily, 
or permanently, abandoned also require dust protection. 
The conditions of the mudite treatment are similar. 
Mudite is a mixture of water with shale, soil, or other 
incombustible matter. The most commonly used 
material is the shale associated with the coal beds, 
and locally known in Colorado, Utah and New Mexico, 
where the mudite process has been tried, as adobe or 
clay. The mud is applied by means of a “gun” 
similar to that used for applying cement mortar, the 
water being mixed with the shale in the nozzle. The 
mixing may also be effected in separate chambers, 
and the mud applied from wagons; electric pumps 
and spraying hoses are also used. Up to three gallons 
of water are added to 100 lb. of shale; the less water 
used, the less likely the mud is to harden, and the 
more likely it is to form dry dust which would stop 
the explosion wave. The drying of the mud in the 
mine always takes some weeks. One company, using 
a locomotive and four men, has applied one ton of mud 
per hour, but reports on this point, and also with regard 
to costs, differ greatly. The cost of applying mudite 


at 1-5 cents. or 2 cents. per square foot. 

Muditing is generally applicable only in the entries, 
or near the entries, of workings having a track and 
| power lines. It is not readily applicable to rooms, in 
| operation or abandoned, or to pillar workings. A double 
coating of mud is sometimes advantageous. The floor 
of 'mudited haulage ways should be treated separately 
| with water or dry dust, but cessation of the watering 
| for a few days may lead to dangerous conditions. 
When the floor consists of incombustible material, 
| careful sweeping may be sufficient, and when mud is 
= on the roof, ribs and timber, the floor should 
| 
| 





be kept covered with adobe or rock dust. The general 
conclusion drawn is that, although muditing of haulage 
ways which act also as intake airways is more depend- 
able than watering, rock dusting will, in the long run, 
be found more dependable and less expensive. 








HeatinG AND DoMEsTic ENGINEERS’ INDUSTRIAL 
| Councit.—The Heating and Domestic Engineers’ 
| National Joint Industrial Council is composed equally 
| of representatives appointed by the National Association 
|of Heating, Ventilating and Domestic Engineering 
| Employers, and representatives of the National Union 
|of Operative Heating and Domestic Engineers, and 
General Metal Workers, and it is recognised by the 
| Ministry of Labour as the authority for the industry. 


to roofs and ribs, in layers of 1 in. or less, is estimated | 











[APRIL 5, 1929. 








CATALOGUES. 


Springs.—A_ leaf catalogue dealing especially with 
laminated springs for wagons is to hand from Messrs. 
Samuel Osborn and Company, Limited, Sheffield. 

Electrical Appliances.—Two catalogues to hand from 
Messrs. Siemens Brothers and Company, Limited, 
Woolwich, London, S.E.18, deal, respectively, with 
thermo-electric pyrometers, and tee and service boxes. 
Dimensions and technical information are given. 


Electric Furnaces.—A new catalogue from Messrs. The 
Electric Furnace Company, Limited, 17, Victoria-street, 
London, S8.W.1, describes four types of electric furnaces 
and gives brief particulars of the output and the purposes 
for which each is specially designed. 


Engines—We have received from Messrs. Trost 
Brothers, 104, Victoria-street, London, S.W.1, a catalogue 
giving further descriptions of the engines made by the 
Junkers firm of Dessau, Germany, as applied to aircraft, 
commercial road vehicles and pumping stations. 

Marine Oil Engines.—Messrs. Norris, Henty and 
Gardners, Limited, Patricroft, Manchester, have issued 
a new catalogue of “J” type heavy-oil engines for 
marine propulsion, developing from 36 to 300 b.h.p. 
These engines are of the two-cycle type, with airless fuel 
injection. 

Conveyor Belts.—Practical data on conveyor belts are 
presented in the catalogue issued by Messrs. Ira Stephens, 
Limited, Ashton-under-Lyne, who make these belts, 
and the compilation shows that the firm has studied the 
weak points developed in operation and provided the 
necessary improvements. 


Mill Work.—We have received the latest issue of the 
quarterly ‘“‘ News” published by the Demag Company, 
Duisburg, Germany, containing descriptions of their 
improvements in crab winches, small-section rolling mills, 
pneumatic power plants, shaking chutes, pump gears, 
&c. Itis printed in English. 

Rudders.—Mr. V. J. Martin, 28, Westbourne-road, 
West Kirby, Wirral, Cheshire, has sent us two circulars, 
describing his recent inventions relating to a control 
gear for Flettner or similar rudders, and to means for 
enabling such rudders to be lifted through the counter 
or hull for repairs without dry docking or end-ballasting 
the vessel. 

Marine Oil Engines.—Messrs. Sulzer Brothers, 31, 
Bedford-square, London, W.C.1, have issued a descrip- 
tion of the motor yacht Nourmahal, built by Messrs. 
Krupps and engined by Messrs. Sulzer Brothers for 
Mr. Vincent Astor. The yacht is of 2,000 gross tons 
and is fitted with engines of 3,200 b.h.p., capable of 
giving her a speed of 15} knots. 


Power Transmission.—A well-arranged catalogue of 
shafting, bearings, couplings, pulleys, clutches, &c., is 
to hand from Messrs. The Unbreakable Pulley and Mill 
Gearing Company, Limited, Boundary-street, West 
Gorton, Manchester. Useful tables are included giving 
the transmitting powers of shafts, belts and ropes, and 
other kindred information, and prices are stated 
generally. 

Motor Road Vehicles—We have received several 
catalogues from the Latil Industrial Vehicles, Limited, 
Stevenage-road, Fulham, London, 8.W.6, giving specifi- 
cations for a 30-35-cwt. chassis suitable for van bodies, 
a 50-ewt. lorry, a lorry to carry 5 tons and haul 5 tons, 
a 5-ton tractor, and an agricultural and forestry tractor. 
In all cases four-cylinder petrol engines are used for the 
motive power. 

Coal-Mining Machinery.—Messrs. Mavor and Coulson, 
Limited, 47, Broad-street, Mile End, Glasgow, have 
issued a catalogue of a new operating gear for belt 
conveyors working at the coal face, using electric motors 
or compressed-air turbines for driving. The details are 
interesting, in that they indicate the difficulties imposed 
by the conditions encountered on what would otherwise 
be a simple engineering task. 

Six-Wheeled Steam Wagons.—An excellent description 
of their six-wheeled steam-driven road wagon appears in 
a catalogue issued by Messrs. Richard Garrett and Sons, 
Limited, Aldwych House, London, W.C.2, who are 
producing many of these wagons, as well as four-wheeled 
wagons, at their works in Leiston, Suffolk. Figures of 
cost and earning capacity given show that the six-wheeled 
wagon carries practically double the load of the four- 
wheeled wagon at the same wages cost and at only a 
slightly higher fuel cost. 

Machine Tools.—A semi-automatic lathe for form 
turning and facing, made by Messrs. B.S.A. Tools, 
Limited, Sparkbrook, Birmingham, is described in a 
catalogue received from the firm, particulars of the tool 
rrangements being given and examples of the work 











| work has been prepared and published as an official | 


heared a negate ‘ 
A schedule of operative heating and domestic engineers mens being shown. The machine takes work up to 


| 8 in, in diameter and has a saddle traverse of 10 in, and 
| a cross-slide feed of 1} in. It is suitable for the produc- 
| tion of pistons, short shafts, &c., and is semi-automatic 
InDEx To BarimsH STANDARD SPECIFICATIONS | to the extent that three or more lathes can be operated 
The 1929 edition of the Indexed List of British Standard by one _— on average —- ' . 

Specifications and Reports has recently been issued. |. Locomotives, Steam Engines, d:c.—The Berliner _—— 
The list constitutes a complete subject index of the | inenbau-A.G., Berlin (formerly the firm of Schwartzkop H 
specifications, some of which include provisions for | have sent us a copy of a history of 2 


and authoritative guide. The address of the secretary 
of the Council is 22, Broadway, London, S8.W.1. 


several articles or materials; a numerical list of the | descriptions of its works and products, is' 
specifications is also included. 
some 350 British Standard Specifications are now avail- 
|able, the index will prove of very great value to firms 
|in the engineering and allied industries. The list covers 
| 33 pages and may be obtained from the British Engineer- 
|ing Standards Association, Publications Department, 
| 28, Victoria-street, London, S.W.1, price ls. 2d., post 
| free. 


In view of the fact that | tion of the 75th year of its activities. 


The book is in 


English, handsomely printed and bound, with numerous 
illustrations, and extends to 240 quarto pages. . The 
products include steam engines, air compressors, printing 
machinery, and glass-bottle making machinery on a large 
scale, but the main interest centres in the locomotives. 
The publication forms an interesting record of the pro- 
gress of one of the large engineering firms of the world 
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UNDERGROUND COMMUNICATION | considerable number of experiments, and a good deal | 


THROUGH EARTH STRATA. 


In mine disasters, whether these be caused by | 
explosions of firedamp or coal dust, fire, or flooding | 
of the workings, it is rarely that all the men under- | 
ground are killed outright. Usually the disaster | 
is limited to a certain zone, and workers in other 
parts of the mine have an opportunity to escape. 
In the case of explosions, however, the survivors are 
threatened with two great dangers, viz., renewed 
explosions and the deadly afterdamp (carbon 
monoxide). In any case, it frequently happens 
that the survivors of a disaster are cut off from 
escape, whether through falls of ground, fire, or 
the presence of afterdamp. They thus become | 
dependent upon outside help. Unfortunately, the | 
work of rescue parties is greatly handicapped, in | 
most cases, because they are unable to communicate 
with the imprisoned men. Telephones and other | 
usual means of communication between surface and | 
underground are nearly always destroyed or put out | 
of use as a result of the disaster. Hence those on | 
the surface have no means of knowing how many | 
men have survived, or, what is of vital importance, 
in what portion of the workings they may be. In 
large mines, where the workings are vast and com- 
plicated, much time, which may mean the difference 
between saving lives and arriving too late, is thus 
lost by having to search blindly for the imprisoned 
men. If communication were possible, the rescue 
party could proceed direct to the correct spot, 
prepared to find a certain number of men and 
provided accordingly with exactly the required 
supplies, such as oxygen apparatus, stretchers for 
the injured, medical supplies, and so forth. To the 
above may be added the encouragement which could 
be given to the entombed men, and the relief which 
the possibility of communication would provide to 
relatives and friends on the surface. 

Viewed from the humanitarian aspect, the problem 
is one of importance, whilst, from the technical point 
of view, it is not less interesting because of the 
difficulties which its solution involves. Mines vary 
in almost every characteristic which is likely to 
affect the problem, such, for example, as in size, 
depth, strata overlying the workings, which may be 
water bearing, and of various composition (alternat- 
ing beds of shale, limestone, &c.), or may be broken 
up by old workings. Again miners may beimprisoned 
in almost any portion of an extensive area, so that 
to be of practical utility apparatus for signalling 
must obviously be portable and therefore light, 
robust, and as simple as possible. It should be such 
that any man can comprehend and manipulate it 
without special training, and clearly, under these 
conditions, it is desirable that it should be inex- 
pensive. 

Notwithstanding the obvious difficulties involved, 
a large number of experiments have been under- 
taken by the United States Bureau of Mines to 
ascertain the best practical means of making com- 
munication possible between miners entombed by 
a disaster and persons on the surface. These in- 
vestigations embrace various phases of the prob- 
lem and cover a period of about six years.* It 
should be here remarked that a large proportion 
of the bituminous-coal mines in America are com- 
paratively shallow, so that a system of signalling 
which would penetrate 400 feet of overlying strata, 
whilst not providing a general solution, would 
nevertheless be of practical utility to a large number 
of American collieries. Moreover, although verbal 
communication in both directions would be pre- 
ferable, no method which appears to offer possi- 
bilities should be ignored. 

In view of the phenomenal development of wireless 
technique during the last few years, it is not surpris- 
ing that this should have been suggested as the 
most practicable method of communicating through 
the earth’s strata. Although attempts to send 











wireless signals through the sea, to any consider- 
able depth, had failed, it was considered that on 
greater resistance of earth strata would enable | 
sufficient penetration to be obtained for the purpose | 
required. Consequently, the Bureau undertook a | 
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of apparatus was made for the purpose. Most of 
the tests were carried out at the Bureau’s experi- 
mental mine at Brucetown, Pennsylvania, the first 
series being made in the summer of 1922 in co-opera- 
tion with the Westinghouse Electric Company 
using frequencies in the broadcasting band. At a 
much later date, further field experiments were 
made at the mine by the Bureau’s engineers with 
both broadcasting frequencies and long waves. 
In the preliminary tests, it was established that 
wireless signals were conducted through power lines 
and boreholes, although there was evidence of 
direct transmission through 70 ft. of overburden. 
Vertical antennz were found to give better results 
than loop antenne which, however, although poor, 
were better than horizonal antenne. 

The fall in energy in transmitting through rooms 
and pillars was very marked. Deflections of the 
milliammeter measuring the signal strength dwindled 
rapidly from 0-80 after transmission through one 
pillar to 0-03 after the fifth and to nil after the sixth 
pillar. In later experiments with short-wave trans- 
mission, vertical antenne were found to be about the 
best collectors underground. The loop type is im- 
practicable, because it cannot conveniently be made 
sufficiently large. The signals faded as the receiving 
set was moved into the mine about 150 ft, the mine 
cover being about 40 ft. at that point. A super- 
heterodyne set enabled signals to be received about 
700 ft. to 800 ft. along the main entry at a point 
where the overburden was about 100 ft. thick. In 
the second series of tests it was found that, even in 
the entry with no intervening pillars, signals weak- 
ened rapidly as compared with surface conditions. 
The shorter waves were weakened much more under- 
ground, but under surface conditions the shorter 
waves were received with greater strength. The 
signals from the long-wave station appeared to 
weaken less rapidly than those from the short-wave 
station, but the difference was not sufficient to 
warrant the use of long waves. 

Experiments were also made with the so-called 
‘“‘ wired wireless,” which is often used in ordinary 
telegraph circuits to increase their capacity. It was 
thought that the signals might travel along exist- 
ing pipe lines, rails, or wires, in which, although 
interrupted or broken, the gaps could be bridged 
by the current if suitable sending and receiving 
apparatus were employed. These experiments, 
however, gave even less satisfactory results than 
direct wireless. The greatest distance over a track 
at which signals could be heard was only 600 ft. 
Thus, although it was demonstrated that wireless 
signals could be made to penetrate the earth to 
depths which vary very considerably, and depend 
inversely on the conductivity of the overburden, 
the experiments have shown conclusively that it 
is unsuitable for underground communication, for 
the reason that the apparatus at present available 
is far too bulky and intricate for use under the 
conditions now under discussion—even for one way 
communication. For transmission from under- 
ground, the equipment necessary would be practi- 
cally impossible to use under mine-rescue conditions. 
As already mentioned, wired wireless is even more 
unsatisfactory, and requires equipment which is 
more bulky and intricate than is necessary for 
direct wireless, and is inferior in all respects to the 
ordinary mine telephone. 

Ground conduction or yround telegraphy, which 
is well known in military parlance as “ T.P.S.” 
(télégraphie par sol), was extensively employed by 
the Allies during the war. The apparatus consists 
essentially of induction-coil and ground connections 
operated by a battery as the transmitter, and 
headphones with similar ground connections as the 
receiver. No metallic connections between sending 
and receiving stations are necessary, but T.P.S. 
differs from wireless in that the electrical energy 
is conducted through the ground at low frequency 
instead of through the ether at high frequency ; 
the frequency employed in T.P.S. is 500 to 1,800 
eycles per second. 

In the ordinary use of T.P.S. the terminals of 
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should, under favourable conditions, easily be trans- 
mitted within a mile radius. The receiver may 
be regarded as a voltmeter having two earthed 
terminals approximately parallel to those of the 
transmitter. If the receiver is set up within the 
range of the conducting area, it will register the 
drop along the lines of current flow between its two 
terminals. When the terminals are farther apart, 
the drop will be greater, and when the receiving 
terminals are close to the transmitter the drop 
along the line of current conduction will be greater. 
If the receiver terminals are spaced wide apart, 
the current conduction remaining constant, the 
drop between the terminals will increase, with a 
corresponding increase in signal strength. 

In surface signalling, the distance between the 
sending and receiving stations should not be more 
than four times the distance between the earthed 
terminals. For vertical signalling through the earth, 
the ratio should not be more than 1 : 1, 7.¢., the same 
distance between terminals as there is depth of 
strata—since most of the current flow remains, 
apparently, within a few feet of the earth’s surface. 

Much experimental work was carried out by the 
Bureau with the T.P.S. system of signalling, includ- 
ing surface, underground and special tests. It was 
found, however, that, for underground use, a modi- 
fied method in which rails and combinations of track 
and earth connections were employed gave better 
results than straight T.P.S., which, owing to the 
slight penetration of the earth by the current flow, 
is essentially a surface method of communication. 
Even with the modified method, however, it was 
found that the power required was too great, and the 
range too limited and too variable to be practical. 

In the course of experimental work with the 
T.P.S. apparatus, the suggestion arose to connect 
a source of electrical potential vertically across 
the coal seam. Since coal has a comparatively 
high resistance, it was thought that if one terminal 
were connected to a point above the coal seam, 
and the other to a point between the coal and the 
mine floor, such as the rock bottom, mine rail, or 
sump, the paths of current flow might spread out 
sufficiently for some of them to reach the surface 
to be picked up there by a telephone receiver con- 
nected to suitably placed earths. 

The experiments were accordingly made with a 
Signal Corps (U.S. Army) buzzer, and the results 
were so encouraging that further tests were made 
with voice-modulated currents instead of the 
buzzer. It was estimated that this method gave 
signals about five hundred times as strong as those 
with T.P.S. Two-way transmission and reception 
was obtained between the mine and the surface, 
using ordinary mine telephones equipped with two 
dry cells at a distance of 1,730 ft. from the shafts 
through an overburden of 400 ft. On making 
tests at a point 770 ft. farther in the mine, where 
the overburden was slightly more than at the first 
station, the signals obtained were only about half 
as strong, despite the fact that much more power 
was used. The reason for this decrease in strength 
was, however, not ascertained. The roof-to-rail 
method is dependent on the leakage from the 
common conductor—rail or mine floor—to the two 
earth connections, and is, therefore, somewhat 
wasteful of energy. It is, however, only for emer- 
gency use, and the leakage from the track should 
be decreased by special means which are indicated 
in the tests. Atthe surface, comparatively simple 
apparatus could be employed to amplify the signals 
received, so that the ordinary mine telephone would 
suffice for the underground equipment. 
| It will be seen, therefore, that the above method 
| —roof-to-rail telephone—promises a solution to half 
of the problem, viz., the transmission of signals 
from the surface into the mine. For signalling 
from the mine under conditions such as may be 
presumed to follow a disaster, the U.S. Bureau of 
Mines suggests as a result of their experiments, the 
employment of an entirely different method from 
|any of the foregoing. As the authors of Technical 
| Paper 433 remark, no investigation into the question 





| of underground communication would be complete 
- - —- | the induction coil are earthed by iron pegs driven | without a careful survey of the possibilities of the 
* Experiments in Underground Communication through | into the ground 50 ft. to 1,000 ft. apart, according | geophone. 


The geophone was invented during the 
French scientists, and was widely used by 
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| 


and by the Allied Armies for detecting enemy | 


mining operations. Since then it has been de- 
veloped and improved by American Army engi- 
neers and by the Bureau of Mines. The geophone 
may be described as a miniature seismograph, and 
although its application is limited, it has the 
advantages of extreme simplicity both in construc- 
tion and use. It consists essentially, in its present 
form. of a lead weight in the form of a disc suspended 


between two disc diaphragms, which are clamped | 


to a cast-iron ring by top and bottom covers. 
A rubber tube, connecting with ear pieces, fits on 
to a projection on the top cover, and the case is 
formed by the cast-iron ring and the two covers. 
If the geophone is placed on the ground, say on the 
rock floor of a room in a coal mine, while picking 
or hammering is taking place somewhere in the 
vicinity, the casing of the geophone will be shaken 
by wave motions of the rock. The lead weight, how- 
ever, owing to its mass and manner of suspension, 
will not be appreciably affected by the vibration. 


Hence there will be relative motion set up between | 


the lead weight and the casing, and, as a result, the 
air between the top cover and the top disc will be 
alternately compressed and rarefied. As the rubber 
tube leading to the ear is connected with this air 
space, the difference of air pressure in the space is 
conveyed to the eardrum. Hence the geophone 
converts the earth waves made by hammering on 
the rock into an air wave which is heard in the ear 
as sound, and, at the same time, magnifies the 


_ (For Description, see opposite Page.) 
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waves so that the sound is louder than it would be 
if the ears were in direct contact with the rock 
floor. 

Tests were made in the use of the geophone, in 
detecting sound through metallic conductors such 
as rails, pipes, &c., and in detecting sound made by 
various implements used in mining through various 
strata, including earth, clay, coal, rock, &c. 
were also made to determine sensitive material for 
diaphragms, but in most of the experiments, which 
were made at the Bureau’s experimental mine, 
mica diaphragms were used. The conclusions 


| arrived at may be summarised briefly as follows :— 


direction of sound, two geophones are required, 


The instrument should be placed directly on the | 


natural medium, 7.e., earth, coal, or rock, since 
it was found that the use of wooden stakes driven 


into the ground did not improve sensitiveness. | 


A good contact should be obtained by placing it on | 
a clean, smooth surface. Holding the instrument in | 
the hands is not recommended. In determining 
one being connected to each ear. It was found that | 
buried rails or pipes are very poor conductors of 
sound, but they give better results when supported 
or suspended away from the ground. 

Nickel diaphragms gave very good results, but 
only a few tests were made with these diaphragms | 
owing to the limited number available. It was | 
estimated that, with nickel diaphragms, it would | 


| be possible to detect the sound of blows struck | 


with a sledge hammer through rock for 3,000 ft., | 


Tests | 


| allowing more readily of their classification. 
| working at a depth of over 300 ft. could be clearly 
| heard, and it was possible to determine the number 
of trams that were being drawn by a pony by 


BEING SUNK. 


| through coal for 2,000 ft., through clay, 400 ft., 
| or through 550 ft. of mine cover. Blows produced 
| with other implements would be heard at distances 
| proportionate to the intensity of the blow; thus, 
| with a copper tipped tamping bar, the figures through 
the above mediums would be 2,400, 1,600, 320 and 
440 ft., respectively. Using a piece of rock 10 Ib. in 
weight to strike the blows, the distances would be 
2,625, 1,750, 350 and 480 ft., respectively. The 
estimated distance of 550 ft. through mine cover 
was checked by actual tests in coal mines in 
Western Pennsylvania, with shale, slate and sand- 


| stone cover. 


In this country, experiments were conducted by 
Mr. W. E. T. Hartly, H.M. Senior Inspector of Mines, 
in which tests with a geophone, which was not of the 
American type, were made in a gypsum mine and 
in two collieries. Another series of tests was made 
to compare the Bureau of Mines geophone with 
the type used by the British Army. The American 


| geophone was declared to be the better of the 


two, being more sensitive to faint sounds and 
Men 


counting the wheels as they passed over some points. 
It is thought that with the use of electrical sound 
amplifiers, it may be found possible further to 
increase the range of the geophone. 

It is seen then that, although the geophone is 
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not able to pick up vocal vibrations and in this 
respect is inferior to the telephone, nevertheless owing 
to its simplicity it has undeniable advantages. No 
equipment is necessary for transmitting signals, 
any implement with which a blow can be struck— 
even a piece of rock—will serve for this purpose. 
For sending messages into the mine by the “ roof 
to rail” system of telephony an ordinary micro- 
phone transmitter is used, with or without ampli- 
fication. The receiver is exceedingly simple, con- 
sisting merely of a watchcase-type telephone 
receiver, and the wiring inside the mine extends 
only from the roof to the rail or floor. It is sug- 
gested that such receivers could form part of the 
miners’ first-aid equipment. On the surface this 
system requires an insulated line from the nearest 
available connection to the track or mine floor to a 
point within a radius of about 500 ft. over the place 
in the mine where the underground station is 
located, but since this line is situated on the 
surface it presents no difficulty. 

With this combination of methods it would be 
possible for the entombed miners to receive verbal 
messages, to which they could reply by code signals, 
and the latter would be heard on the surface by means 
of the geophone. Although restricted, this should 
be sufficient for rescue purposes, and is obviously 


far superior to a system depending upon code| 


signals in both directions. Both methods, however, 
require further development, but the present posi- 
tion is that the geophone has been developed to 
penetrate a depth of 550 ft. without amplification, 
whereas the limited number of tests with the roof-to- 
rail telephone method have demonstrated the pos- 
sibility of penetrating over 430 ft. of cover at a 
distance of 1,700 ft. from the shaft without ampli- 
fication. 








BritisH STANDARD SPECIFICATION FOR TURBINE BLAD- 
Inc.—The British Engineering Standards Association 
has recently issued a standard specification for phosphor 
bronze turbine blading. The requirements specified 
include the chemical composition of the phosphor- 
bronze, the method of selecting bars for the preparation 
of test pieces, the form of the test pieces, and the 
mechanical tests to be complied with. The dimensions 
of the bars are not standardised. Copies of the specifi- 
cation, which is designated No. 352/1929, may be ob- 
tained from the B.E.S.A. Publications Department 
28, Victoria-street, London, S.W.1, price 2s. 2d. post 
free. 
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| PNEUMATIC CAISSON FOUNDATIONS 
| OF THE “ EVENING POST ’’ BUILDING, 
| NEW YORK. 


By Frank W. Sxinyer, M.Am.Soc.C.E. 


In a recent article (page 317, ante), we dealt with 
some of the foundation problems met with in New 
York, and described the retaining wall caisson type 
of work adopted in the case of the Barclay-Vesey 
Telephone Building. We now deal with another 
type of pneumatic caisson work. 

When pneumatic caisson foundations were first 
used for foundations in New York, they were 
made with steel plates and angles assembled on the 
job. Later, they were built wholly of timber, the 
cylindrical type being often made with vertical 
staves bolted to inside angle-iron rings. Subsequently 
caissons and working chambers were made al- 
together of reinforced concrete, usually built in 
successive sections above ground, the forms being 
stripped before the caissons descended. Often 
permanent coflerdams were built on the top of the 
working chambers, and served also as forms for the 
concrete, remaining in position after the work was 
finished. Among recent pneumatic caisson jobs 
in New York, some of the previously discarded 
methods have been revived and modified in order 
to meet advantageously special conditions and 
requirements. 

About 2,000 ft. distant from the Telephone Building 
previously described, and also located on made 
| ground beyond the orizinal shore line of the Hudson 
| River, a 133-ft. by 176-ft. 16-storey office building 
\has heen built, accommodating, in addition to 
| offices, the business, editorial and printing rooms 
| of the New York Hvening Post. As this building was 
| bounded on three sides by streets and on the 
|fourth by an existing building, the available 
| working and storage space, although somewhat 
increased by a small vacant lot that was rented 
close to the adjacent building, was very much limited. 
As time was a matter of great moment in the con- 
tract, every effort was made to expedite the work, and 
the methods and equipment used in this case were 
adapted to the greatest speed of operation, regard- 
less of first cost. The substructure was built by the 
Underpinning and Foundation Company. To 
|reduce to the utmost the obstruction of the site, 
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eliminate all unnecessary work there, and to 
ensure the earliest commencement and most rapid 
execution of the caisson-sinking, the working 
chambers of all the pneumatic caissons and parts of 
the superposed cofferdams, which also served as 
concrete forms, were constructed of steel, being made 
at a distant shipbuilding plant. These parts were 
left permanently in the ground. The entire caissons 
and large sections of the cylindrical cofferdams were 
delivered complete by road, and quickly set in 
exact position by derricks which commanded the 
entire area, handled all materials, plant and equip- 
ment, assembled the cofferdam sections and air 
locks, and enabled the work of sinking to begin 
very soon after the delivery of any caisson. 

The soil at the site consisted of fill, mud and quick- 
sand overlying a hardpan stratum nearly 50-ft. 
below the surface and obstructed by several lines 
of old timber cribs filled with rock, old foundations, 
many wooden piles and large quantities of boulders, 
all below water level, which was only a short distance 
below the surface. These conditions made excava- 
tion very difficult. 3 

The 86 foundation piers, the location of which is 
indicated in Fig. 2, were carried down to a depth of 
at least 1 ft. below the surface of the hardpan or 
as much further as was necessary to provide for a 
working load of 10 tons per square feet. In some 
cases this required the belling out of the bottom 
of the excavation to a larger diameter below the 
cutting edge, and in other cases involved carrying 
the excavation through 10 ft. of hardpan and beyond 
it to a bearing on the surface of the rock below. 

All of the caissons themselves were 8 ft. 1 in. 
in height, with a working chamber 6 ft. 9 in. high. 
They were built of 3-in. and ¥-in. plates with all 
joints thoroughly caulked. The 21 rectangular 
caissons were from 5 ft. to 16 ft. square, with a 
cutting edge formed of a 12-in. vertical plate and 
a 6 in. by 8 in. angle and with heavy angle knee- 
braces for the roof. The vertical sides of all caissons 
were carried up to or above the bottom of the general 
excavation by permanent cofferdams. For the 
circular caissons these, as implied above, were of 
steel plate, but for the rectangular caissons were 
made with large panels of vertical tongue and groove 
planks 14 ft. and 16 ft. long, bolted to inside hori- 
zontal angles connected at the corners with gusset 
plates. One of these is shown being built up in 
Fig. 3 on page 448. 

The circular caissons, of which there were 45, from 
5 ft. to 11 ft. in diameter, had steel cofferdams 
extending to the surface made in 14 and 16-ft. 
lengths bolted together through inside horizontal 
flange angles. 

The site was excavated to a depth of about 9 ft. 
below street level by steam shovels which removed 
2,500 cubic yards of old foundations, debris and earth. 
This was carted from the site by 5-ton motor lorries 
which hauled it to the dump a mile distant. Working 
platforms with a capacity of 200 Ib. per square foot 
and 18 ft. and 24 ft. wide, were built completely 
round the three sides of the site bounded by strects, 
and on these were installed the necessary offices, 
They also furnished plenty of room for storage and 
supplies. Four wooden towers about 7 ft. square 
and 16. ft. high were erected in different parts of the 
yard and on these, arranged to command the 
entire area, four stiff-leg derricks were installed with 
50-ft. and 60-ft. booms. These were operated by 
double-drum electrically-driven hoisting and slewing 
engines. A pipe shop, smith shop, air compressors, 
men’s quarters, and a hospital lock were installed 
on the adjacent lot, leaving the entire building 
area unobstructed for caisson sinking. 

The caissons, shown being sunk in Fig. 1, were 
dealt with in eleven different groups, arranged for 
successive operation, in order to avoid too much 
crowding or interference. They were carried down 
as far as possible, sometimes 20 ft., by open excava- 
tion and pumping before the air locks were attached 
and pressure maintained. Seven locks were pro- 
vided. Working platforms 10 ft. square were 
built at air-lock level, as shown in Fig. 4, and men 
on these stages handled small cylindrical buckets 
in which the spoil was hoisted through the air shafts. 
Under favourable circumstances, the caissons were 
sunk 40 ft. to the hardpan stratum in about 60 
working hours, although at times the progress 
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was greatly retarded by the obstructions 
encountered, which included very heavy 
timbers which had to be cut through. A 
great number of wooden piles 20 ft. by 30 ft. 
long were met with; many of these were 
loosened by hydraulic jets and pulled by 
tackle in advance of the caisson sinking. 
Boulders were drilled with jack-hammers 
and blasted. Long pieces of 20 in. by 20 in. 
timber were cut with heavy chisels and axes. 

As many as five piers were sunk simul- 
taneously, and the whole number, aggregating 
about 4,500 vertical linear feet, were sunk in 
100 working days, establishing a record and 
earning for the contractor a bonus for extra 
speed. Sinking was carried on continuously 
by a force of about 100 men in the day 
shift and 50 men in each of the two night 
shifts, all of which were 8 hours long since 
the pneumatic pressure did not exceed 17 Ib. 
The caissons and cofferdams were filled with 
1: 2:4 concrete, about 38,000 cubic yards of 
which were mixed in a l-c. yd. Ransome 
machine and delivered to the caissons in 
l-c. yd. bottom-dump buckets. In the latter 


it was distributed over industrial tracks 
laid in the bottom of the excavation and 
then handled by the derrick booms. Small 


quantities of concrete that could not easily 
be handled by the derricks were mixed in a 
portable petrol-driven mixer. 

Although every precaution was taken to prevent 
draining the surrounding area by the caisson 
excavation, the contractor avoided all possibility 
of risk of settlement of the wall of the nearest 
building by underpinning before the sinking of the 
adjacent caissons, which were almost in contact with 
this wall. Along the face of this wall, the shallow 
footings of which were supported on the sandy soil, 
six 4 ft. by 4 ft. pits were alternately sheeted down 
to a depth of 7 ft. permitting the excavation to be 
then carried under the old footing and sheeted 
down a few feet farther. Short lengths of 15-in. 
steel pipe, set up vertically in each pit, were then 
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driven down their full length by a 100-ton hydraulic 
jack set up against the underside of the old footing, 
as shown in Fig. 5. As fast as each pipe section 
was driven, the jack was removed, another short 
section of pipe was coupled on with an inside sleeve, 
the driving was continued, and so on, until the pipes 
penetrated the hardpan about 40 ft. below. As the 
pipes descended, the interior was excavated by 
30-lb. dwarf Hayward orange-peel buckets with a 
nominal capacity of 100 c. in., weighted by a 
hammer ball and operated by hand. These buckets 
proved to be very convenient and _ efficient, 





and their powerful grip and wide spread of jaws 
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30-Lp Dwarr HaywarpD 
BuCKET. 


enabled them to lift large pieces of stone and timber 
of the full diameter of the pipe. A view of one of 
these buckets is shown in Fig. 6. After the pipe 
had been completely driven and tested with a 
pressure of 80 tons, indicated by the hydraulic 
pump gauge, the interior was thoroughly cleaned 
and filled with concrete. It was then capped just 
below the old footing with two thick steel plates 
between which there were set several pairs of folding 
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steel wedges. The latter were driven up until | section of the tube, V the volume of the bottle 
they carried the full weight of the wall and were | and p the pressure inside the bottle. 
then grouted in position. | Experimenting with air, a value of y = 1-39 was 
|obtained by an observation taking less than a 
minute to make, whilst the best values as deter- 
| mined by the most elaborate apparatus lay between 
| 1-40 and 1-41. . 

The condensation of molecules on a surface had 
proved to bea highly interesting but very complicated 
problem. As he had already mentioned, a molecule 
when it struck a surface did not, in general, rebound 
at once, but stuck for a little time, and then when it 
did come off it did so in a direction which was per- 
fectly random, and in no way correlated with the 
original direction of incidence. 








MOLECULAR MOTIONS IN RAREFIED 
GASES. 


At the Royal Institution on Saturday, March 23, 
Sir Ernest Rutherford, P.R.S., delivered the con- 
cluding lecture of his course on the above subject. 

On the last occasion he had, he said, shown 
experiments which indicated that radiometer effects 
were produced neither at high nor at very low 
pressures, but only when the mean free path of the 
molecule was short compared with the dimensions 
of the radiometer bulb. The phenomena involved 
were, however, very complicated, and had been the | 
object of much study, both theoretical and experi- 
mental. The general result had been to confirm 
Maxwell’s view that an important factor was the 
motion of the gas along the vanes of the instrument. 
Crookes had shown that similar effects might be 
obtained with cathode rays. These when they hit 
the vanes warmed them, and the vanes were then 
repelled as in the radiometer. 

Two types of pump were in use for producing 
high vacua. In the Gaede molecular pump repre- 
sented in Fig. 12, we had a disc moving at a very 
high velocity. The inlet port to the pump was at 
n, and the discharge port at m. Between these the 
casing was cut away, as shown. So long as the 














mean free path of the molecules was small, the ENGINEERING" 
action of the pump depended on the viscous drag 

exerted on the gas by the rapidly moving periphery 

of the disc, but at high vacua viscosity no longer Fia.13 

played a part, since the molecules seldom came into nt. 2 10S Amp. 
collision with each other but only with walls of the 2 Secs. 

passage between m and n. Every molecule which ‘ 

hit the rapidly moving edge of the disc rested 3x10"“Amp. 
there for an instant. When it left again it might cilia 10% Amp._ 
do so in any direction, but, on the whole, there 3 Sees. 

was a tendency for it to move in the direction of 9x10°&Amp. 
the rotation. This being the case, it might be 10°SAmp. 
expected that the pump would be more effective ina in 


the heavier the molecules, since the lighter the 
gas the higher was the average speed of the molecules 
and the less important, relatively speaking, was the 
directional component added to this by the rim of 
the rotating disc. Experiment confirmed this 
conclusion, so that the molecular pump was more | 
effective in dealing with air than with hydrogen. 
The reverse was the case with the diffusion pump, 
in which a stream of mercury vapour was shot past 
an opening leading to the vessel to be evacuated. | 
The gas diffused through this opening and was | 
carried away by the stream of mercury vapour. | 
Since hydrogen diffused more rapidly than heavier | 
gases, this class of pump worked more rapidly with | 
hydrogen than with the heavier gases. | 

With this class of pump it was necessary to resort 
to artificial cooling to prevent the mercury vapour | 
from diffusing into the vessel being evacuated. | 
Recently, however, Mr. Birch, of the Metropolitan | 
Vickers Company, had produced an oil which at | 
ordinary temperatures had a vapour pressure of 


Using this oil for a diffusion | 








bar. 





1 

about 19,000 
pump, no artificial cooling was necessary, and a/| 
vacuum so high, that a discharge would not pass in | 
it, could be produced in a few seconds. The tem- } 
perature required in order to evaporate the oil | : : ; 
was between 200 deg. and 300 deg. C. | The average time during which the molecule 

In his second lecture he had, Sir Ernest continued, | remained on the surface depended on the absolute 
shown that glass tubing was now made so accurately | *€™perature. The original experiments of Wood 
that a steel ball would fall through it very slowly if | and Nutzen led to the conclusion that when the 


the ends were closed so that theairhad to passfromone | surface temperature was higher than a certain 
side of the ball to the other through a very narrow | critical value, the molecules of a condensible vapour 
3 bounded like ordinary gaseous molecules. but 


annulus. This device could be used to determine | T° better 

the ratio y of the specific heat at constant pressure | below this limit they stuck to the surface. It had 
to the specific heat at constant volume. To this | *!¢e been proved by Langmuir and others that 
end the tube was arranged with its axis vertical, | ™4tters were not quite so simple. 

and was joined up at its lower end to a vessel of | Suppose, for example, that we had molecules of 
known volume. On dropping the ball into the tube, | ™¢rcury or cadmium in an exhausted space at a 
it oscillated up and down a number of times, and | *™perature of, say 50 deg. C. At this temperature 
the time 7 of one oscillation was connected with 7 |e vapour pressure of these elements was very 
he thie Sienliee Siceniin - |small. Each molecule that impinged on the surface 
: is |rested there ; 


but had a certain chance of re- 
pie /- mV | evaporating. 
yee 


Fig. 14. 


The steady state was reached when 
the rate of evaporation was equal to the rate of 
where m denoted the mass of the ball, q the cross! incidence. Denoting the number that re-evaporated 





bac in 





per square inch per second by x, then we had the 
relationship : 


dn=—an 


where « was a constant, its reciprocal being equal 
to the molecule’s average life on the surface. 

Denoting by v the number of molecules which struck 
1 sq. cm. of the surface in a second, we had, when the 
steady state was attained, the relation : 

vyv=an 

The value of x could be found in certain cases 
by noting the reduction of pressure which occured 
when a gas was led into a chamber on the walls of 
which it could be adsorbed. The number » was 
known from the kinetic theory of gases, and hence « 
could be found. 

It had thus been found that at 21 deg. C. the 
average life on glass of a molecule of mercury was 
1-1 x 10-5 seconds. The value however, changed 
enormously with the temperature. Thus in the case 
of argon on glass the average life at 80 deg. abs. 
was 4 x 15-5, second; at 90 deg. abs., it became 
0-7 x 10-5; whilst at 290 deg. abs. it was about 10-° 
sec. In general this average life began to approxi- 
mate to vin Gon sec. when the temperature approached 
the condensation temperature of the vapour. 

To illustrate the foregoing, Sir Ernest Ruther- 
ford showed an exhausted bulb at the bottom of 
which was a little cadmium, the vapour pressure 
being such that about 5 x 10-!° molecules struck each 
square centimetre of the surface every second. 

If a spot on the surface of the bulb was cooled 
by liquid air, every molecule which struck there 
would stick, and in 60 seconds the number would 
be 3 x 10'!. However, to cover one square centi- 
metre with a layer one molecule thick, would 
require about 10' atoms of cadmium, so that in 


: 1 
one minute only ; p99 of the area of the cooled 


spot was covered. These molecules, however, 
were not uniformly distributed. Occasionally two 
or three would hit together and would wander 
over the surface, the life in that case being much 
longer than that of single molecules. Jn certain cases 
larger clusters were formed which would remain 
there, although invisible. Such clusters could serve 
as condensation nuclei, so that on heating the 
cadmium up to 100 deg. C., a mirror of the metal 
was deposited on the spot which had been cooled 
by the liquid air. 

The view now held was that molecules which 
condensed on a surface acted as a two-dimensional 
gas. They wandered about over the surface at 
random, forming aggregations in course of time. 
The units in these clusters had a greater attrac- 
tion for each other than for the surface on which 
they were deposited. 

In an instructive experiment, due to Mr. de 
Bruyne, a tungsten filament, enclosed in a highly 
exhausted bulb, was coated with a deposit of 
caesium, an element having a very low ionisation 
potential. The layer of caesium on the filament 
was one molecule thick. Above the filament a 
grid was arranged coupled up to the negative pole 
of a battery, whilst the filament itself was rendered 
positive. 

A galvanometer was coupled up to the two. By 
passing a current through the filament, the tempera- 
ture could be raised to a certain critical value at 
which the caesium could no longer stick to the 
filament, and was accordingly driven off. Since 
its ionisation potential was low, each molecule, 
as it came off left an electron behind it, and carried 
a positive charge to the grid. This flow of ions con- 
stituted a current which was shown by a momentary 
deflection of the galvanometer. The current ceased 
when every caesium atom had been driven off. On 
allowing the filament to cool again the caesium was 
re-deposited on the filament, but time was required 
to form the complete layer. Thus, if only two seconds 
were allowed to elapse before turning on again the 
heating current, the galvanometer gave only the 
small kick shown in the uppermost of the 
curves reproduced in Fig. 13. With longer intervals 
the other curves shown were obtained. The results 
were in excellent accord with calculation. 

In general, the density of the stream of atoms con- 
densing on a surface must attain a certain critical 
value if a visible deposit were to be formed. Such 
a visible deposit must be at least three molecules 








450 ENGINEERING. _ [APRIL 12, 1929. 


WATER GAS PLANT AT THE BILLINGHAM SYNTHETIC-AMMONIA WORKS. 


CONSTRUCTED BY MESSRS. THE POWER GAS CORPORATION, LIMITED, ENGINEERS, STOCKTON-ON-TEES. 




















































































































































































































— 
SECTION EF. ae ‘ ote HALE SECTION ; 
ig. 20 $ Se 5-8 74-——— Fig. 21. 45 7 G.G. Fig. 74. —_— 
Fig. On Es epee ; ae L — enn i 
J | : : * 
- I) gee wren 
| i & 5 IF 5 5 i 7 
a i Hd itd i % ir Inlat i i f | | F TAR 2 | i ! ‘“ 
eb ? / i! I a be | | fe 
eee Ce Nit : i 1% Le th 46 ys Dia — 
iC Hi Ho ty | Ais ot 4 ' HHA | Mati ! apaiamiaag 3 
l | i | il Q ne Hd il i} f i ‘ ' ' 4 j ‘& 
H + > f ' ie o 
SS EA > Ce fot z — 
3 My dt Tig TT iad) ? i Hal | | , 
mM | Ti l cs Ge DH HT AH tae: 
; “ iH] ! Hl Hi : St mp i i i ' abe ak nial 
WW an TAN TS TE He ipe CLAP | (2 oe 
E mre alia Wat : | : = ’ 96 Rivs. 22PL 
3 a fa etic 0m ! Hi me | ! 
= yf Vey ti ap tk ———_—- ree 
¥ wee A | Mi ' § Sug Dia wl. 
= WT tal iH tH] e H ; | Tube.160 || Sane sl 
‘D mt iM I f D| ee Vie Tie 
Mt It Wh ! ' 4% Manhole. ds ‘ aaa 
Ve 3 | i 3 ‘ a ‘e, 
ll oth Li j s S| ‘@ 2 
' 4 a = & ee a 4. aa || ao > ‘ 
' Milt i a it g 3 . gy + 
ae, same TY =a 
1 tf me il s ! 2} | 
ee y % ei 
wed S | . it C as 
% ae “gs r s iS = 
5 | = Bees = 
eo Sy ai > tout 
| Pty 
| | LP ere a “aie 
x: : aa ' rt ~ ' 
al & ' a bc) z By 
{ ; t ' | Manhole £. 
$ a A ! Rs = : 4 pelenliing 
— ey eae 99 
enero = eis rc) ' ‘ f * 
ie aracret /| =e ‘i ose : Top of 3 
pete | pliner + 
| '\1DiaHDBolt| : 3 ~< 42:9" --4>1 
ee ie i ¢9 
_ ) | wy “on & S 
: TutePipe \ 
i: ! =" 
(105.M) | \e- 6:6 Dien. ___ ft 
{ 


” 


o--9i 
~~ -==-§- 9 ----— 


aes 
O° - ae 
os 


being surrounded with fireclay sleeves. -The tubes 
are 14 in. in external diameter and the length of 
|each loop, of which there are 36, is 14 ft.,’so that 
VS * a & 4 | the total heating surface is 400 sq. ft. 

“— WAR, meet ONG | The waste-heat boilers were constructed by Messrs. 
YS V2 The Power Gas Corporation, Limited, and one of them 

is shown in their shop in Fig. 27, on page 451. The 
position of the boiler relatively to the recuperator 
and generator, and the various connections for the 
thick. As already noted, in the steady state, a | WATER-GAS AND PRODUCER-GAS pgs feed water, however, are best shown 
balance was struck betw een deposit and re-evapora- PLANT AT BILLINGHAM. in Figs. 2 to 5 on Plate XX XVII, published with our 
tion, and unless the density of the molecular stream | (Continued from page 350.) issue of March 22. The boilers are of the fire-tube 
exceeded a certain limit, no visible deposit would | Drawrnes of the recuperator and superheater, | type, the shell being slightly inclined to the vertical, 
be formed, me matter how long the experiment ‘through which the blow gases and the water gas and the hot gases from the recuperator are led into a 
were continued. This was illustrated in Fig. 14, | pass immediately after leaving the generator, distributing chamber at the bottom. The tubes, 
which showed the spot produced when ri stream | are reproduced in Figs. 20 to 23 above. It has of which there are 295 in all, are 2}in. in diameter 
of cadmium molecules issuing from a tube impinged been provided, as previously mentioned, to enable externally and 18 ft. in length, giving a total heat- 
= polished copper plate. The stream as it | any combustible gases present in the blow gases ling surface of 3,125 sq.ft. After passing upwards 
issued scattered and the density fell off as the to be burnt with secondary air, and also to transfer | through the fire tubes, the gases are collected in a 
radial distance ne ed, and as would be seen | some of the heat produced in this way, as wellas | similar chamber at the top, and are thence led either 
beyond a sharply-defined limit, no deposit was 'the sensible heat of the blow gases and water gas, | to the atmosphere through the stack, or through a 
visible. , . . |to the steam produced by the waste-heat: boiler. Lymn washer to the gas main. The shell is 
Again, if a fine quartz filament pire placed 1) Tt consists, as will be clear from the figures, of a | connected by vertical and horizontal pipes, clearly 
the path of a stream of molecules impinging on | \iindrical shell with a conical bottom, lined | shown in Fig. 27, to a horizontal steam and water 


© an > ; 4 » ‘4 | . . . 
a surface, the filament would cast a shadow, | throughout with firebrick, and provided with inlet | drum, on which the usual boiler mountings are fitted. 


but the edges of this gradually encroached owing to| ang outlet branches for the gases at the top and The working pressure of the boilers is 275 lb. per 
the, already mentioned, two-dimensional creep of | bottom, respectively. A separate smaller inlet is |Square inch, and the steam is delivered into a 
the molecules over the surface. provided at the top of the recuperator body, as |Saturated-steam main common to all the units. 
shown in Fig. 22, for the water gas produced on the | From this main, branches are taken to the super- 

CanapIAN Mortor-Ventcts Exrorts.—The value of down run. The secondary air is supplied to an | heaters, described above, in which the steam tem- 
exports of motor vehicles from Canada during January | annular passage surrounding the gas inlet, entering | perature is raised to about 650 deg. F. The super- 


_ eee ae ar ae rota nogaa *d |the latter through holes provided for the purpose, | heated steam is used for general works purposes. 

actual totals were : January, 1929, 3,816,722 dols., and | clearly shown in Figs. 20 and 22. At the top of the | Feed water is supplied to all the high-pressure 

saeary. a, oe _ —_ — an eeey body is a frame carrying the headers for the super- | boilers from a common main fed by a single pump, 
ETA eae eee a heater tubes, which are of U shape, and are | another pump being installed as a stand-by. 


1,337,207 dols, and 5,640 passenger motor cars worth | ‘ i i : 
2,479,515 dols. | protected from direct contact with the gases by| After leaving the waste-heat boiler, the water gas 





























wiht els 


APRIL 12, 1929.] 


457 


WATER GAS PLANT AT THE BILLINGHAM SYNTHETIC-AMMONIA WORKS. 


CONSTRUCTED BY MESSRS. THE POWER GAS CORPORATION, LIMITED, ENGINEERS, STOCKTON-ON-TEES. 

















| 


5 


‘ 




















HicH-PRESSURE WASTE-HEAT BOILER. 


Fie. 27. 


provided in the casing, the rings being attached to 
the shell plating and the discs carried by a central 
shaft. As the gas ascends in the casing, it passes 
through the water trickling over the edges of the 
discs and rings, being effectively cooled and freed 
from dustinthisway. The dust carried down by the 
water collects in the concrete tank from which it is 
removed by hand at intervals; one side of the tank 
is formed on an incline to facilitate this opera- 
tion. Some dust from the gas also falls into the 
tank from the vertical down pipe leading to the 


is finally cleaned and cooled in a Lymn washer, 
through which it is passed on its way to the gas 
main. One washer, located as shown on the left 
of Figs. 2 and 5, Plate XX XVII ante, is provided 
for each unit. A section of one of the washers is 
given in Fig. 24 on page 450, from which its con- 
struction can be followed with but little explanation. 
It consists of a cylindrical casing of mild-steel plates, 
with an open bottom, dipping into water contained 
in a concrete tank and forming a seal, the arrange- 
ment being best shown in Fig. 2. A water-inlet 
connection is provided at the top of the casing, and | washer. The lower end of this pipe is open and 
the gas from the waste-heat boiler enters at the | dips below the surface of the water, as will be clear 
bottom through a curved pipe, the bottom mouth | from Fig. 2. 

of which is serrated and dips below the waterin the} As already stated, the working of each of the 
seal. The depth of the seal is made sufficient to | units is controlled by hydraulically-operated valves. 
prevent the passage of waste gases into the washer, | These valves are opened and closed by an automatic- 
or the escape of gas from it, when the valve on the | control machine, one of which is provided for each 











stack is open. A series of conical discs and rings is! unit. This machine, front and back views of which 


Fie. 26. Mxrcuanism or Automatic-ContTRoL MACHINE. 


are given in Figs. 25 and 26, respectively, annexed, 
is of the electro-hydraulic type, and was constructed 
by Messrs. B.S.A. Tools, Limited, Birmingham, and 
Messrs. The Witton-Kramer Company, Limited, 
Witton, to the designs of Messrs. The Power Gas 
Corporation, Limited.. 

Before describing its action, we may mention 
that its design permits the operation of the unit 
either automatically or by hand, and, when working 
automatically, it opens and closes the main valves 
in the proper sequence. It stops gas-making if 
any of the valves do not open or do not complete 
their stroke, or if they operate in any other 
irregular manner, and gives audible and visible 
warning of such irregularity. When it stops the 
plant, the machine leaves the valves in a safe 
position and also stops itself in the correct position 
for re-starting; it also indicates the position in 
which the main valves should be at any moment, 
as well as the position in which they actually 
are. The length of the complete gas-making cycle 
and the duration of any part of the cycle can be 
adjusted to meet all requirements. During hand 
operation, the operating handles are interlocked 
to prevent irregular working, and the machines 
are arranged to keep all the units operating in 
exact synchronism, even when hand operated. 

Six hydraulic valves are controlled by the 
machine, which is driven by a specially-designed 
alternating-current synchronous motor, the field 
of which is excited by continuous current. The 
motor drives a timing dial, seen on the right of 
Fig. 26, through worm-and-spur reduction gearing, 
the dial making one revolution in four, five or 
six minutes, according to the length of the complete 
cycle. The motor also drives a horizontal shaft 
at the top of the machine carrying six face cams, 
two of the discs, visible on this shaft, in Fig. 26, 
each carrying a stage indicator or lettered band on 
its edge, so that the stage reached in the cycle of 
operations can be seen at any time, through 
glazed openings in the front of the machine. The 
drive from the motor to the camshaft is taken 
through a one-revolution-and-stop mechanism, 
which is set in motion by adjustable tappets 
attached to the edge of the timing dial. Two 
tappets are provided for each valve, and, as the 
timing-dial rotates, the tappets engage in turn 
with a lever which puts the one-revolution-and-stop 
device into operation and causes the camshaft to 
rotate through one-twelfth of a revolution. The 
face of each cam is formed with a groove, in which 
works a ‘roller carried by a vertical rod connected, 





452 


ENGINEERING. 





[APRIL 12, 1929. 











as shown in Fig. 26, to the spindle of a pilot valve, 
and this controls the flow of oil under pressure 
to the main valves of the unit. Each cam groove 
is, of course, cut to suit the particular valve it 
controls, and the cams are assembled on the shaft 
so as to operate the valves in the correct sequence, 
although the actual time at which any particular 
valve is opened and closed is dependent on the 
position of the tappets on the timing dial. 

It will be seen, from Fig. 26, that the rod connect- 
ing the cam roller with the valve spindle is of square 
section, and the inner face is cut with teeth to 
form a rack. This engages with a pinion on a 
shaft carrying a solid disc, part of the edge of 
which is cut away. Opposite this disc, on a separate 
shaft driven by rack and pinion from the adjacent 
valve spindle, is another similar disc, the arrange- 
ments being such that the shafts can only rotate 
when the cut-away portion of one disc permits 
the other disc to pass. By this means, the valves 
are interlocked, so that, when operated by hand, 
it is impossible to open or close them in the wrong 
sequence. For hand operation, which is effected 
by the levers shown on the front of the machine 
in Fig. 25, the camshaft is moved longitudinally, 
by means of an hydraulic cylinder, so that the 
cam grooves are clear of the rollers on the connecting 
rods to the pilot-valve spindles. The dial on the 
left of the machine in Fig. 25 is a clock indicating 
the timing of the various stages in the cycle, and 
the lamps seen at the top of this figure are provided 
to give visual warning of any irregularity in working. 
Audible warning is given simultaneously by an elec- 
trically-operated Klaxon horn. The latest machines, 
it may here be remarked, have only five valves. 


(T'o be continued.) 








CHRISTIAN HUYGENS, 1629-1695. 
By Engr.-Capt. Epgar C. Smita, O0.B.E., R.N. 
On April 14 occurs the three-hundredth anniver- 

sary of the birth of the great Dutch mathemati- 
cian, physicist and mechanical inventor, Christian 
Huygens, one of the most remarkable scientific 
investigators of all time. Born into an age when 
new ideas regarding the physical constitution of the 
universe were being discussed, in which some of 
Nature’s greatest secrets were being unfolded, and 
in which scientific methods of enquiry were begin- 
ning to overthrow the effete and unproductive 
traditions of centuries, he became one of that band 
of pioneers who laid firmly the foundations on which 
the grand edifice of Science stands to-day. With 
the imagination of a Pasteur, he combined the 
ingenuity of a Hooke, while in the range of his 
investigations he has been excelled by few. In his 
own life-time, his reputation was international, 
while to-day he is recognised as the connecting link 
between Galileo and Newton. In a country which 
can boast of a Snell, of a Leeuwenhoek, of a Boer- 
haave, a Swannerdam, a Buys-Ballot, and a van 
der Waals, no name is held in esteem higher than 
that of Huygens. 

The life of Huygens was one devoted almost 
entirely to study. Of distinguished parentage, he 
was able from first to last to follow his own 
inclinations which happily, like those of our own 
Joule, led him to devote himself to the advancement 
of knowledge. His father, Constantin Huygens, 
was the poet and diplomatist who was knighted 
by James I in 1622. It was seven years after 
that the famous son was born. Educated first 
at home, Huygens studied at Leyden and at Breda, 
and, for a time, was attached to the Dutch Embassy 
in Denmark. In his student days, the chief philo- 
sophical instruments were the telescope, the 
air pump, the barometer, and the primitive elec- 
trical machine. It was to the ‘irst of these that 
he early turned his attention, and after the 
publication of some mathematical tracts he began, 
in 1654, with his brother, the construction of 
astronomical telescopes and on March 25, 1655, 
he made his discovery of Titan, the sixth by order 
of position, but the first seen of Saturn’s satellites. 
Saturn’s curious appearance, as first noted by 
Galileo, which had led to its being called the 
“triple planet,” was still unexplained; but in 


1655, Huygens came to the conclusion that the 
planet was surrounded by a fiat ring. This 


discovery he made known in the form of cypher 
mm nnnnnnnnn oooo pp q ir s ttttt uuuuu. 
He afterwards restored the letters to their original 
places, where they stood thus: ‘ Annulo cingitur, 
tenui plano, nusquam cohaerente, ad eclipticam 
inclinato,” or, in other words, “The planet is 
surrounded by a slender flat ring, everywhere 
distinct from its surface, and inclined to the 
ecliptic.” His method of publishing his discovery 
was that often followed in the seventeenth century, 
and Hooke first published his well-known law in 
this form. The theory of Huygens, though received 
with amazement, explained all the phases of 
Saturn, and the ring to-day is still regarded as 
a unique celestial phenomenon. From improvements 
in telescopes Huygens turned to improvements in 
clocks, which, for two or three centuries, had 
included the old verge escapement and the foliot 
balance. Huygens, on June 6, 1657, presented 
the first pendulum clock to the States General, 
and with that invention began a new epoch in 
horology. His tract ‘“‘ Horologium” of 1658, 
contains a description of his improvement, but 
his much more famous work “ Horologium Oscil- 
latorium”’ did not appear till 1673. About 1660 
he appears to have made two visits to England, 
and, with his countryman Mercator, is said to 
have observed the Transit of Mercury of May 3, 
1661, from a house in Long Acre, London. His 
reputation now led Colbert to invite him to Paris 
and, from 1666 to 1681, he enjoyed the patronage 
of that great statesman. His name was already 
on the roll of the Royal Society, and he became 
the first foreign associate of the Paris Academy 
of Sciences. Living in the quiet seclusion of the 
Royal Library, Huygens assiduously pursued his 
studies and, in 1673, produced the great work 
already referred to. In this he dealt with pendulum 
clocks, the descent of heavy bodies, with evolutes 
and involutes and their properties, with the 
compound pendulum and with centrifugal forces. 
About the same time as Hooke, he suggested the 
use of a balance wheel in watches, and the first 
watch with such a mechanism was made in Paris 
and presented to Louis XIV. With his papers on 
the collision of bodies, his treatise on light, 
in which he first enunciated the undulatory theory, 
and his speculations on the universe, it is impossible 
to deal. 

Of more especial interest to engineers is his 
invention of the gunpowder and air engine, the 
first motive engine or prime mover with a cylinder 
and piston utilising the greater pressure of the 
atmosphere acting against the lesser pressure of 
a partial vacuum. MHuygen’s work is in direct 
line with the discoveries of Torricelli, Otto von 
Guericke, Boyle and Hooke, and the inventions 
of Savery, Papin, Newcomen and Watt. It was 
in 1680 that Huygens read his paper, “A New 
Motive Power by Means of Gunpowder and Air,” 
to the Paris Academy of Sciences. The engine 
consisted of a hollow cylinder, well polished, 
a piston with water on top to help seal it, an 
explosion chamber at the bottom of the cylinder 
which was placed vertical, and ports in the cylinder 
near the top fitted with leather tubes which acted 
as non-return valves. A rope attached to the 
piston ran over a pulley, and from the other end 
weights were suspended. The explosion of the 
powder drove the piston upwards. The rapid 
cooling of the gas led to the formation of a partial 
vacuum and the pressure of the air drove the 
piston downwards, causing it to lift weights. It 
was Papin who suggested the use of steam instead 
of powder, Savery who patented the principle of 
the condensation of steam but applied it in a 
different manner, and it was Newcomen who 
produced the first practical atmospheric engine 
from which all later types of piston steam engines 
have come. 

Huygens remained in France only one year 
after the reading of his paper on the new motive 
power. The growing intolerance of the Catholics 
in France led to his return to Holland in 1681, 
and after the Edict of Nantes he held no further 
communication with the country where he had 
spend so many fruitful years. He visited England 





in 1689, published his “Traité de la Lumiere” 





in 1690, and spent the evening of his life writing 
his ‘“‘ Cosmotheros.”’ Never married, he died at 
The Hague on June 8, 1695, and, like Boerhaave, 
is buried there in St. Peter’s Church. 








THE SOCIETY OF GLASS 
TECHNOLOGY. 

At the 115th meeting of the Society of Glass Tech- 
nology, held in the University, Leeds, on Wednesday, 
March 20, the President, Mr. Walter Butterworth, 
Senr., M.A., being in the chair, the two papers 
dealt with below were presented. The first, entitled 
“ Investigations into the Erosion of Tank Blocks,” 
was by Mr. F. F. 8. Bryson. The subject matter of 
this paper had formed one report issued in the 
thirteenth Bulletin of the Glass Research Association 
in 1925. 

A method was described of determining the rate 
of erosion of tank blocks while in position in a furnace 
actually in operation. The investigations were carried 
out at a works in the London area, the tank being oil- 
fired and worked for the melting of white bottle glass. 
Sixteen thermocouples were inserted into the interior 
of blocks forming the side wall of the tank, and one 
into the bridge. The couples were placed as near as 
possible to a depth of 7 in. in each block which was 
8 in. thick, thus leaving 1 in. of block between the 
couple and the glass. Continuous records of the 
temperatures of the various couples were made through- 
out the life of the furnace. Shortly after the furnace 
was lit, air-cooling was installed. The rate of increase 
of the temperature of any couple indicated the rate 
of erosion of the block at that particular point. 

The results were summarised as follows: (1) The air- 
cooling resulted in a lowering of the temperature of the 
outer and, to some extent, of the inner walls, but it was 
not evident that a layer of chilled glass was formed 
on the inner surface of a block of only 4 in. thickness. 
(2) The temperature of the glass in contact with the top 
blocks permitted currents to be formed in the glass, 
thus aiding solution. The movements of the glass near 
the bridge were different from those near the doghouse, 
as was evidenced by the difference in the nature of the 
erosion in the two regions. (3) The glass temperature 
varied, due to the variations in the amount of glass 
being worked out. (4) The rate of erosion near the 
glass level was very rapid at first, then the rate fell ; 
at a depth of 10 in. below the glass surface, the rate 
was not so rapid, while at a depth of 16 in. it was slow. 
(5) At the glass level the attack was most severe 7 ft. 
from the bridge. (6) The surface temperature of the 
glass was greatest about midway between the doghouse 
and the bridge, while at the bottom of the tank the 
temperature was highest near the bridge end. 

The second paper was entitled ‘The Selection of 
Coal for Gas Producers,” the authors being Messrs. 
E. J. C. Bowmaker and J. D. Cauwood. This paper 
stated that laboratory tests were carried out on some 
two dozen coal samples, and the results obtained were 
compared with the performances of the coals in actual 
use in the producers. In each case the, usual proximate 
analysis was made, including determinations of mois- 
ture, volatile matter, ash, and fixed carbon. From 
considerations of the volatile matter values, the coals 
could be classified as cannel, anthracite, and bitu- 
minous; the ash values determined the economic value 
of the coal; and the fixed carbon indicated whether 
or not the coal was likely to form a deep fire bed. 

The sample of coal yielding the most satisfactory 
results in the producer was found to contain 36 per 
cent. of volatiles, with an ash content of 3 per cent. 
The standard specification finally chosen was : Not more 
than 5 per cent. ash, and volatile matter between 35 
per cent. and 38 per cent. Many coals fell in this 
class, but were unsatisfactory due to caking. After 
much experimental work, it was found that the 
determination of the amount of a coal dissolved 
out by treatment with boiling aniline in a Soxhlet 
extractor yielded results which were in agreement 
with the caking tendencies determined in another set 
of experiments, and also from the producer action. 
Coals which were definitely classed as non-caking 
yielded aniline-soluble values below 6 per cent. ; 
while solubilities in aniline of over 10 per cent. were 
generally definitely associated with caking coals. One 
exception only was encountered. A cannel coal yielded 
a solubility in aniline of 12 per cent. Further investi- 
gations on the softening doints and the ferric-oxide 
contents of the ash yielded proof that, in all cases 
but one, the fusing points were proportional to the 
iron-oxide contents. The exceptional case was an ash 
containing 70 per cent. of ferric oxide. 

The following specification was given for a good 
producer coal: Ash not to exceed 5 per cent. ; volatile 
matter, 35 per cent. to 38 per cent.; solubility in 
aniline not to exceed 7 per cent. under the conditions 
stated ; and iron-oxide content of the ash not to exceed 
15 per cent. The last figure was liable to variation 
according to the method of working the producer. 
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BLENKINSOP ENGINE RELICS. 


In a recent paragraph based on information supplied 
to us by Messrs. Thos. W. Ward, Limited, of Sheffield, 
it was stated that this firm bad presented certain relics 
of the Wylam Wagon-Way to the Railway Museum at 
York. We have now received from the curator of the 
museum further particulars of this gift, from which it 
appears that the relics do not relate to the Wylam 
road, but are most probably remains connected with 
the use of a Blenkinsop engine on the Kenton or 
Coxlodge Colliery line, which ran to the staiths at 
Wallsend. The accompanying view shows the relics in 
question. The rack rails are said to show signs of actual 
use, and therefore may be originals, and it is known 
that a Blenkinsop engine was built for the line men- 
tioned by Matthew Murray, in Leeds, in 1812 or °13. 
Four running rails are also among the relics, and it is 
considered that these may also possibly be originals. 
The other remains consist of two pairs of flanged 
running wheels and a pair of large pinions engaging 
with the rack rails, as shown in the accompanying illus- 
tration reproduced from a photograph courteously 
placed at our service by Mr. E. M. Bywell, curator of 
the museum at York. The pinions, it is stated, are 
probably a set which was cast from the original patterns 
at the Tyne Iron Works, Lemington, works dismantled 
long ago by Messrs. Spencers, in whose Newburn Steel 
Works, near Newcastle, they were found when these, in 
turn, were being dismantled by Messrs. Thos. W. Ward. 
The Blenkinsop engine built for the Coxlodge line 
was in use from September, 1813, to May, 1815. 








WIRELESS APPARATUS IN CHINA.—It is stated in a 
recent issue of T'he Chinese Economic Bulletin that the 
embargo on the importation of wireless apparatus into 
China . a been raised. The Inspector-General of Customs 
has recently sent an order to the Commissioner of 
Customs at Shanghai informing him that henceforth 
imports of wireless components and materials are to be 
allowed to enter upon payment of the regular import 
tariff duty. 





THE INSTITUTION OF MINING AND METALLURGY.— 
The Gold Medal of the Institution of Mining and Metal- 
lurgy has been awarded jointly to the Hon, William 
Lawrence Baillieu and to Mr. W. S. Robinson in recogni- 
tion of their services in the development of the mineral 
resources of the Empire, with special reference to the 
zine and lead industries of Australia. The Medal will 
be presented in duplicate at the annual general meeting 
of the Institution to be held at Burlington House, 
Piccadilly, London, W.1, on May 16 next. 





A HicH-sPpEED CuTTiIna ALLOY.—We have received 
from Messrs. Samuel Osborn and Company, Limited, 
Clyde Steel Works, Sheffield, a leaflet giving details of 
some of the recent performances accomplished by their 
new tool steel, designated S.0.B.V. cutting alloy. An 
endurance test was carried out at the Sheffield Testing 
Works, and, in this, aspecimen tool, 1}-in. square,was used 
for machining a normalised steel bar, containing 0-68 per 
cent. of carbon and having a Brinell hardness number of 
235. ‘The cutting speed was 65 ft. per minute, the depth 
of cut } in., and the feed y in. The results given show 
that the tool removed 81-9 lb. of metal in 16 minutes. 
The depth of cut was then altered to ¥ in., and the tool 
removed a further 23-4 Ib. of metal in 9 minutes 9 seconds 
before giving out. The total weight of metal removed 
was, therefore, 105-3 lb. in 25 minutes 9 seconds. During 
a test made at Messrs. Osborn’s own works, using a 
similar tool, 189 Ib. of metal is stated to have been 
removed in an hour from a nickel-chromium steel 
having a tensile strength of 62 tons per sq. in. The 
cutting speed, in this case, was 40 ft. per minute, the 
depth of cut, } in., and the feed, in. The condition 
of the tool at the end of the test is stated to have been 
good. Other successful tests were made on chilled cast- 


iron, air-hardened nickel-chromium steels and man- 
ganese steel. 








retired from 











THE LATE MR. CHARLES HUNT. 


Tue death of Mr. Charles Hunt, at Beckenham, Kent, 
on March 30 last, removes a well-known figure from the 
ranks of the gas engineers of this country. Mr. Hunt 
was born at Great Yarmouth in 1842, and received his 
general education in his native town. Upon leaving 
school he served a pupilage of 5 years in the works of 
the Great Yarmouth Gas Company, and was afterwards 
for a short time, in the drawing office of Messrs. Parkin- 
son and Company. In 1866, when barely 24 years of 
age, he was appointed assistant engineer at the Nine 
Elms Works of the London Gas Light Company, and 
served first under the late Mr. David Watson and subse- 
quently under the late Mr. Robert Morton. In 1872, 
Mr. Hunt travelled to Birmingham to take up the 
appointment of Chief Engineer to the Birmingham 
Gas Light and Coke Company, in succession to Mr. 
Edward White. In 1875, the gas undertakings of the 
company were transferred to the Birmingham Corpora- 
tion and Mr. Hunt became Gas Engineer for the 
Birmingham District. During the years which followed, 
he was responsible for many important extensions, 
including the rearrangement of the systems of distri- 
bution, and, under his supervision, large new gas 
works were erected at Nechells and Duddeston. 

In 1902, when sixty years of age, Mr. Hunt retired 
from his position at Birmingham and opened a practice 
as a consulting gas engineer in Victoria-street, West- 
minster. One of his chief occupations was the prepara- 
tion of valuations of gas undertakings prior to their 
acquisition by municipal authorities. He was also 
engaged upon work in connection with the promotion 
of Bills in Parliament, and often acted as valuer and 
expert witness in appeals against rating assessments. 
In March, 1909, Mr. Hunt was elected chairman of the 
South Suburban GasCompany, and, during his chairman- 
ship, the Bromley and Crays, the West Kent, and the 
Dartford Gas Companies were incorporated with the 
South Suburban Gas Company. Mr. Hunt also served 
on the boards of several other gas companies, including 
the Bombay, the Bude, the Llandrindod Wells, and 
the Montevideo Gas Companies, and the London Board 
of the Colonial Gas Association. He took a leading 
part in the administration of these undertakings, and 
was, in several cases, elected chairman. 

Mr. Hunt joined the British Association of Gas 
Managers as long ago as 1870, and was elected president 
in 1880. He was largely instrumental in founding the 
Midland Association of Gas Engineers and Managers, 
was its first president in 1877, and was re-elected to 
that office in 1902. Subsequently, the title of the 
larger body, the British Association of Gas Managers, 
was changed to the Gas Institute, Mr. Hunt having taken 
a leading part in causing the change of name to be made. 
He relinquished his membership of the Institute in 
1889, however, and joined the Institution of Gas 
Engineers. He was soon afterwards placed on the 
Council and was elected president in 1892. Subse- 
quently, the amalgamation of the Gas Institute and 
of the Institution of Gas Engineers took place, and 
Mr. Hunt became president of the new body in 1907. 
He was afterwards elected an honorary member of the 
Institution of Gas Engineers and of the Midland 
Association of Gas Engineers and Managers. To each 
of these bodies he contributed many papers. He was 
made a member of the Institution of Civil Engineers 
on March 1, 1881, and, in 1894, contributed a paper 
entitled, ‘‘ The Construction of Gas Works,” for which 
he was awarded a Telford Premium. He was elected 
a member of the Iron and Steel Institute in 1889, but 
resigned his membership some years ago. He finally 
active work in 1925. Mr. Hunt 
was the author of two books on gas lighting. 








NUNNERY COLLIERY COMPANY, 
SHEFFIELD. 


THE coke-oven plant described below and illustrated 
by Figs. 1 to 9, on pages 454, 455 and 458, has, in addition 
to the interest of technical completeness, that of being 
the first of its type to be put into successful operation 
in Great Britain. It is installed at the Handsworth 
Works of Messrs. Nunnery Colliery Company, Limited, 
Sheffield, and the plant, as a whole, was designed, con- 
structed and put to work by Messrs. The Woodall- 
Duckham Vertical Retort and Oven Construction 
Company (1920), Limited, 136, Victoria-street, London, 
S.W.1. As an example of a modern coking plant from 
which not only coke, sulphate of ammonia, tar, and 
crude benzol are produced, but which is also able to 
supply a considerable quantity of de-benzolised gas 
to a neighbouring municipality, the installation is 
notable, though, perhaps, it is equally so in its embodi- 
ment of those features which, in differing degrees, have 
characterised post-war developments in the coking 
industry. These features are, in the main, larger capa- 
city ovens, quicker coking times, and more economical 
heating arrangements. The installation embodies the 
Becker oven, which, although first set to work in 
the United States only in 1923, has been so widely 
adopted that there are, in various parts of the world, 
either in operation or under construction, ovens capable 
of carbonising over 30 million tons of coal per annum. 

Before describing the Handsworth plant itself, it 
may be as well to consider the cardinal features of the 
Becker oven. In increasing the capacity of coke ovens 
on the lines of pre-war types, the mere enlargement of 
the various parts is impracticable, as larger size, sooner 
or later, leads to difficulties in temperature regulation 
in order to maintain even heat distribution. Such 
practice also leads to difficulties in structural design, 
as the flues of the older forms become of such large 
dimensions, when suitable for dealing with the increased 
volumes of heating gas necessary, that the structure is 
weakened, and is incapable of withstanding the heating 
up and working stresses. The reduction in the time of 
coking postulates the narrowing of the ovens and the 
use of higher flue temperatures, with the consequent 
employment of firebricks capable of resisting them. 
Economy in heating, apart from correct design of flue 
areas, regeneration, heat insulation and so forth, depends 
also on the means taken for burning the correct amount 
of fuel gas at any part of the oven. The claim is made 
for the Becker oven that the system of heating adopted 
overcomes all the difficulties enumerated in a very 
simple manner and at the same time ensures a high 
thermal efficiency. 

The basic feature of the oven is the cross-over flue. 
This is easily recognised in Fig. 1, whichis a transverse 
section of the top of one of the ovens with its adjoining 
flues. The oven is the space between the two walls 
in the centre of the figure, which walls are composed, 
on each side, of a series of vertical flues. The flues 
rise from two regenerators and terminate, through 
circular orifices, in a horizontal passage at each side of 
the oven. These passages are connected, at intervals of 
four or five flues, by a crossover flue, in shape an 
inverted U. Two of these crossover flues are shown 
in Fig. 1. There are six of them to each alternate 
oven, but, as will be seen from Figs. 4 and 5, page 
455, none is required for the intermediate oven, 
a portion of which is seen on the extreme left of 
Fig. 1. The dividing walls of the flues are seen at 
the right of the figure, which will here be recog- 
nised as a vertical longitudinal section through the 
centre of the flues between a pair of ovens. The 
openings immediately above the vertical flues are for 
the purpose of inspecting the flues from the oven top. 

The path of the gases will be readily traced from the 
figures. Air from the regenerators under the flues 
burns with the coal gas from the charge in the vertical 
flues of one side of the oven, the combustion gases 
travelling in parallel for the full length of the oven. 
On being transferred to the flues on the other 
side by means of the cross-over flues, the gases 
travel down the former and pass into the regene- 
rators at the bottom, which they heat up. Reversal 
of the flow takes place, of course, at intervals. By 
using cross-over flues, all the flues may be of small 
dimensions in spite of the large volume of gases handled. 
The travel of the gases is short, and their speed slow, 
with the result that excellent regulation is obtained 
with a low pressure drop. The heating gas in all 
the vertical flues always travels in a parallel direc- 
tion, which obviates the danger of short circuiting 
and consequent loss of efficiency. The sides of the 
oven are not parallel, the width increasing from the 
pusher side to the discharge side to facilitate ejection 
of the coke. This necessitates the regulation of the 
quantity of gases burning in each vertical flue, the 
amount being so graduated, by accurately propor- 
tioning the size of the gas nozzles, that the charge at 
the wider end of the oven is carbonised in the same 
time as that in the narrower end. It may be pointed 


454 ENGINEERING. 





[APRILj1I2, 1929. 














BECKER COKE-OVEN PLANT; NUNNERY COLLIERY COMPANY, SHEFFIELD. 


CONSTRUCTED BY MESSRS. THE WOODALL-DUCKHAM VERTICAL RETORT AND OVEN CONSTRUCTION COMPANY (1920), LIMITED, LONDON. 

















Fie. 1. Srcrion oF Upper Part or BECKER OVEN. 








Fic. 2. Caar@ing TRAVERSER ON OvEN Top. 





out here that the cross-over flues, being so few in 
number, have no heating effect on the top of the oven. 

Dealing now with the particular plant illustrated, it 
may be stated, at the outset, that the Becker oven 
plant is built on a new site at the Handsworth Works 
with the object of securing, by the coking process, a 
more remunerative outlet for the coking slacks of the 
Nunnery Colliery Company. The surplus gas is sold 
to the Sheffield Gas Company. The general lay-out | 
of the plant is as follows: At one end is the coal trans- | 
fer station, which receives the coal from the colliery 
close by, with the boiler house and its chimney 
near it. Then comes the by-product building, the | 
coke-screening station, the coal-storage bin, and the | 
battery of coke ovens. At the other end of the plant 
is the coke quenching station. The plant is now 
producing weekly 2,800 tons of coke, 50 tons of 
sulphate of ammonia, 36,000 gallons of tar, and 
13,600 gallons of crude benzol, and delivers about 
27 million cubic feet of de-benzolised gas, with a calo- 
rific value of 550 B.Th.U. per cubic foot, to Sheffield. | 
A good idea of its output generally may be had by | 
comparing the new ovens with the old ovens at| 
Nunnery, but, whilst stating that the figures from | 
the former are conservative, it must be borne in| 
mind that the old ovens are of a type which has | 
itself been since improved. 











| 


_- — | New Ovens. | 
Type .. cis oe .-| Regenerative | Waste-Heat 
Width .. ee ee -| 14 in. (average) 20 in. 
Carbonising time (gross) ..) 12 hrs. 50 min. 32 hrs. 
Capacity peroven .. eel 12°2 tons | 7 tons 
Capacity per oven per 24 mt| 22°7 tons 5°2 tons 
Surplus gas, per ton *} 7,000 cub. ft. Nil 

os os 


dry coal 


a > : walls are, however, of a cheaper form of firebrick. The 

The battery of coke ovens is shown in Fig.7, on page | oven tops, oven jambs, and regenerator faces * are 
458. It consists of 25 ovens of the regenerative type | insulated. The oven tops are faced with paving bricks. 
and of the construction described. It is designed to | The oven stack, which is of brick and is 200-ft. high, is 
operate with coke-oven gas as fuel, but by minor/lined for a quarter of its height with firebrick. The 
exterior changes, in the way of gas-piping connections | temperature of the waste gases at the base of the stack 
and so forth, it can be fired with clean producer gas. | is about 300 deg. C. To the left of Fig. 7 is seen a 
Each oven is 40 ft. 8 in. long from door to door, 12 ft. 6in. | reinforced-concrete bin of a capacity of 1,200 tons, for 
high, and of the average width and capacity given above. | the storage of coal for the ovens. The bracketed portion 
The difference in width between the two ends is 2 in.| at the bottom contains a special test bunker so that 
The battery is terminated at each end by a reinforced- | any particular coal may be subjected to test without 
concrete retaining wall, and a concrete waste-gas flue, | interfering with the main storage. The bunkers are 
lined with firebrick, runs along each side. The ovens | discharged through quadranta! doors. 
are constructed from the pad upwards of first quality; The carbonised charge is pushed out of the oven by 
silica bricks. The regenerator bottom liners and fillings | a machine operating on the other side of the battery to 
and the end walls adjacent to the concrete retaining | that shown in Fig. 7. This is an electrically-operated 














Fie. 3. PusHerR Macuine at Back oF OVENS. 


machine made by Messrs. Wellman Smith Owen Engi- 
neering Corporation, Limited, Victoria-street, London, 
8.W.1, and is shown in Fig. 3. It carries a coke ram 
with a cast-steel head, a rope-driven leveller bar to 
level coal in the ovens, and a door ram to remove the 
oven doors. The travelling machine, on the extreme 
right of Fig. 7, is for removing the doors on the coke 
side and for guiding the coke, as it comes out of the 
ovens, into the coke-quenching car of a capacity of 
9 tons, seen in the centre of the figure. This car has a 
body 40 ft. long with a sloping bottom of cast-iron 
plates. The four side gates, seen in the lower part, 
are of ribbed cast-steel and are operated by compressed 
air. It was constructed by Messrs. Newton, Chambers 
and Company, Limited, near Sheffield. The caris hauled 
by an electric locomotive, picking up its current from 
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BECKER COKE-OVEN PLANT; NUNNERY COLLIERY CO. 


THE WOODALL-DUCKHAM VERTICAL RETORT AND OVEN CONSTRUCTION CO. (1920) LTD. 


Fig.4. COKE-OVEN GAS HEATING. 
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Fig.5. COKE-OVEN GAS HEATING. 
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Fie. 6. Gas-Boostinc-MaAcHINES IN By-Propuct Recovery Hovss. 


the three lines seen below the ovens. It carries the air- 
compressing machinery for operating the doors of the 
quenching car. Immediately above the car is seen a 
travelling platform for inspection purposes, and for 
carrying fireclay for luting the doors. The doors are 
secured by special latches, which are opened by the arms 
on the machines when they grip the doors to lift them. 
These latches give a tight joint, and the luting required 
is a minimum. 

The ovens are charged by means of the machine 
shown in Fig. 2. This consists of an electrically-driven 
traverser carrying four steel hoppers of a total capacity 
of approximately 12} tons. Each hopper is provided 
with an adjustable measuring device, and a telescopic 
sleeve which engages with a charging hole, of which 
there are four to each oven. These are visible in the 
foreground of the figure interspersed with the flue- 
inspection holes. The sleeves have an interlocking 
device with the traction motor to prevent movement 
of the traverser whilst they are down, and the traverser 
itself can only move while the driver keeps his foot on 
a dead-man brake. The pipes seen at the right hand 
of Fig. 2 are the ascension pipes from each oven up 
which the gases pass to a steel collecting main. Flush- 
ing sprays are installed in each ascension pipe, and at 
each alternate oven in the collecting main. The valves 
are water sealed and, the ascension pipes insulated. No 

















growth of carbon takes place in them, and the tempera- 
ture of the escaping gases is reduced to about 85 
deg. C. Accurate regulation of pressure is ensured in 
the main by a butterfly valve controlled by a Shallcross 
governor. The fuel gas is taken from the collecting 
main, the quantity used for this purpose being recorded 
by an integrating meter of the Venturi type. The 
flow of the combustion gases and air from the atmos- 
phere through the regenerators and flues is reversed 
by 52 valves on each side of the battery. The waste 
gases pass directly on to the stack. Reversing is 
effected by means of a single machine connected to the 
individual gas cock levers and reversing valves. 

The change of gas flow effected by reversal of the 
valves is well shown in Figs. 4 and 5, above. These 
only show five ovens, but illustrate an important 
point of the arrangement of the flow, which is that 
there is the fewest possible number of different 
directions of flow adjacent to one another; thus, 
there are no less than four streams of air or waste 
gas, as the case may be, arranged to flow together 
in a similar direction. This reduces the risk of short- 
circuiting. It is, of course understood that the gases 
over the whole length of the oven flow in the same 
direction. The reversing machine is electrically operated, 
though it is provided with a small three-cylinder steam 
engine as a stand-by. It is controlled by an electrically- 





operated self-winding clock and reverses every twenty 
minutes. Any failure to reverse is indicated by 
automatic whistle alarm. This apparatus is contained 
in a room situated at the end of the battery under 
the coal bunker, which room also houses recording 
apparatus for gas pressures, &c. 

The automatic reversal plant would seem to reduce 
materially the number of men required to operate 
the plant, the personnel being as follows: Charging 
traverser, one man and one boy. These also attend -to 
the weighing of the coal and the opening of the 
ascension valves. Pusher machine, two men; coke side, 
one man and one boy; coke quenching, one man; 
screens one man and one boy; general, for the battery, 
two men and one boy; by-products, five men. 

After the coke has been discharged, the quenching 
car is run under the quenching tower which is shown 
in Fig. 9. It is constructed of brick and has a large 
square vent for carrying off the steam from the quenched 
coke. A steel framework at the side supports an over- 
head tank with a capacity of 10,000 gallons. The water 
is led to perforated pipes by a 12-in. main and is sprayed 
on the load of coke at the rate of 506 gallons per ton 
of coke. Two pumps are provided for filling the tank, 
one being a stand-by, each of a capacity of 20,000 
gallons per hour. The pumps are automatically opera- 
ted by float control in the overhead tank. After 
quenching, the coke is brought back to an inclined 
wharf at the ovens where it is allowed to cool off. 
From this wharf the coke is fed by finger gates on to 
a belt conveyor which delivers it to a 2-in. rotary 
grizzly screen. The oversize from the screen is dis- 
charged on to a cross belt conveyor and loaded directly 
into trucks. Provision is made for the coke of over 2 in. 
size to be cut when required and delivered to another 
rotary screen which separates it into four grades, viz., 0 
to sin.; fin. to lin.; Lin. to 1} in. ; and 1} in. to 2} in. 
The screened coke falls into bins from which it is loaded 
into railway wagons. The plant is thus laid out to 
supply blast-furnace coke, o~, alternatively, coke care- 
fully graded into different sizes for domestic and general 
industria] consumption. 

The coal-handling plant is shown in Fig. 8. Slack 
coal, previously cleaned on dry tables of the Peale- 
Davis system, is delivered to the transfer-station hopper 
by an aerial ropeway. The coal heaps in the fore- 
ground of the figure represent stock. It is then crushed 
so that 75 per cent. will pass through an }-in. screen, 
and in this condition is transported from the transfer 
station to the storage bin seen in Fig. 7. The rope- 
way has a fixed carrying rope and a hauling rope. 
It is approximately 500 ft. long and carries 85 
tons per hour, over an average gradient of 1 in 4. 
The installation is automatic, the carriers requiring 
no attention from the time they leave the loading 
station until they return empty to it, when they 
are automatically released from the hauling rope and 
stand ready to load again. The boiler house is situated 
near the coal-transfer station, a convenient position 
for fuel arrangements. It contains two Babcock and 
Wilcox water-tube boilers, each of a capacity of 7,500 
Ib. of steam per hour, at a working pressure of 150 lb. 
per square inch, and a superheat of 100 deg. F. They 
have closed ashpits with steam-jet draught injectors, 
and are hand fired. Either pickings from the screen 
belts, small coal, or surplus breeze may be used as 
fuel. Provision is made for fitting burners by means 
of which surplus gas may be used, if desired. 

The by-product plant is contained in a steel-framed 
building with brick panels. A travelling crane, with 
the gantries supported on columns, runs the full length 
of the building. The building houses the exhausters, 
tar extractors, reheaters, saturators, acid separators, 
drain table and driers, ammonia still and pump, lime 
and sulphate handling apparatus and storage equip- 
ment. It also contains the liquor-flushing pumps and 
tar and liquor pumps. The semi-direct process of 
ammonia recovery is employed. As the gas is drawn 
from the ovens by the exhausters, it passes through 
primary coolers of the indirect vertical water-cooled 
type, in which the tar, naphthalene and water vapour, 
are condensed and a certain amount of ammoniacal 
liquor is collected. The cooled gas only is handled by 
the exhausters, and is delivered to the tar extractors, 
where the remainder of the tar in it is removed. The 
gas then passes through reheaters which raise the 
temperature to the point of efficient production of 
ammonium sulphate. This occurs when the gas is 
bubbled through sulphuric acid in the saturators, after 
leaving which any acid carried over is removed in the 
acid separator. The sulphate of ammonia is lifted to a 
drain table from the saturator by an ejector, and after 
drying in a centrifuga] machine, neutralising, and again 
drying, it is ready for bagging. The ammoniacal liquor 
from the primary coolers is separated from the tar and 
distilled, the resultant ammonia vapours being delivered 
into the main coke-oven gas stream, just before it enters 
the saturators. 

The two exhausters, of which one is a standby, are 
of the positive type, directly driven by horizontal steam 
engines with expansion valve gear. They are capable 
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of delivering gas at a discharge pressure of 34 lb. maxi- 
mum and 2} lb. normal pressure and were made by 
Messrs. Bryan Donkin and Company, Limited, Chester- 
field. The tar extractors are a special design of the 
rigid-bell type. The two saturators have cylindrical 
steel shells and cast-iron bottoms, the whole being 
lead lined. The cracker pipe is of lead, the sulphate 
ejectors of bronze, and the drain table consists of a 
lead-lined cast-iron box. The sulphate centrifugal 
driers are of the suspended self-balancing type, driven 
by high-speed vertical steam engines. -The ammonia 
still is of sufficient capacity to distil all the ammonia 
condensates. It contains six trays in the free section 
and nine trays in the fixed section. The sulphate is 
neutralised and dried in a Phillipson machine, ammo- 
nium carbonate being employed as the neutralising 
medium. The flushing pumps have a capacity of 
24,000 gallons per hour against a differential head of 
60 per square inch, and supply the liquor for 
flushing the collecting mains. Large steel storage 
tanks are provided for storing tar and ammoniacal 
liquor separately. 

The benzo] plant, which occupies a separate building, 
is designed to produce crude benzol, distilling 65 per 
cent. at 120 deg. C., but, in practice, the benzol recovered 
tests from 70 per cent. to 80 per cent. at that tempera- 
ture. On leaving the by-product building, the gas, 
after passing through final coolers, enters benzol 
scrubbers, consisting of towers 80 ft. high packed with 
wooden hurdles. The gas traverses the towers in an 
upward direction, meeting descending streams of 
wash oil, which absorbs the benzol. The de-benzolised 
gas is then drawn from the top of the towers by com- 
pressors. The wash oil, with its added benzol, is deli- 
vered into a distilling apparatus having the necessary 
heat exchangers, condensers, and coolers. The benzol 
is extracted from the oil in this apparatus by intimate 
contact with steam. A heavy petroleum wash oil is 
employed. Two heat exchangers are provided. In 
the first, the heat from the light oil vapours is trans- 
ferred to the cold benzolised oil. In the second, the 
heat from the oil leaving the still is used to preheat the 
benzolised oil. Both these heat exchangers are of the 
vertical-tube type. On leaving the still, the wash oil 
is cooled in an open type cooler, consisting of five 
banks of 2-in. galvanised pipes, so arranged that any 
one bank can be by-passed and steamed out. The 
crude benzol is also condensed in an open type cooler, 
from which the benzol passes to a separator, where it 
loses any water, and thence to storage tanks. 

The surplus gas available for sale amounts to about 
7,000 cub. ft. per ton of dry coal carbonised ; that is, 
62-6 per cent. of the total yield. The gas has a gross cal- 
orific value of over 550 B.Th.U. per cubic foot, and the 
quantity produced, together with the yield of over 34 
gallons of high value crude benzol per ton, shows that the 
type of plant described is thoroughly efficient in the 
conservation of coking by-products. The gas has a 
nitrogen content of only 3-5 per cent., in the crude- 
gas collecting main, and has given no trouble from 
naphthalene deposits. It is, as already mentioned, 
supplied to the Sheffield Gas Company, and for this 
purpose a boosting plant is installed. This consists 
of one steam-driven and one motor-driven compressor, 
either of which may be used as a stand-by. Both are 
capable of taking 4,000,000 cub. ft. of free gas per 
24 hours, and delivering it at a final pressure of 
15 lb. per square inch. These machines, made by 
Messrs. Reavell and Company, Limited, Ipswich, are 
shown in Fig. 6. The gas, as delivered, is measured 
by a Connersville meter, seen on the right of this 
figure. In order to act as a reservoir for the booster 
and to maintain a constant pressure of gas on the 
battery of ovens, a double-lift type gasholder, of a 
capacity of 100,000 cub. ft., has been erected. 

We wish to acknowledge our indebtedness to the 
directors of the Nunnery Colliery Company, Limited, 
and to Mr. N. E. Webster, general manager, for 
permission to publish the above particulars of their 
new installation. Other Becker coke-oven plants are 
in course of erection for Messrs. Thorncliffe Coal 
Distillation, Limited, Sheffield, with a capacity of 
1,200 tons a day, and for Messrs. British Benzol 
and Coal Distillates, Limited, Bedwas, South Wales, 
with a capacity of 660 tons a day. 








SuMMER CouRSES FOR ScieNcE TEACHERS,—Short 
courses in various scientific subjects, intended for teachers 
in recognised technical colleges, schools, and institutes 


in England and Wales, are to be held in different centres | 


during the summer. Courses in engineering science and 


in electrical engineering will be held at Merton College, | 


Oxford, from July 20 to 31, and in building mechanics 
and geometry, and painting and decorating at the London 
County Council Westminster Technica! Institute, from 
July 22 to August 2. Full particulars regarding admis- 
sion to the courses, accommodation, hours of attendance, 
ete., may be obtained from the secretary, Board of 
Education, Whitehall, London, 8.W.1. Teachers who 


intend to participate in the courses should make applica- 
tion not later than April 20 next. 
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ENGINEERING. 


TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 
Possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case, 


Tank Wagons.—The supply of 25 bogie, 3 ft. 6 in.- 
gauge, cylindrical-tank wagons, each having a capacity 
of 8,000 Imperial gallons, for the conveyance of petrol 
and paraffin. The South African Railways and Harbours 
Board, Johannesburg; April 18. (Ref. No. A.X. 7726.) 


Rack Locomotives.—The supply of 3 one-metre gauge 
rack locomotives of the tank type. The Chilean State 
Railways, Santiago ; July 1. (Ref. No. A.X. 7731.) 


Centrifugal Pumps.—-The supply and delivery of two 
electric-motor driven centrifugal pumps. The New 
Zealand Public Works Department, Wellington ; May 7. 
(Ref. No. A.X. 7738.) 


Sewage Plant.—On account of the increased volume of 
sewage now reaching the disposal plant at Stratford, 
Ontario, Canada, the existing installation will have to be 
extended. Probable openings for sewage plant. (Ref. 
No. A.X. 7736.) 


Copper and Zine Smelting Plants.——Canadian firms 
are in the market for equipment and machinery likely to 
be required in a copper smelter and refinery, and zinc 
reduction plant. (Ref. No. A.X. 7683.) 


Waterworks Plant.—The Netherlands East Indian 
Government has granted a subsidy of 15,0001. towards the 
installation of a new drinking-water supply service at a 
small town in the Bantam Residency of West Java. 
Openings for waterworks plant, piping, valves, &e. 
(Ref. No. A.X. 7740.) 


Road Construction.—The construction and repair of 
roads at Valparaiso, Chile, is under contemplation. It 
is anticipated that tenders will be invited in about 
two months’ time. (Ref. No. A.X. 7750.) 


Machine Tools.—The supply of two motor-driven 
26-in. shaping machines, and three motor-driven vertical 
drilling machines. The South African Railways and 
Harbours Board, Johannesburg; May 23. (Ref. No. 
A.X. 7751.) 

Locomotive Boiler.—The supply of one locomotive 
boiler, with smoke-box, &c., for ‘‘ 15 CB ”’-class loco- 
motive. The South African Railways and Harbours 
Board, Johannesburg; May 23. (Ref. No A.X. 7756.) 








BOOKS RECEIVED. 


United States Bureau of Standards. Miscellaneous 
Publication. No. 86. Tables of Spectral Energy 
Distribution and Luminosity for Use in Computing 
Light Transmissions and Relative Brightness from 
Spectrophotometric Data. By J. F. Skoananp. [Price 
10 cents.] Washington: Government Printing Office. 

Department of Overseas Trade. E ic Conditions in 
Bolivia, to October, 1928. Report. By A. W. RoBert- 
son. London: His Majesty’s Stationery Office. 
[Price ls. 6d. net.] 

Mathematical and Physical Papers. Vols. I and II. By 
Str JosEPpH Larmor. Cambridge: University Press. 
[Price 61. 6s. net. ] 

Logarithms of Feet, Inches and Fractions for Direct 
Calculation in British Units of Length. By C. L. T. 





GrirFitH. London: E. and F. N. Spon, Limited. 
[Price 2s. net.] 

United States Bureau of Standards. Miscellaneous 
Publications, No. 91. Standards Yearbook, 1929. 
[Price 1 dol.] Washington: Government Printing 
Office. 


HK, dates. 





Department of Overseas Trade. Ci 8 in 
the Netherlands East Indies, to October 31, 1928. Report 





By H. A. N. Biuett. London: His Majesty’s 
Stationery Office. [Price 3s. net.] 

Department of Overseas Trade. E Conditions in 
the Republic of Nicaragua. By H.S. Lonpon. And in 


the Republic of Guatemala. By W. M. Carvu. London: 
His Majesty’s Stationery Office. [Price ls. 6d. net.] 

Department of Scientific and Industrial Research Radio 
Research. Special Report No. 8. An Investigation of 
the Interference Caused by Transmission from Radio 
Stations. London: His Majesty’s Stationery Office. 
[Price ls. net.] 

Air Ministry. The Air Navigation Directions, 1928 
(A.N.D. 7). [Price 4d. net.] The Air Navigation Direc- 
tions, 1928 (A.N.D. 7a). [Price ld. net.] London: 
His Majesty’s Stationery Office. 

Relief for the Ratepayer. An Explanation of the Local 
Government Bill, 1929. By Sm Kinastey Woop. 
London: Ernest Benn, Limited. [Price ls. 6d, net.] 

United States Bureau of Mines. Mineral Resources of the 
United States. I:9 Manganese and Manganiferous 
Ores in 1927 By J. W. Furness. [Price 10 cents.] 
I: 10 Silver, Copper, Lead and Zinc in the Central 











States in 1927. Mine Report. By J. P. Duntop and 
H. M. Meyer. [Price 10 cents.] II: 21. Stone in 
1927. By A. T. Coons. [Price 10 cents.] II: 22. 


Barite and Barium Products in 1927. By R. M. 
| Sanrmyrers. [Price 5 cents.] IT : 23. Clay in 1927. 
| By J. Mrppieton. [Price 5 cents.] Technical 
| Paper No. 438. Bentonite. Its Properties, Mining, 
| Preparation and Utilization. By C. W. Davis and 
| A. C. Vacuer. [Price 10 cents.] Washington : 
| Government Printing Office. 
| Smithsonian Institution. Report of the United States 
National Museum. Washington: Government Print- 
ing Office. 
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NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 


The Coal Trade.—Strong conditions continue. in 
evidence in the Welsh steam-coal trade. For prompt 
loading, in spite of increased outputs, supplies remain 
insufficient to meet requirements, and sellers command 
prices on the basis of 21s, 6d. for best Admiralty large, 
and from 14s. to 15s. 6d. for smalls, but for later loading 
prospective buyers hold off, hoping eventually to secure 
their requirements on more favourable terms. Whether 
they will be successful appears undecided at present, 
for many collieries report themselves booked up for the 
next six weeks while others indicate that they are fully 
stemmed for the next three weeks and hope to fill up for 
later dates. At any rate, they refuse to discount values 
so that conditions remain firm. 


Seaborne Traffic—The seaborne traffic of the South 
Wales docks in the four weeks ended March 17 was the 
best for any similar period for two years, while the net 
registered tonnage of arrivals was the highest for at 
least four years. The export and import traffic amounted 
to 3,136,935 tons compared with 2,588,982 tons in the 
preceding four weeks, 2,917,843 tons a year ago and 
3,227,371 tons two years ago. Exports totalled 2,263,506 
tons against 2,720,895 tons two years ago, coal and 
coke clearances accounting for 2,441,827 tons against 
2,027,760 tons in the previous month and 2,494,544 tons 
two years ago. Shipments of tinplates were raised from 
40,863 tons to 50,921 tons, the largest quantity since 
March, 1926, while imports of oil were increased from 
34,533 tons to 134,808 tons, against 153,607 tons in 
October, 1927. The number of vessels entering the 
docks increased from 1,630 to 1,657, against 1,700 two 
years ago, while the net registered tonnage at 1,462,306 
tons was the highest for at least four years. 


Cardiff Shipping..—The annual return of the Cardiff 
District Committee of the Shipping Federation, shows 
that 84 firms control 303 vessels of a gross register of 
1,115,528 tons equal to an approximate deadweight of 
1,859,047 tons, the highest in the history of the port. 
Compared with a year ago, the number of vessels showed 
a reduction of 2, but the gross tonnage was increased 
by 68,356 gross tons and the deadweight by 135,583 tons. 
Messrs. Foster, Hain and Read, of the Hain Steamship 
Company, Limited, head the list of individual owners 
with 45 vessels aggregating 216,703 gross tons followed 
by Sir Wm. Reardon Smith and Associated Companies 
with 33 of 166,103 gross tons and Messrs. Evan Thomas, 
Radcliffe & Company, with 15 totalling 77,004 gross tons. 
Messrs. W. J. Tatem, Limited come fourth with 14 of 
61,656 gross tons and Messrs. D. G. Hall and Company, 
Limited, fifth, with 8 of 37,164 gross tons. 


1928 Coal Losses.—In their report for 1928, the Albion 
Steam Coal Company, Limited, show a loss of 22,7611. 
and regret the passing of the dividend on both the pre- 
ference and ordinary shares. The Cardiff Collieries, 
Limited, also sustained a loss of 37,0191. in the same 
period. Both companies speak of the improvement 
which commenced at the beginning of the year. 








NOTES FROM THE NORTH. 


Guascow, Wednesday. 


Scottish Steel Trade.—With the close of the Easter 
holidays, steel makers looked for a broadening out in 
the demand for material, but so far, this has not been 
realised, and the state of the trade is unaltered. Specifica- 
tions are coming in with a certain amount of regularity, 
but volumes are not heavy, and some works are not too 
well placed at the moment. Ship plates continue rather 
slow, but the demand for sections is surprisingly good. 
The export side of the industry is only fair, and the 
inquiry is not satisfactory. In the black-sheet trade there 
is a certain amount of quietness which is a little dis- 
couraging, as makers all look for a brisk demand about 
this time of year. The heavier gauges are particularly 
quiet at present. Prices are all steady to firm, and are 
as follow :—Boiler plates, 107. 10s. per ton; ship plates, 
8l. 7s. 6d. per ton; sections, 7/. 17s. 6d. per ton ; black 
sheets, } in., 8/. 15s. per ton; and galvanised corrugated 
sheets (No. 24 gauge), 13/. 15s. per ton, all delivered at 
Glasgow stations. 


Scottish Pig-Iron Trade.—A better tone is noticeable in 
the Scottish pig-iron trade, and the demand shows some 
signs of improving. The relighting of several more blast- 
furnaces points to a certain amount of confidence in the 
outlook, and the inquiry, particularly for hematite, is 
much better. Prices are firm, and are quoted as follow:— 
Hematite, 77s. per ton, delivered at the steel works ; 
foundry iron, No. 1, 75s. per ton; and No. 3, 72s. 6d. 
per ton, both on trucks at makers’ yards. 


Malleable-Iron Trade.—Conditions in the West of Scot- 
land malleable-iron trade have not changed, and although 
a certain tonnage of arrears has still to be cleared off, the 
outlook is not too bright. This is caused by the small 
amount of new business which is being booked and the 
poor inquiry which prevails. Re-rollers of steel bars are 
quiet. Prices are unchanged, despite the high level of 
raw material. The current quotations are as follow :— 
“Crown ” bars, 10. 5s. per ton for home delivery, and 
91. 15s. per ton for export ; re-rolled steel bars, 8/. per 
ton for home delivery, and 7/. 15s. per ton for export. 


Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending Saturday last, April 6, amounted to 827 tons. Of 
that total, 727 tons went overseas and 100 tons coast- 
wise. During the corresponding week of last year the 
figures were 171 tons overseas and 33 tons coastwise, 
making a total shipment of 204 tons. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel. Though improvement is by no means 
general, the better feeling recently reported appears to 
have gained ground, and no surprise would be caused 
if the next few months witnessed a really substantial 
advance. That the foremost users of bulk steel are 
continuing to draw to a very large extent on British 
sources in preference to those of foreign rivals is mani- 
fest from the highly encouraging level of production at 
the big batteries of furnaces in South Yorkshire and 
Lincolnshire. Official returns show that the February 
output in the Sheffield district was 106,000 tons, which 
was 3,000 tons more than in January, and 8,000 tons 
more than in the corresponding month last year. Basic 
ingots again represented more than half the total. 
Lincolnshire’s production of 49,000 tons was practically 
all basic. This was slightly below the January aggre- 
gate, but was 7,000 tons greater than in February last 
year. Lincolnshire also produced 57,000 tons of iron. 
Prices generally are firm, with still another rise in tung- 
sten. Quotations: Siemens acid billets, 8J. 15s. to 91. ; 
hard basic billets, 7/. 58., 71. 15s. and 8. 15s. ; soft basic 
billets, 6. 17s. 6d.'; Derbyshire foundry pig-iron, 67s. 6d. ; 
Derbyshire forge iron, 64s.; Lincolnshire foundry pig- 
iron, 71s.; Lincolnshire basic iron, 67s. 6d.; Crown 
iron bars, 101. 10s.; iron hoops, 127. 10s.; steel hoops, 
91. to 91. 158.; soft wire rods, 7l. 12s. 6d. to 7l. 15s. 
Though there is still a marked shortage of orders for 
railway steel, wagon builders are able to show large 
profits, and view the future more hopefully. A Sheffield 
firm may receive the first portion of a large contract 
for railway material for Russia. In this event German 
rivalry would receive a severe blow. A special delegation 
from that country, including the President of the 
Russian Railway Commission, is now in England, and 
will probably visit Sheffield works this week. For the 
development of electrical plant, the Sheffield Corporation 
has placed contracts valued at 542,000/. for the pro- 
vision of a 25,000-kw. turbo-alternator, three 120,000-lb. 
boilers, and all accessories. The bulk of the work has 
gone to firms operating outside Sheffield, but these, in 
turn, have given undertakings that they will jointly 
spend over 200,000/. locally in labour and materials. 
Better reports are arriving from makers of files and 
shipbuilding tools. 

South Yorkshire Coal Trade.—-House-coal business has 
eased slightly, but collieries have fair order books and 
depots are well employed. Values are unchanged. Indus- 
trial needs are again broadening on inland account, but 
the state of the export market is less definite. Furnace 
coke is scarce, output capacity apparently being insuffi- 
cient to meet rising needs. There is a strong demand for 
coking slacks. Quotations :—Best branch handpicked, 
278. to 28s. 6d.; Derbyshire best bright house, 23s. 6d. 
to 25s. ; Best house coal, 21s. to 22s. ; Screened house 
coal, 18s. to 19s.; Screened house nuts, 17s. to 19s. ; 
Yorkshire hards, 15s. 6d. to 16s. 6d. ; Merbyshire hards, 
15s. 6d. to 16s. 6d.; rough slacks, 8s. 6d. to 9s. 6d. ; 
nutty slacks, 6s. 9d. to 7s. ; smalls, 3s. 6d. to 4s. 








CoMPETITION FOR PETROL-FILLING StTaTION SIGN.— 
On page 201 of our issue of February 15 last we drew 
attention to the competition, organised by the Royal 
Institute of British Architects, for the design of a national 
sign that will denote petrol-filling stations and garages. 
We now learn that upwards of 100 designs have been 
received for consideration, and these are row being exhi- 
bited each week day, from 10 a.m. to 8 p.m., at the 
galleries of the Institute, 9, Conduit-street, Hanover- 
square, London, W.1. The exhibition, to which admis- 
sion is free, will remain open until April 20 next. 





PersonaL.—Mr. T. S. Catmur, M.I.Mech.E., has 
resigned his position as managing director of Messrs. 
Burton, Griffiths and Company, Limited, 64-70, Vauxhall 
Bridge-road, London, S.W.1.—Mr. S. E. Fedden, who is 
at present general manager and engineer of the City of 
Sheffield Electric Supply Department, has been appointed 
district engineer for the Mid-East England Electricity 
Scheme, 1928, under the Central Electricity Board.— 
The consulting engineering practices of Mr. P. Griffiths, 
39, Victoria-street, London, S.W.1, and of Mr. H. G. 
Hoskings, 6, Queen Anne’s Gate, S.W.1, will in future be 
carried on in association one with the other. 





ContTracts.—Messrs. Richard Garrettand Sons, Limited, 
Leiston, Suffolk, have received orders for six of their rigid 
six-wheeled steam wagons from Messrs. British Quarrying 
Company, Limited, London, two from the Gloucestershire 
County Council, and repeat orders from nine firms in 
various parts of the United Kingdom. Several orders have 
also been placed with Messrs. Garrett, for standard four- 
wheeled wagons fitted with two-speed gear.—Messrs. 
Guest and Chrimes, Limited, Rotherham, have secured 
an order for sluice valves and surface boxes in connection 
with the Cheddar water-supply contract of the Bristol 
Water Works.—Messrs. The D. P. Battery Company, 
Limited, Bakewell, Derbyshire, have received orders, 
through Messrs. The English Electric Company, Limited, 
for seven batteries in connection with the South East 
England Electricity Scheme.—An order for the first 
generating unit of the new electric power station to be 
built at Blackburn Meadows, Sheflield, has just been 
placed with Messrs. The English Electric Company, 
Limited, Queen’s House, Kingsway, London, W.C.2. 
The unit will comprise a 35,000-h.p., multi-cylinder steam 
turbine, to be manufactured at Rugby; the electric 
generator will be made at Preston. The unit will have 
an output of 25,000 kw. An English Electric shunting 
locomotive is also being supplied. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—In the Cleveland pig- 
iron branch of trade conditions do not admit of extensive 
transactions. Stocks have all but vanished and makers 
are well sold to June. Official fixed minimum quotations 
are unaltered, but orders cannot be placed at them. Pro- 
ducers are asking ls. 6d. above the fixed figures, and they 
report sales at the advanced prices, which are No. 1 
quality, 7ls.; No. 3, g.m.b., 68s. 6d.; No. 4 foundry, 
67s. 6d.: and No. 4 forge, 67s. Second-hands are not 
in a position to dispose readily of their holdings owing 
to certain restrictions under their terms of contract with 
iron-masters. They are understood to have made 
small sales to customers at a distance. 


Hematite-—East Coast hematite producers are in & 
very strong position. Both home and overseas buyers 
are pressing for larger supplies, but makers being well 
sold over the next two months and having next to no 
stocks to draw upon are unable to comply with requests 
of customers. In this branch merchants have a free 
hand as to the disposal of their holdings, but they 
look for upward movement in values and are not disposed 
to undersell manufacturers to any extent. Business is 
not easily transacted at below the equivalent of ordinary 
qualities at 74s. 


Foreiqn Ore.—The attitude of foreign ore merchants 
is as firm as ever. Business is quiet, but market rates 
remain on the basis of fully 23s. ¢.i.f. Tees for best rubio. 


Blast- Furnace Coke.—Scarcity of Durham blast-furnace 
coke is less acute, but supply is still far from adequate, 
and high figures continue to be named. The slackening of 
export demand has, however, released rather consider- 
able quantities for home use, and while up to 20s. con- 
tinues to be named for Durham good medium blast- 
furnace descriptions, delivered to consumers’ works in 
this district, that price can be shaded. 


Manufactured Iron and Steel.—Producers of nearly all 
kinds of manufactured iron have a good deal of work on 
hand, and semi-finished steel makers are very busily 
employed, while aggregate output of finished steel is 
heavy. Froduction is heaviest in departments turning 
out shipbuilding requisites, railway material and sheets, 
but in other branches there is also great activity at 
works. Quotations for most commodities tend upward. 
Common iron bars are 101. 5s.; best bars, 10/1. 15s. ; 
double best bars, 11/. 58.; treble best bars, 11l. 15s. ; 
iron rivets, 111. 10s.; packing (parallel), 8/.; packing 
(tapered), 10/.; steel billets (soft), 61. 17s. 6d; steel 
billets (medium), 77. 12s. 6d.:; steel billets (hard), 
81. 2s. 6d.; steel rivets, 111. 58.; steel ship plates, 
8l. 7s, 6d.; steel angles, 7/7. 17s. 6d.; steel joists, 
7l. 17s. 6d.; heavy sections of steel rails, 8/. 10s. ; 
black sheets (No. 24 gavge), 97. 10s. to 101.; and 
galvanised corrugated sheets (No. 24 gauge), 13/. 10s. to 
131 12s. 6d. 








British STANDARD SPECIFICATION FOR PHOTOMETRIC 
IntTEGRATORS.—The British Engineering Standards 
Association has just issued a specification for photometric 
integrators, designated No. 354/1929. The specification 
deals with photometric integrators of either spherical or 
cubical shape. The integrator may be used for the 
measurement of the light output of tungsten filament 
electric lamps or for ascertaining the efficiency of trans- 
lucent or dispersive reflector fittings, particulars regarding 
which will be found in specifications Nos. 324 and 232, 
respectively. The present specification gives the 
necessary constructional details for integrators of 
24 in., and upwards in size, and it defines the require- 
ments for the interior coating. Copies of the new specifi- 
cation may be obtained from the B.E.S.A. Publications 
Department, 28, Victoria-street, London, S.W.1, price 
28. 2d., post free. 





Hose CLIPs AND THEIR Uses.—The type of hose clip 
known as the Jubilee worm-drive clip, consists of a 
galvanised-steel band, 4} in. in width, on one end of which 
a square-threaded screw is mounted, with its axis parallel 
to the length of the band. Segmental grooves are milled 
in a transverse direction in the face of the band at the 
other end, the grooves being spaced at a pitch equal to 
that of the screw, and, by passing the band round the 
hose and placing the tmilled. end under the screw, the 
clip may be tightened up by turning the screw with a 
screw driver or the edge of a coin. The clips have been 
widely used for connecting air hoses to metal pipes or 
pneumatic tools, in the motor-car industry for connecting 
the radiator to the water jacket, and for securing the 
covers of universal joints, and for many other similar 
purposes in various industries. Our reason for mention- 
ing it now is that the makers, Messrs. L. Robinson and 
Company, London-chambers, Gillingham, Kent, have 
called our attention to the fact that numerous applica- 
tions have been found for the appliance, in addition to 
that for which it was originally produced. It has, for 
instance, been employed for repairing a split or cracked 
pipe, a piece of suitable packing material being fitted 
over the opening and held in position by Jubilee clips 

laced closely together side by side. The clips have also 
| se used for holding a pair of bearing brasses together 
for boring, and for compressing piston rings in place on 
a piston, so that the latter can be inserted in the cylinder 
bore. For this purpose, and for others in which a clip 
of large diameter is needed, it is  mger to join up, 
end-to-end, any number of smaller clips, which are C) 
in five standard sizes for hoses, &c., with outside diameters 
ranging from # in. to 3} in. ; larger sizes can, however, be 
specially made if required. 





NOTICES OF MEETINGS. 





INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 
7 p.m., Storey’s-gate, S.W.1. Informal Meeting. 
‘** Pumping Plant,” introduced by Mr. F. E. F. Durham. 
Yorkshire Branch: Thursday, April 18, 6.45 p.m., 
Literary and Philosophical Society, Harrison-road, 
Halifax. ‘‘ Machine Tools, Ancient and Modern,” by 
Mr. J. G. Stirk. London: Friday, April 19, 6 p.m., 
Storey’s-gate, S.W.1, “The Standardization of Keys 
and Keyways,”’ by Mr. W. Reavell. 


Junior INsTITUTION OF ENGINEERS.—To-night, 7.30 
.m., 39, Victoria-street, S.W.1. ‘‘ The Collection of 

ine Dust arising from Metallurgical and other Pro- 
cesses,” by Mr. B. V. Lambert. Friday, April 19, 7.30 
p.m. “Early Aviation,” by Lt.-Col. J. T. C. Moore- 
Brabazon. 

InstituTION OF ExLEcTRicaAL ENGINEERS.—Monday, 
April 15, 7 p.m., Victoria-embankment, W.C.2. Informal 
Meeting. Discussion on ‘“‘ Power Supply and Railway 
Electrical Signalling,”” by Mr. M. G. Tweedie. Thursday, 
April 18, 6 p.m. Ordinary Meeting. ‘‘ The Modern Use 
of Pulverised Fuel in Power Stations,” by Mr. R. A. 
Chattock. London Students’ Section: Friday, April 19, 
6.15 p.m. Address by Dr. A. H. Railing. 


Soorety or Guass TEecHNOLOGy.—Tuesday, April 16, 
5.15 p.m., The University, St. George’s-square, Sheffield. 
Refractories Committee and Standards Committee Meet- 
ings. Wednesday, April 17, 2.30 p.m. Annual General 
Meeting. ‘Glass: Cut and Engraved,” by Mr. W. 
Butterworth. 


INstTITUTE or TRANSPORT.—Tuesday, April 16 5.45 
p-m., Institution of Electrical Engineers, Victoria- 
embankment, W.C.2. Graduates’ and Students’ Lecture : 
“Transport Developments in 1928,” by Mr. R. Bell. 
Birmingham and District Section: Tuesday, April 16, 
6 p.m., Queen’s Hotel, Birmingham. Annual General 
Meeting. 

ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Tuesday, April 16, 7.15 p.m. Junior Institution of 
Engineers, 39, Victoria-street, S.W.1. Lecture: “ Vari- 
able Speed A.C. Commutator Motors,” by Mr. C. V. Hill. 


INsTITUTION OF ENGINEERS-IN-CHARGE.—Tuesday, 
April 16, 7.30 p.m., St. Bride Institute, Bride-lane, 
Fleet-street, E.C.4. ‘Some Notes on the Engineering 
Equipment of Institutions Economically Considered,”’ 
by Mr. W. M. Binny. 

Royat MetTgorotoaicat Society.—Wednesday, April 
17, 5 p.m., 49, Cromwell-road, South Kensington, S.W.7. 
“Monthly Mean Values of Radiation from Various Parts 
of the Sky at Benson, Oxfordshire,” by the late Mr. W. H. 
Dines and Mr. L. H. G. Dines. “An Analysis of the 
Changes of Temperature with Height in the Stratosphere 
over the British Isles,” by Mr. L. H. G. Dines. “ 
Basis for Seasonal Forecasting in Australia,” by Mr. H. A. 
Hunt. 

InstTiITuTION OF CrIviL ENarmNEeRS.—Wednesday, 
April 17, 6 p.m., Great George-street, S.W.1. Informal 
Meeting. Discussion on “ Problems Involved in_ the 
Design of Overhead Transmission-Lines,” by Mr. E. T. 
Painton. 

INSTITUTE OF MetTats.—Swansea Local Section : Wed- 
nesday, April 17, 7 p.m., The Thomas Café, High- 
street, Swansea. Annual General Meeting. 


Royat Society or Arts.—Wednesday, April 17, 
8 p.m., John-street, Adelphi, W.C.2. ‘The Properties 
and Application of ‘ Vita’ Glass,” by Mr. F. E. Lamp- 
lough, 

InstrTUTION OF MiniInG AND MeEtTALLURGY.—Thurs- 
day, April 18, 5.30 p.m., Geological Society, Burlington 
House, Piccadilly, WL. ‘“* Prospecting by the Swedish 
Geo-Electrical Methods,” by Mr. K. Sundberg. ‘“* Note 
on an Electrical and Magnetic Investigation for Magnetite 
Ores, North Sweden,” by Mr. N. Gella and Mr. H. B. 
Bateman. ‘“ Note on an Electrical Investigation for 
Copper Ores in Roumania,” by Mr. N. Gella and Mr. 
H. B. Bateman. 

INSTITUTION OF AUTOMOBILE ENGINEERS.—Thursday, 
April 18, 7 p.m., Technical Institute, Park-street, 
Guildford. ‘‘ Central Lubrication of Chassis Bearings,”’ 
by Mr. H. W. Pitt. 

West Bromwich ENGINEERING Socrety.—Friday’ 
April 19, 7.30 p.m., Kenrick Technical College, West 


Bromwich. ‘The Erection of Steel Bridges,” by Mr. 
D. G. Mackintosh. 
InstrtuTE oF British FounpRyMEN.—Sheffield 


Branch : Friday, April 19, 7.45 p.m., Albany Hotel, 
Fargate, Sheffield. Annual Meeting. ‘‘ Recent Develop- 
ments in Cupola Control.” 

INstrruTION OF MUNICIPAL AND County ENGINEERS. 
—Southern District: Saturday, April 20, 11 a.m., 
Council House, Bristol. ‘‘ Description of the New Power 
Station, Portishead,” by Mr. H. F. Proctor. 








Locomotives AND WorKSHOP EQUIPMENT FoR INDIA. 
—Various documents regarding the introduction of the 
Government of India railway budget in the Indian 
Legislature have been received by the Department of 
Overseas Trade, 35, Old Queen-street, London, 8.W.1. 
It appears that 300 new locomotives are to be purchased, 
and that the proposed remodelling of the railway work- 
shops should provide an opening for machine tools and 
wonlahep equipment. British firms desirous of perusing 
the documents should communicate with the Depart- 
ment, at the address given above, quoting Reference 
No. A.X. 7688. 
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BECKER COKE-OVEN PLANT; NUNNERY COLLIERY COMPANY, SHEFFIELD. 


CONSTRUCTED BY MESSRS. THE WOODALL-DUCKHAM VERTICAL RETORT AND OVEN CONSTRUCTION COMPANY (1920), LTD., LONDON. 








(For Description, see Page 453.) 
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Fig. 7. Front or Ovens, SHOWING CoaL BunkgRS AND CoKE-QUENCHING WAGON. 
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TORPEDO BOAT DESTROYERS FOR THE CHILEAN NAVY. 
CONSTRUCTED BY MESSRS. JOHN I. THORNYCROFT AND COMPANY, LIMITED, ENGINEERS, SOUTHAMPTON. 


(For Description, see Page 464.) 
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SUPER-PRESSURE BOILERS. 


BoiLerR pressures in British power stations have 
been steadily rising, but the movement has been 
retarded by two factors, of which possibly the 
more important has been the heavy restrictions 
which Parliament has imposed upon electrical 
enterprise. here, and which will apparently be 
but little alleviated by the establishment of 
super-power stations and of the grid. In fact, 
at the centenary conference of the Institution of 
Civil Engineers last June, Mr. F. Samuelson 
expressed the opinion that the policy of permitting 
power companies to pay only very moderate 
dividends would remove almost every incentive 
to plant improvement. It was David Harum 
who concluded that even in the matter of a 
horse deal it was poor policy to try and hog all 
the profit, leaving none to the other fellow, and 
this was. recognised in the early days of the gas 
industry. In this case provision was made that 
dividends might be raised if costs to the consumer 
were simultaneously reduced. It is extremely 
unfortunate that a similar plan has not been 
adopted in regard to electrical undertakings. One 
result is that in practically every new departure 
the whole of the risk, which often involves indirect 
and consequential liabilities, has to be shouldered 
by. the manufacturing engineer. 

The great progress which has been made in 


| America in regard to boiler design and operation 


has been largely due to the fact. that co-operation 
between plant proprietors and manufacturers has 
been financially feasible, and it is to this we owe 
the solution of the problem of firing with pulverised 
fuel, and also the remarkable increase in boiler 
ratings, the output per square foot of floor occupied 
having been} increased several fold. 


The move towards he pressures started in 
this country, but owing to the disabilities already 
alluded to, the lead was soon lost, and it is to 
America and the Continent that the engineer 
must turn for data based upon actual experience 
with super-pressures. 

The results of eleven months’ experience in the 
operation of the high-pressure boiler at the Lakeside 
station, Milwaukee, were described by Mr. John 
Anderson in a paper read in ‘November, 1927, 
at a meeting of the Institute of Fuel. This boiler 
worked at a pressure of 1,300 Ib.- per square inch, 
and was able to generate 240,000 lb. of steam per 
hour. Certain troubles were experienced and, 
in fact, the boiler was in operation for only about 
57 per cent. of the total time. Nevertheless, the 
conclusion reached was that there was no reason 
why super-pressure boilers should not be kept in 
work indefinitely. The stoppages had been due 
to preventible causes, which may be summed up 
as defective circulation and impure water. The 
earlier troubles arose from the deposit of scale and 
resultant: overheating of the tubes. There were, 
however, further tube failures due to deposits of 
black oxide of iron, and it was ultimately decided 
that the oxygen content of the feed ought to be 
less than {5 :¢.c. per litre. In the discussion on 


63 | this paper, Mr. F. H. Rozencrantz suggested that 


even in this case the fault really lay with defective 
circulation which permitted the oxide to collect, 
with consequent overheating of the tubes. 
Further experiences with extra high pressure plant 
are described in papers published in the April 
issue of Mechanical Engineering, the official journal 
of the American Society of Mechanical Engineers. 
In the first of these papers Mr. I. E. Moultrop 
discusses the working of the super-pressure plant 
at the Edgar Power Station, Boston. A boiler 
designed for a working pressure of 1,200 lb. per 


3| square inch was set to work here on December 5, 


1925, and up to the date of the paper had been in 
operation 16,042 hours out of a possible maximum 
of 26,921 hours. This boiler supplies steam to an 
independent turbo-generator. The steam is dis- 
charged from this turbine at a pressure of 360 Ib. 
per square inch, and it is then passed through a 
reheater, into the 350-lb. mains from which the 
main units of the station are fed. Means are pro- 
| vided by which the steam can be by-passed into 
| these mains round the super-pressure turbine 
| should the latter be out of action. 

| As usual in such pioneering work, provision was 
made for contingencies which never arose, whilst un- 
| anticipated troubles occurred. One of the minor 
ones was that the drop of pressure between boiler 
and turbine was much greater than had been 
anticipated. The boiler in essentials was merely a 
modification of the ordinary water-tube type. At 
the outset it was found impossible to keep the 
water level constant. When the level was too high 
water was carried over into the turbine, but without 
damaging the latter, whilst low water resulted in 
warped tubes. Ultimately, a satisfactory auto- 
matic regulator was constructed. Other troubles 
arose from corrosion in the economiser, which 
acted in effect as a chemical de-aerator, and thus 
saved the boiler. Ultimately, steps were taken to 
eliminate all oxygen from the feed, and since then 
corrosion has ceased. There were also troubles with 
the centrifugal feed pumps, but in the new plant 
since fitted these have been overcome by substituting 
labyrinth packings for those originally used, and 
by taking the thrust on blocks of the Kingsbury 
or Michell type. The turbine packing also gave 
trouble at the outset, and it was found necessary to 
replace the carbon packings by the labyrinth 
type. When opened up last January five blades 
were found broken and there was considerable 
corrosion. . Nevertheless the turbine is rated . by 
Mr. Moultrop as 100 per cent. available, since 
its stoppages were mainly attributable to the 
boiler. The troubles experienced with the latter 
are stated, howéver, to have been no greater than 
might reasonably be expected. in such pioneering 
work, and accordingly two additional super- 
pressure boilers of larger output have since been 
installed at the station. ‘These were designed for a 
working pressure of 1,400 lb. per square inch, 








and the first was put into operation in December, 
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1927. At the same time a new super-pressure 
turbine with a rated capacity of 10,000 kw. was 
added to the station plant. There have, Mr. 
Moultrop reports, been a number of tube failures with 
these new boilers, all of which appear to be due to 
defective circulation. There was also some trouble 
with the turbine, the horizontal joint leaking badly 
when the unit was first put under steam. This was 
corrected by thinning the flanges so as to make 
them more flexible and at the same time to shorten 
the bolts. As matters stand, Mr. Moultrop rates this 
turbine as nearly 100 per cent. available. Summing 
up, he holds that the venture has been justified. 
There have been no really serious troubles, and 
coal saving is estimated at 12 per cent. 

As already noted, in these American super- 
pressure boilers, standard practice at lower pressures 
has been followed as closely as practicable. The 
steam drums have been pierced to take the tubes, 
and have, therefore, had to be of considerable thick- 
ness. Circulation has proved less reliable than at 
the lower pressures, and most of the troubles 
experienced have accordingly originated with it. 
Special interest attaches, therefore, to a paper by 
Professor J. Havlicek, published in the same issue 
of Mechanical Engineering, describing the behaviour 
of the super-pressure boiler installed in 1927 at the 
Witkowitz Collieries, Czecho-Slovakia. This boiler 
is of the Léffler type, of which a general description 
was given in our issue of April 17, 1925, page 473. 
The most striking point brought out by Professor 
Havlicek is that, in spite of contaminated feed, 
there has not been the slightest boiler trouble up to 
the present. 

The essential feature of the Lifter system is that 
under no circumstances can the circulation fail. 
The steam is generated by leading superheated 
steam beneath the water contained in a simple 
drum. This drum is situated outside of the boiler 
proper, and is thus exposed neither to furnace gases 
nor to furnace temperatures. The steam, generated 
as described, is saturated at 1,700 lb. pressure, the 
corresponding temperature being 612 deg. F. By 
means of a motor driven pump or fan, it is then 
directed through a superheater in which its tempera- 
ture is raised to 932 deg. F. The steam delivered 
from this superheater is divided into two portions, 
one being returned to the drum, where it evaporates 
more saturated steam, and the other, amounting 
at full load to about one-third of the total, is passed 
on to the turbine. It will be seen that should the 
latter be suddenly shut down, the only effect would 
be a temporary increase of the circulation through 
the superheater. 

The superheater is divided into two parts. That 
which is coupled directly to the evaporator, and is 
thus the cooler of the two sections, is located in 
the combustion chamber and is heated almost 
wholly by radiation. The rate of heat transfer 
is stated to be so great that the general temperature 
in the combustion chamber is kept down to about 
2,200 deg. F. The second section of the super- 
heater is placed in the flue and heated by the 
products of combustion. 

The boiler erected at the Witkowitz colliery was 
designed to provide 40,000 lb. of steam per hour 
at a pressure of 1,700 lb. per square inch, and at 
a total temperature of 932 deg. F. The evaporating 
drum is 31} in. in diameter by 22 ft. 9} in. long, 
and is constructed of a 38-ton open-hearth steel. 
The ends are thick flat plates, which are secured by 
being screwed into position. This operation is 
effected after heating the drum so as to expand it. 
As it cools it shrinks and makes a thoroughly tight 
joint. Reinforcing rings are then shrunk over the 
drum at the ends. All steam and water connections 
are made in these ends, the shell of the drum being 
unpierced. 

So far as possible all joints in the high-pressure 
system, not merely in the boiler but throughout 
the whole plant, have been made by autogeneous 
welding. Flanged joints are used only where 
indispensable, and are of the metal-to-metal type. 

The boiler supplies steam to an 18,000-kw. Erste 
Briinner steam turbine running at 3,000 r.p.m. 
and having four casings in series. The first of 


these casings is supplied wholly from the super- 
pressure boiler. In it the steam is expanded from 
1,700 Ib. per square inch down to 360. 


In the 
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second casing the pressure is further reduced 
to 210 lb. per square inch and the steam exhausted 
from this is then, after reheating by live steam 
from the super-pressure boiler, passed into the 
normal pressure mains of the station, from which 
the rest of the turbine takes its steam. At full load 
the total steam passing through the turbine ranges 
from 130,000 lb. to 150,000 lb. per hour, since a 
varying proportion is tapped off for special uses. 

It will be realised that under these con- 
ditions less than one-third of the total steam 
is supplied by the super-pressure boiler. Two 
new boilers are, however, now in the course of 
erection, and the turbine will then be worked 
wholly with super-pressure steam. Provision 
is made for progressive feed heating, and it is 
claimed that on the basis of heat supplied at the 
turbine stop valve, a gross thermal efficiency at the 
turbine coupling of 37-6 per cent. will be obtained 
with the moderate vacuum of 28:6”. The pump used 
to circulate the steam from the evaporator to the 
superheater takes about 2 per cent. of the total 
power. 

The boiler is fired with pulverised fuel containing 
25 per cent. of ash. Due to this, the tubes of 
the radiation superheater become coated with a 
porous deposit, the thickness of which attains its 
maximum after a run of two or three days’ duration 
and then remains constant, the surplus dropping off 
automatically. Examination made after a run of 
3,000 hours showed that all the superheater tubes 
were normal inside and out, there being an entire 
absence of scale. The brick work of the combustion 
chamber becomes covered with slag, which flows 
down, glazing the upper part of the walls, but, owing 
to the low temperature, the fire bricks are not 
attacked. This low temperature is due, as already 
noted, to the high rate of heat transfer to the 
radiation superheater, and is secured in spite of the 
fact that the CO, content of the spent gases is 
16 per cent. The secondary air to the burners is 
preheated to between 572 deg. and 662 deg. F., 
but in the new boilers an attempt is to be made to 
raise this figure to 932 deg. F. In these new boilers, 
moreover, the combustion chamber will be lined 
almost wholly with tubing. 

Owing to a leaky condenser a certain amount of 
salt entered thesystem, but none of this was deposited 
on the superheater tubing, which remained perfectly 
clean, as stated. A salt deposit, however, did 
form on the turbine blading and in the valves. A 
soft deposit, easily washed out, accumulated in the 
evaporator. 

In a note published in the same issue of 
Mechanical Engineering, Professor Léoffler claims 
that owing to the simplicity of its construction his 
super-pressure boiler, output for output, will not 
cost more than one of the ordinary type designed for 
a working pressure of 500 lb. per square inch. 
He also states that his boiler has been adopted 
for an express locomotive now under construction 
for the German railways. The working pressure is 
to be 1,560 lb. per square inch. 








THE HOLBORN EXPLOSION. 


Ir will be generally known that an explosion 
occurred on the morning of December 20, 1928, in 
the Post Office tube in High Holborn. The explo- 
sion wrecked nearly half a mile of important road- 
way. Those who are not immediately familiar 
with the district may not realise, however, that this 
length of main road, in the heart of the West End 
of London, is still, on April 12, 1929, under recon- 
struction and impassable for traffic. The time it is 
taking to make good the effect of this explosion will 
give some idea of its violence and extent. The 
half-mile of roadway forms part of the original 
main exit from London to Tyburn and the west, and 
those concerned with the movement of traffic in 
the area may be reasonably thankful that in the year 
1850 a large part of the damaged section of this 
main west artery was short-circuited by the con- 
struction of New Oxford-street. 

The tube in which the explosion occurred was 
constructed about the year 1866 by the Pneumatic 
Despatch Company, and extends from near St. 
Martin’s-le-Grand to a point near Euston Station, 
passing along Cheapside, Newgate-street, Holborn, 








High Holborn, Broad-street, High-street, Totten- 
ham Court-road and Drummond-street. It was 
built for use as a pneumatic parcel tube, but appears 
to have operated for only about two years. It lay 
more or less abandoned for more than fifty years, 
and was finally taken over by the Post Office in 
the year 1921 for the purpose of carrying telephone 
cables, largely with the idea of doing something 
to reduce the continual opening up of the streets. 
The Post Office engineers found the tube in good 
condition when it was taken over. The explosion 
started from’ a manhole opposite the West Central 
District Office of the postal service at the west end 
of High Holborn. The point is roughly one third 
of the distance from the eastern end of the total 
length of tube over which the explosion extended. 
In the opinion of the Commission, which was 
appointed by the Home Secretary to enquire into 
the matter, and which has just issued its Report 
(Cmd. 3306, H.M. Stationery Office), the explosion 
was due to an accumulation of coal gas in the tube, 
ignited by a workman from a pocket lighter. The 
man had just entered the tube through the manhole 
to connect up a blower to an electric plug point, fixed 
some 3 ft. 10 in. inside the tube from the manhole. 
The explosion was not caused by an electric spark 
at the plug point, as the cap on the plug socket was 
later found not to have been removed. The man 
received injuries from which he, unfortunately, 
died, and the whole roadway except for some 
90 yards on either side of the manhole was blown 
up, or caved in, with much damage to surrounding 
property. As already said, no part of the roadway 
affected is yet again in use. We should add that 
at the inquiry, on which the Report is based, sugges 
tions were put forward that the explosion was due 
to an accumulation of petrol vapour, or of gas 
generated by the anaerobic fermentation of sewage. 
The discussion of these possible alternative ex- 
plosive vapours we need not gointo. An adequate 
case for attributing the explosion to coal gas is made 
out in the Report. 

We have given this brief account of the circum- 
stances of the disaster to facilitate discussion of 
some of its features which are of technical impor- 
tance. The cardinal interest of the whole matter 
concerns the ventilation of tubes of this kind and 
of underground chambers generally. The original 
tube, being intended for pneumatic despatch, was 
not ventilated at all, but in the year 1910, apparently 
as an outcome of an explosion in a disused sewer in 
Bloomsbury, attributed to an accumulation of gas, 
the City Corporation and the Borough Councils of 
Holborn and St. Pancras constructed ventilators at 
a number of points along the tube. In the length 
of tube between Kingsway and St. Giles’s Circus— 
the length which blew up—only one ventilator was 
constructed, and this was done away with by the 
Post Office when they took the tube over. As 
workmen had been affected by gas of some kind in 
the tube on more than one occasion, it was the 
practice of the Post Office to clear any section by 
means of a blower, driven by an electric motor, 
before workmen entered it. The workman who 
was killed by the explosion was fixing the blower 
for this purpose. 

It is known that many leakages from gas mains 
had taken place in the neighbourhood of the tube 
in the year of the explosion, and, in particular, a 
4-in. main in Shaftesbury Avenue was found frac- 
tured on December 16. Eight lines of Post Office 
cast-iron cable pipes, seven of them empty, led 
from near this fracture to the Post Office tube. 
This and similar evidence, including the information 
that the average leakage from gas mains is 14 cub. ft. 
of gas per mile of main per hour, suggest that the 
accumulation of gas which led to the explosion was 
gradual. This suggestion is given added weight 
by the information that no steps had been taken to 
clear the western section of the tube since November 
13. On this evidence it appears obvious that if any 
proper system of continuous ventilation had existed 
in the tube no serious accumulation of gas could have 
taken place and no explosion would have occurred. 

Apparently the single ventilator on the section 
of the tube which was destroyed took the form of 
a perforated manhole cover, which was replaced 
by an unperforated cover by the Post Office when 
they took the tube over. This was done to prevent 
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the entry of water and dirt. The blocking up of a 
ventilator seems an elementary way of achieving the 
latter object, and even at the time the blocking-up 
was carried out the portion of the tube lying in the 
Borough of St. Pancras was provided with con- 
tinuous ventilation by pipes running up the walls 
of buildings and by ventilators on street refuges. 
The blocking-up of the ventilator does not seem to 
have been in any way an oversight, or the act of an 
uninstructed subordinate. It was evidently entirely 
in line with Post Office policy, and in evidence 
before the Commission, Colonel Sir Thomas Purves, 
the Engineer-in-Chief of the Post Office, said that 
it was safer to allow gas to accumulate in an under- 
ground chamber or other cavity, so that its release 
could be controlled, than to allow it to escape by 
a system of continuous ventilation. We do not 
know how long this has been the official point of 
view of the Post Office—possibly it is inherited 
from a simpler age. Certainly at the present time 
there is too great a complexity of mains of all kinds 
below the roads—too much likelihood of leaks being 
started by displacements caused by heavy traffic, 
building operations and the opening up of roads— 
too much possibility of unexpected accumulations 
of gas due to the use of impervious pavings, to 
make it a sound policy. 

It is incidentally stated in the Report that the 
section of the tube which has been destroyed is to 
be replaced by lines of ducts laid in the ground. 
This appears to be a very unfortunate procedure, 
and suggests an entire misreading of what is to be 
learned from the explosion. The Report states 
that there are at present about seven miles of sub- 
way for mains and pipes in London, and the lesson 
of the explosion is not that this length should be 
curtailed, but that it should be properly looked 
after and ventilated. At the eastern end of High 
Holborn, which has a roadway width of 32 ft., 
and a total width between buildings of 47 ft., 
there existed below the roadway and parapets at 
the time of the explosion, 8-in., 6-in., and 5-in. gas 
mains; 4-in., 8-in., and 18-in. Metropolitan Water 
Board water mains; two 5-in. pipes containing 
Metropolitan Electric Supply Company’s low-tension 
distribution cables; three conduits containing 
cables of the Charing Cross Electric Supply Company; 
a 6-in. hydraulic main ; four Post Office pneumatic 
tubes; eight 3-in. Post Office cable pipes; one 
set of 20-way and one set of 12-way Post Office 
ducts ; a 4 ft. 6in. by 3 ft. London County Council 
sewer ; and the 4-ft. 6-in. by 4-ft. Post Office tube. 
This list must be added to by the uncounted connec- 
tions necessarily existing between these services 
and the buildings in the street. It is, to say the 
least, unfortunate, when an entirely unexpected 
event destroys a large part of these services and puts 
the roadway out of commission for many months, 
that no attempt should be made to straighten things 
up a little and reduce the likelihood of some of the 
continual opening of the streets, which is such a 
serious matter in all busy parts of London. There 
are differences of opinion about the wisdom of 
laying electric cables and gas mains in common 
subways, but that some system of subways will 
ultimately have to be introduced in important 
traffic arteries seems certain. 

The difficulty in this matter is that no single 
body has proper authority to control the laying and 
upkeep of all underground services in London. 
Such a body, if it existed, could insure that the 
conditions in the explosion area should be better 
when matters were finally straightened up than 
they were before. Actually, from the point of view 
of future opening-up of the streets, they will be 
slightly worse. The Post Office can hardly be 
blamed for filling in this wrecked tube and laying 
ducts. This procedure is no doubt the cheapest 
from their point of view, but none the less an 
opportunity of introducing some sort of order into 
at least part of the London streets is being thrown 
away. The Report recommends consideration of 
the possibility of co-ordinating underground services 
in London in some way. The best body for such 
work cannot well be discussed incidentally at the 
end of an article, but, whatever their actual respec- 
tive authorities, the matter might well be ventilated 
and considered by both the Ministry of Transport 
and the London County Council. 





NOTES. 
THe Paris INTERNATIONAL Far. 

TuHE increasing popularity of trade exhibitions, 
especially since the war, is shown by the rapid 
growth of these functions during the past few 
years. The Paris Fair is no exception to the rule, 
and whereas in its early days the exhibits were 
mainly confined to fancy goods and luxury articles, 
they now include all kinds of manufactured articles, 
and much space is devoted to machinery, electrical 
plant, hardware,‘and heavy exhibits generally. 
The steady development of the Fair is indicated 
by the following figures: In 1904, there were 490 
exhibitors, in 1917 this figure had risen to 1,750, 
in 1922 to 4,500, in 1927 to 6,530, and in 1928 to 
7,145. Again, the total area occupied by the 
stands has increased gradually from 100,000 sq. ft. 
in 1904, to 1,410,000 sq. ft. in 1928. The engineer- 
ing industries are contributing their share to this 
general increase. In 1927, the engineering group 
comprised 400 exhibitors having 350,000 sq. ft. of 
space; last year, however, the Fair authorities 
were called upon to reserve 400,000 sq. ft. for 510 
participants. This space, which is again this year 
to be devoted to the display of machinery and 
hardware, approaches, in area, that used for this 
purpose at the British Industries Fair, Birmingham. 
The twenty-first Paris Fair is to be held in the 
Exhibition Park at the Porte de Versailles, from 
May 11 to 26 next. The French Government and 
the railway companies are co-operating with the 
Fair management. The former is allowing goods 
from foreign countries, intended for exhibition 
purposes, to enter France without payment of 
Customs’ duties, and the latter have granted 
various travelling facilities for passengers and 
special rates for the transport of exhibits, together 
with free delivery. Particulars of the Fair may be 
obtained from the Bureaux d’Administration de la 
Foire de Paris, 23, rue Notre-Dame-des-Victoires, 
Paris, 2e, or from the Secretary of the Exhibition 
Section of the Federation of British Industries, 39, 
St. James’s Street, London, S.W.1. 


FatLurE OF HEAT-TREATED WIRES IN 
SUSPENSION-BRIDGE CABLES. 


The inadequacy of laboratory tests as a complete 
guide to the properties of new material has been 
demonstrated once again by the failure of the 
cables of two suspension bridges, reported by our 
contemporary, the Engineering News-Record. The 
Mount Hope bridge at Bristol, R.I., U.S.A., has a 
span of 1,200 ft. with two cables 11 in. in diameter. 
Each cable was built up of seven strands, each con- 
taining 350 No. 6 gauge galvanised wires. It had 
originally been intended to use ordinary cold drawn 
wire, but the specification was changed to pro- 
vide for heat-treated galvanised wires on the basis 
of experiments which showed that although the 
process did not materially affect the ultimate 
strength, the yield point was raised from the 
144,000 lb. per square inch characteristic of the 
cold drawn material, up to 190,000 lb. per square 
inch, which was about 85 per cent. of the ultimate 
strength. The heat-treated material was specified 
to have an elongation of 4 per cent. on a 10-in. 
gauge length, which was the same as demanded 
for the untreated wire. The bend test, however, 
was made less drastic, the wire being required 
to bend without damage round a rod of four times 
its own diameter, although preliminary tests had 
shown that it could be bent satisfactorily round 
its own diameter. The minimum reduction of 
area was fixed at 30 per cent. The whole of the 
wire met these requirements satisfactorily, and no 
troubles arose during the spinning and placing of 
the cables. As the work of erection approached 
completion, however, an inspector detected three 
broken wires in the neighbourhood of one of the 
anchorage shoes, and a subsequent examination 
disclosed between 300 and 400 breaks. The calcu- 
lated stress on the cable amounted to about 
32,000 lb. per square inch, the designed working 
stress under full-load conditions being 80,000 lb. 
per square inch. It has accordingly been decided 
to replace the cables entirely, using the ordinary 
cold drawn material, the reliability of which has 
been proved by experience. The news of these 
breakages led to an examination of the cables of 





the Detroit suspension bridge, also in course of 
erection, and in which the same heat-treated 
material has been used. This bridge has a central 
span of 1,850 ft., and there are two cables each 
having 37 strands of No. 6 gauge wire, galvanised 
and heat-treated. The designed working stress 
under full load was, in this instance, fixed at 
84,000 lb. per square inch, but at the time the 
alarm was given the actual stress was only 10,000 Ib. 
per square inch. About one-quarter of the floor 
beams were in place, and the erection of the 
stiffening girders had been started. Nevertheless, 
in spite of this moderate loading, a number of 
the wires were found to be broken when examined, 
after learning of the serious condition of the cables 
of the Mount Hope bridge. Here again it has been 
decided to replace the cables with others of the 
ordinary cold drawn wire. 








THE ENGINEERING OUTLOOK. 
X.—COoNSTRUCTIONAL ENGINEERING. 


Last year was the first time in which this branch 
of engineering was separately considered in this 
series of articles. Some may be disposed to regard 
constructional engineering as being more of the 
nature of building than engineering. On the other 
hand, it might be more correct to regard building 
as becoming increasingly more akin to engineering. 
Building, as known a generation ago, has been com- 
pletely revolutionised, and there is every indication 
that it will steadily continue to grow in the direction 
of a combination of civil and mechanical engineering. 
It is a definite modern tendency to erect buildings 
of a larger and heavier type, having a steelwork 
frame, which has the advantage of strength and 
greater speed in erection. 

‘ On the other hand, it would be wrong to imagine 
that constructional engineering is confined to building 
in the sense of houses. A very large percentage of 
constructional engineering work is related to the 
erection of bridges and other structures made en- 
tirely of steel, and there can be no question that 
as time renders unfit existing wooden and stone 
structures, they will, in the interests of economy, 
durability and strength, be replaced by erections of 
steelwork. For these reasons, the constructional 
engineering industry is regarded as one of consi- 
derable importance which will grow and which will, 
beyond question, continue to attract and create 
mechanical aids. 

As constructional engineering is not a manufac- 
turing industry, it is not possible to examine this 
branch of engineering in the same manner as other 
branches. It is not possible to study imports 
and exports over a period of years and compare the 
fluctuations. It is possible, however, to form a very 
fair opinion of the state of the industry by the study 
of employment statistics made available by the 
Ministry of Labour. Statistics of this nature were 
not separately distinguished until 1923, but it is 
considered that this is a sufficiently long period 
to give a satisfactory impression of the trend of the 
industry. 

TABLE I. 
Constructional Engineering—Number Employed. 

















Hates Number Number Number 
; Insured. Employed. | Unemployed. 
July, 1923 = 23,230 20,414 2,816 
» 1924 aa 23,990 21,129 2,861 
» 1925 ve 25,880 22,876 3,004 
» 1926 2] 27,110 23,633 3,477* 
» 1927 -| 27,460 25,569 1,891* 
» 1928 eal 27,290 25,144 2,146* 
(aged 16-64) | 





* Excluding temporary stoppages. 


Table I shows a very considerable expansion in 
the number of people insured and employed in 
constructional engineering during the past six 
years. The number employed has increased by 
over 5,000, but in considering this table it is impor- 
tant to keep in mind the fact to which reference 
has been made previously, that the statistics for 
1928 relate only to insured persons between the 
ages of 16 and 64, whereas the figures for the 
previous years relate to all insured persons over 
16 years of age. The figure given in Table I for 
1928 is 27,290 insured persons between the ages of 
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16 and 64, comparing with 27,460 insured persons 
of all ages in 1927. Now the number of persons 
insured in 1927 aged 16 to 64 was 26,790, showing 
a difference of roughly 700. It seems perfectly 
reasonable that the difference made by the exclusion 
of men over 65 should be small because in this 
industry, which necessitates working at a consider- 
able height on supports which are none too secure, 
only the comparatively young and nimble could be 
employed. One would not expect, therefore, to find 
many old menemployed. In July, 1927, the number 
of insured persons between 16 and 64 was 26,790. 
In July, 1928, the number was 27,290, so that 
despite the exclusion of men over 64, in actual 
fact, the number of persons between the ages of 
16 and 64 insured in the industry has increased. 
This is only to be expected in an industry which is 
comparatively young and which must inevitably 
continue te expand. 


If it were possible to analyse the consumption of | , 95 


iron and steel so as to ascertain in what manner it 
was consumed, it would be possible to construct an 
excellent index of the fortunes of this branch of 


the industry. Unfortunately, this cannot be done, PP all 


but, by a process of deduction, it is permissible to 
arrive at the conclusion that the year 1928 was not 
such a good one for constructional engineering as 
1927. The production in Great Britain of iron and 
steel, during 1928, declined as compared with 1927. 
The imports of iron and steel also declined. The 
exports of iron and steel remained about steady, 
‘ although the tendency was upwards. For this 
reason the consumption of iron and steel in this 
country, during 1928, was less than it was in 1927. 
Now, the exports of machinery were greater in 
volume in 1928 than they were in 1927. The home 
demand was probably at least as good; and thus 
it may be said with some assurance that the engi- 
neering industry consumed at least as much iron 
and steel as in 1927, and probably more. After 
engineering proper, constructional engineering must 
surely consume a very big percentage of the remain- 
ing iron and steel, and so the only conclusion possible 
is that iron and steel consumption by constructional 
engineers was less in 1928 than in 1927. It is thus 
evident that the volume of work done was not so 
great. This would appear to be confirmed by a study 
of the unemployment statistics for the constructional 
engineering industry throughout the year. From 
May, 1927, to December, 1927, the average percen- 
tage of unemployment in the constructional 
engineering industry was 8 per cent. Throughout 
1928, the average percentage of unemployment was 
over 10 per cent. It is therefore probably quite 
correct to assume that from the point of view of 
volume this industry has not done so well in 1928, 
as it did in 1927. 

The volume of the imported iron and steel used 
by steelwork erectors is difficult to determine, but 
it would probably be quite correct to say that the 
bulk of iron and steel consumed is home produced. 

This industry does contribute to our export 
trade, but in a manner that is difficult to determine. 
Steelwork constructors secure overseas contracts, 
and in many cases they utilise British material for 
their purposes. The volume of this work may not 
be large at this stage, but it is, nevertheless, impor- 
tant and probably, as time goes by, it will increase 
in volume and in value. 

Bearing in mind the inevitable increase in the 
utilisation of steel in every form of structure, it 
appears that the outlook for this industry is good, 
although expansion may not be spectacularly 
rapid. 

CoNcLUSION. 

The main branches and the most easily defined 
branches of engineering have now been examined, 
but it would be incorrect to suggest that the 
engineering industry has been reviewed without 
taking into account the very considerable group of 
industries embraced by the term “ General Engi- 
neering,” which, on account of the high reputation 
of many of the firms concerned, demand some con- 
sideration. The term “General Engineering ”’ 
covers such a wide variety of commodities that 
it would be idle to attempt a detailed analysis on 
the lines followed in the case of the well-defined 
branches of the industry, but, as has already been 
demonstrated, an excellent index of prosperity or 





adversity is to be found in the unemployment statis- 
tics, two sets of which are available for this purpose. 
Firstly, we have the unemployment statistics 
obtained from an investigation by sample in the 
principal engineering districts in the United 
Kingdom. 


Taste II. Unemployment in General Engineering. 














Number Index 
Date. Employed. 1913 = 100. 
| 
1914 47,275 | 100-0 
1918.. ie me ne 86,097 | 182-1 
1920.. ae ae a 57,770 | 122-2 
1923— | 
lst half year... = 24,782 | 52-4 
2nd (Cy, ae =k 31,702 | 67-0 
1924— 
lst half year... re 30,964 65-5 
2nd_sCs,, a Sm 33,491 70-9 
1925— 
1st half year .. a 37,763 79°9 
2nd sC,, aa “s 37,182 78-6 
Bec. 
lst half year... an 36,866 78-0 
2ad ly os ee 33,765 71:4 
1927— 
1st half year da “ 36,923 78:1 
< a a 36,766 77°8 
1st half year... oid 35,404 | 74°9 
2nd_sCa, se ae 34,691 | 73-4 





Secondly, we have the statistics made available 
in the Unemployment Insurance Tables of the 
Ministry of Labour. The Ministry of Labour 
classification ‘General Engineering and Iron 
Founding” is rather wider than that upon which 
the sample given in Table II is based, but the 
Ministry of Labour figures contained in Table III 
are interesting in conjunction with Table II. 





TaBLe III.—Unemployment Insurance Statistics— 
General Engineering and Iron Founding. 





Number Number Number 


Date. | Insured. | Unemployed.| Employed. 








July 23, 1923 --| 698,700 139,348 559,352 
»» 28, 1924 --| 651,390 93,657 557,735 
» 27, 1925 -«| 653,410 80,956 572,454 
» 27, 1926 se 643,350 113,821 529,529 
» 25, 1927 - 627,850 57,098 570,752 
» 23, 1928 609,420 58,965 550,455 


(age 16-64) | 





Here, again, it is important to bear in mind the 
revision which has been made in the Ministry of 
Labour statistics in respect of the exclusion of 
persons over 65 years of age. 

It was suggested last year that any serious decline 
in the number insured did not seem possible and, 
according to the figures now available, it appears 
that we have reached the low level. This is, in a 
sense, confirmation of the reasonably favourable 
reports which it has been possible to make in respect 
of certain of the branches of engineering which have 
been dealt with. It has been shown in these reviews 
that the interests and prospects of the different 
branches of engineering are so diverse, that any 
generalisation as affecting the industry as a whole, 
is difficult and of little use. Nevertheless, there 
are certain points of universal application which 
appear to emerge and which may be summarised 
as follows :— 

1. The level of activity in the industry continues 
to be considerably below the pre-war level. 

2. There is an almost imperceptible movement 
towards recovery but it is, and must continue to be, 
extremely slow and embarassed by the keenest 
foreign competition. 

3. It is gratifying to observe that the industry is 
realising the seriousness of its position, and that 
in the course of 1928 certain definite steps towards 
rationalisation have been taken. 

4. The De-Rating Act may have a beneficial effect 
on the industry, but at this stage it is difficult to 
forecast with assurance, and impossible to measure, 
the extent of the benefit. 

5. Even with all the advantage which the De- 
Rating Act can give to the industry, the position 
of sheltered trades and the heavy burden of local 
and imperial taxation continue to be problems of 
first importance to the industry. 

6. The industry has, beyond question, benefited 
by a year of stabilisation and industrial security, 
but a continuation of these conditions are essential 
if it is to re-establish its position in world markets. 








7. The immediate prospect appears to be the 
maintenance of the level of activity secured during 
1928, with probably a steady upward tendency 
towards the end of the year. 
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| Cements, Limes and Plasters. Their Materials, Manufac- 


ture and Properties, by Epwin C, Ecxet, C.E. Third 

edition, With chapters on Alumina Cements and 

High-Strength Portlands. New York: John Wile 

and Sons, Inc. London: Chapman and Hall, Limi 

1928. [Price 35s. net.] 

Tuts valuable work, first issued in 1905, and now 
in its third edition, deals in great detail with a 
manufacture of much importance, second only 
perhaps to the production of iron and steel. To 
give some idea of its scope to those to whom it is 
not already known, it may be said that, beginning 
with a short history of cementing materials, it deals 
with gypsum, and gypsum plasters of various kinds, 
with limes, lime burning, hydrated limes, lime sand 
bricks, the magnesia and oxychloride cements, and 
bricks formed with these cements, passing to the 
hydraulic limes, selenitic limes and grappier cements. 
The raw material and manufacture, composition 
and properties of natural cements are also dis- 
cussed. Portland cement is treated at great length 
with detailed consideration of the various limestones, 
marls, and slags, clays or shales which are used in its 
production, with particulars as to mix, control, 
kilning and grinding, and information relating to 
heat consumption and treatment of fuels. Follow- 
ing this are chapters on production, properties, and 
testing methods. The Pozzuolana cements, with 
varieties of the class, are also considered. The 
specifications for Portland cement of various authori- 
ties are appended. The book has also, in this 
edition, chapters upon Alumina and High Early- 
Strength Portlands, or Accelerated Portlands, as 
the author prefers to call them. This is new matter 
of interest. This rough statement of contents will 
give some idea of the ground covered, but is no 
indication of the thoroughness with which the 
subject has been treated. In addition to drawing 
upon the author’s individual knowledge of the 
cement industry, there has been much labour 
devoted to the collection of authoritative matter. 
This will be understood when it is said that there are 
scattered throughout the book nearly six hundred 
specific and detailed references to various sources of 
information. The value of this feature will be 
appreciated by any close student of the subject. 
Processes of manufacture are dealt with, and 
particulars furnished of the plant used, with costs at 
different stages of the work. Alumina cements, it is 
noted, had their origin in an attempt to overcome 
objectionable effects accompanying the use of 
ordinary cements in the sulphate ground waters of 
the Mediterranean region. The enhanced strength 
of the new cement came as a revelation, and is 
of the nature of a bye-product of the original 
endeavour. This is, of course, not the first occasion 
in research work when more has been found than the 
particular thing sought. 

The debt we now owe to modern cements in 
reliability and the ease with which they may be 
obtained is evident when the difficulties of past- 
time engineers are considered. There is evidence 
in the reports of Smeaton upon various works that 
the selection of suitable limes and natural cements 
was a matter of special concern with him, and it 
may be noted as of some interest that he had a high 
opinion of the Pozzuolana mortars. 

In the preface to this edition of his work, the 
author makes pregnant comment upon the injurious 
influence on any manufacture of extreme standardi- 
sation which favours technical stagnation, and says, 
“in a progressive industrial world an industry that 
is not developing is dying.” Having regard to this, 
perhaps it is not too much to hope that the greatly 
enhanced strength of the newer cements, good in 
itself, may be followed by attempts to reduce 
“time-yield ” under stress, and the limitation of 
volumetric changes which accompany hardening. 
The reduction of shrinkage—a most desirable aim— 
might, however, be accompanied, in the case of 
reinforced concrete, in an appreciable lowering of 
available bond-grip upon rods. This is made 
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probable by the’observed result that concrete, when 
water cured—contracting less—gives less good 
results with respect to friction grip. A revised set 
of values for bond might indeed be necessary. 

The book has numerous diagrams, a great number 
of tables, and a good index. 





Structural Engineering. By Proressor J. HusBanp and 
W. Harpy. London: Longmans, Green and Com- 
pany, Limited. Fourth edition. [Price 16s. net.] 

Tars well-known text-book, which first appeared 

in 1911, has now reached a fourth edition, and its 

utility, not only to structural draughtsmen, but 
also to students of civil engineering, has been amply 
demonstrated. The object which the authors have 
had in view is to explain the process of designing 
ordinary steel and masonry structures, the theory 
underlying which is presented in the simplest 
manner, and so far as possible without the aid of 
higher mathematics. Throughout the book numerous 
examples of a practical character are worked out 
in detail, a feature which cannot fail to be of great 
assistance to the beginner. The accompanying 
diagrams and sketches are clear and distinct, and 
have in many cases been drawn to scale. In succes- 
sive editions the book has maintained touch 
with practice, and new developments concerning 
beams, roofs, the stresses in lattice girders, the 
method of influence lines, etc., have been added 
from time to time. In the present edition, the 
chapter on materials has been largely re-written, 
and new matter relating to cements and concrete 
has been included. In other respects useful altera- 
tions have been made, especially where necessitated 
by the revision of the British Standard Sections. 

In this way the reputation of the book has been 

considerably enhanced, and it remains a most valu- 

able treatise for its intended purpose. 





The Theory of Film Lubrication. By R. O. Boswett, 
B.Sc.,M.Se. London: Longmans, Green & Co., Limited. 
({Price, 12s. 6d. net.] 

Tue classic paper in which Osborne Reynolds 

established the theory of lubrication is difficult 

reading for those not already versed in theoretical 
hydrodynamics, since the equations for viscous flow 
are assumed instead of proved. The discussion of 
the case of the journal bearing is also needlessly 
complicated. These defects have been made good 
in scattered papers by various writers, who have 
also advanced the subject by showing how the 
theory could be applied to thrust bearings and to 
the lubrication of gear teeth. There has, how-ver, 
been a distinct need for a systematic treatise on the 
whole subject, and this is now well met by Mr. 

Boswell’s work. The author is lecturer in mechanical 

engineering at the College of Technology, Manchester. 

and has been responsible for several original contri- 

butions to the subject of his treatise, including a 

discussion of the lubrication of pads of sectorial form 

such as are almost necessarily used in the construc- 
tion of Michell thrust blocks. In his classic paper 

Mr. Michell confined his mathematical treatment to 

blocks of rectangular form. Mr. Boswell’s original 

paper* dealing with pads of more practical form 
has been greatly amplified and extended in the 
volume under review. 

The work opens with a discussion of general 
principles, and includes a short review of Beau- 
champ Tower’s experiments, and gives Osborne 
Reynolds’ explanation of how the viscosity of the 
oil enables a pressure to be established between two 
closely adjacent surfaces slightly inclined to each 
other. 

A very complete discussion of the lubrication of 
plane surfaces of infinite transverse width is given in 
Chapter III, and the author has not hesitated to 
take into account a change in the viscosity of the oil 
as it passes from the leading to the trailing edge. A 
great deal of very heavy arithmetical work is 
summarised in two pages of tabulated results. 

In discussing the minimum permissible thickness 
of oil film the author notes that a 2}-in. diameter 
brass subtending an arc of 90 deg. on a journal to 
which it was fitted by scraping, ran perfectly well 
with a minimum oil thickness of 0-0004 in. In the 
case of thrust blocks it may be noted still lower 
limits have been reached, but very thorough 





filtration of the oil is then advisable. In a little 
air lubricated model of a crankless engine exhibited 
in London in 1925, by Mr. W. Stone, of Melbourne, 
glass pads were used, and diffraction could be 
observed which showed that the average film thick- 
ness was about sa inch.* 

In the following chapter the author describes 
certain approximate methods of discussing lubrica- 
tion problems which have the advantage of being 
applicable when strict mathematical analysis would 
be either impossible or impracticable. By the 
methods in question he demonstrates that a very 
slight rounding of the leading edge of a pad may 
have quite notable results. This fact was, we believe, 
inadequately appreciated by those responsible for 
the National Physical Laboratory experiments on 
so-called boundary lubrication, which it may be 
added, as a parenthesis, is probably non-existent. 

Preparatory to the treatment of brasses’ of finite 
length, the author next establishes the equations for 
the three dimensional flow of an incompressible 
viscous fluid, and then takes up the theory of the 
Michell block which is exhaustively discussed. 
Here again the author has had to face almost 
appalling arithmetical tasks, the results of which are 
summed up in a series of tables. Approximate 
methods of treating this problem form the subject 
of the succeeding chapter, and a comparison of the 
results thus obtained with those derived by the 
classic analysis shows a very satisfactory agreement. 
Mr. Boswell next gives an amplified exposition of, 
his original work on sector shaped surfaces, and 
in the succeedirg chapters of his treatise he 
discusses, with a hitherto unparalleled completeness, 
the theory of the journal bearing. His analysis 
is not confined to journals of infinite transverse 
width, but he has also by means of ingenious 
approximate methods worked out the effects of 
finite widths, and also the consequences of the 
change which takes place in the viscosity of the oil 
as it passes through the bearing. Attention is 
drawn to the adverse conditions which arise with 
long arcs of contact. 

In some regards Reynolds’ theory is less satisfac- 
tory as applied to journals than to any other form of 
bearing. Brasses are seldom or never so rigidly 
mounted that they can be relied upon not to deform 
when loaded, and both experiment and theory 
agree in showing that very small deformations may 
seriously affect the working conditions. 

Mr. Boswell’s work embodies the most thorough 
and exhaustive treatment of the theory of lubrica- 
tion with which we are acquainted. It is clearly 
printed, and the illustrations are adequate both in 
number and in character. 





Modern Physics. By H. A. Witson. London and 

Glasgow: Blackie and Son, Limited. [Price 30s. net.] 
Dr. H. A. Witson, F.R.S., formerly a Fellow of 
Trinity College, Cambridge (England), now Pro- 
fessor of Physics at the Rice Institute, Houston, 
Texas, does not offer this volume as a textbook of 
modern physics. The time has not yet come when 
physics can, from the beginning, be presented to 
the young student in the light of the modern theories. 
It does not look, so far, indeed, as if the future 
textbook would be much simpler and broader than 
its predecessors, but we are not yet, by any means, 
out of the transition stage. 

It is an encouraging sign that some of the most 
modern theories have originated in young brains, 
and that older authorities find much food for 
thought in these modern speculations and litttle 
to condemn. Dr. Wilson’s book is based upon 
lectures to students preparing for an honours 
degree. He does not shirk plain language, though 
vector notation, explained in the last chapter 
on mathematical notes, confronts the reader on the 
second page of his first chapter on the electron 
theory. That chapter gives a fairly satisfactory 
explanation of the principal electrical properties of 
matter in bulk, such as specific inductive capacity 
and conductivity. But it also declares that the 
explanation of metallic conduction on the assump- 
tion that metals contain free electrons moving about 
like gas molecules, may be entirely erroneous, and 
that the electrons may describe stationary orbits 





* See ENGINEERING, August 7, 1925, page 153. 


* See ENGINEERING, January 23, 1925, page 106. 


in accordance with the quantum theory. This 
theory and wave mechanics, as well as relativity 
and gravitation, are afterwards discussed in special 
chapters, while there are other chapters on magnetism, 
X-rays and 7-rays, optical spectra, cathode rays, 8 
and «rays, positive rays, and electrical conductivity 
of flames, one of the fields in which Dr. Wilson has 
done original work, &c. The order is apparently 
that of the lectures. As Volume VI of the Student’s 
Physics, the book, of 381 pages, will be found useful. 
We doubt, however, whether the examples will add 
much to its value, although the answersare given, and 
the student is mostly asked to show that the answer 
stated is correct. 








LETTER TO THE EDITOR. 
MECHANICS OF THE MOVABLE WEIR. 


To THE Eprtor or ENGINEERING. 

Smr,— Without really going into Mr. J. H. Jones’s 
controversy in your issue of March 22, I beg to set right 
a small oversight in connection with the stated paradox 
of a jet impinging on a plate. 

Should the plate be pressed on to this opening 
with a force corresponding to twice the head in the 
left-hand tank, its area must be many times larger 
than the cross section of the jet is, and not merely 
‘“* of about the same size,” as otherwise a considerable 
amount of water will be deflected to less than 90 deg. 
with the corresponding deficit in pressure. 

Yours faithfully, 
Witu1am WUESCHER. 

Winterthur, April 3, 1929. 








LAUNCHES AND TRIAL TRIPS. 


‘* NoRDFARER.”—Twin-screw cargo motorship; Bur- 
meister and Wain Diesel engines. Launch, March 26, 
Main dimensions 401 ft. by 54 ft. 3 in. by 35 ft. 4 in. 
Built to the order of Messrs. The Norden Steamship 
Company, Copenhagen, by Messrs. The Nakskov Ship- 
yard, Limited, Nakskov, Denmark. 


‘* STANASFALT.”’—Single-screw steamer designed to 
carry 2,000 tons of liquid asphalt in special tanks. Trial 
trip, April 4. Built by Messrs, Palmers Shipbuilding 
and Tron Company, Limited, Hebburn-on-Tyne, to the 
order of Messrs. The Standard Shipping Company, New 
York, U.S.A. 

“Corgeaupoc.”—Single-screw Canadian lakes and 
canals cargo steamer; triple-expansion engine. Trial 
trip, Apri! 5. Main dimensions, 259 ft. by 43 ft. 4 in., 
by 20 ft. Built by Messrs. Barclay, Curle and Company, 
Limited, Scotstoun, to the order of Messrs, Paterson 
Steamships, Limited, Fort William, Ontario. 


CaNADIAN LAKE STEAMERS.—Seven  single-screw 
Canadian lakes and canals cargo steamers;  triple- 
expansion engines. Trial trips, during week ending 
April 6. Main dimensions, 260 ft. by 43 ft. 4 in. by 20 ft. 
All seven vessels built by Messrs. Swan, Hunter, and 
Wigham Richardson, Limited, Wallsend-on-Tyne, the 
8.8. Ralph Gilchrist, John O. McKeller, Joseph P. Burke, 
and C. H. Houson, for Messrs. Sarnia Steamships, 
Limited, Sarnia, Ontario, the S.S. Ganandoc, for Messrs. 
Paterson Steamships, Limited, Fort William, Ontario, 
and the S.S. Imari and Phenicia, for Messrs, Inland 
Steamship Company, Limited, Winnipeg. The last two 
vessels were constructed at the Southwick shipyard of the 
builders, located near Sunderland. 

“* Sioux.”’—Single-deck, single-screw Canadian lakes 
and canals cargo steamer; tripie-expansion engine. 
Launch, April 6. Main dimensions, 259 ft. by 43 ft. 2 in. 
by 20 ft. Built by Messrs. Barclay, Curle and Company, 
Limited, Scotstoun, for Messrs. St. Lawrence Steamships, 
Limited, Canada. 








British CHEMICAL STANDARDS.—The report on the 
fourth three years’ working of the British Chemical 
Standards’ Movement, presented by the organisers 
at the general meeting of co-operators held at York on 
January 11 last, has just reached us. The contents 
of the pamphlet shows that further definite progress has 
been made during the period covered, namely, from 
October 1925, to September, 1928. It will be recalled 
that the movement which was established in 1916 is 
carried on entirely by the voluntary work of co-operating 
chemists, in this and other countries, who now number 
more than 90. The function of the standards is to 
enable a chemist so to check and regulate his analytical 
methods that any error in working is at once revealed. 
Thus the use of standard analysed samples brings about 
closer agreement, greater exactitude, and encourages 
international co-ordination. There are now available 
27 samples of standard materials representing 140 stan- 
dardised constituents and covering all grades of carbon 
steels, many alloy steels, cast iron, ores, slag, white metal 
and other materials and alloys. The standards are now 
being used by some 850 laboratories, of which about 170 
are in other countries in all parts of the world. Copies 
of the report, which contains an explanatory introduction 
in French, Italian, Spanish, and Polish, as well as in 
English, may be obtained from the Organising Head- 

uarters, British Chemical Standards, 3, Wilson-street, 
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TORPEDO BOAT DESTROYERS FOR 
THE CHILEAN NAVY. 


Tue delivery is now being made of six torpedo boat 
destroyers, which have been built by Messrs. John I. 
Thornycroft and Company, Ltd., Southampton, to the 
order of the Chilean Government. These vessels were 
contracted for in June, 1927, and the first one, the 
Serrano, illustrated in Fig. 1 annexed, was handed over 
in September, 1928, having been completed in about 
fifteen months. The first two vessels have been 
despatched and have reached their destination, two 
others are lying at Southampton accepted, and are 
shortly going out; the fifth is expected to be handed 
over in about a fortnight, and the sixth will undergo 
final trials in the next few days. 

These vessels are of the sea-going class, and of about 
1,350 tons displacement. Their principal dimensions 
are :—Length between perpendiculars, 288 ft. 3 in., 
breadth, 29 ft., and depth, 18 ft. 3in. The hull is of 
steel, high-tensile plates being used generally for shell 
plating, the upper deck and longitudinal framing. A 
ram stem is fitted and the forecastle is of exceptional 
length to provide good accommodation for the crew and 
ensure ample bridge space and protection from weather. 

The armament consists of three 4:7 guns, one anti- 
aircraft gun, and six machine guns. Electrical fire con- 
trols, range finders, &c., are fitted. Two 21-in. triple- 
revolving tubes of the Whitehead latest pattern are 
mounted in the middle line of vessel, a complete 
electrical system being fitted for torpedo control. Two 
Thornycroft depth-charge throwers are arranged aft. The 
first three vessels are fitted with paravanes aft for mine 
sweeping and the last three are fitted as mine-layers. 

Accommodation is provided for a total complement 
of 130 officers and men. The living spaces for the crew 
are arranged on the forward lower deck, and as implied 
above, in a specially long forecastle. The officers’ 
quarters are in the aft end of the ship, and include a 
comfortably fitted ward room. The captain has a 
special suite, consisting of a day cabin, sleeping cabin 
and bathroom. He is also provided with a sea cabin 
on the bridge. The officers and crews quarters are 
lined with three-ply wood, so as to prevent conden- 
sation, and to render the vessels more comfortable in 
extremes of either heat or cold. This wood lining, 
together with other woodwork, has been treated by the 
Oxylene process to render it fireproof. 

The accommodation for those warrant officers 
berthed aft consists of a mess room and four cabins. 
The entrance lobby to this accommodation is arranged 
in the after deckhouse. A bathroom opening on to the 
lobby is allocated to the warrant officers. 
bathroom is placed on the lower decx where it is con- 
veniently adjacent to the officers’ cabins, The entrance 
to the captain’s and officers’ cabins is arranged in the 
aft deckhouse, which also contains a galley, paymaster’s 
office, and auxiliary wireless. Provision for the com- 
fort of the crew includes such amenities as a recreation 
space, shower baths, and a large sick bay. 

The vessel is lighted, heated and ventilated electric- 
ally throughout, and for food storage, ice-making, &c., 
a Frigidaire set of large capacity is fitted. 

With regard to the machinery installation, which is 
illustrated in Figs. 2 to 14, on Plates XL, XLI, and XLII, 
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for this class of vessel, it was decided to fit- Brown- 
Curtis high-pressure turbines, with Parsons’ reaction 
turbines for the low-pressure and astern machines ; 
for improving the economy at low powers, cruising tur- 
bines of the Brown-Curtis type were provided. The 
general arrangement of the propelling machinery is 
illustrated in Figs. 7 to 11, and an excellent view of 
one of the sets is given in Fig. 14, on Plate XLII. 

The main turbines, running at speeds of 3,000 and 
2,100 r.p.m. for the high pressure and low pressure, 
respectively, drive the propellers at 375 r.p.m. at 
full power. Each cruising turbine is coupled to its 
respective high-pressure turbine through helical 
gearing and a flexible clutch coupling ; an interlocking 
gear is fitted to prevent steam from being admitted to the 
cruising turbines before the high-pressure nozzles are 
shut off and the cruising turbines are in gear. There 
are two of the latter and each has two three-bucket 
wheels, the blades of the first row being of Monel metal 
and the remainder of phosphor bronze. They are 
designed to be in use for powers up to a total of 3,500 
shaft horse-power. They will also run safely at the full- 
speed revolutions of the main machinery. 

The high-pressure turbine has six stages, one beiug 
specially fitted for cruising powers. Groups of 5, 6, 7, 
8, 10, and 10 nozzles are fitted for use at varions 
powers, and interstage valves are arranged for using 
the cruising stage in series or in parallel with the first 
stage of the main turbine. The blades generally are 
of Firth’s stainless steel, the first rows of the first and 
second stages being of Monel metal. The low- 
pressure turbines are of the two-flow Parsons’ reaction 
type, no dummies being required; there are eight 
expansions in each turbine. 

The astern turbines are impulse-reaction machines, 
one being arranged in each low-pressure casing. 
They are designed to give two-thirds the full power 
ahead revolutions and about one-third the ahead power. 
The blades in the astern impulse wheels are of manga- 
nese copper, while for the low-pressure ahead and 
astern reaction turbines they are of brass. 

The gears are of the single-reduction double-helical 
type, the diameter of the main wheel being 80-1 in., 
and length of face 40 in. The pinions are of nickel- 
steel; the main wheel is of the built-up plate type, 
with mild-steel rims. The thrust blocks are of the 
Michell type, having 367 sq. in. of bearing surface on 
the ahead and astern sides, and are fitted with arrange- 
ments for measuring the propeller thrust on the ahead 
side. 

The condensers, shown in Figs. 7, 9 and 10, are of the 
underslung Weir regenerative type, and have large wells 
in the base for feed reserve. Cooling water is supplied 
by two main circulating pumps, each driven by a two 
high-pressure-cylinder engine of the enclosed forced 
lubrication type of Messrs. Paul’s manufacture. A 
vacuum of 28-in. was easily maintained at full power. 

The boilers, shown in Figs. 2 to 5 inclusive, are of the 
Thornycroft type, three in number, and all barrels are 
cylindrical, the lower ones being seamless. When the 
vessels were in the early stages of design the question 
whether it would be advisable to fit superheaters to 
these boilers was carefully weighed, and taking into 
consideration the extra cost, upkeep and weight, and 
small gain in economy at low power, saturated steam 


after carefully considering the various types suitable | at 250 lb. pressure was decided upon. 








~ The'total heating surface of the boilers is 24,600'sq. ft., 
and the tubes are of seamless steel, the two rows next to 
the fire being 1}-in. in external diameter and the re- 
mainder 1]{-in. in external diameter. The boilers are 
arranged for burning oil only, thirteen Thornycroft 
burners being fitted to each boiler. These are particu- 
larly adapted for use in water-tube boilers of the three- 
drum type. Firebricks of the Wildish type, with the 
heads of the bolts concealed, have been adopted. 

The feed water is supplied to the boilers by means of a 
Weir closed-feed system, the air and water being drawn 
from the condensers by two three-stage air ejectors 
and two direct driven turbo water-extractor pumps. 
The water so drawn off is delivered through low-pressure 
heaters to the main feed pumps which are two in num- 
ber and of the turbine-driven type. 

For cruising purposes up to 3,500 shaft horse-power, 
one of the auxiliary feed pumps of the Simplex type is 
used. This pump delivers the water to the boilers 
through a high-pressure heater situated in the aft 
boiler room, the heater being supplied with steam bled 
from the cruising turbines after the first stage. One 
of the ejector-condensers fitted in connection with the 
closed feed is of extra large capacity, and is used as an 
auxiliary condenser for harbour work. For auxiliary 
feed purposes, three Simplex pumps, 14} in. by 10 in. 
by 18 in., are fitted in the stokeholds. Air is supplied 
to the boilers by six fans each 58-in. in diameter, 
driven by an Allen turbine through helical gearing. 
The revolutions of the fan turbines at full power are 
about 6,500 per minute. These sets are of the vertical 
type and the turbines are fitted with overspeed trip 
governors. 

One evaporating and distilling plant, capable of 
evaporating 40 tons fresh water a day, is provided for 
make-up feed for the boilers and for drinking water. 
The auxiliaries include two electric generators by Messrs. 
Allen, each of 26-kw., driven by a two-cylinder enclosed 
forced-lubrication engine, and, in addition, for harbour 
service, a 15-kw. oil-driven generator is supplied. Three 
vertical reciprocating Weir pumps are provided for 
supplying the lubricating oil to the main and cruising 
turbines and gears. The steering gear, by Messrs. Bow 
McLachlan, is of the ordinary steam-driven type, with 
the engine geared to the main shaft through a worm 
and phosphor-bronze wheel. Oil fuel is supplied to the 
boilers by three vertical Simplex pumps with large air 
vessels. One steam and two electrically-driven Weir 
pumps are provided for bilge and fire service. High- 
pressure air for charging torpedoes, &c., is supplied by 
a multi-stage compressor of the Whitehead type. A 
Crokatt salt-detector is fitted in connection with the 
feed service to the boilers. 

In addition to the usual harbour trials, exhaustive 
trials at sea have now been carried out on these vessels, 
with satisfactory results. At full power, the speed under 
contract conditions was exceeded without unduly 
forcing the machinery, while the oil consumed on the 
trials to determine the radius of action was 10 per cent. 
below that required to give the radius desired. The 
trials of the Serrano were carried out at Skelmorlie, 
and included progressive runs at 10, 12, 133, 14, 15, 
19, 23, 26, 30, and 32 knots, and at full speed. Gun 
trials, circle turning, astern-running and steering trials 
were also carried out, and torpedoes were fired at 
speeds of 20, 25, 30 and 35 knots. 
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LABOUR NOTES. 


THE various strikes of electricians in the London area 
were considered at a conference on Friday last week of 
representatives of the Engineering and Allied Employers’ 
National Federation and the Executive Council of the 
Electrical Trades Union. The men had ceased work in 
support of a claim that only members of their organisa- 
tion should be employed on the wiring of electrical lifts 
and that the wage rates paid should be those ruling in 
the electrical contracting trade and not those ruling 
in the general engineering trade. The stoppages, where 
federated firms were concerned, were, of course, 
breaches of the provisions for avoiding disputes. The 
Executive Council of the Union agreed, after discussion, 
to instruct their members to resume work, pending a 
conference at an early date ‘‘ to consider an application 
for an advance of wages for men engaged on the elec- 
trical installation of lifts.”” A meeting also took place 
to discuss similar questions between the National 
Federated Electrical Association and the Electrical 
Trades Union. The representatives of the Union 
agreed in this instance also to instruct their members 
who were on strike ‘‘ to return to work forthwith.” 





At a conference on Friday, last week, in Newcastle- 
on-Tyne, representatives of the Shipbuilding Employers’ 
Federation and representatives of the shipyard unions 
discussed the question of wages. The meeting was 
called at the request of the Federation of Engineering 
and Shipbuilding Trades, but four of the six craft unions, 
viz., the shipwrights, the painters, the electricians and 
the plumbers, were also represented. The position and 
prospects of the industry were reviewed, and it was 
contended, on behalf of the unions, that there was such 
an improvement as warranted an increase of wages. 
Subsequently the employers were informed that it had 
been decided to make an immediate formal demand in 
writing for an advance. 





According to figures published in the Railway 
Review, the membership of the National Union of 
Railwaymen declined from 311,740, at the end of 1927, 
to 308,046, at the end of 1928. The corresponding 
figure for 1925 was 398,596, and that for 1926, 387,540. 
The decrease is accounted for mainly, it is stated, ‘‘ by 
the large number of retirements from the service of 
men over the age of 65 years.” 





The National Union of Railwaymen’s organ also 
states that difficulties have arisen in two or three shops 
with regard to the fixing of piece prices. ‘‘ So long,” 
the writer goes on to say, ‘‘ as this primarily remains a 
subject ‘as between the men and management,’ so 
sure will deadlocks arise which are not easy to get over. 
The arbitrary fixing of prices by companies’ officials, 
without any particular regard to the views or feelings 
of the men concerned, can hardly be looked upon as 
likely to produce satisfaction. Yet we find people 
who are either blissfully unconscious of the conse- 
quences of such actions or are entirely unconcerned at 
the possible results. To secure a fair price and an 
adequate return is what men desire, and any arbitrary 
cutting, without the slightest justification from the 
point of view of methods or organisation of work, is 
bound to cause very serious resentment. To attempt 
to impose prices in existence at another shop, especially 
where methods differ, is another easy way of creating 
trouble. A little thought, reasoning with those con- 
cerned, and an attempt to produce a fair list will save 
many a difficulty. It will do more, it will increase 
output.” 





The weekly official organ of the International Labour 
Office quotes an interesting article on the subject of 
rationalisation which has appeared in the Bulletin of 
the International Management Institute. The World 
Economic Conference of 1927, the writer says, defined 
rationalisation as ‘‘the methods of technique and 
organisation designed to secure the minimum waste of 
effort and material. It includes the scientific organisa- 
tion of labour, standardisation both of material and 
products, simplification of processes and improvements 
in the system of transport and marketing.” Two points 
are noted with regard to this definition. One is that, 
in its English form, the phrase “ scientific management 
of labour ”’ is a literal translation of “‘l’organisation 
scientifique du travail—the French equivalent for 
scientific management. The other is that the further 
resolutions of the Conference make it clear that it 
included in the phrase “ scientific management ” those 
studies of individual and collective psychology calcu- 
lated to produce worthy conditions of work and of life, 
both within and without the factory. 





Germany, it is pointed out, has taken a prominent 
position in Europe in the use of this term. The 
Reichskuratorium fir Wirtschaftlichkeit, the ceutral 





official! body charged with the study of rationalisation 
measures in Germany, has published the following 
definition : ‘‘ Rationalisation consists in understanding 
and applying every means of improving the general 
economic situation through technical and systematic 
organisation. Its object is an increase in the standard 
of living by the provision of better and cheaper goods 
in larger quantities. This demands a common effort 
by all classes concerned of the community ; it is the 
object of the Reichskuratorium to stimulate and support 
this effort.’ It would be possible, the writer says, to 
produce half a hundred other definitions. But these 
two authoritative statements give a sufficiently clear 
indication of the general tendencies covered by the 
word. They are remarkably similar. They define 
rationalisation in both cases in terms of: (1) Method, 
and (2) purpose. Analysis from either angle is, in his 
opinion, enlightening. 


In the first place, the avowed purpose of rationalisa- 
tion marks a radical departure in our economic thinking. 
The Economic Conference speaks of securing ‘ the 
minimum of waste.’”’ The Reichskuratorium stands 
for an ‘‘ improved standard of living.” The Economic 
Conference in its resolution takes a similar attitude ; 
it says ‘rationalisation is calculated to secure to 
the community greater stability and a higher standard 
of life.”” These phrases are held to be a clear admission 
that, whatever form of organisation we may accept as 
the most practical for the time being, there is a purpose 
in industry and commerce beyond and above the profit 
of particular business enterprises. Our economic 
machinery exists not to enrich individuals—that is 
incidental—but to serve the community. Secondly, 
as to methods. The Reichskuratorium speaks of “* tech- 
nical and systematic organisation.”” The World 
Economic Conference definitely mentions scientific 
management, standardisation, simplification, and 
improved methods of transport and marketing. Its 
resolutions foliowed on an exhaustive examination of 
apparently separate movements in every part of the 
world and at every level of economic life which were 
calculated to contribute to more efficient production 
and distribution. paar 

These movements, the Bulletin’s contributor points 
out, had a common characteristic. In each instance 
they applied to the problems of economic organisation 
and control the intellectual methods and standards 
developed by the workers in the exact sciences. F. W. 
Taylor, the “‘ founder ” of scientific management, used 
to say, when asked to define the term, “ It is a mental 
revolution.””’ He meant that it could not be defined 
in terms of method alone; it involved also a new 
attitude of mind. It meant the abandonment of all 
the traditional and rule-of-thumb methods developed 
in business over a century, and the re-examination of 
the whole situation with the detachment, the intellec- 
tual technique, and the integrity, of the scientist. That 
conception is claimed by the writer to be implicit in 
the definitions quoted. Rationalisation is not merely, 
he says, a new set of methods or systems. It involves a 
complete change of attitude on the part of all those 
who work in business—a new spirit. It demands a 
fresh vision, not only of the purpose for which business 
exists, but also of the methods of examining and 
solving, in the light of that purpose, all the countless 
problems, from the least to the greatest, which arise 
in the day-by day conduct of business enterprises. 





The National Minority Movement’s official organ, 
the Worker, states that at Berlin recently the Red 
International Labour Union held a Conference at which 
were discussed ‘‘ all the important features incident 
to the strikes and lock-outs that have taken place 
throughout the world during recent years.”’ Particular 
attention was given, readers are told, to “‘ the new 
wave of offensive strikes in Europe, and to the role 
assumed by the Social Democratic leaders of the 
unions involved.” Should the workers set up strike 
committees independent of the union officials, the 
Worker asks; should the unorganised workers have 
representatives ? These and other questions Mr. 
Tanner, the chairman of the London District Com- 
mittee of the Amalgamated Engineering Union, ‘“‘ who 
was the British delegate at the Conference,” discusses 
in a long article. 





There is nothing very new in Mr. Tanner’s examina- 
tion of the problems discussed at Berlin, except his 
argument that the Minority Movement might find it 
worth while to organise under its banner, the non- 
union element. In dealing with the union element, 
care should be taken, it is suggested, not to force an 
unpopular objective on it. If the official demand 
is for a 10 per cent. wages increase, “ our job should 
be,” Mr. Tanner says, ‘‘ to prove to the workers that 
we are of and with them at all times—as ready to organ- 
ise and lead them in a struggle for a 10 per cent. 





increase as in the ultimate struggle for power.” ‘* But 
here it must be said,” he proceeds, “‘ that because the 
reformists put forward a demand it does not mean 
that they intend to fight for it, or that we, in backing 
that demand, do so with the hope or object of forcing 
the reformists to fight. Such an effort on our part 
would be futile. Our duty while participating in the 
struggle, is to show the workers that the reformists 
will not fight even for their own proposals.” 


According to Mr. Tanner, ‘“ the conflicts that will 
occur in the near future must not be considered solely 
from the standpoint of the organised workers.” ‘‘ The 
majority of the workers are,” he says, “ unorganised. 
Out of a wage-earning population of about 14 millions, 
only four millions are organised in unions affiliated 
to the T.U.C. Over two millions and a-half have left 
the unions since 1920. The workers in the key 
industries are strongly organised, and, in the main, 
it can be said that the trade unions determine the 
conditions of the majority of the workers. As a conse- 
quence, and with the historical influence of the trade 
unions on their members, there is a natural prejudice, 
in some sections a considerable hostility, against the 
non-unionist, who is accused of accepting all the 
advantages won by  trade-union organisation ” 
which they have not paid for or assisted to obtain. 
Nevertheless, Mr. Tanner proceeds, in many past 
disputes non-unionist strikers have been supported 
out of union funds. ‘ This is,” he says, ‘‘a policy 
that common sense dictates, and one that must be 
developed in future struggles, while all the time 
endeavouring to obtain 100 per cent. organisation.” 





” 


An ‘equally important factor” to be considered 
is, it is pointed out, ‘the mass of unemployed 
workers.” ‘‘ There are always,’ Mr. Tanner says 
‘* potential blacklegs, the majority unorganised, many 
having left their unions through unemployment, or 
being forced to take casual work in other industries. 
Hence, the importance of the National Unemployed 
Workers’ Committee Movement, and the need for 
close contact between Strike Committees and the 
N.U.W.C.M., which can be of great assistance, as it 
has proved in the past, by participating in massed 
picketing, demonstrations, &c.”’ Regarded as a whole 
the new “strike strategy ” seems to have few features 
likely to commend it to orthodox trade unionism. 
The leaders of the unions are to be discredited ; non- 
unionists are to be organised by the M.M.. and main- 
tained during stoppages out of union funds; and 
the organisation and maintenance of an army of un- 
attached unemployed workers are to be added to 
official Labour’s other burdens. When he reflects 
on the number of the M.M.’s disastrous “ offensives ” 
the average worker is unlikely to be attracted by the 
programme. ems 

Disarmament and arbitration, adequate legislation 
for the protection of labour, and ratification of the 
Washington Hours’ Convention, figure prominently in 
the May Day Manifesto issued by the International 
Federation of Trade Unions over the signatures of 
Mr. Walter M. Citrine, the president, Mr. John Sassen- 
bach, the secretary, and the various vice-presidents. 
“Ten years ago,” says the manifesto, ‘‘ when the first 
International Labour Conference met at Washington, 
the employers and governments had not quite lost 
sight of the promises they had made the workers during 
the war. A programme was adopted for the protection 
of labour, one of the chief features of this programme 
being the prominence given to the workers’ desires for 
a guaranteed eight-hours’ day. As time went on, 
however, these promises came to be less and less 
regarded ; little of practical value was done, and, above 
all, there has been a persistent refusal to ratify the 
Hours’ Convention, the crux of Labour’s demands. 
Such progress as has been made has been due to strong 
and united action by the working class itself. We 
must demonstrate to Government and employers that 
the working class has no mind to be always pushed to the 
wall; nor will it allow the redemption of the pledges 
given to be always blocked by the influence of the 
reactionaries.” 





Addressing the members of a Sheffield branch of the 
Tron and Steel Trades Confederation, Mr. John Baker 
M.P., said that the fact that they could turn out more 
steel than in the past was keeping 20 per cent. of the 
workmen out in the street. When he heard it said that 
they must work harder in order to beat the German, 
American, French and Belgian workers, it gave him a 
cold shiver, because he realised that the men in these 
countries were being urged to do the same in order to 
beat the English workers. They could not very well 
ask for a six-hour day while other countries kept on 
as before, but they could make an arrangement for a 
shorter working day through the International Labour 
Office and the Peace Treaty. 
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THE TRANSFER OF HEAT IN RECIP- 
ROCATING ENGINES.—IV. 


By Proressor Dr.-Inc. A. NAGEL. 
(Continued from page 282.) 


It will be remembered that the tests on the uniflow 
engine consisted of two with saturated steam, at 
156 lb. per square inch, and with the 7 deg. superheat 
mentioned, and two with superheated steam at the 
same pressure, and at 350 deg. C. One test with 
saturated and one with superheated steam were made at 
a lower speed, and similar tests were made at a higher 
speed. A comparison of the performance of the engine 
with saturated steam at low speed, 81-8 r.p.m., with the 


Fug.33. TEMPERATURE RANGE & HEAT FLOW FOR SATURATED & SUPER- 
HEATED STEAM. MEASURING POINT B. 















obtained. It was necessary to choose an arbitrary 
zero point from which the quantity of heat, per square 
metre per hour, transmitted from the steam to the wall, 
could be measured. The point selected corresponds 
to the crank angle, during the expansion stroke, when 
the edge of No. 1 piston ring uncovers the measuring 
point B to contact with the steam. The heat flow 
curves of all the measuring points were, accordingly, 
represented on a three-dimensional diagram, the third 
co-ordinate of which represented the area of the 
surface in contact with the steam at each measuring 
point. These diagrams were built up with the help of 
drawings of the cross sections made for every 5 deg. 
of crank angle, and, at first, were applied only to the 
surface of the liner in contact with the steam. Such 


Fig .34. 
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performance using steam 
superheated to 349-1 deg. 
C. also at low speed, 75-1 
r.p.m., will first be made. 
Fig. 33 shows, for the 
measuring point B in the 
cylinder liner (see Figs. 18 
and 27, pages 279 and 280, 
ante) the temperature range, 
extrapolated to the inner 
surface of the cylinder wall, 
on a crank-angle base. The 
curves on the left of the 
figure show the temperature 
range for saturated steam, 
while those on the right 
show that for superheated 
steam. Dealing first with 
the upper curves in ,the 
figure, which show the 
temperature variation in 
degrees Centigrade, it will 
be noticed that there is a 
substantially smaller temperature fluctuation with 
superheated steam, and that the cylinder wall, at the 
point B, never reached so high a maximum tem- 
— with superheated as with saturated steam. 
t will further be seen that the influence of the 
piston ri at this point is very important with 
both saturated and superheated steam. The curves 
bring out clearly the much slow>r reheating of the wall 
when using superheated steam, than with saturated 
steam, in spite of the correspondingly larger tempera- 
ture difference. 

The heat quantity transmitted through the surface, 
at this point, for 1 sq. m. during one hour of operation, 
that is, for 60n revolutions, is obtained by harmonic 
analysis from the temperature range at the inner 
surface of the cylinder. The corresponding curves 
are shown in the two lower parts of the figure. The 
ordinate scale has as unit 10 k.-cal per square meter per 
hour, commencing at an arbitrary zero point. It can 
be seen how the differences of these heat curves for 
saturated and superheated steam are consistent with 
the characteristics of the temperature curve already 
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| a diagram is given in Fig. 34 for the test with saturated 
steam at 81-8 r.p.m., already referred to. In this 
case the cylinder liner surface could not be taken 
| into account for the entire length of the stroke, since 
| nO measuring points were provided beyond the exhaust 
ports. A measuring point EK’ was assumed at the same 
| distance from the exhaust ports, on the crank side, 
as the point E was from the head end, and with exactly 
the same temperature variation as the point E, but 
| at a difference of phase of 180 deg. At this supposed 
|measuring point E’ the figure was terminated. The 
part of the stroke from E’ to T; was not dealt with. 
The positions of the piston rings, appearing in the base 
as an approximate sine curve, are projected from this 
base on to the resulting heat surface; six bands are 
so obtained, which are numbered to correspond with 
the respective piston rings. The manner in which these 
bands occur shows the precise effect of each of the 
piston rings on the surface. The deep loop is especially 
remarkable ; the bottom of this loop, due to piston 
ring No. 1, and the steep sides of the loop seen in the 
background of the figure, that is, in the zones nearest 
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to the admission valve, represent the intensity of the 
heat exchange. 

From the areas shown in the figure, a transverse 
plane can be imagined cut out, the base line of which 
represents the cylinder liner surface, and of which the 
ordinates, calculating from the chosen zero point, 
indicate, for each element of the wall surface, the quan- 
tity of heat per square metre per hour, transmitted 
from the steam to the wall, from the instant of un- 
covering the surface element by the piston ring No. 1, 
up to the crank angle corresponding to the transverse 
profile. The area of the transverse section, corre- 
sponding to any point of the abscissa, represents, 
therefore, the quantity of heat per hour, which was 








transferred from steam to wall, on that part of the 


DISTRIBUTION OF HEAT EXCHANGE BETWEEN STEAM & LINER 
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Fig .36.HEAT INTERCHANGE BETWEEN STEAM & 
EACH TENTH OF THE CYL* WALL.TEST I7. SAT.STEAM 
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wall surface corresponding with the:-abscissa. This 
heat quantity is measured over the period from the 
uncovering of the particular element of surface by 
piston ring No. 1, to the crank angle corresponding with 
the transverse section. When the abscissa represent- 
ing the total surface of the cylinder liner is divided into 
ten equal parts, within each transverse section, the 
corresponding surfaces indicate those quantities of 
heat which are transmitted in consecutive zones of 
the liner surface, each being a tenth of the stroke. 
These areas were measured separately for the expan- 
sion and compression strokes by means of a planimeter. 
The ascertained partial amounts of the quantity of 
heat transmitted were finally divided by the quantity 
of steam used per hour, in order to express the heat 
quantity obtained in terms of 1 kg. of steam used. 
The conditions at the cover and piston surfaces, 
whose areas remain constant throughout the heat 
exchange between steam and wall, are indicated by the 
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same method in Fig. 35. This diagram shows the 
contour corresponding with these surfaces, the tempera- 
ture variation, measured at a single point on the piston 
surface, being assumed to be that over the total piston 
surface. The band, of wave-form, in the background, 
is consistent with this assumption, and the tempera- 
ture lines are horizontal. The left-hand boundary of 
the area of the figure for the cover, shown in the fore- 
ground, is based on the temperature range recorded by 
the thermo-couples inserted in the front surface of 
the cover, whilst, by extrapolation from the co-ordinate 
of the measuring point F, the right-hand boundary 





Fig.37. HEAT INTERCHANGE BETWEEN THE 
SURFACE OF THE CYLINDER LINER & 
THE PISTON RINGS. TEST N917. 
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corresponding with the abscissa scale is obtained. The | 
transverse sections of this figure were all measured by | 
planimeter. In this computation, the state of affairs 
corresponding with the inner dead-centre position was 
taken as the starting point, and also as the zero for 
the scale of heat quantity. The extraordinarily small 
unevenness of the surface relating to the cover is 
especially to be noticed. This indicates that the cover 
takes a very small part in the heat transfer. 

The separate quantities of heat transferred from 
steam to wall, determined in this manner, and 
measured in cal. per kilogram of steam, are expressed | 
n terms of the period between the instant of exposing | 
the surface elements to the steam, and the crank angle 
corresponding to the consecutive tenths of the piston 
stroke. They are marked in the diagrams for the 
double stroke, each separate quantity from the abs- 
cissa axis—the first half of the abscissa, 0 to 100, corre- 
sponding with the expansion stroke, and the other, | 
100 to 0, with the compression stroke of the piston. | 
The results of test 17 are given in Fig. 36. During the | 
rising part of the heat transmission curves, heat is | 
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being transferred from the steam to the wall, and 
vice versa. The upper diagram in the figure refers 
to the ten ring zones of the working surface of the 
cylinder, marked correspondingly as percentages of 
the stroke. The middle diagram shows the heat 
transmission for the piston surface, and the lower that 
for the cover surface. The ordinate scale of the heat 
quantities is given in two ways: On the right of the 
line in k.-cal. per hour, and on the left in k.-cal. per 
kilogram of steam consumption. It should be empha- 
sised that, in all four tests, the engine was double- 
acting. For reducing the heat quantity transmitted 
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Fug. 41, INTERCHANGE BETWEEN STEAM & WALL 
FOR THE FOUR TESTS, N°S 17 22,238 24. THE 
DIAGRAMS SHOW THE HEAT QUANTITIES. FOR 
THE LINER & PISTON SURFACES 
AS BASE. 
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to 1 kg. of steam, the quantities were divided by the 
total steam consumption per hour, for the cover and 
crank-side respectively. It must be remembered, 
therefore, that when taking the crank-side into con- 
sideration, equal amounts must be added to the 
ordinate values on the diagrams of transmitted heat 
quantities. 

All the diagrams have certain common character- 
istics. The curves for the heat transmitted to the 
piston surface are calculated from the single tempera- 


_. 


ture indication at the measuring point K. It has 
been mentioned already that the temperature range 
measured at this point was assumed for the whole 
piston surface. This assumption is doubtless only 
approximate, and must be employed carefully, particu- 
larly with superheated steam. For the heat exchanged 
between the piston surface and the steam, it is further 
assumed that the heat merely fluctuates to and fro, 
and that, therefore, under constant conditions, no 
heat is passing through the piston wall to the air filling 
the hollow piston, or to the colder parts of the piston. 
The heat delivered from the steam to the piston 


Fig.39. HEAT EXCHANGE BETWEEN STEAM 
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surface must, therefore, be again completely returned, 
within one revolution, to the working steam. From 
this fact, the heat transmission curves of the piston 
| surface after one revolution end at the same value as 
|at the beginning (D’ = 0). For the liner and cover 
surfaces, however, the radial temperature gradient D’ 
of the wall was calculated. This gradient depends, 
for the different measuring points, upon the con- 
tinuous heat flow, on which, at the inner surface, the 
fluctuating heat quantities are superimposed. The 
heat flow was calculated for the cover surface by using 
the temperatures measured within and without at the 
measuring point A of the cover surface and F of the 
cover flange. The corresponding heat flow per hour is 
shown in the diagrams as the difference of the ordinates 
at the beginning and end of the range of heat trans- 
mission. 

The zones of the inner liner surfaces, corresponding 
to the different tenths of the piston stroke, give curves 
which naturally extend only over the part of the 
double stroke during which steam contact takes place 
in the respective zone. During the other parts of the 
stroke the zone is covered by the piston. The curves 
begin, as mentioned above, at the zero line, and end 
generally above or below this line, according to whether 





the algebraic sum of the transmitted and fluctuating 
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heat in the respective zone causes an increase or a 
decrease of the heat content of the wall. With such 
assumptions, this part of the fluctuating heat, addi- 
tional to the constant amount of heat transmitted 
per hour, must, when integrated over the whole work- 
ing surface of piston, be zero at the end ordinate of 
the heat transmission curve for every ring zone of the 
working surface. This follows from the fact that, under 
constant conditions, the heat content of the piston rings 
is reduced to the original state, and the rings have no 
other opportunity for exchanging heat, except with the 
wall. To examine the results of test 17, for each 
measuring point of the surface covered by the piston 
stroke, the heat quantities due to the piston rings in 
contact with the walls at the respective measuring 
point are marked in Fig. 37. They vary with the heat 
content of the wall in the one direction or the other. 
This heat content is calculated per sq. m. of surface. 
Heat given to the wall is marked as_ positive, 
according to the method of marking already referred 
to. When the end ordinates of the different measuring 
points are connected by a curve, Tg), B’C’ D’ M’(E)’ 
(D)’, the area so included represents the total heat 
exchanged hourly between the piston rings and the 
cylinder wall, and relates to the whole piston stroke. 
In the zone of the exhaust ports belonging to both 
working spaces (when double acting) such areas over- 
lap. They represent heat quantities which were re- 
delivered by the piston rings on either the cover or 
crank side. The overlapping zone reaches from the 
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a dotted line respectively. The curves in the figure 
relate to the expansion stroke of test 17, with saturated 
steam and at low speed. The ordinate scale is k.-cal. 
per kilogram of steam used. 

On the curves relating to the compression stroke, 
shown in Fig. 39, a corresponding zero line has been 
adopted for the heat flow through the inner surface 
of the wall. This has been done in order that the 
curve of the total heat transmission during the 
compression stroke, beginning at the outer dead 
centre and covering the complete in-stroke of the 
piston, shall coincide at the inner dead centre with 
the curve for the outstroke. In the curve of heat 
flow during the compression period, therefore, the zero 
line is taken, for each measuring point, at the instant 
when the measuring point in question is covered by the 
edge of piston ring No. 1. It should be specially men- 
tioned that the expansion and compression diagrams 
also show a relatively low heat quantity transmitted 
continuously through the cylinder wall, due to the 
temperature gradient. 

Only the test in which saturated steam was used at 
the lower speed of revolution will here be discussed. One 
of the most important results to be noted is that the 
total heat transmission from steam to wail continues 
much longer than the admission period. Further, it is 
found that the whole area of the cylinder cover only 
receives about 5 per cent. of the total heat transmitted. 
The piston surface takes about four times as much 





heat as that transferred to the cylinder cover. Of 
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question, it is of advantage to plot the product 
aAé on a crank angle base, giving the heat trans- 
mission in k.-cal. per square metre per hour. This is 
done, for the measuring points G and C, in Figs. 43 
and 44, by calculation with the methods of harmonic 
analysis and synthesis respectively. In these figures, 
a is the heat transmission coefficient in k.-cal. per 
square metre per deg. C per hour, and Aé the 
temperature difference in deg. C. causing the heat 
transmission. The value of this product for the tests 
17 and 23 is given graphically in the curves of Fig. 43. 
During the admission period for test 17, with saturated 
steam, the greatest value of this product is about 
23,000. This value of the product «A8 is not in 
agreement with the value of « = 50,000 deduced 
from other tests. The latter would indicate, in the 
tests under discussion, a temperature difference 
between steam and wall of less than 0-5 deg. C. 
Such a small difference as this cannot be accepted. 
Fig. 44 represents the range of the product «A8 for the 
measuring point C, in test 17, showing the maximum 
value of about 16,000 — 
smal]. Very interesting and instructive conclusions 
may be drawn from each diagram, and Forschung- 
sheft 300, V.D.I. Verlag, Berlin, may be referred to. 

It is of interest to consider what practical advantages 
can be obtained from the information and research 
described. In this connection, it may be stated that 


, which is similarly too 





some direct results were derived and put into practice 
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F siete 1 during the course of the experiments. One of the 
30,000 — most valuable pieces of information obtained was 
E (4s) eae | that the heat transferred to the cylinder cover surface 
eesti | of a uniflow steam engine is not of very great import- 






























































cover dead-centre point Tyg to the crank dead centre | the total heat transmitted, about half is taken up by |@ce. This is contrary to the belief previously held, 
point T,;, and may be divided by the curve T’g*| the first third of the liner surface passed over by 
E’a M’a (E’)a Ty, into two equal areas, which corre- | the piston rings. This quantity of heat, delivered 


spond to heat quantities originating from the two work- 
ing sides of the double-acting cylinder. The measure- 
ment by planimeter of the left, or negative, area, 
shows for one hour’s working a heat transmission from 
cylinder wall to piston rings of — 16485 k.-cal. per hour; 
the right, or positive, area, up to the line limiting the 


influence of the cover side, shows a heat transmission, | 


from the piston rings to the wall, of + 15230 k.-cal. 
per hour. This agreement is satisfactory considering 
the comprehensive character of the tests and their 
method of calculation. 

Lastly, in the diagram, the curve Tq)’ B’ C’ D’ E’ 


| 
| 


| 
| 





from the steam to the wall, is never wholly redelivered 
to the working steam. The remaining heat quantity 
reflowing from the hot part of the wall, depends only 


upon the piston rings, and especially upon the first 
one. Fig. 40 shows the condition during the expan- 
sion stroke when the engine is running with super- 


heated steam (347-9 deg. ©.) at the higher speed, 
150-2 r.p.m. The marked variations in the shape 
of the diagrams of Figs. 38 and 40, due to the condi- 
tions of steam and speed, are noteworthy. The heat 


| quantities exchanged hourly between steam and wallin 
the four calculated tests are given in Figs. 41 and 42 


(E)’ (D)’ is marked, indicating for each measuring | 
point the heat quantity transmitted hourly per | 
| the sake of clearness, as one curve. Fig. 41 shows, 


square metre of surface. I+ is striking that, for a 
well-insulated cylinder wall, the heat flow outwards 
in its hot zone is smaller than in the cold zone in 
the 


latter region, and is due to the omission of | 


insulation; the radial temperature gradient increases | 


correspondingly. The area under this curve indicates 


the heat quantity lost hourly from the outside of | 
the cylinder wall, which, in the zones of admission | 


and of the beginning of the expansion stroke, is so 
small that its effect on the thermal efficiency of the 
working process is unimportant. 
of heat transmission plotted on piston stroke, as in 


“rom the diagrams | 


Fig. 36, two diagrams were made for each of the | 
four calculated tests, one for the expansion stroke, | 


and the other for the compression stroke. The single 
portions of the heat transmission, referred to the 
respective areas of the inner surface in contact with 
steam, are shown together in Fig. 38. 
ties corresponding to the respective one-tenth zones of 
the liner are first marked, and, plotted on a base of 
piston stroke, are represented by fulllines. These heat 
quantities are added together on the diagram to show 
the total heat to the liner. 


The heat quanti- | 


The heat quantities cor- | 


responding with the cover and piston surfaces are ten | 
superimposed, and are shown by a chain-dotted and by | 


with the same ordinate scale; the exchanged heat quan- 
tity, corresponding to the whole surface, is given, for 


in three separate diagrams, the heat quantities ex- 
|changed hourly for the liner, the piston surface, 
and the cover surface, whilst Fig. 42 shows, for each 
test, the summation curve of the heat transmission. The 
particular characters of the curves, relating to satura- 


ted and superheated steam respectively, may be recog- | 


nised in each diagram. For each group of curves, the 


|influence of the revolutions per minute can be seen, 


this factor causing a decreased height of the curve 
with increased speed. Only for superheated steam 
is the piston surface excepted from this rule. In the 
curves for the cylinder liner in Fig. 41 and in the 
summation curves of Fig. 42, both pairs of curves 
for saturated and superheated steam are clearly 


separated, and show therefore the principal difference | 


of the heat transmission in the two cases. The end 
ordinates AQ of these curves indicate the quantities 
of heat continuously transmitted. 


end ordinate, since the Value of this factor, integrated 
over the whole surface in contact with the steam, 
must become zero after each revolution. 

Lastly, in obtaining the value of the heat trans- 
mission coefficient, «, from the results of the tests in 


The fluctuating | 
heat at the inner cylinder wall cannot form part of this | 


and, in fact, special precautions, such as heating the 
| cover by the inflowing steam, had at first been considered 
necessary. It was established in 1914 that the 
variation of the temperature at all the measuring 
points on the inner surface of the cylinder cover was 
surprisingly small. On the other hand, observations 
| proved that the effect of the piston rings is of 
jimportance. As soon as this information was 
| available the M.A.N. Company at Nuremberg designed 
|a new cylinder cover, in which the wall was heated 
| as little as possible, since steam was led direct to the 
|inlet valve, which was arranged in the cover. This 
| alteration resulted, under similar conditions, in a 
| very slight improvement in the consumption of 
|saturated steam. No temperature measurements 
|have yet been taken on this cover. The slight 
| reduction in consumption is presumably due to the 
|reduction in the area of the external steam-heated 
| Surface of the cylinder cover. It is very important 
|to note that this result proves that, at least in the 
case of saturated steam, the thermal economy of the 
engine is not improved by heating the cover. 

With a view to obtaining information about heat 
| transfer between the liner and the piston rings, a 
| series of possible methods of construction were tested. 
An attempt was made to reduce this heat transfer 
by turning a recess in the rubbing surface of the rings. 
Up to the beginning of the war, only one or two 
preliminary tests had been made with these rings, and 
only with saturated steam, but these had shown some 
reduction in the steam consumption. Tests with 
rings made of ‘electrolitic carbon, that is, a material 
|with poor heat conductivity, failed, due to the 
mechanical unsuitability of the material, which was 
more or less broken up in running past the exhaust 
ports. Although nothing further will be said for 
the present on the research with the uniflow engine, 
it should be mentioned that calorimetric investigation 
| of the indicator diagram is recognised as confirming 
| and supporting the conclusions that have been arrived 
|at. The author, however, is strongly opposed to 
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making such an investigation with material from 
researches made more than ten years ago. He has 
therefore resolved to present only the results of tests 
with temperature indicators. 

(To be continued.) 
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RESEARCH IN 
NEERING BY 
APPARATUS.* 

By F. C. JonansEn, B.Sc. (Eng.). 
(Continued from page 409.) 


Vibration of Structures.—A further interesting possi- 
bility of small-scale research occurs in connection with 
the vibrations of framed structures. It will usually 
be the case that such vibrations, to become dangerous, 
will be induced by those of an engine or other source 
of periodic force mounted upon or within the structure. 
In his recent Thomas Lowe Gray Lecturet before the 
Institution, Professor Dalby demonstrated very beauti- 
fully, by means of an experimental model, the manner 
in which the vibrations of an unbalanced engine might 
be transmitted to the hull of a ship. Steel-framed 
buildings, foundation pedestals, and aircraft frame- 
works, provide further examples of the same undesir- 
able effects, the prevention of which requires that 
the natural vibrations of the structure shall be far 
removed from synchronism with those impressed by 
the mechanism. It becomes necessary, therefore, to 
estimate the natural period of the structure ; and here 
a scale-model may prove of value, since it may be 
fitted with a small source of periodic disturbance (such 
as the revolving mass employed by Professor Dalby) 
and its behaviour over a wide range of frequency 
examined by refined laboratory methods. 

As regards the relation between the vibrations of 
the model and its original, dimensional analysis reveals, 
on the assumption that gravitational forces introduce 
only secondary vibrations of negligible magnitude, that 
for a series of geometrically similar structures, con- 
structed of identical materials and loaded with masses 
bearing a constant relation to the intrinsic masses 
of the structures, the natural frequencies are inversely 
proportional to the linear scales of the structures. 

From the practical point of view it may be con- 
sidered doubtful whether the construction of a scale- 
model of a complex structure, such as a ship’s hull, 
can approximate sufficiently closely to that of the 
original for the critical frequency of the latter to be 
experimentally deduced with much accuracy. With 
simpler structures more confident predictions may be 
anticipated in all cases, as regards the influence of both 
impulsive and torsional forcing vibrations. And in all 
cases where dangerous resonance may be suspected, 
scale-model experiments can hardly fail to provide 
clear indications of the relative merits of various 
modifications of the same general type of structural 
design. 

A means of circumventing such constructional diffi- 
culties is suggested by some experiments of Professor 
Hendersont in which the periods of vibration of ships 
were derived by means of dynamic models. Such a 
model may consist of a simple beam of uniform thick- 
ness, whose breadth at every section is made propor- 
tional to the ordinate of the moment of inertia curve 
of the full-size ship. In addition the beam must be 
loaded so that the loading curve for the model is ulti- 
mately proportional to the loading curve of the ship. 
The loading of the model must be achieved without 
affecting the stiffness of the beam. The scales of 
moment of inertia and loading are not necessarily the 
same; and in these circumstances the ratio of the 
periods of model and original is given by 

t ls m_ IE 
T LVM ée’ 
where m and M represent mass per unit length. 

The model, supported on knife-edges, can be forced 
by electro-magnets to vibrate in various modes, and, 
in Professor Henderson’s experiments, the natural 
periods were readily observed by means of a strobo- 
scope. 


An important feature of all experiments on structural | 
models, to which attention was directed in the course | 
of Professor Henderson’s paper, relates to the effective | 


elastic modulus of a built-up structure, which, as a 
result of slight buckling of nominally straight members, 


looseness of riveted joints, or other causes, may be | 
considerably less than that of the structural material. | 


In two cases investigated by Professor Henderson, for 


which the vibrational periods of the full-size ships were | 
known, the elastic modulus of the ships, as deduced | 


by model experiments, came to 70 per cent. and 76-6 
per cent. respectively of the value of E for the steel 
beam of the model. These figures are in good agree- 
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ment with those of Mr. D. K. Clarke, who says in his 
‘“* Manual of Rules and Tables” that the elasticity of 
bridge work is about two-thirds that of the individual 
plate. The estimation of the effective elastic moduli of 
built-up structures will evidently be necessary before 
vibrational experiments with merely dynamic models 
can be undertaken with confidence. The point sug- 
gests, in fact, that very profitable research might be 
directed to the measurement of the elastic moduli of 
experimental models, of representative types of struc- 
tures, built to a sufficiently large scale for structural 
details, with all their attendant imperfections, to be 
reproduced with good accuracy. 

As regards geometrical scale-models of structures, 
the divergence between the moduli for structure and 
material may be expected to be of somewhat the same 
order for both model and full scale. Nevertheless, 
some form of preliminary determination of the modulus 
will usually be desirable when quantitative measure- 
ments are at issue. 

Flutter of Aeroplanes.—The dangerous condition of 
“* flutter ” or unstable vibration of aeroplane structures 
is at the present time the subject of an exhaustive 
research* in which small-scale apparatus has played a 
most important part. In the early stages of the 
research, a flexible model wing mounted in the wind 
tunnel served to demonstrate all the more important 
phenomena of wing flutter and to indicate the extent 
to which the various aerodynamic and structural 
features contributed to instability. In subsequent 
experiments on a more carefully constructed model, 
theoretical predictions were fulfilled with sufficient 
accuracy to justify the recommendation of numerous 
design features inimical to flutter. Finally, a wing 
constructed in accordance with those recommendations 
has proved stable over a large range of wind speeds. 

It is not inconceivable that under certain conditions 
of natural wind many latticed structures might develop 
similar instability. In any small-scale investigations 
of wind pressure on such structures any appreciable 
degree of vibration should receive most careful examina- 
tion. 

STRENGTH OF STRUCTURES. 

Some of the most rigorous applications of the results 
of small-scale research occur in connection with the 
behaviour of loaded structures. No unavoidable 
uncertainty is introduced by scale effect so long as 
the weight of the structure itself remains a negligible 
proportion of the total load. Apart, therefore, from 
errors due to slight difference in construction between 
a model and its original, closely comparable small- 
scale research is often possible. 

Stress.—The stress f at any point in a structure of 
negligible weight can be expressed by 

f = 91 (w, l, t), 
where w is the externally applied load, 1 is a typical 
dimension, and 7 is the moment of inertia of a cross- 


section containing the point where stress is under 
examination. Dimensional theory then shows that 


w a 
Pi ti 2 Po (x) 
For two geometrically similar structures 5; will be 
fF 


— will have the 
w 


same value at corresponding points of a structure and 
its scale-model. 


If ie for the model = san for original, 
w W 


(11) 


constant, so that the stress coefficient 


w FP 
WwW Le 
In other words, the stresses in a scale-model will be 
identical with those in the original when loads pro- 
portional to the squares of the linear dimensions are 


applied at corresponding points. 
Strain.—By a similar process of reasoning the elastic 
deflexion 6 of a point in a weightless structure may be 
= s (; Pr i 


expressed by 
). 
| where e = Young’s modulus. 
At corresponding points in a structure and its scale- 


f = F when 


w a 





model, therefore, where ‘i has the same value for both, 


| the coefficients 
| 


- for model = = for original, 
| if 

w WwW ee 
| Ee for model = EL for original. 
| If the model be of the same materials as the original, 
| e will be equal to E. ; 
| In these circumstances, when loads proportional to 


| the square of the linear dimensions are applied to 





* Technical Report of the Aeronautical Research Com- 
mittee, 1928-29, No. 1,155. 





model and original, the deflections are similar in the 


two cases. The coefficient ’ refers equally to the 


deflection of the model as a whole or to the strain in an 
individual member. 


z = w , result 
in equal torsional stress and strain in model and 
original. This condition can be derived independently 
by dimensional theory and appears in the forms 


The same conditions of loading, i.e., 


~ wei) 
5= 1s (75). 


where q is the applied torque, j is the polar moment of 
inertia at any section under consideration, and 7 is the 
modulus of rigidity. 

Importance of Weight of Structure.—The effect of the 
structure’s own weight can be taken into consideration 
in the physical equations by the introduction of the 
two quantities ¢, the density of the structural material, 
and g, the gravitational constant. The equations for 
stress and strain are now given by :— 





w t w 
eae ee 12) | 
f a, (3 or ( a | Direct 
18 w Loading 
Sate (op eg) | 
and : 
q J qd 
f= ae (3 ? ). . (14) 
P os ’ vie ‘ Torsion. 
om EM (3° 4e° wey) (15) 


A comparison of equations (11) and (12) shows that 
an additional condition for similitude is now represented 
by the group We which stipulates that 


T 


(16) 





—“_ for model = for original 


WwW 

Bog “DPSsG 

The denominator is evidently a measure of the weight 

of the structure ; and the condition may be interpreted 

by saying that for perfect similitude, the weight of the 

structure must bear the same ratio to the applied load 
for both model and original. 

So far as stresses are concerned this is the only condi- 


t 
a“ ™ 


therefore, the model and original are made of the same 
material (i.e., ¢ = =) and tested in the same gravita- 
tional field (i.e., g = G), similitude requires 


tion, since for a geometrical model 


w W 
BL 
in which case the stress coefficient 
je FL 
“; WA 
whence 
f __l’w 
F PW 
= a 
“7 


that is, stresses in model and original are proportional 
to the linear dimensions when the external loading is 
proportional to the cube of the linear dimensions. 

It is usually easier, however, to measure the deflection 
of the model, rather than the stress. Equation (13) 


shows that, disregarding ii , two conditions must hold 


simultaneously for similitude, namely, 


w _ WwW 

eR EL 
and 

w Ww 


Bog LG 


These two equations will be consistent if 


for model = for original. 


a — 

log L=G 

It is permissible to attempt to achieve such equality by 

varying any of the physical properties involved. Thus, 

keeping a = the gravitational field for the model 
o ~ 

may be artificially augmented by whirling the latter, 

base outwards, at the end of a horizontal arm of length 

y, at such an acceleration that lg, or ly w= L G, 

where G ( = 32-2 ft. per second?) applies to the original. 

Such a method is barely practicable even for a destruc- 

tion test, and is only possible if the external loads can 

be applied by means of springs. It will usually be 


imperative to keep g = G, in which case the ratio 

a = may be made small by constructing the model 
of more flexible material than that of the original. 
For any two materials this ratio fixes the linear scale 


of the model, and it will be found that for most materials 
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suitable for model construction the scale is far too large. 
A few representative values are given in Table II. 


TaBLE II,—Representative Materials fcr Model 
Construction. 
: : | 





Materiais. , = Linear 
Young's Density Scale, 
oe Modulus | > 
| E ati | Rati 
| Ratio - Ratio = Ratio ; 
Original. Model. . (approx.). 
Steel Mahogany 22-7 1/2 
Steel Xvlonite 100 1/18 
Concrete ..| Xylonite 6-25 1/4 
Concrete ..| Rubber 25 | 1/10 


Perhaps the most satisfactory mode of simulation is 
to increase, by loading its members, the effective | 
structural weight of a model built of the same materials 
as the original. The first two requirements of equation | 
(13) are retained and, since e = E, the condition 

w 


fixes the external loading of the model for a predeter- 


. . l : cas : 
mined scale ratio, LC’ The third condition of equation | 
a 
(13) now requires for perfect simulation that 
Ww 
M 
where m and M represent the effective weight of the | 
various members in the small and large scale respec- 
tively. The relation between m, the false weight of the 
model, and m, its true weight before modification, is | 
given by 


w 


= 
m 


m 


my, 


+t 

T° 
This artificial increase*of structural weight in the | 
model can usually be accomplished by clamping or | 
suspending loads at small regular intervals along the | 
length of each member. 

When no augmentation of structural weight is made, | 
scale effect will, in general, be present to a degree | 
depending on the relative importance of inherent and | 
applied loads. A series of tests on models differing in | 
linear scale ratio will serve to indicate the magnitude | 
of error introduced by scale effect. In the case of a| 
very complicated model this procedure might be 
preferable to an attempt to augment the effective 
weight. 

Live Loads.—In demonstrating the effects of moving 
loads upon small-scale structures it will be most 
convenient to arrange that the dynamic forces are a 
constant proportion of the dead loads in the case of | 
both model and original. Consider, by way of example, 
the forces set up by the passage of a train round a curve 
on an elevated railway. The centrifugal reaction x 
may be written 


x= P(l,o, 9, v, y) 


where 
l a typical dimension of both the structure 
and train, 
o density of material, 
g gravitational constant, 
v speed of train, 
y radius of curve. 


Dimensional theory then shows that 


is the ratio between the centrifugal 


x Bog ( an y 
9g Py ig 1 


" . x 
The coefficient 

Bog 
reaction and the weight of the train ; and the arguments 
of ¢; show that this will be the same for model and 
original when the radius of the curve is proportional to 
¥ 
Y 
proportional to the square 
/!): Similarly it may be shown that 

L 


impact reactions due to inequalities in the track will be 
proportional to the dead loads when (i) the inequalities 
are reproduced to scale, (ii) the speeds are proportional 
to the square roots, and (iii) the strengths of the train 
springs (i.e. force per unit deflection) are proportional 
to the squares, of the linear scale. 

Under these conditions the stress and strain 
efficients, already discussed in connection with dead 
loads, will remain valid for the combination of dead 
and live loads. 

Critical Loading of Structures —One of the most 
valuable types of small-scale research is concerned with 
the failure of structures under critical loads. Where, as 
in the case of aircraft, the necessity for a high strength 
to weight ratio forbids the employment of large factors 
of safety, it becomes extremely important to ascertain 
the manner in which a structure is likely to fail, so that 
weak members alone may be strengthened with a 
minimum addition of structural weight. Two types of | 


the scale ratio (i-e., and when the speed is 


3 
root of the linear scale 


(ice., pa 


co- 


tailure call for attention, one due to the yield stress 
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l 
| being exceeded in the weakest member, the other to a | carried out at the works of Messrs. Dorman Long and 
| deformation of the configuration of the structure in the | Company, on reduced-scale models of various members 
| course of which the yield stress may or may not be | of the Sydney Harbour Bridge now under construction. 
|exceeded. In either type the deflection under load and | No detailed report of these experiments is as yet 
the slenderness ratio of the struts will be involved. It | available, but from such information as has been 
will be sufficiently illustrative to consider only failure | published,* it appears that, in cases where calculation 
due to direct loading. Failure due to torsion is likely | of ultimate strength is possible, excellent agreement 
to be rare and the dimensional analysis is similar. | occurs between the test loads and those calculated. 
Failure Due to Excessive Stress.—To the most| Good reason, therefore, exists for the acceptance of 
general case of stress failure the weight of the structure | test values for types of members whose ultimate 
will contribute. The physical equation for the ultimate | strength is mathematically only approximately 
load w may therefore be written :— determinate or very laborious. 
ee ee | When details of construction may play an important 
i Mai | part in deciding the ultimate load, large models, in 
| which such details may be faithfully reproduced, are 


w 
where 


l a typical dimension. é 

f yield stress for the material of the weakest | always preferable. In the present experiments models 
member, | of one-third or one-half full size, and of the same 

e Young’s modulus, | materials as the prototype, were used, and required 

i moment of inertia where failure occurs, | a 1,250-ton testing machine to be specially built for 

o = density of structural material, | the purpose. It would be very interesting to compare 

g gravitational constant. | such results with those on identical models to a much 


|smaller scale, not only as regards ultimate loads but 


Dimensional] analysis leads to the equation , 
| also as regards the nature of the fractures which occur 


et e 


| Hence, the critical load coefficient 








ea (f, . r ) ra. (17) | under test conditions. 
Po, \e og . 
Pe ‘ igh g i | (To be continued.) 
For a scale-model and its original, the argument 7 is a| 
|constant number. Moreover, if the model be con- 


structed, in every member, of the same materials as the 


original, the argument / will generally be constant. | 


for such 


z 
‘ W L2 aoe 
model will be equal to that (sr) for the original 
when 
e £ 
log L3G 
Since 


I 
Li Lt 
the critical load coefficients may be rearranged in the 
forms 


ee 

el? EL? 
This equation will be true when 
Oe 
Bog LsG. 


This condition is identical with that already noted for | 


equality of stress and strain (equation (16) ), and the 
methods of avoiding scale effect discussed above may 
be resorted to here. 

Owing to the extreme applied loading in the present 
case, structural weight will rarely contribute appre- 


| ciably to collapse, and equation (17) is simplified to the 


form 
w P 


ev 


= os(2 x) 


For a geometrical model of the same material as the | 


original, therefore, 


wh W L? 
ec DL 
: w W 
1.e. Rr = L2 


No scale effect is present, and a single test to destruction 


on a model now suffices to determine the critical loading | 


coefficient for the original. 
Failure Due to Deformation.—The analysis for this 


type of failure is similar to the last, except that the | 


stress f at the elastic limit may now be disregarded as 
a factor contributing to collapse. The critical loading 
coefficients for geometrically similar structures of the 


same materials are therefore given by 
= © | when the weight of the struct 
; bf = when the weight of the structure 
at = # leg ; 
is important, (18) 
and 
w iP . : . 
= constant when the weight of the structure is 
ei 


negligible (19) 


Equations (18) and (19) are of the same form as | 


x 


those derived by Euler for the crippling loads on 
struts. The experimental coefficients will probably 
be somewhat sensitive to structural details at the 
ends of the members and accurate results will call for 


particular care in the construction of the joints of the | 


model. 

As an additional precaution against error in small- 
scale tests to destruction, it will usually be desirable 
to ascertain that yield stresses are the same for model 
and full-scale materials. On the same account it 
will not be permissible to employ, for example, drawn 
wire to represent a round tie-bar. 


Destruction Tests on Small-Scale Girders.—In con- 


nection with the ultimate strengths of structures, | 


considerable interest attaches to a series of tests 


a| 


WELDED-BLADE MILLING CUTTERS. 


Ow1ne to the high cost, and to certain of the physical 
| characteristics of high-speed cutting alloys, the larger 
sizes of milling cutters have, for many years, been made 
with bodies of softer and cheaper material, into which 
the cutting teeth or blades of high-speed material are 
inserted and held in position in various ways. Generally, 
| the teeth, after a certain amount of use, are removed 
| and discarded, new teeth being reinserted in the body, 
| which has a comparatively long life; a considerable 
| proportion of the cutting steel, however, is usually 
wasted. A form of composite milling cutter has 


| recently been developed by Messrs. The Brooke Tool 
| Manufacturing Company, Limited, Warwick-road, 
Greet, Birmingham, however, which enables about 
| two-thirds of the total volume of the cutting steel to 
| be utilised before the whole of the cutter, including 
| the comparatively inexpensive body portion, is dis- 
carded. 

| In these cutters, which are known by the trade name 
| “Cardinal,” the body consists of a forging of tough 
| medium-tensile steel, into which the blades of cutting 
steel are welded in such a manner that the finished 
cutter is virtually solid, ringing, when struck, in the 
same way that a solid cutter does. The blades, which 
may be either of 18 per cent. tungsten steel or of cqbalt 
cutting alloy, are fitted into slots in the body inclined 
to the radius, the back of each blade being recessed 
for a width equal to that of the body; the flange left 
on each side of the blade registers with the sides of the 
body. Rather more than one-third of the depth of 
| the blade is left projecting above the body in a new 
cutter, and when the projecting part has been ground 
down, thereby reducing the clearance, the latter is 
restored by milling or slotting out part of the body 
between the blades. This operation can be carried 
out three or more times in the life of the cutter, the 
| part of the body between the blades being formed, 
on each occasion, so as to give adequate support to the 
| backs of the blades. 

| This method of construction can be applied to side 
and face and slotting cutters, and also to facing heads, 
| shell end mills, reamers, &c., and it is claimed by the 
| makers to give the minimum of vibration, to permit a 
closer spacing of the blades than is possible with other 
inserted-tooth cutters, and to give a longer life before 
regrinding is necessary than is obtained from solid 
cutters. The last-mentioned characteristic, it i 
| suggested, is due to the fact that shocks on the teeth, 
| which in ordinary solid cutters would result in chipping 
'or fracture, are transmitted to and absorbed by the 
comparatively soft material of which the body is 
formed in the case of Cardinal cutters. 


Is 








Om AND NaturAL GAs IN WESTERN Canapa.—lIt is 
interesting to learn from statistics published recently 
by the Department of the Interior, Ottawa, that marked 
progress was made during 1928 in the development 
of the petroleum and natural gas reserves of Western 
Canada. The output of oil reached 489,531 barrels, 
|a record total, and greater by 150,000 barrels than 


the figure for 1927. Other features of outstanding 
interest were the discovery of dry natural gas in 


appreciable quantity in the Ribstone area, close to 
the Alberta-Saskatchewan boundary, and in the Cypress 
Hills district, near Medicine Hat, and the completion, 
by Messrs. Okalta Oils, Limited, of a promising oil 
well in the Turner Valley, Alberta. The natural gas 
produced and used in Alberta during 1928 amounted 
to 14,198,959,000 cub. ft., more than half of which 
was yielded by we'ls in the Turner valley. The output 
| in the Medicine Hat region totalled 2,591,000,000 cub. ft. 








* ENGINEERING, 1928, vol. cxxv, page 697. 
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ELECTRIC WELDING MACHINES. 


CONSTRUCTED BY 


MESSRS. A.I. ELECTRIC WELDING APPLIANCES COMPANY, ENGINEERS, LONDON. 











Fre. 1. 


ELECTRIC WELDING PLANT. 


THE advantages of using welds, instead of other types | 
of joint, for connecting both similar and dissimilar 
metals are now so widely recognised that it is not sur- 
prising to find that this process is being increasingly 
employed in the production of articles for a great | 
variety of industrial purposes. The heat necessary to 
effect the weld can be generated in more than one 
way, and at the present time electricity is employed 
on a large scale, owing to its convenience and the 
fact that it can be employed in conjunction with 
relatively unskilled labour. A natural corollary of 
both these conditions is that close attention is being 
paid to the design of electric welders with a view to 
obtaining ease of operation, in combination with 
strength and reliability of the finished work. 

We may illustrate these remarks by referring to two 
welders, which are now being manufactured by Messrs. 
A.I. Electric Welding Appliances Company, of 64, 
Victoria-street, London, S.W.1. The first of these is 
the 30-kw. automatic butt welding machine, which we 
illustrate in Fig. 1. This equipment is designed for 
dealing with wrought iron or steel up to 1 sq. in. in sec- 
tion, and for butt welding tubes, the mitre joints of 
window frames and wheelrims. In general arrangement 
it is similar to an ordinary welder, but the automatic 
control device enables it to be operated by unskilled 
labour. This device consists of a dashpot and gear, 
which retards the speed at which the electrodes 
approach each other. In this way the ends of the 
material are brought into light contact, so that the 
current can pass across the joint and the pre-determined 
welding heat is gradually attained. When this occurs 
the pressure is suddenly applied, so that the material is 
forged together, while the current is simultaneously cut 
off. The pressure, time and current used can be pre- 
determined and they remain constant for any particular 
setting of the machine, so that repetition work can be 
performed without any risk of failure due to lack of 
skill or the increasing fatigue of the operator. It may 
be added that the handwheel shown is only used for 
compressing the heavy spring from which the energy 
required for operating the automatic control is obtained. 
This energy can equally well be generated hydrauli- 
cally or pneumatically by fitting appropriate cylinders 
and valves. 

We may next deal with one of the firm’s spot 
welders which is illustrated in Fig. 2. This machine 
is rated at 10-kw., and when fitted with 9-in. arms will 
deal with work up to }-in. thick. The use of 18-in. 
and 24-in. arms increases the thickness of the material 











30-Kw. Automatic Butt WELDING MACHINE. 


that can be welded. These arms are in all cases made 
of high conductivity rolled copper bar of sufficient 
area to carry the welding current without overheating. 
The electrodes are made of the same material and are 
fitted with screwed-in renewable tips and internal pas- 
sages for the circulation of the cooling water. The lower 
arm is fitted with a horizontal single slot faceplate to 
give it lateral movement, an arrangement which, 
combined with the ordinary angular movement of the 
arm, enables work to be satisfactorily accomplished in 
awkward places. The transformer forms an integral 
part of the machine and is designed to withstand 
heavy overloads. The primary windings are totally 
enclosed. Current regulation is effected by tappings, 
which can be adjusted by altering the connections in a 
plug box. No current passes through the working 
bearings. An automatic trip switch is fitted. This 
has roller type contacts, so that during welding the 
current-carrying surfaces are clear of the make and 
break points. The machine is operated by the foot, 
either through a pendulum lever or by a pedal, as shown 
in the illustration. Self-aligning ball bearings are 
provided to permit easy working. 








ELECTRICITY DEVELOPMENTS IN ALBERTA.—The rapid 
rate at which electric transmission lines have been con- 
structed throughout the province of Alberta, especially 
during 1928, is emphasised in a report presented recently 
to the Provincial Government by the chief electrical 
inspector, Mr. R. D. Wagner. A network of high tension 
lines now exists in Central and Southern Alberta. There 
is a continuous line from Edmonton in the north to 
Magrath, a town near Lethbridge, inthe south, with the 
exception of a gap, less than 30 miles in length, between 
Millet and Ponoka, which has still to be closed by the 
Calgary Power Company. The report states that the 
Calgary Power Company now controls 332 miles of 
66,000-volt lines and 839 miles of 13,200-volt lines. Out 
of these totals, 50 miles of 66,000-volt lines and 474 miles 
of 13,200-volt lines were constructed during 1928, and 
the company’s territory in the north now extends as 
far east as Wainwright and Hardisty. The Calgary 
Power Company is at present engaged on works in con- 
nection with the construction of the Ghost River hydro- 
electric installation, 35 miles west of Calgary, estimated 
to cost 2,500,000 dollars. The new plant will add 
greatly to the power already provided by the Horse 
Shoe Falls and Kananaskis Falls installations, which also 
stand on the Bow River. The Canadian Utilities Corpora- 
tion has also experienced a busy year during 1928, and 
now possesses 130 miles of 33,000-volt lines and 232 
miles of 13,200-volt lines in central Alberta. The Drum- 
heller power station has been rebuilt and the capacities 
of the power houses at Castor, Vegreville and Lloyd- 
minster increased. 
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Fia. 2. 10-Kw. Spot WELDER. 


THE MODERN DEVELOPMENTS OF 
THE WATER-TUBE BOILER FOR 
MARINE PURPOSES.* 


By Artuur SPYER. 
(Concluded from page 407.) 


Tue Board of Trade Regulations which have been 
issued recently require that tubes which have only 
steam in them should be situated in a position shielded 
from direct radiation and where only hot gases and 
no flame can impinge on them. Fortunately, this is 
not too literally translated, otherwise it might result in 
preventing high temperature being obtained at all. 
There is ample experience in land practice to show 
that up to a gas temperature of 1,500 deg. F. or 1,600 
deg. F. at the inlet to the superheater zone, no difficulty 
arises, and the safety of the superheater tubes under 
these conditions is assured. This question of the 
durability and the life of the superheater tubes is 
largely dependent upon correct design conditions, and 
the ensuring of a uniform flow of steam through the 
tubes at a sufficiently high velocity to obtain good 
transmission through the metallic surfaces. On the 
other hand, too high a velocity through the tubes 
means a loss of pressure. It is very advisable to 
heat the feed-water to as high a temperature as 
practicable, and thus reduce the amount of heat 
required per pound of steam by the boiler unit itself. 
This is an important feature in connection with the 
great gain obtainable in the machine side of the instal- 
lation, a gain which is partly obtained by withdrawing 
steam from the turbines after it has done work in the 
first stages and utilising it for heating the feed water, 
thereby avoiding throwing away latent heat, in the 
condenser because the steam is actually partly con- 
densed by the feed water. High-temperature feed also 
has a beneficial effect in reducing the risk of internal 
corrosion of the surfaces, by enabling the gases in the 
feed-water to be removed to a considerable degree. 

The use of economisers in marine practice was dis- 
carded many years ago owing to the inherent difficulties 
of economiser corrosion, due to the gases in the feed- 
water, but it is quite possible that economisers may 
again be introduced now that the cause of the trouble 
is known, as it is difficult, when aiming at the highest 
possible efficiencies from the boiler unit, to put in 
air-heaters of sufficient size to recuperate the heat from 
the gases unless something in the shape of an economiser 





* Paper read at a meeting of the Institution of Naval 
Architects, on Friday, March 22, 1929. Abridged. 
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is also provided. In land practice, efficiencies of 
89 per cent. to 90 per cent. are obtainable for the boiler 
unit, but in such cases it means as a rule an economiser 
and an air-heater as well, and space and weight are not 
of such importance as in marine installations. Another 
point in connection with this is that if large air-heaters 
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the turbine-electric propulsion in the California class 
of the International Mercantile Marine Company. 
There are two ships now on service, the California and 
Virginia, and a third vessel is under construction. 
The anticipated boiler figures for this third vessel are 
at the full power of about 17,000 s.h.p., a boiler 
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are fitted, the temperature of the air for combustion 
becomes very high, and consequently the combustion 
temperature in the furnace is higher, and this tends 
to make furnace maintenance more difficult, which is one 
reason, as shown in Figs. 10 and 11, that water cooling 
is being introduced in the furnace walls. These figures 
show a Babcock and Wilcox boiler adapted to 


pulverised-fuel firing, and designed for a vessel ex- 
pected to be shortly under construction in this country. 
Very good results are being claimed in America with 
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RAUBER AND LUQUET BOILER 
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pressure of 300 lb., and final superheat temperature 
of 630 deg. F., with a boiler efficiency of a little over 
80 percent. At the present moment French and Italian 
builders are investigating very carefully the designs 
for large transatlantic liners of high speed intended | 
to enter into competition with what other countries 
are doing. Quite recently a modified design of the 
sectional-type boiler has been produced in America, | 
and an experimental test boiler of this type is now | 
under construction for trial on shore in association | 
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with the American Navy Department. The object 
of this design which is shown in Fig. 121 is to produce 
a boiler as light as possible for naval requirements. 
This great weight reduction is not of such importance 
for mercantile use, where facilities for examination and 
renewals are of greater importance ; but the illustration 
may be of interest as showing a recent proposed develop- 
ment. Another interesting development in France, is the 
boiler which is illustrated in Figs. 13 and 14. This boiler 
is now being tested out on a land station but is, it is 
understood, shortly to be fitted in a French cross- 
Channel vessel. The results in practice are awaited 
with great interest. It is now something over twenty- 
five years ago since the battle of the boilers was fought 
out on Naval grounds, and after a long and thorough 
Parliamentary investigation, it was finally decided 
in favour of the water-tube boiler. There is now not 
a Navy in the world where the tank boiler would receive 
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consideration, and it is the water-tube type of boiler 
which has rendered possible the obtaining of high 
speeds in connection with moderate dimensions. It 
looks now as if the battle was once more to be recom- 
menced, but this time in connection with the Mercantile 


| Marine, and in view of the absolute necessity which 


now obtains, in this country particularly, to use steam 
commercially economically, and in this way encourage 
the use of coal as a fuel, the water-tube boiler has 
become a necessity. It would appear therefore that 
marine engineers in foreign countries seem to be some- 
what in advance of us in this respect, inasmuch as 
this type is much more favourably regarded in other 
countries, such as America, France, Germany, and 
Italy, than it is here. The difficulties which were 
originally experienced with the water-tube boiler, 
and which had to be overcome in the navies of the 
world, are now far more easily dealt with, as there is a 
much wider spread of the requisite knowledge. It may 
thus be anticipated that in the end we shall find 
the water-tube boiler coming to the front in mercan- 
tile work. As manufacturers, we naturally do not 
want to see costly plant become out of date, but 
the necessities of the situation have to be met by 
modernising plants; otherwise the industries of our 
country will certainly suffer. 








DanisH Motor-VEHICLE EXHIBITIONS.—The Depart- 
ment of Overseas Trade informs us that the Commercial 
Secretary at Copenhagen has reported that the annual 
motor-car exhibition was held at Copenhagen from 
February 22 to March 3 last. The space was practically 
monopolised by numerous car exhibits from the United 
States, although there were also a few British, German, 
French, and Italian machines on view. The one Danish 
manufacturer, Forenede Automobilfabriker, was also 
represented. The motor-car exhibition was followed by 
the annual exhibition of commercial vehicles and motor 
cycles, from March 9 to 17. While there was only one 
British commercial exhibit, the United States, France, 
Germany and Denmark were well represented. As far 
as motor-cycles were concerned, British participation 
was highly satisfactory, all the leading British manufac- 
turers being represented. Official catalogues of both 
exhibitions are now in the hands of the Department at 
35, Old Queen-street, London, 8.W.1, and will be 
forwarded on loan, in order of application, to interested 
British firms. The Reference No. A 7710 should be 
quoted in communications addressed to the Department. 
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DRILLING FOR OIL WITH THE | 
DIAMOND DRILL. 


THE diamond drill which has done good work in 
metallurgical mining is now used in the petroleum 
fields, not as the general tool for sinking oil wells, but 
for the purpose of drilling test wells with the object of 
obtaining geological information. Mr. G. Heseldin, 
M.Sc., who presented a paper on this subject to the 
Institution of Petroleum Technologists on March 12, 
stated that he dealt mainly with the adaptation of the 
diamond drill for the drilling of test wells on new 
untested ground, for proving the limits of existing 
fields and for finding the existence of deeper oil sands ina 
productive area. The chief advantage he claimed for 
the diamond drill was that it gave a continuous core 
instead of the occasional cores furnished by rotary 
drills, and that it could deepen and also widen out 
holes already made by other drills. 

The diamond drill was, Mr. Heseldin said, a self- 
contained unit with rotating and feeding mechanism, 
mounted on a common base in such a way that the 
engine could be shifted on rails, by means of a hydraulic 
piston, when the drill was to be run in or out. The 
details Mr. Heseldin gave concerned the Sullivan F.K. 
type, the largest diamond drill on the market, rated for 
a 4-in. hole down to 5,000 ft., and for prospecting 
work with smaller bits down to 7,000 ft. This type was | 
steam-driven, but smaller petrol-driven drills were 
popular. The drive rod of 5% in. bore, holding the drill 
stem, was actuated by a horizontal shaft, two sets of 
bevel gears and a dog clutch, and was driven at three 
speeds (45, 137, 238 r.p.m.) by the engine running at 
400 r.p.m. The stem was held in the drive rod by two 
chucks, and the drive rod itself was suspended inside the 
hollow piston rod of a hydraulic cylinder by means of a 
ball bearing. The gunmetal cylinder had a diameter of | 
24 in., the piston stroke was also 24 in. The hydraulic | 
feed was controlled by a manifold of four valves, one | 
pressure and one waste valve on each side of the piston. 
The drive rods were solid drawn steel tubes, made in 
flush-jointed sections, exactly of 15-ft. length and 
threaded at each end, and of two diameters, 34 in. and 
23 in. The core barrel, made in varying types and 
lengths up to 30 and 40 ft., was a special steel] tube 
threaded for receiving the rod at its upper end and the 
core shell at its lower end. In the single-core tube the 
circulating fluid came in contact with the core as it 
passed down, and might disintegrate the core in soft 
formations. In the double-core tube the fluid passed 
down between two tubes without touching the core, 
and this type was more efficient but not so robust ; 
the inner tube did not rotate. The average life of a 
core barrel was about 1,000 ft. of hole. 

Between the core barrel and the bit was a coupling 
called the core shell, inside which was the core lifter, 
a split ring tapered outside to correspond with a 
taper inside the shell; the shell and lifter gripped the 
core when the bit was raised. The core shell and 
lifter lasted only half the time of the barrel, 400 ft. or 
300 ft. of hole. The bit consisted of a hollow cylinder 
of soft steel, 3 in. to 6 in. in diameter and 3 in. to 5 in. 
in length, which was screwed into the bottom of the 
core shell and was provided with four water flutes, both 
on the outside and inside. The bits were set with 6, 8 
or 10 Brazilian diamonds (carbons); Mr. Heseldin 
considered 6 diamonds, of 4 carats or 5 carats, the 
most economical number. The stones were caulked into 
the bit, on its outside, on its inside, and end face, 
the respective numbers being, e.g., 2, 2, 2, or 4, 4, 2. 
The width of the annular channel ranged from 4 in. 
to 2 in. As the diamond drill could not bore holes 
of large diameters, special inserted-joint solid-drawn 
steel casings were required ; they were more expensive 
than the screw and collared oil well casings, but had a 
longer life, lower setting depth and smaller weight, 
The life of the bit ranged from 2 ft. to 200 ft. of hole. 
the average being only 70 ft. or 80 ft.; a fairly 
large stock of diamonds, about 80 carats, had to be 
kept, therefore, and these stones would represent a 
capital of 2,000/._ Mr. Heseldin gave particulars about 
setting the bits, fishing up lost stones, the comparative 
performances and costs of diamond drills and rotary 
drills, drilling speeds, core recovery and other points, 
on the whole favourable to the diamond drill. 

In the discussion Mr. Ashley Carter, who occupied | 











known depths for periods of from 1 hour to 3 hours. 
The acid should not be too strong in order to give a 
clear etching ring; the inclination of the ring to the 
horizontal indicated the deviation of the hole from the 
plumb. Mr. Heseldin stated that he thad himself 
observed deviations of 1 deg. and of 10 deg. and 12 deg. 
But it is clear that these estimates are very uncertain, 
and that the method is valuable, in the absence of 
reliable methods, chiefly because it gives a warning 
that the hole is no longer vertical. 








FIREDAMP EXPLOSIONS IN CLOSED 
VESSELS AND PRESSURE PILING. 


For some years the Safety in Mines Research Board | 


have been experimenting on the magnitude of pressures 
which firedamp explosions may develop in closed 
vessels such as the casings of switch-gear, and on the 
possibility of releasing the pressure during its develop- 
ment without any risk of flame passing out of the 
casing. In order to minimise the number of disturbing 
factors and the cooling influences of cylindrical and 
rectangular casings, explosion tests are largely made in 
spherical vessels. But the former class do more than 
cool the heated gases; they prevent their attaining 
maximum pressures, and retard the pressure rise, so 
that the casing would not actually be exposed to the 
high pressures met with in experiments with spherical 
vessels. On the other hand, a mild explosion occurring 
in one compartment of a casing may set up dangerous 
pressure surges in another part with which it commu- 
nicates. This point has been investigated by Beyling 
(Glick Auf., 1906, vol. xlii, page 1). Dividing a 
cylinder of 33-5 cm. internal diameter, filled with 
explosive gas mixture, by a wooden partition fitted with 
a central hole of 3-cm. diameter, into two unequal 


parts, and setting up an explosion in the larger com- | 


partment, Beyling observed, in the smaller compart- 
ment, very rapid and high pressure rises which shat- 
tered the partition. He suggested that the explosive 
wave passing through the hole compressed the gas in 
the smaller compartment, and caused a more violent 
explosion there owing to the increased initial pressure ; 
the effect was called pressure piling. The experiments 
of O. C. de C. Ellis, 1923, and R. W. Fenning, made in 
1926, however, prove that the high initial pressure 
would retard the rapid rise of pressure, and would 
not explain the extraordinarily rapid rise of pressure 
observed by Beyling, while caution would undoubtedly 
be advisable in attempting to provide an outlet for 
the pressure wave. Further investigations of this 
problem are described in Paper No. 49* of the Safety 
in Mines Research Board, by C. S. W. Grice and 


| R. V. Wheeler. 


Two series of experiments were made. In the first 
two spherical vessels, not greatly differing in size, 
were connected by a short neck; one vessel had a 
volume of 1 litre (0-0354 cub. ft.), and the other of 
2 or 8 litres. In the second series, the vessels were 
larger and their disparity greater; the large vessel 
was of 100 litres (3-54 cu. ft.) capacity, and the smaller 
of 6 litres. Experiments with cylindrical vessels were 
also made, and Petavel pressure gauges were used. 
The results show that turbulence is quite as important 
a factor as had been expected. Both the vessels were 
filled with an explosive mixture, mostly of methane and 
air, and the ignition was central. When, in the first 
series of experiments, the ignition took place in the 
larger vessel, the flame passing into the smaller vessel 
produced considerable turbulence there, leading to 
a rapid pressure rise. When the ignition took place 
in the smaller vessel, the flame was small and there 
was little turbulence. In the second series of experi- 
ments, the volume difference was considerable, as 
already mentioned, and, in that case, ignition in the 
larger vessel caused a much greater pressure rise in the 
smaller vessel. This higher maximum pressure is 
ascribed to three causes : The large flame entering the 
smaller vessel through a narrow passage, the turbulence 
due to the rapid inrush of gases, and the compression 
of the mixture before theignition. The pre-compression 
appeared to be the chief factor, although it was not of 
much importance in the first series of experiments. 
When the flame travelled from the small vessel into 
the larger one, no abnormal pressure rise was observed, 





the chair, pointed out that great progress with respect | but it is clear that pressure piling has to be reckoned 
to cores and performances had been made with rotary | with, and care should be exercised in the design of 
drills since 1927, when Mr. Heseldin had compiled his | casings in order to avoid inter-connected departments, 


figures. Other speakers agreed that real comparisons | 
of different systems working under different conditions| py, gree, Banque ‘ WANDERER.”—Mr. John 
were rarely possible. Mr. B. J. Ellis admitted the | Masefield, Boars Hill, Oxford, who is writing the history 
advantages of the diamond drill for special work; | of the four-masted steel barque Wanderer (1891-1907), 
but the diamond should not be used for all the drilling | built and owned by Messrs. W. H. Potter and Company, 


starting from the surface. Professor V. C. Illing, Dr. | of Liverpool, has asked us to request persons who may 
J. A. L. Henderson and others questioned in particular — oo — by pene ——— 
the reliability of the glass-etching test mentioned by the ee HOR CONCERNING ile VeRsEr, tO 
author as employed for determining the deflection of i 

the bore from the vertical. In this test, as described,| * Firedamp Explosions within Closed Vessels : Pressure 
several glass tubes, half filled with hydrofluoric acid, | Piling. By ©. 8. W. Grice and R. V. Wheeler. H.M. 
were mounted in the drive rod and lowered with it to | Stationery Office. Price ls. net. 
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CATALOGUES. 


Heat Treatment.—Messrs. Wild-Barfield Electric Fur- 
naces, Limited, North-road, Holloway, N.7, have issued 
an informative eight-page circular discussing the hardening 
and tempering of high-speed steel. 

Screwing Dies.—Mes:rs. The Jones and Lamson Machine 
Company, 19-21, Water Lane, Queen Victoria-street, 
London, E.C.4, have sent us circulars of the Hartness 
automatic dies for U.S.A. standard threads for 1}-in. to 
| 3 in. bolts. 

Lubricant.—Messrs. Fredk. J. Gordon and Company, 
| Limited, 92, Charlotte-street, London, W.1, have sent 
| us a circular relating to ‘‘ Kant Rust,” which is a graphite 
| lubricant made by the Kant Rust Products Corporation 
| of the United States. 

Aluminium Sheet-Work.—Messrs. The British Aluminium 
Company, Limited, Adelaide House, King William-street, 
London, E.C.4, have issued a booklet of information on 
sheet-metal work in aluminium, which will be useful both 
for its practical notes and its technical data. 


Steam Turbines.—Several bulletins and leaf catalogues 
issued by Messrs. Rateau have been received from their 
London office at 28, Russell-square, W.C.1. These publica- 
tions deal with steam turbines, pumps, fans, &c., largely 
in relation to coal mining. The economical use of coal 
in steam raising occupies a prominent place. 

Electrical Machinery.—Messrs. Oerlikon, Limited, 28, 
Essex-street, Strand, London, W.C.2, have sent us a 
number of recent issues of their bulletins describing 
traction-motor commutators, yoke drive for electric 
locomotives, a two-stage blower, an electric runway for 
carrying sacks, and other machinery produced by them. 


Electrical Machinery.—Messrs. Brown-Boveri and 
| Company, Limited, Baden, Switzerland, give a detailed 
| description of the automatic-rectifier substations of the 
Dutch railways equipped by them, and also particulars 
of electric locomotives, in the December number of the 
Review issued. by Messrs. British Brown-Boveri, Limited, 
Trafalgar House, Waterloo-place, London, S.W.1. 


Type-Metal Furnace.—Messrs. The Monometer Manu- 
facturing Company (1918), Limited, 115, Strand, London, 
W.C.2, have issued a catalogue of their printers’ furnaces 
with pots to hold from 200 lb. to 10 tons of metal. The 
furnaces are fitted with a metal mixer, automatic heat 
control, a method of enclosing the surface of the molten 
metal in a non-oxidising atmosphere, and many other 
improvements. 

Electrical Machines.—A catalogue of electric generators 
up to 750 kw., and of motors up to 1,000 h.p. is to hand 
from Messrs. J. P. Hall and Company, Limited, Werneth, 
Oldham. The more specialised items include polyphase 
motors for driving textile machines, variable-speed 
motors, motors for machine tools, cranes, ship winches, 
steam-driven generating sets, motor-generator sets, and 
speed-limiting brakes. 

Dust Collector.—Messrz. The Visco Engineering Com- 
pany, Limited, 162, Grosvenor-road, London, 8.W.1, have 
issued a catalogue describing an apparatus for collecting 
the dust from dry-grinding wheels. The dust is drawn 
through hoods and ducts to a chamber, in which it is 
filtered so effectively that the discharge from the outlet 
may pass directly to the atmosphere. Wheel grinders 
and grinding machines are shown fitted with the appara- 
tus. 

Oil Engines.—We have received a catalogue of Gardner 
marine oil engines from the makers, Messrs. Norris, 
Henty and Gardners, Limited, Patricroft, Manchester. 
The engines are of the vertical, two-stroke type, usin 
heavy oil with airless injection, and starting from col 
by means of compressed air. The list of standard 
sizes includes eighteen engines from 54 b.h.p. to 300 b.h.p. 
with 3, 4, 5 or 6 cylinders. Numerous illustrations of 
craft fitted with these engines are included. 

Oii Engines and Pumps.—We have received from 
Messrs. Blackstone and Company, Limited, Stamford, a 
new catalogue of their small oil engines with hopper 
cooling and spring fuel injection. The standard sizes are 
now of 5, 64, 8, 10, and 13 brake horse-power, and the 
engines are mounted either on wooden skids or on a four- 
wheeled truck. We have also received a list of this 
firm’s unchokeable centrifugal pumps for dealing with 
water containing hard or soft solids in suspension. 

Drop Stamps.—Messrs. B. and 8. Massey, Limited, 
Openshaw, Manchester, have sent us a copy of a new 
issue of their catalogue of drop-stamping plant. The 
stamps are of the friction, steam and pneumatic types, 
but steam and pneumatic hammers, used for preparing 
the material for certain stampings, are also shown, as 
well as furnaces, presses and a portable planing machines 
for truing the faces of anvils and tups ; illustrations of the 
more complex pieces produced by stamping are also 
given. The catalogue is well arranged and contains 
much information that will be useful to practical men. 














Coat IN MANcHURIA.—According to a recent issue 
| of The Chinese Economic Bulletin, large coal deposits 
have been discovered near the Tiger Hill, north-west 
of San Cha Ko, Ningan Hsien, Kirin Province, Manchuria, 
by four British mining engineers. The coal bed is 
stated to be over 12 ft. thick. Oil has also been located, 
and chemical analyses have shown that the quality of 
both coal and oil are very satisfactory. It is claimed 
that high-grade petrol can easily be manufactured 
from the oil by a simple chemical process. The estimated 
cost of opening the mine and constructing a railway 
to the coal and oil area is said to be in the neighbourhood 
of 7,000,000 dols. The Mukden authorities have been 
approached with a view to opening the mine as a joint 
British and Chinese enterprise. 
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PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

in each case; where none is mentioned, the Specification is not 

illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office Sales 
Branch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform price of 18. 

The date of the advertisement of the pt of a Comp 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word ‘‘ Sealed"’ is appended. 


Jol, 





Any person may, at any time within two months from the date of 


the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


300,934. H. R. Ricardo, London. Sleeve-Valve 
Internal-Combustion Engines. (4 Figs.) August 18, 
1927.—The invention relates to four-cycle internal- 
combustion engines of the type in which the inlet and 
exhaust ports are controlled by a single sleeve valve, 
having a combined oscillating and reciprocating motion, 
both components of which motion combine to control 
the ports. According to the invention, the combustion 
chamber of an engine of the type referred to is so formed 
as to impede rotational motion of the charge about the 
cylinder axis. The engine comprises a crank-case A, on 
which is supported a water-cooled cylinder B, within 
which is mounted a sleeve valve C. The sleeve valve C, 


Fig. Fig.2 
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RAILWAYS AND TRAMWAYS. 

300,738. E. W. Moss, Westminster. (P. C. Dew- 
hurst, Bogota, Colombia,) Locomotives. (11 Figs.) 
, - C September 15, 1927.—The invention relates to loco- 

flap valve 11, which may be caused to close either the | motives for narrow-gauge railways. According to the 
conduit 2 or the conduit 3 as shown in the two dotted | invention, a locomotive has outside frames, two or 
positions or to take up an intermediate position, as shown, | more pairs of coupled wheels and two outside and 
in the full-line position. A portion of the wall of the| two inside cylinders driving on to @-.common axle or 
conduit 1 is bulged outwards, as shown at 12, and| the inside and outside cylinder driving on to their 
detachably secured to the remainder of the wall by | own axles, or two outside cylinders and one inside 
bolts. The bellows is arranged so that it is) cylinder driving on to a common axle, or the inside and 
partly accommodated in the bulged part and partly in | outside cylinders driving on to their own axles which is 
the conduit 1, the arrangement being such that the part | 
in the conduit 1 is completely exposed to the air mixture | 
passing through the conduit. The detachable portion | 
12 of the wall is formed of heat-insulating material. | 
In operation, the bellows 4 expands or contracts in accord- | 
ance with the temperature of the air mixture passing 
across the portion disposed in the main path of the air 
mixture. ‘Thus, should the air be too hot, the bellows 
expands and causes the flap valve 11 to take up such a | 
position as to decrease the supply of warm air through | 
the conduit 3 and increase the supply of cold air through | 
the conduit 2, so that the temperature of the mixed air 
passing through the conduit 1 is maintained at a prede- 
termined and substantially constant degree.—(Sealed.) | 


by a rod 5 to one arm 6o0f acranked lever. The other arm 
8 of the lever is connected by a link and lever 9, 9a 
to a spindle 10, mounted at the junction of the lower | 
walls of the conduits 2, 3. The spindle 10 carries a 








303,273. Douglas Motors, Limited, Kingswood, | 
| Bristol, and J. Douglas, Kingswood, Bristol. | 
|(2 Figs.) Lubrication of Crankpin Bearings. | 
| January 2, 1928.—In the lubrication of crankpin bearings, | 
| the periphery 3 of the crank web 2 is formed as a scoop | 


| 10 having a lateral aperture communicating with the | 
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| bearing, and this scoop portion is adapted to dip into the 
| oil collecting in the crank chamber or a trough therein. | 
The scoop is constituted by a groove 7 extending from 
the leading edge of the crank web towards the rear and ter- 
minating in an undercut portion 9 where the periphery 
of the web overhangs the groove. (Sealed.) 
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not, or neither of which is, the leading axle. Fig. 1 





‘ HYDRAULIC MACHINERY. 


Pd 304,373. The English Electrical Company, Limi- 
ted, London, and P. W. Seewer, Hampstead. 
Hydraulic Packing. (2 Figs.) October 21, 1927.— 
The hydraulic packing consists of a ring 3 of flexible 
resilient material placed in a groove 5 and to a channel 





(300,934) 


which controls inlet and exhaust ports B!, B2 in the 
cylinder wall, has a combined oscillating and reciprocating 
motion imparted thereto in known manner. The outer 
end of the cylinder B is closed by a plug-like water- 
cooled cylinder head E, which extends into the upper 
end of the sleeve C and carries a sparking plug F. Recip- 









rocating within the sleeve C and connected to the crank- WN 
shaft Al by means of a connecting rod G, is a piston NN WN 
H, which is provided with a radial rib or projection H1! N Ny MWA 


on its face which tends to impede rotational motion of 
the charge about the cylinder axis. This rib is of such 
length as to leave a small space H2 between each of its 
ends and the edge of the piston face, as shown in Fig. 2. 
(Sealed.) 

303,235. W. A. Whatmough, New Barnet, and 
W. L. Fisher, Richmond. Carburettors. (2 Figs.) 


\] 
(304.373) . 


6 in the back of which fluid pressure is admitted through 
apertures 7. The channel 6 is shallow compared with 
the thickness of the ring 3 and sufficient material is left 
- the sides of the channel to support the ring on the 
October 26, 1927.—The invention relates to carburetting | “age ng org age or —o ce? ae 
arrangements for internal-combustion engines. It is con- | packing i eins pat led aaa a sided ater “lidi = 
cerned with apparatus of the kind in which supplies of hot | Sea ee eo “pee in * Se ae pen 8 yo he 
and cold air are connected to the air inlet of the car- | ghannel ( ain iad Sen ae eA pel En Pee 
burettor, and a thermostatic device acts to control the | aor ee Sy ey Sey 

passages through which the ho‘ and cold air are supplied. | MINING, METALLURGY & METAL WORKING | 


Fig.2 | 301,970. D. F. Campbell, Westminster. Metal 





| Casting Machines. (1 Fig.) September 15, 1927.—The 
|invention consists in improvements in the means for 
| filling moulds, casting boxes or other receptacles with 
| molten metal. According to theinvention, on a carriage A 
| which can be moved towards and away from the spout 

or taphole of a furnace or ladle, is mounted a turntable 
| consisting of an upper disc I and a lower disc G. The 









































upper disc can be rotated on ball bearings 7 carried by | 
the lower disc G, the moulds or other receptacles for the 
molten metal being placed on the upper dise so that 
they can be filled in rotation. The carriage A is run 
on rails towards and away from the pouring spout, and 
the required fine adjustment of the position of the carriage 
is obtained by gearing connecting the carriage with an 
electrically-driven motor. The ingot moulds are placed 
on the upper disc at the same radial distance from the 
axis of rotation, and the upper disc is rotated manually 
Sealed.) 


A Y form of conduit has one of the legs 1 preferably 
vertical or substantially so. The leg 2 is disposed so 
that cold air enters and passes through it, and the leg 
3 is connected to a jacket on the exhaust pipe of the | 
engine with which the apparatus is used. The vertical | 
leg 1 constitutes a chamber communicating with the 
junction of the conduits 2, 3. Within the conduit 1 | 
is a temperature-sensitive gear comprising a metallic 
bellows 4 containing a volatile liquid which boils at a | 
definite temperature. One end of the bellows is mounted 
on the wall of the conduit 1 and the other end is connected | or by motor-driven mechanism. 





shows a locomotive with outside frames and two outside 
cylinders and one inside cylinder operating on a common 
crank axle. Fig 2shows a locomotive having two outside 
cylinders operating on one axle and one inside cylinder 
operating on another axle. Fig. 3 shows a locomotive 
with two outside cylinders and two inside cylinders 
operating on a common axle, and Fig. 4 shows a loco- 
motive having two outside cylinders operating on one 
axle and two inside cylinders operating on another 
axle. (Sealed.) 


303,284. H.E. Yarrow, Scotstoun, Glasgow, and 
H. N. Gresley, Hadley Woods. Locomotive Boilers. 
(15 Figs.) January 17, 1928.—In water tube steam 
generators for locomotives of the type comprising @ 
steam drum a connected by water tubes with four 
separate water drums, two, 6, are disposed one on 
either side of the firebox or combustion space of the 


























furnace, the other two, c, being disposed side by side 
forward of this space. A central flue z is provided 
between the two water drums c and their banks of tubes, 
and also two outside flues s. The hot gases from the 
combustion space are constrained to pass into the central 
flue z and thence amongst the forward banks of the 
water tubes f to the outside flues s which lead to the 
smoke box. The furnace gases are compelled to pass 
across the tubes and not in the longitudinal direction of 
the banks of tubes. (Accepted January 9, 1929.) 
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THE STABILITY OF OCEAN - GOING 
PASSENGER SHIPS. 


By Professor WILLIAM HovGaarD. 

In view of the International Conference on Safety 
of Life at Sea, now being held in London, a discussion 
of regulations relating to the stability of ocean-going 
passenger ships may be of interest. The question 
of stability was fully discussed at the meetings of 
the 1914 Conference, but no rules were formulated 
for the regulation of this quality ; in fact, it seems 
that the word stability was not mentioned in the 
text of the Convention except in connection with 
lifeboats. Thus, it is conceivable that a ship 
although ostensibly safe under the rules of that 
Convention, will be entirely unsafe due to lack of 
stability in a damaged condition, especially if pro- 
vided with wing compartments. 

The principal reasons for this omission appear to 
be, first, that it was considered difficult or impractic- 
able to frame regulations in regard to stability ; 
and second, that it was not believed to be necessary, 
since at that time there was “ no recorded case of a 
large passenger steamer capsizing.”* These views 
were not, however, shared by all the delegates, 
and subsequent events have shown that safety of 
life at sea cannot be dissociated from stability. We 
need only refer to the loss of the Empress of Ireland, 
the Lusitania, the Vestris, and several merchant 
ships during the war. Calculations carried out 
for a number of existing ships confirm this view. 

In the present article the attempt is made to show 
that the problem of ensuring sufficient stability of 
ocean-going passenger ships can be solved by the 
enforcement of a few simple rules and precautions, 
without unduly prejudicing commercial interests, and 
without interfering appreciably with the require- 
ments essential to the comfortable movement of ships. 
The expression “ sufficient stability ” is here meant 
to imply a sufficiency of the same order as that 
accepted in the requirements for buoyancy, based on 
the theory of floodable length. We shall first explain 
certain principles, which, if they are accepted, serve 
to cireumscribe and simplify the problem. 


I. GENERAL PRINCIPLES. 


Multiplicity of Rules and Formule to be Avoided.— 
Ocean-going passenger ships comprise very diverging 
types, varying from pure passenger ships carrying 
very little cargo to cargo ships carrying but a small 
number of passengers. These extreme types differ 
in point of stability essentially in that the former 
generally possess the greatest stability in the full 
load condition and have small stability in the light 
operating condition, while the latter are more 
liable to have little stability in full load condition, 
and may be very stiff in the light operating condition. 
In intermediate types of vessels and intermediate 
conditions of loading, the method of stowing the 
cargo, the use of ballast, the stowage and consump- 
tion of fuel create such a variety of circumstances 
that it is impracticable to cover them individually 
by formule or regulations. 

Moreover, by attempting to include all contin- 
gencies we shall unavoidably impose such limitations 
on the freedom of the designers that ships are 
liable to be built primarily to comply with the rules 
without due regard to practical usefulness, and the 
best all-round results cannot be obtained. Also 
the method of loading may be interfered with by 
the rules to such an extent that the ships cannot 
be operated efficiently. Under these circumstances, 
certain useful types of ships may even prove so 
unprofitable that they have to be abandoned. 

Hence, it is a fundamental principle in framing 


the rules that they should be simple and few in| then the transverse stability 
number and should deal with ultimate results importance. 


to be achieved rather than with the way in which 
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| of the ship under various conditions of loading and | remain unaltered. In other words, the flooded 
weather. This is primarily a matter of common | volume, irrespective of its location, and even if 
sense and good seamanship, and requires little | not in communication with the sea, is conceived, not 
theory beyond a knowledge of the fundamentals | as belonging to the ship, but as part of the sea. 
of naval architecture. Any rules for safety of life | By this method the change in metacentric height 
at sea which leave out of consideration the human} MM, can be applied directly to the initial meta- 
element and attempt to place reliance entirely upon | centric height, in order to find the remaining or 
design must be regarded as incomplete. It is more | “ residual metacentric height.” 
dangerous formally to relieve the captain of a ship| We have the simple formula : 
of all sense of responsibility, than it is to accept | GM, = GM + MM, 
frankly certain risks for which it is impracticable | 4 one MM, is usually negative. 

Since the stability of ships in damaged con- 


to provide in rules and formule. Such measures 
as proper stowage of cargo, the use of water ballast, | dition is essentially determined by the mode of 
subdivision, we shall divide ships into two classes. 


of sails or sea anchors, of timely distress signals 

in case of emergency, are matters of vital im portance | First ships ‘subdivided on the transverse system 
on which the safety of even the best-designed ship | nie whi is meant ships subdivided in woteatl ght 
compartments by transverse bulkheads only. \ 


may ultimately come to depend, and should sso 
_—— as belonging to the domain of the | include under this head also ships which are fitted 
ee : ; . , | with longitudinal bulkheads in addition to the 
Ballast tanks, in particular, are a means by which transverse, provided they-are rendered completely 
the stability can be controlled within wide limits. | | active as ps in case of flooding by being provided 
Sr per t pu which —— we — _ | with large permanent openings at the foot. 
rn nb lle; a hh “ ry bal " ¥ 1 €TS | To the second class belong ships subdivided on 
— nag Ang. einem sy shes ewe system, in which watertight longitudinal 
skilfully as the ship ?pnqeia of former days handled | pu)cheads are fitted in addition to the transverse 
their sail. All that is required is that officers of| } heads. We include in this group also ships 
fitted with longitudinal bulkheads which, although 
of non-watertight construction, still prevent the 


merchant ships receive a training at the nautical 
schools in the fundamentals of the theory of buoy- 

free flow of water in a ship from one side to the 
other. 
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ancy and stability, and that ships be furnished with 
the necessary technical data from the builders. A 
table with diagrams exhibiting the stability under 
various conditions of loading, such, for instance, 
as given for the motorship Leverkusen in Werf, 
Reederei, Hafen, for November 22, 1928, should 
accompany those data.* 

Limiting Operating Conditions.—It is suggested 
that regulations should deal only with operating 
conditions, leaving out altogether the condition of 
light ship, defined as ship complete but without 
crew, passengers, fuel, cargo, ballast or any kind 
of consumable stores. This is a condition which 
may be approached for instance when a ship is 
under repair in a shipyard, but is clearly foreign to 
the consideration of safety at sea. We deal then 
with operating conditions only. 

In ships designed primarily for the carriage of 


III. Sures SuBDIVIDED ON THE TRANSVERSE 
SYSTEM. 


Such ships, being virtually subdivided by trans- 
verse bulkheads only, will not in case of flooding 
take a list so long as the metacentric height remains 
positive. If they founder, they will generally go 
down by the bow or the stern, and if they take a 
list at the same time it is generally due to the 
total loss of stability caused by the free surface of 
water in the ship. Most merchant ships go down 
this way because their subdivision is essentially 
transverse. The Titanic had her starboard side 
ripped open for a great length by collision with an 
iceberg, but remained afloat for 4 hours, practically 
, without any list before she sank. The boats could 
passengers, such ag the George Washington and | pe safely lowered on both sides and ample time for 
America, it is sufficient to ensure that they shall life-saving was available. These favourable con- 
be stable in the light condition, since they will| ditions were due to the fact that the ship was sub- 
then possess sufficient stiffness when fully loaded. | divided on the transverse system, and the great 
In other ships, approaching the cargo type, carrying | Joss of life which nevertheless occurred was entirely 
only a small number of passengers In a super- | que to causes other than subdivision. 
structure, such as the motorship Leverkusen,; When the metacentric height becomes negative, 
referred to above, it is generally sufficient to see| the upright position is one of unstable equilibrium 
that they are stable when fully loaded with a| and a position of stable equilibrium is not found until 
homogeneous cargo of small density. | the ship has heeled over to a certain angle. Even 

It seems necessary and sufficient, therefore, to a small negative metacentric height may produce 
prescribe requirements which apply to the condition | g great list. A list is always objectionable. When 
of smallest stability, whether light or full-load. | jt exceeds some 5 deg., lowering of the boats begins 
Other conditions will then be fairly provided for| +t become difficult on the high side. When it 
and can well be left to the discretion of the operating | exceeds some 10 deg. it begins to hinder the service 
personnel. . : and handling of the ship, and a list of 15 deg. or more 

Limiting Assumptions.—It is assumed that the | ig generally dangerous, due to possible entrance of 
transverse bulkheads are spaced in accordance | water through open ports or scuttles and infiltration 
with the accepted rules for floodable length, and | of water in the interior of the ship. In ships of 
that the flooding does not extend beyond a length of | jow freeboard even smaller angles of list may prove 
one or two of the largest compartments, according | dangerous. 
as the ship is a one-compartment or a two or three- | In transversely subdivided ships the remedy is 
compartment ship. |simple and can be expressed in the rule that, 

The discussion is limited to the case where the| ynder the assumed conditions of flooding, the 
flooding takes place so near amidships that the | metacentric height shall not be allowed to become 
influence on stability of the change of trim can be | negative in damaged condition. 
disregarded. It is considered that when large) Jf then we assume the residual metacentric 
spaces are flooded near the ends, the ships generally | height to be zero or to have a small positive value, 
founder by going down bow or stern first and| we need only add the loss in metacentric height 
becomes of secondary | to that value in order to determine the required 

'metacentric height in intact condition. 
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these results are obtained. For instance, it might | 
be ruled that under certain assumed circum- | 
stances a ship shall not list over beyond a certain | 
limiting angle, but it should be left to the designer, | use the lost-buoyancy method, which in this case 
the shipowner, and eventually the shipmaster to | is the simplest. “By this method the flooding water 
decide how this result is best attained. | is considered to produce a loss in buoyancy which 

Responsibility of the Personnel.—Ships cannot be lis made good by sinkage of the ship, but is not 
made safe underall contingencies, andit seems reason- | regarded as an addition to the weights. The dis- 
able to require that the officers of a passenger ship | placement and the position of the centre of gravity 
shall be able to judge intelligently of the stability 


GENERAL. 
In dealing with the effects of flooding we shall | 











* See also Johow’s Hilfsbuch fiir den Schiffbau. Fourth 
edition, vol. i, pages 486-87. 








* Inst. Nav. Arch., 1923, page 283. 


This system of subdivision is most highly 
developed in warships, where for various reasons 
it is necessary to fit longitudinal bulkheads, but 
the result is that warships, if they go down, almost 
invariably capsize before they sink, or, perhaps 
more correctly, sink because they capsize. Merchant 
ships are not exempt from this mode of foundering, 
as many of them are provided with longitudinal 
bulkheads. 

The pernicious effects of longitudinal bulkheads, 
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whether watertight or non-watertight, are now 
clearly realised, as evidenced in paragraph 81 of the 
“Instructions of the British Board of Trade as to 
the Survey of Passenger Steamships,” 1928, 
which in some measure provide for this danger. It 
appears, however, that the rules there given might 
with advantage be more severe and more specific. 

It is convenient to discuss watertight and non- 
watertight bulkheads separately. 

(a) Watertight Longitudinal Bulkheads.—Such bulk- 
heads were fitted in the centre line in the engine 
rooms of several ex-German ships used as troop 
transports during the war, and calculation showed 
that in certain cases of flooding these bulkheads 
would cause a dangerous list. 


It is unnecessary here to describe the loss of the 
latter ship; it is enough to say that the initial 
list of 15 deg. which the ship took at once after 
being torpedoed, was due to the existence of those 
bulkheads. 

It would certainly contribute to the safety of 
merchant ships if watertight longitudinal bulkheads 
were prohibited altogether, but if such ruling is 
considered too severe, it is believed that the permis- 
sible angle of list, when any two adjacent wing or 
side compartments are flooded, should be limited 
to 5 deg., rather than 7 deg. as prescribed by the 
Board of Trade. Should this rule be adopted, 
it would probably limit the use of wing bulkheads 


to the largest types of passenger vessels, and even | 
| intact. 


there the wing spaces would ordinarily be of small 
transverse width. In ships of medium size, this 
mode of subdivision would probably take the form 
of an inner skin, fitted up along the sides. 

While it is admitted that such wing bulkheads or 
inner skin may prove of very high value in case of a 
glancing collision, they will rarely, on account 
of their proximity to the outer shell, prevent wate 
from entering the large internal spaces in serious 
collisions. 
have a great loss in metacentric height combined 
with a transverse inclining moment. Hence the 


In such cases, we must be prepared to | 


requisite initial metacentric height must be such as | 


to provide first for a loss MM, which will be about 
as great as in transversely subdivided ships, and 
second, 
height must be sufficient to limit the list of 5 deg. 
Evidently, then, a ship, with wing compartments 


the remaining or residual metacentric | 


needs to have a greater metacentric height in the | 


intact condition than one subdivided on the purely 
transverse system. It seems inadvisable, therefore, 
to grant to such vessels an allowance in the permis- 
sible length of main transverse compartments, such 
as given in paragraphs 83 and 84 of the Board of 
Trade Instructions. On the contrary, it would 
seem more logical to demand that the spacing of the 
transverse bulkheads in such vessels should be 
reduced. 

In considering the necessity 
spaces in modern ships, it is worth bearing in mind 
that oil fuel bunkers adjoining the ship’s side, when 
located abreast of the boiler rooms, constitute a 
serious fire danger. The same danger exists as 
when oil is stowed in the double bottom under the 
boiler rooms, as evidenced in the German battleship 
Kaiser Friedrich Il in 1901. This ship ran aground 
in the Baltic and a disastrous fire occurred because 
the bottom was stove in and oil entered a boiler 
room. A collision in way of a side bunker might 
produce a similar result. 

(b) Non-watertight Longitudinal  Bulkheads.- 
When the United States entered the War in 1917, a 
large number of passenger ships, many of them 
formerly German ocean liners, were taken into use 
by the Navy Department for troop transportation. 
A careful study was made of the stability of these 
vessels and one of the first important conclusions 
reached was that longitudinal bulkheads, non- 
watertight as well as watertight, constituted a most 
serious menace to their safety. The loss of the 
Empress of Ireland, which occurred in 1914, and 
later the loss of the Lusitania, furnished the strongest 
argument for this opinion. The Empress of Ireland 
had side bunkers connected by transverse bunkers. 
She was struck at a main transverse bulkhead which 
separated two cross bunkers and boiler rooms from 
each other. Had it not been for the wing bulkheads 


and the shifting bulkheads fitted in the centre line, 


They were also | | quasi-watertight 
fitted as wing bunker bulkheads in the Lusitania. i in one form or other were fitted in most of the ships 


separating the side bunkers from each dita she | 
|would have remained upright. 





|for nearly 


r}she took a list of only 4 deg., caused by the coal 


| this requirement is inadequate to ensure that ships 
for fitting wing | 


| of 
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These bulkheads | 
were ostensibly non-watertight but, preventing | 
the free flow of the water from one side to the other, | 
they acted temporarily as if they were watertight. | 
The ship heeled over immediately and capsized | 
about 15 minutes after the collision with a loss of | 
more than one thousand lives. According to the 
general standard the subdivision of this ship was | 
considered quite satisfactory. At the time of the | 
collision she was in the full load condition and had a 
metacentric height of 3} ft. Many ships were 
subdivided in a quite similar manner. 

In order to minimize the heeling effect of such 
loagitudinal bulkheads, which | 


used as troop transports, large permanent openings 
were cut in all these bulkheads at the lowest possible 
level. In the bunker bulkheads such openings 
were provided with wire mesh so as to prevent the | 
coal from running out. This radical measure | 
was adopted by the Bureau of Construction and 
Repair, not only for non-watertight but also for 
watertight longitudinal bulkheads. It was carried 
out boldly and regardless of precedent in all troop 
transports under the cognizance of the Navy Depart- 
ment, and was fully justified by subsequent events.* 
The President Lincoln, west bound, was hit by | 
three torpedoes, rendering her sinking inevitable, 
but she did not capsize as she would undoubtedly 
have done had her longitudinal bulkheads been | 
The Covington (ex Cincinnati) was torpe- | 
doed, but instead of capsizing, as did the Empress of 
Ireland of similar design, she remained afloat 
24 hours. The Mount Vernon was 
torpedoed amidships at the worst possible place ; 
the two after boiler rooms and two transverse bun- 
kers with shifting bulkheads were flooded, but | 


running out of the breach, remained afloat and re- 
turned safely to port with her cargo of about 150 | 
wounded. Finally, the Finland was attacked but 
reached port. 

After these experiences, it seems clear that if 
longitudinal bulkheads are fitted in such a way as| 
to form large side compartments, they should be | 
provided with large permanent openings, so that 
the flooding water can freely become equalised from 
one side to the other. Ships in which this precaution 
has been taken, may then, as stated above, be regard- | 
ed as being subdivided on the transverse system. 


V. Surpes in Intact ConpITIon. 


It has been shown that ships in the intact con- | 
dition must possess a certain minimum metacentric | 
height in order to fulfil the requirement that the | 
residual metacentric height shall remain positive 
in the damaged condition, “but cases may occur where | 


ordinarily sufficient stability in intact | 
condition. 
It is desirable, therefore, to establish a standard 
minimum metacentric height in the intact 
condition, based independently on displacement, 
beam, freeboard and draught. This minimum, which 
should apply under the most unfavourable con- 
ditions of loading, must be settled by the Conference | 
and may perhaps range from about 1 ft. or even 
less in ships 400 ft. to 500 ft. long, to 1} ft. to 2 ft. in 
ships of the largest size. Here, again, cases may 
occur where this requirement is inadequate when 
ships are in a damaged condition, so that in all | 
cases the greater value must be adopted. 
Advantage should be taken of the fact that the 
period of roll affords an easy means of estimating | 
the metacentric height at all times. 
WA; 
As a result of the foregoing discussion, we arrive | 
at the following suggestions and recommendations : 
General.—Regulations for safety of life at sea 
cannot be regarded as complete if they do not| 
provide for stability. Neither regulations for | 
construction and design, nor inspection before | 
leaving port, should relieve shipmasters of respon- | 
sibility for maintaining the ship in a safe state of | 
stability at all times. Regulations should deal | 


Arch, and Mar. Gu, 1919, page 160. 
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only with operating conditions, and here only with 
the limiting condition of smallest stability. 

Arrangement and Spacing of Bulkheads.—The 
spacing of transverse bulkheads should be deter- 
mined on the basis of requirements concerning 
buoyancy quite independent of the presence of 
longitudinal bulkheads. No allowance should be 
given in the length of central compartments for 
the presence of wing compartments. 

Watertight longitudinal bulkheads should be 
disallowed unless strong reasons can be advanced 
for fitting them. If they must be fitted, they 


| should be placed close to the sides and the wing 


spaces so formed should be well subdivided. 
Non-watertight bulkheads, such as side bunker 
bulkheads in transverse 
bunkers and hold spaces, should be disallowed 
unless provided with permanent openings at a low 


|level and of ample size so as to permit a rapid 
| flow of water from one side of the ship to the other. 


The location and area of these openings should be 
such as to prevent the ship from taking even a 
small temporary list in case of flooding. 

If these principles are adopted we have to deal 
with only two types of subdivision ; the transverse 
system where longitudinal bulkheads, if any, do 


‘not restrain the free flow of water materially, 


and the mixed system, where in addition to the 
usual transverse bulkheads, watertight wing 


| bulkheads, eventually an inner bottom, are fitted 


close to the outer shell. 

Assumptions as to Flooding.—In ships subdivided 
on the transverse system it is assumed that a length 
of the ship not exceeding the floodable length is 
flooded from side to side, extending between two 
transverse bulkheads and comprising one or two 
of the largest compartments. It seems unreason- 
able in general to assume three such compartments 
to be flooded. 

In ships subdivided on the mixed system it is 


|assumed that the large central compartments 


are flooded for the same length as in the transversely 
subdivided ships, but only two adjacent wing 


/compartments on one side are flooded. The total 


assumed length of these wing compartments need 
hardly ever be more than that of one central 
compartment, in many cases perhaps less. 

The Requirements :—1. In the intact condition, 
ocean-going passenger ships should have a meta- 
centric height which under no circumstances of 
| loading falls below a certain minimum, specified 
| by the Conference for the various classes of ships. 
It is believed that a metacentric height varying from 
about 1 ft. to 1} ft. or 2 ft. will be sufficient in 
most ships. 

2. Ships subdivided on the transverse system 


| should be so designed that the residual metacentric 


height, remaining when the ship is flooded as 
specified in the assumptions above, shall not become 
negative even when the ship is in the most un- 
favourable condition of loading. 

3. Ships subdivided on the mixed system should 
be so designed that after flooding, as specified 
above, while the ship is in the most unfavourable 
condition of loading, the list shall not exceed 
5 deg. 

(To be continued.) 








THE WELLAND SHIP CANAL.—III. 


In previous articles, we have discussed various 
matters of a general nature in connection with the 


| Welland Ship Canal, now under construction, and 


reviewed the historical side of the subject, finally 
bringing it down to the point where labour condi- 


| tions began to settle down after the war, and it was 


found possible to arrange for fresh contracts on a 


| unit-price basis, instead of cost-plus-percentage, as 


was unavoidable when the work was recommenced 
in 1919. 

We now propose to deal with the undertaking 
more in detail, but to avoid repetition, as many of the 
structures and most of the equipment are standard, 
we intend to deal first with the sections into which, 
for the purpose of contracts, the whole has been cut 
up, and later to describe the equipment and struc- 
tures themselves. As previously described, the 
Ship Canal was divided into nine sections, subse- 
quently reduced to eight, by the merging of the two 
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last at the Lake Erie end. Section No. 1 is at the 
Lake Ontario end, and extends from the end of 
breakwaters which have been built to form the new 
harbour of Port Weller, to a point designated as 
Station No. 150, a total of 2-8 miles. Section No. 2 
extends from Station No. 150 to No. 380, a distance 
of about 4-4 miles. As these two sections have 
formed the subject of one contract in the recent 
redistribution, we shall consider them together, 
taking first their main features, working south from 
the harbour at Port Weller. These two sections 
are shown in the maps, Figs. 13a to 13d, above and 
on page 478. The maps follow each other in order 
from right to left. 

The major items in Section No. 1 were the dredging 
of the entrance harbour and the construction of the 





harbour breakwaters, &c., the construction of Lock 
No. 1, with its entrance walls, regulating and waste 
weirs, pondage, and the foundations for a bridge. 
Section No. 2 involved the construction of two locks 
with their accompanying works, the foundations for 
bridges, a considerable length of the canal prism, 
and watertight embankment construction. 

The Port Weller harbour is formed by two break- 
waters, or embankments, running parallel to each 
other for the greater part of their length, and 1,200 ft. 
apart, crest to crest. These extend due north, as 
shown in Fig. 13a. For the last 900 ft. towards 
the outer extremities, they converge at equal 
angles, and at the actual entrance leave a channel 
only 400 ft. in width. At about 7,000 ft. from the 
entrance, the alignment changes from due north 





and south to south by east, and about this point a 
reduction of width of the channel occurs to the 300 
ft. for the approach to Lock No. 1. 

At the south end of the harbour proper, a small 
basin has been provided on the east side. This 
will be used for storing a pair of spare lock gate 
leaves, and will also afford a convenient tying-up 
place for the gate-lifting pontoon, to be referred to 
later. 

Originally, it was intended to have a gate yard 
and repair shop at this point, the gates to be hauled 
out of the water by means of a marine railway. 
This feature has been abandoned in favour of a gate 
yard in the form of a dry dock, above Lock No. 1, 
as shown in Fig. 13a. Another provision made on 
the east side of the inner harbour is a dock where 
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tugs and small craft can lie without interfering with 
ships entering or leaving the lock just beyond. 

The lock structures will be dealt with later. It is 
here only necessary to repeat that the single locks, 
such as No. 1, have a usable length of 820 ft., a 
width of 80 ft., and depth of water on sill of 30 ft., 
this depth being calculated on extreme low water 
on Lake Ontario, taken as El. + 242°5 above sea 
level at New York. The usable length of the new 
canal locks was originally 800 ft., but this was for 
a design involving single-leaf gates. This design 
of gate, on the recommendation of the present 
Engineer-in-Charge, Mr. Alex. J.-Grant, has been 
superseded by mitre gates, and the change has re- 
sulted in a gain of 20 ft. in usable length. The lock 
structures, as already mentioned, embody regulating 
and waste weirs, which will also be dealt with later. 

Just beyond the upper ga’es of Lock No. 1 is the 
first bridge of the 20 which cross the new canal. 
All are movable bridges of one type or another, 
though certain of them are of the lifting span type. 
The former claim that the canal, unlike the Erie 
Canal, was not obstructed by overhead structures, 
will therefore hardly hold true now, but while on 
the Erie Canal the possible head room is limited to 
15 ft., the new bridges on the Ship Canal will allow 
of head room of no less than 120 ft., ample, therefore, 
for shipping of large size. The other bridges are 
either of the swing or bascule type. 








For the moment it will suffice to mention that 
Bridge No. 1 is a single-leaf rolling-lift bridge, carry- 
ing across the lock both a road and the Niagara, St. 
Catharines and Toronto (Electric) Railway. <A re- 
inforced concrete approach bridge about 230 ft. 
long on the east side is necessitated by the presence 
of the channel connecting the pondage and regu- 
lating weir. 

We have referred above to the gate yard or dock in 
the north-east corner of the pondage above Lock No. 1. 
Access to this dock, 600 ft. in length, is by means 
of a channel of full canal depth from the prism 
proper. The basin or dock will be provided with 
a pair of standard steel mitering gates. On the 
north side, the dock has a wall of gravity section, 
and on the east and south it is bounded by heavily- 
slabbed slopes. The floor is also slabbed and provided 
with concrete plinths, or pedestals, on which the 
gate leaves will rest for painting and repairs, &c. 
The dock will be emptied by way of a 900-ft. tunnel 
discharging into the regulating weir raceway. The 
area available on the north side of the dock affords 
ample room for repair shop and storage facilities, 
and is served by the Niagara, St. Catherines and 
Toronto (Electric) Railway. 

Beyond Bridge No. 1, the canal continues on the 
same alignment, with a large pondage area on the 
east side, enclosed by an embankment, or natural 
high ground, extending in an irregular line practi- 
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cally up to Lock No. 2 (Fig. 13b). About midway 
between Locks Nos. 1 and 2 is the site of a second 
(road) bridge, which was to have been a vertical 
lift structure, but has lately been abandoned as 
unnecessary. 

Section No. 1 ends just beyond this second 
bridge, and a little further the alignment changes 
slightly to the east. A further curve, some 3,000 ft. 
beyond Lock No. 2, brings the line back practically 
to the original of north and south, which is then 
maintained till a little short of twin locks No. 4 
(Fig. 13d), which form the bottom locks of the 
flight of three. This constitutes a straight run of 
about 14,000 ft. Again, on the east side of the prism, 
above Lock No. 2, is pondage, which extends back 
up the channel for a distance of some 8,000 ft., or 
virtually to- Homer (Fig. 13c). On the east side, 
this pondage is enclosed by an embankment contain- 
ing some 600,000 cubic yards of material. 

The third bridge on the canal crosses at Lock 
No. 2, the substructure being built into the south 
lock approach walls, while an approach bridge 
is necessary on the east side to carry the roadway 
over the end of the pond. Bridge No. 3 is similar 
to No. 1, i.e, of the single-leaf rolling-lift type. 
This, again, is a highway bridge. 

Bridge No. 4 is at Homer, and on the line of the 
Niagara Highway. This is one of the important 
roads of Ontario. The clear span is 200 ft., 
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but as the canal here is in a cutting, with the 
road level 34 ft. above water level, and, for reasons 
given below, the canal sides are on a flatter slope 


than normal, the structure has a total length of | 


622 ft. 1l in. A double-leaf rolling-lift bridge has 
been chosen for this location. Provision is made 
for an electric railway track on the bridge should 
this be needed in the future. 

The pondage at Lock No. 3 extends laterally east- 
ward much further than is the case with Locks Nos. 1| 
and 2, the reason being that, just beyond, the ground | 
begins to rise, as will be evident from Fig. 13d, which 
shows here the commencement of the long series of | 
16 locks by which the present canal takes the rise | 
of the Niagara escarpment. The new Ship Canal | 
crosses the present waterway at this point, 4.€ry just | 
below Lock No. 11 of the canal now in use. The’ 


Nos. 1 and 2, as will appear later. The blocking of 
the present channel and the final cutting through of 
the new Ship Canal will be one of the last operations, 
and while the work has already been advanced as 
| far as possible, according to the present programme 
| it will not be actually completed till the winter of 
1929-30. 

Somewhat to the west of the crossing of the 
two canals, a temporary swing bridge was built in 
1914, to carry the construction railway over the 
present canal. A further road bridge is provided, 
| just short of the south end of Section No. 2 of the 
|new canal. This bridge, No. 5, has a 200-ft. clear 
span of the vertical lift type. 

As already stated, the contracts for Sections Nos. 
1 and 2 were among the earliest let, work having 
been started on these in 1913. Before the shut- 
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work was restarted, a good deal of the first year, as 
on other sections, was spent in re-collecting plant 
which had become scattered, and in re-conditioning 
a great deal that had been laid up. This applied to 
dredging plant, concreting plant, the construction 
railway, which required relaying, and so on, while 
stores which were then difficult to procure had to 
be accumulated. The broken period to which we 
referred in our last article followed, when labour 
difficulties so interfered with progress that the work 
closed down again with relatively little accom- 
plished. Finally, an improvement taking place, 
new contracts were let on a unit-price basis, and 
these have held since. When these were given out, 
in 1921, about half the new harbour had been dredged 
to approximately the required depth, but the area 
had become silted up to some extent. The greater 
part of the canal prism had also been excavated 
from the north end to Homer, and for the remainder 
it was rather less than half done. The excavation 
for Locks Nos. 1 and 2 had been almost completed, 
as well as for the first four bridges. About 75 per 
cent. of the material for the water-tight embank- 
ments enclosing the three pondage areas involved 
had been placed, as well as 45 per cent. of the 
concrete required for the various structures. 

The breakwaters and harbour at Port Weller 
required the construction and placing of about 
46 concrete cribs. Of these, at this time 19 had 
been placed in position, and nearly all the west 
entrance wall between Lock No. 1 and the harbour 
had been built. Locks Nos. 1 and 2, with their 
approach walls, were nearly finished; and Lock 
No. 3 was partly built. About half of the concrete 
protection to banks was in place, as well as the 
substructures for some of the bridges. 

A dam had been left about 400 ft. north of 
Lock No. 1, and work south of this had been carried 
out in the dry. This dam was not removed until 
the work was so far advanced at Lock No. 1 that 
timber unwatering gates could be placed in position. 
The maintenance of this dam, without delaying the 
construction of the west approach wall north of the 
lock, formed one of the parts of the work to which 
more than ordinary interest attaches, and will be 
dealt with in due course. 

Of the cribs referred to, 14 were required for the 
new harbour entrance, a set of seven cribs forming 
the inner facing of the breakwater on each side of 
the 400-ft. channel; one lot of 17 cribs on the 
west side and of 15 cribs on the east side, were used, 
at the inner end, where the harbour basin narrows 
down to the lock-approach channel. Of the cribs 
placed before the war, six had been sunk in position 
on the west side of the entrance and two on the 
east side. Other nine had been arranged in the 
main west dock wall at the shore end, and one on 
the east side. Further, one crib had been sunk 
accidentally in the harbour in 1916. This was 
refloated as one of the first operations after the 
war, and placed in position in the west wall in 1919. 
The outermost crib at the entrance on the west 
side required considerable repairs, having been 
damaged by storm in 1916, previous to being filled, 
and then by a steamer colliding with it in a fog, 
in 1919. The cribs in these extreme positions 
were intended to have others placed back to back 
with them, and the one at the back of the damaged 
unit was therefore placed in position in 1923, and 
covered as soon as possible, after filling, with 
decking. Timber piles were then driven along the 
inner face of the exposed crib wall, and to these 
waling pieces were bolted. Outside the crib wall 
and close to it steel sheet piling was driven, waled 
and tied to the timber piles and to the crib super- 
structure. The rock filling was then brought up 
to the level of the undamaged walls. Above this 
level concrete was placed by tremie, the whole 
being tied together by a network of old rails. The 
superstructure conformed to, and was built with, 
that of the adjacent sections. 

Before the suspension of work on account of the 
war, the cribs had been built at Port Dalhousie and 
towed to the new harbour site. In 1920, however, 
it was decided to move all the plant to Port Weller, 
where it was re-erected on the part of the west 
wall for which the cribs had been previously placed, 
and which by then had been back-filled and finished 
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construction of four removable pontoons and three 
sets of concreting forms. The year 1921-22 was passed 
without any progress on this part of the work, al- 
though the new contracts were in force, but 1922-23 
again saw active operations under way. The plant 
had been re-erected at the outer end of the main 
west wall; placing of concrete for the first three 
cribs began in May, 1922, and one was finished in 
June. The placing of this in position was, unfor- 
tunately, attended by a mishap. Some of the 
bolts, which should have been unfastened to release 
the construction pontoon sides and bottom, were 
not fully undone at the time, and the pontoon did 
not clear properly. Leakage following upon stop- 
page of the day’s work resulted in the crib sinking. 
It was subsequently salved by grouting the false 
bottom inside with cement, after which it was 
possible to pump it out. It was successfully placed 
about 10 days after the first effort, the two others 
referred to above having been placed in position 
in the meantime. Apart from this disorganisation, 
the work proceeded without difficulty, and nine 
cribs in all were placed in the season, making 28 to 
that date. In the following year, 15 more were 
constructed and placed in position, only three more, 
two on the west wall and one on the east, being then 
required. These were completed in 1924. 

The concreting plant employed for constructing the 
cribs is illustrated in Figs. 17 to 19, on Plate XLIII. 
It consisted of a fixed tower, 74 ft. high and about 
6 ft. 8 in. square, the corner posts being 8 in. by 8 in., 
made up of two 8-in. by 4-in. timbers. The bracing 
was of 6 in. by 2 in., and at the rear were two stiff 
legs of 10 in. by 10 in., 64 ft. long, carried out to 
some distance away from the base and widely 
splayed. At the same time, two sets of cable stays 
were carried from the upper part of the tower to 
the rear, at different degrees of spread, and a 
cable run laterally out from the front face to points 
on the dock side. The tower was fitted at the top 
with a swivelling jib of 43 ft. 94 in. radius, sup- 
porting a concreting spout having at the tower end 
a 40-ft. hopper, and at the outboard end a flexible 
chute. The hopper was carried on a sliding frame, 
which could be raised or lowered as the work 
required in order to get sufficient fall at all times 
and yet limit the vertical drop of the concrete 
during chuting to the 3 ft. specified. A revolving 
drum mixer was placed at the back of the tower, 
discharging its contents down a short tilting chute 
into the skip, which was hoisted up the tower to be 
tipped into the hopper above. 

The cribs are filled with rock, and finished on the 
harbour face with a heavy coping wall of concrete. 
Between the entrance cribs and the inner harbour 
wall cribs, is a length of about 5,400 ft., for which 
the harbour is enclosed by breakwaters or embank- 
ments, faced with rock or shale. The embankments 
are formed partly of dredged material, but to a 
greater extent of material brought over the construc- 
tion railway from work further inland. In 1921, 
some 352,000 cubic yards were handled over the rail- 
way and placed in the embankments, and in the 
next year a further 152,000 c. yds. Rip-rap 
protection was done by the contractors of Sections 
Nos. 3 and 4, as no suitable rock was available on 
Sections Nos. 1 and 2. The following season (1923) 
work was mainly concentrated on the eastern arm. 
A transfer dock was also arranged inside the harbour, 
and clay dumped at this point from cars into hopper 
barges was taken round the end of the east arm and 
dumped at the back. An alternative to this was 
arranged for by means of a trestle extended out to 
the north end of the east arm; the use of this, 
unfortunately was interrupted by the collapse of the 
trestle with the loss of a considerable amount of 
rolling stock, in October, the delay, however, 
extending over not more than a fortnight. A 
second trestle was run out during the winter 1923-24, 
and this was used for dumping rock from Lock 
No. 5, in Section No. 3, and when fully extended 
was used for placing clay from Lock No. 3 behind the 
extreme outer cribs on the east arm. In the 


following year (1924-25) the chief work was the 
placing by the contractors of Section No. 3 of some 
348,000 c. yds. of rock, mainly derived from the 
excavation of the pit for twin locks No.4. This was 
used for protection of the slopes and at the outer end 
of the east arm, where, however, owing to the stormy 


weather during the winter, little progress was made. 
Work on the west arm was similarly interfered with 
by north-west gales for some time. Clay was also 
dumped by hopper barge behind the east bank, as 
in the previous year. 

The season 1925-26 saw the embankment slopes 
completed on both the inside and outside to final 
form, with rock protection in place, except for 
the large rock required on the outer slopes at the 
extreme ends. 

The work on the west arm was so far advanced 
before the final contracts were placed that only a 
relatively small amount of material remained to be 
deposited. This was placed in the winter of 1922- 
23. when rock was placed on the inside slope, the 
heavy rock cover being deposited in 1925. Further 
material has been added from time to time on the 
outer slope, but only as a matter of convenience. 

The estimated amount of material required for the 
| breakwater arms was about 7,900,000 c. yds. From 
such records as have been possible, it would appear 
that the material actually dumped has worked out 
at something well over 10 million c. yds. A great 
deal of the material handled was clay of a particu- 
larly sticky nature, which gave trouble in dumping, 
| &e., and was assisted down the slopes by powerful 
water jets. 

The collapse of the trestle referred to above was not 
the only untoward incident of its kind. In 19lia 
winter storm occurred which carried away a great 
length of trestle on the west arm, and removed an 
immense quantity of the material deposited. During 
the time that the work was shut down for the war, 
storms did a great amount of damage to the partially 
completed banks, and this led to the decision to 
make the protection a great deal heavier than was at 
first thought necessary. 

The views given in Figs. 14, 15 and 16, on page 478, 
and Plate XLIII, are of interest in connection with 
this part of the work. The first illustrates the 
work on the west side of the harbour in 1914, and 
shows the trestle being run out into the lake and 
material being dumped from it at the shore end. 
Fig. 15 shows the damage to the west arm done by the 
storm of 1915, this view being taken on January 22. 
The view in Fig. 16 was taken the following March 15, 
by which time the damage had become much more 
extensive. The wreck which occurred at the outer 
end of the harbour, in 1919, and already referred to, 
also hindered the work, as it had to be removed and 
interfered with the normal use of some of the 
dredging plant. 

The dredging work involved in the harbour, and 
up to the dam left at Station No. 77, consisted in 
excavating down to El]. + 217-5. As noted above, 
about half of the area had been dredged to the 
required depth prior to 1921. Under the unit-price 
contracts of 1921, active work recommenced in 1922, 
| and some 305,000 c. yds. of material were exavated. 
|The next season about 120,000 c. yds. were taken 
out. In 1924, 316,760 c. yds. were excavated. At 
| the close of 1924 it was decided to increase the depth 
|of the harbour and to carry it down to El. + 214°5 
| between Stations No. 0-00 and No. 20-00, and from 
the latter to Station No. 35-00 to El. -+ 215-5. In 

the 1925 season some 372,000 c. yds. were removed, 

completing the task from the entrance to Station 
No. 59, and this length was swept and found satis- 
factory in December of that year. 

It was stated above that a dam was left dividing 
the harbour (excavated by dredgers) from the 
canal prism approach to Lock No. 1, which was 
dealt with in the dry. This dam actually covered 
the sites of several of the west wall cribs, and inter- 
| fered with a retaining wall carried from the end of 
| the crib work up to the lower entrance wall on that 
|side of thechannel. This retaining wall was practi- 
| cally finished when the final contracts were given 
|out. While maintaining the dam at this point intact, 
| these two parts of the concrete work were completed 
in the manner which we are about to describe. The 
'dam is shown thrown across the prism, in Fig. 26, 

on page 479. The retaining wall running towards 
| Lock No. 1 is on the left; the crib sites are shown 
dotted on the right. Ten Mile Creek is shown 
| diverted from its normal channel, direct into the 
harbour basin. The construction railway is on the 
| west side, but a branch running to the east arm 
|crossed the dam as shown. The retaining wall is 
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shown, continued as far as possible into a pocket 
cut into the earthwork, a line of sheet piling having 
been driven, in 1917, across the alignment of the 
cribs, as shown. It was decided to eliminate one 
crib, and to shorten another and extend the wall 
by this amount of gravity section. The next 
stage, therefore, consisted in drawing some of the 
piling and continuing the excavation of the pocket 
in order to carry on the gravity retaining wall to 
this point, at the same time, the seats for the 
cribs outside being advanced as far as possible, 
as shown in Fig. 27. In the next stage the line 
crossing the dam was diverted (Fig. 28); the 
back part of the pocket was then refilled, and the 
dam closed again. This was accomplished by 
removing the material on the harbour side for use 
in back-filling. The whole area for the remaining 
cribs could then be cleaned up, and, finally, the 
crib work and gravity wall joined up. Fig. 29 
shows the work completed. The dam remained in 
this condition with the wall passing through it 
until 1926, when the dam was removed, after the 
prism had been flooded subsequent to the placing 
in position of the unwatering gates in Lock No. 1, 
in March, 1924. After working some time on the 
outside, the dam was cut by dredging, in July, 
1926, as shown in Fig. 24, Plate XLIII, and the Lake 
Ontario level then extended up to Lock No. 1. At 
the end of the season, in November, the whole 
harbour had been swept and accepted as completed, 
some 176,000 c. yds. having been removed from the 
harbour area by dredging in that year. This 
material was deposited by barge at the rear of the 
east arm. 

The sweep used for this purpose was mounted 
on a flat-bottomed barge pushed ahead of a tug, 
It consisted of two arms of 6-in. pipe, joined at the 
lower end by a crossbar, also of 6-in. pipe, and 
42 ft. 6 in. long, this being the width swept at a 
time. The arms themselves were only 32 ft. 6 in. 
apart, and the appliance was mounted on a barge 
of 28 ft. beam, 90 ft. long. The arms were carried 
in swivelling sockets, in which they were allowed to 
slide ; and 3-in. wire ropes were made fast to them 
near the crossbar and carried over sheaves fore and 
aft of the rig, and back to hand winches on deck. 
The fore and aft ropes were made fast to the same 
barrels, but coiled in opposite directions, so that 
when one rope was hauled in the other was paid 
out. The sweep was thus always supported fore 
and aft, but was flexible vertically, sliding up in the 
sockets when hauled up clear of the water under 
the bows of the barge. 

When work was recommenced after the war, 
the position of the work on the structure of Lock 
No. 1 was as follows: Most of the west wall had 
been built, and the east wall for something like 
half-way up. The lock was estimated to be 71 per 
cent. completed as regards placing of concrete, 
the lower entrance piers were 96 per cent. completed, 
and the upper 79 per cent. In all, some 195,000 
c. yds. of concrete had been placed by the end of 
the 1919 season. The lower west wing wall was 
completed under the original contract before the 
war, except for four monolith sections immediately 
in front of the concreting plant. This work could 
not be finally completed until the plant was re- 
moved. The lock itself was unwatered in Decem- 
ber, 1920, and in 1921 a good length of the side 
walls was finished to coping level. The floor area 
was cleaned up, anchor bolts set, and the floor 
partly completed. This work was finished in the 
following year, with a temporary mixing plant, the 
original plant having been destroyed by fire in the 
meantime. In executing this floor work, the pro- 
cedure was as follows :—The work was excavated 
to the required depth and the surface thoroughly 
cleaned. A protective cover of concrete was then 
placed, through which the anchor bolt holes were 
drilled. The bolts were then grouted in, and the 
remaining concrete added. The work having been 
suspended in a partially-completed state, some of 
the original concrete had not unnaturally suffered 
in the interval: this was all cut out and made good 
by means of cement gun work. 

We may here remark that where the work was 
carried down into Medina shale, which, as has been 
previously noted, exists under all the sites at 
various depths, the limit of excavation was set at 
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THE WELLAND SHIP CANAL. 





Fig. 30. AxrrtaAL View oF Lock No. 1. 


not less than within 1 ft. of the finished surface, or on | done by Departmental forces direct. The operation 
side lines, within 3 ft. of the finished surface. The | is illustrated by Fig. 25, on Plate XLIII. Further, 
remaining material was left in place until within a | the recesses left for the single-leaf gates had to be 
few hours of concreting, when trimming to neat lines | reduced to suit the new design. In this work, the 
was completed. Before concreting, all small debris | face of the old concrete was roughened, holes were 
was removed by hand, and the surface was prepared | drilled and anchor-bolts grouted in, and the whole 
by washing and scrubbing with stiff brushes. If | face kept wet for 72 hours before the new concrete 
rock was likely to be unavoidably exposed for any | was applied. Recesses also had to be cut out for 
length of time before pouring, forms were placed | valve hinge girders in the same way. 
in position, and a thin wall of concrete was applied| The permanent lock unwatering pumps were 
to the face by way of protection. This procedure | installed early in 1923, and work on the unwatering 
applied to all work of a similar nature. | gates at the foot of Lock No. 1 was completed, and 
Concrete was placed at Lock No. 1 by means of a | the gates closed in May, 1924. At the end of that 
single tower, 105 ft. high, with a 29-ft. swivelling | year, the area between the harbour temporary dam 
boom. This tower, shown in Figs. 20 to 23, on/ and the unwatering gates was allowed to fill. The 
Plate XLIII, was built at the corner of a travelling | lock pit was also allowed to fill, and, in March, 1925, 





The temporary bridge on the final site was erected 
in 1922, and the railway and road diverted across 
it in 1923. The erection of the permanent bridge 
at this point was begun in January, 1927, and 
the span was erected, riveted up and the roadway 
laid by April. The roadway traffic was diverted 
completely for a fortnight to a bridge to the south, 
and the rail traffic was dead-ended for a week at the 
bridge site. 
(To be continued.) 








FRENCH RAILWAY LOCOMOTIVE 
PERFORMANCE. 
By Lorp MonkKSsWELL. 

WHEN the war came to an end both the roads 
and rolling stock of the French railways were worn 
out to such an extent, that several years of recon- 
struction and repair were necessary before it was 
possible for them to resume services similar to those 
provided in the period prior to it. The post-war 
reconstruction offered exceptional opportunities for 
introducing standardised appliances of all sorts, and 
considerable efforts were made in this direction. 
Enough time has now elapsed to show what measure 
of success has attended these attempts. Broadly 
speaking the result has been that standardised 
roads have been adopted, but not standardised 
rolling-stock. 

The standard rails now being laid on most main 
lines are flat-bottom steel rails weighing 93 lb. per 
yard. They are about 5} in. high, with head about 
2}in. broad, and bottom flange about 5} in. broad. 
They are usually laid in lengths of 59 ft. (18 metres). 
Each length rests on 27, 29 or 31 sleepers, 8 ft. 6 in. 
long, to which it is secured by screws. Neither 
bearing plates nor rail-anchors are normally used. 
The ballast is of broken stone or slag with a depth, on 
the Nord main line at least, of 12 in. below the bottom 
of the sleepers. The pattern of rail-joint varies. 
The Nord uses a joint in which it is sought to secure 
increased elasticity by the employment of a wooden 
liner between rail and outside fishplate. Other 
railways use ordinary fish-plates, and endeavour to 
give the joint increased support by laying the 
sleepers on either side of it so close together that 
they almost touch. The latest type of facing 
points permits speeds up to 65 m.p.h. (105 km. per 
hour) in either direction. 

There is, so far as I am aware, no doubt that some 


frame, measuring about 35 ft. by 33 ft. The la preliminary test of the pumps was made. The} of the work which is at the present time performed 


tower was braced by two stiff legs. 98 ft. long, | final test was made late in 1926, the lock being 
and of 12 in. by 12 in. timber, in turn strutted by | emptied in eight hours, or two hours less than the 
12 in. by 12 in. timbers at about 30 ft. from the | guarantee demanded. 
ground. Guys were also carried from the headtoan}| Fig. 30, above, is an aerial view of Lock No. 1, 
outrigger frame at the rear of the platform. Onthe | showing the inner end of the harbour on the right, 
corner of the platform, diagonally opposite the tower, | the unwatering gates in position at the north end 
a 35-h.p. hoisting engine was fixed, and the other two | of the lock, and on the left, Bridge No. 1 and the 
corners were occupied by the winch boiler, and by a} commencement of the canal prism. On the near 
ballast box, respectively. Concrete was brought from | side of the prism is the end of the pondage area, 
the mixing plant in small dump cars, which were! with the approach bridge crossing the channel 
run up a ramp and tipped into a main hopper at | leading to the intake and the regulating weir. On 
the base of the tower. From this it was admitted | the near side of the lock chamber is the waste race- 
to the skip and hoisted to the tower top where it | way, with, at its right (north) end the waste weir. 
was discharged into a smaller hopper feeding a| Towards the end of 1926, the Stoney sluices of the 
swivelling and hinged trough chute kept at a/ regulating weir and the lock intake valve-operating 





minimum slope of 1 in 9. From this it ran to the | machines had been installed. A temporary timber 
chute proper. In addition to this travelling tower, 
a number of fixed towers were used, ranging from 
35 ft. to 75 ft. high. 

Owing to the change of plans and the adoption, 
on the recommendation of Mr. Grant, the present 
Engineer-in-Charge, of mitre gates instead of single- 
leaf gates as originally proposed, some alteration 
was necessitated in the concrete work already done 
before work was abandoned in 1916. A change 
at the breast wall was made in 1921, some work | 
having to be cut out and a small addition made. | 
In the winter of 1922-3, the work was carried out of | 





dam was then built above the lock and the sluices 
and valves were tested. The timbers employed for 
this purpose were large balks, being dressed for the 
unwatering gates of twin locks No.4. The reach 
above the lock was filled with water drawn from the 
present canal just above the new Lock No. 3. The 
test was carried out in December of that year, and 
the results were satisfactory in every way. In the 


early part of the next year (1927) Lock No. 1 and | 


the reach above was unwatered, so that work could 
be started on the erection of the steel mitre gates. 
The substructure for bridge No. 1 at Lock 








cutting out a gate recess for the west lower service| No. 1 does not call for remark at this point. 
gate. The original single-leaf design only required | This bridge carries both a highway and electric 
a recess on the east wall. The new recess, involving | railway. These were temporarily accommodated 
the removal of over 1,000 c. yds. of concrete, was | on trestle bridges alongside the final site. When 
cut out by the use of light charges of explosive placed | work had been carried as far as possible they 
in small holes drilled horizontally in the face of the | were diverted back to a joint temporary bridge 
wall. Work was carried on from the bottom upwards, | on the final site, and the work completed at their 
and, after hand dressing, a facing was applied of|former .location. For the erection of the final 
new concrete well bonded to the old. This was’ bridge, they were again temporarily diverted. 





by the locomotives of the French railways is the 
best in Europe. I have in the course of the last 
year been privileged to see a good deal of it from 
the footplates of the engines of the Nord, Est and 
P.L.M. lines. In all cases the engines were four- 
cylinder compounds. 

The Nord has now, for something like forty years, 
been working its best trains with four-cylinder 
compound engines. It has all the time been busily 
introducing one improvement after another, and itis 
probable that its latest type of 4-6-2 express engine 
is the most efficient type of express engine in the 
world. The Nord now possesses forty of these 
machines, Nos. 3-1201-3-1240, and a further ten 
are on order. One of this type is illustrated in 
Fig. 1, and in the diagrams Figs. 2 and 3, which 
give some of the chief particulars. 

For an engine to work successfully the point of the 
greatest importance is, of course, the provision of a 
boiler that will generate all the steam required. 
Journeys upon the footplate running to more than 
2,000 miles have consistently shown that the 
steaming capacity of these engines is remarkable. 

To achieve this result the engine has been given a 
fire-box, the overall length of which is very little 
less than the length of the tubes between tube- 
plates. This fire-box, which is of the Belpaire 
pattern, lies between the frames, and extends forward 
as far as the centre of the second coupled axle. The 
length of the grate is 11 ft. 6in. ; its areais 374 sq. ft. 
The heating surface of the fire-box is 218 sq. ft. 
The barrel of the boiler has a greatest external 
diameter of just under 6 ft. It contains 30 large 
tubes (for the superheater elements) 5} in. in 
diameter, 93 ribbed serve tubes 2} in. in diameter, 
and 21 smooth tubes 2} in. in diameter. The 
length of the tubes between tube-plates is 14 ft. 10 in. 
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The water heating surface of the tubes is 2,405 sq. ft., | 


and the superheater has a heating surface of 
615 sq. ft. The safety valves blow off at 227 lb. 
per sq. in. 

A most important adjunct to the boiler is the 


feed-water heater, which is disposed in two drums, | 


one on each side of the chimney. Exhaust steam 
from the blast-pipe is led through an oil-filter to the 
first drum, where it is mixed with feed-water 
(supplied from one of the cylinders of a pump) and 
raises the temperature to about 212 deg. F. The 
feed water is then passed on into the second drum, 
where cascades tend to separate out any air or gas 
which it may contain; from here it passes to the 
second cylinder of the pump, which forces some of it 
into the boiler, while the rest continues on its way 
through circulating pipes back to the first drum. 
This device is found to be of very great value. 

The driving and coupled wheels have a diameter 
of 6 ft. 3 in. The springs of these whecls and 
also those of the small pair of trailing wheels are 
connected together through equalising levers. 

The high-pressure cylinders, which are outside 
the frames and drive the second pair of coupled 
wheels, are 172 in. in diameter with a stroke of 
26 in. The low-pressure cylinders, which are under 
the smokebox, are 243 in. in diameter and have a 
stroke of 27} in. 

The engine weighs about 96 tons in full working 
order, 55 of which rest on the driving wheels. For 
some years these engines ran with double-bogie 
German tenders surrendered at the armistice. 


They have lately been supplied with tenders of a new | 


and improved design. These tenders, also of the 
double-bogie pattern, are supported on three points. 
They are rated to carry 35 tons of water and actually 
carry rather more. They weigh in full working 
order 75 tons. 

There is probably no subject connected with 
locomotives that has roused so much disagreement 


as that of the relative advantages of compound | 


and simple engines. This is no doubt partly due to 
defects in the design of many types of compound 
engine. I believe that an even more prolific cause 
of disagreement is that it has not been recognised 
that to get the best out of a compound it is neces- 
sary to work this type of engine very hard. In my 
experience compound engines of suitable design are 
capable of satisfactorily performing work much 
harder than a simple engine of similar boiler power 
could accomplish. But if a compound is set to do 


gentle, easy work, which requires power far below | 


the maximum which it can develop, the low-pres- | 


sure arrangements become little more than an 
obstruction to the escape of steam exhausted from 
the high-pressure cylinders, and so form a positive 
handicap. 

Much of the very great success of the compound 


engines of the Nord is due to the large size and careful | 
disposition of the steam passages, valves and blast- | 
pipes. All steam passages are very large, and sharp | 


bends have been avoided. The difficulties were of 


course greatest in designing the low-pressure slide- | 
valves. Engines 3-1201—3-1222 have flat slide- 
valves. Nos. 3-1223—3-1240 have piston valves. 


In the matter of hauling power the flat valves have 
shown themselves definitely superior to the piston 


valves. Various designs of flat valve have been 
tried. The one finaily adopted is of the balanced 


type consisting of a square bronze frame sliding 
between two flat surfaces, the lower of which con- 
tains the steam ports. Steam is prevented from 
passing between the upper surface and the valve 
by means of packing strips, which are let into 
grooves cut in the thickness of the frame constitut- 


ing the valve, and held up by a large number of | average about 1 in 280. 


small spiral springs. There ar2 three straight pack- 
ing strips along each end and one zig-zag strip 
along each side. These valves are fully 25 
square; in some cases they have a maximum 
travel of 160 mm. (about 6} in.), in others of no 
less than 200 mm. (nearly 8 in.). The engines 
with the longer travel can work with a rather 
shorter cut-off in the low-pressure cylinders, which 
tends to increase the proportion of the total work 
of the engine whichis developed in the low-pressure 


cylinders. This seems to be advantageous, and the | 
ten new engines now on order are to be given the | and post 7 in 6 min. 14 sec. 


longer travel. 


in. | 
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The reduction of back pressure to the lowest pos- 
| sible point is always advantageous, and the value of 
this is accentuated with compound engines having 
| very large low-pressure cylinders. The Nord engines 
are fitted with a blast-pipe of very large diameter, 
into the orifice of which is fitted a hollow cone. 
Inside the cone are immovable wings so shaped as 
to impart a twist to the escaping steam. The cone 
can be moved up and down inside the blast-pipe. 
In its highest position it completely fills the orifice 
of the blast-pipe, and the whole of the exhaust 
steam escapes through its hollow interior. As it is 


moved downwards a larger and larger space is left | 


between it and the inner wall of the blast pipe, and 
the section of the passage open to the escaping steam 
is progressively increased. 

The Nord engines when working hard are always 
run with the regulator wide enough open to avoid 
any appreciable drop in pressure due to thrott- 
ling. The regulator is made in such a way that, 
after it has been opened wide, the lever may 
be drawn back a certain distance towards the 
driver without any considerable diminution in the 
area of the section available for the passage of the 
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| stroke in the H.P. cylinders, and at 55 per cent. in 
the L.P. cylinders, we ran the next 20 km. to post 
|27 in 11 min. 114 sec. (663 m.p.h.). The slowest 
| kilometres, the 14th and 15th, each occupied 
| 343 sec. (64-6 m.p.h.). The 27th km. took 33% sec. 
| (664 m.p.h.) and the 28th, the last half of which is 
| level, 331 sec. (67-3 m.p.h.). From post 51, 35 km. 
| were run in 20 min. 15 sec. (644 m.p.h.), but the 
/last 20, which are by far the hardest, took only 
| 11 min. 53 sec. (67 m.p.h.). In spite of deliberately 
| slow downhill running before Creil, post 86 (53} 
| miles from the start) was passed 51 min. 55? sec. 
More slow running downhill to Longueau followed, 
but speed recovered on the level after that station, 
|and we passed post 146 at quite 75 m.p.h. The 
| whole of the 28 km. hence to Achiet was run at an 
| average speed of 70 m.p.h., and even the final ascent, 
| where the gradient steepens to 1 in 200, brought 
us very little below that point. I missed post 174, 
| which is in Achiet station, and difficult to see, but 
| both the 172nd and 173rd kms. were run in 32! sec. 
| (69-4 m.p.h.). Yet further slow downhill running 
brought us into Arras in 117 min. 40 sec. from Paris, 
| more than 3 min. before time. If the various long 
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steam. This is always done, and sometimes a small 
drop in pressure amounting to a few pounds results, 
but the regulator is always in effect very nearly, if 
not quite, wide open when the engine is working 
hard. The fuel used is partly coal containing a good 


quality. 


engines was with the 10.15 a.m. express from Paris 
to Lille, and the corresponding return train. In 
| both directions the engine was No. 3:1204, and the 
train consisted of eight new steel vehicles, weighing 
in all 413 tons behind the tender. Fig. 4 is repro- 
duced from a photograph of one of these engines 
with a normal train of steel coaches. 


After a downhill start from Paris, the line rises | 


|on an average of about 1 in 230 between kilometre 
| posts 7 and 27 (the Survilliers bank), then falls at 
| 1 in 220 between posts 28 and 48. 
| Creil is succeeded by an almost, but not quite, 
| unbroken ascent between posts 51 and 86 (the Gannes 
| bank). 


practically continuous fall to post 120. The average 
fall for the whole 33 kms. from post 87 is 1 in 390. 
Another slight slack at Longueau is succeeded by a 


stretch of almost level line as far as post 146. Hence | 
to Achiet, at kilom. 174, the gradients average 1 in | 


350 against the train, and steepen to 1 in 200 for the 
last 54 km. From post 176 to Arras (192-1 km., 
or 119} miles, from Paris) there is a broken fall, 
some of it at 1 in 200. 

We passed kilometre-post 1 in 2 min. 7! sec., 
From here, with steam 
cut off first at 50 and then at 52 per cent. of the 


deal of small stuff, and partly briquettes of good | 


The first of my more recent experiences with these | 


A slight slack at | 


The last 20 kms. are the steepest, and | 
From post 87 there is a| 
| broken fall as far as post 104, and after that a/| 
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| downhill stretches had been covered at 75 m.p.h., 
| which could, of course, have been done if the engine 
had been allowed to exert only a third of her full 
power, the whole run of 119} miles would have 
been made in 107 min. 

Between Arras and Lille, there was no oppor- 
| tunity for anything comparable with the perform- 
ance put up between Paris and Arras, but, on 
leaving Arras on the return journey, the work 
immediately became most interesting. A speed 
of 66 m.p.h. was attained before post 176 at the 
summit of the ascent from Arras, and Longueau 
(41 miles) was passed in 39 min. After this, the 
33 km. from post 120, where the climb averages 
/1 in 390, were run in 17 min. 542 sec. (683 
m.p.h.). The first 16 km. took 9 min. 6 sec. (655 
m.p.h.), and the last 17, in which there is a little 
bit of downhill and a certain amount of level line, 
took 8 min. 48? sec. (71-8 m.p.h.). Km. 92-91, 
'which is on the level, took only 295 sec. (76-6 
m.p.h.), and thence speed up 1 in 250 and 1 in 270 
fell so slowly that the last kilometre before the 
summit (88-87) took only 31 sec. (72-1 m.p.h.). Post 
87, 65 miles from, and 180 ft. above the level of 
| Arras, was passed in 60 min. 34 sec. from that town. 
After this, no further attempt was made to run 
hard. There would obviously have been no 
difficulty in running the rest of the way to Paris, 
mostly downhill, at an average speed of 70 m.p.h., 
which would have enabled us to complete the run 
within 107 min. 
| My next experience was with the 10 a.m. train 
‘from Paris to Calais. As far as Longueau the 
‘line from Paris to Calais is the same as that 
|to Lille already described. Beyond Longueau 
'there is almost at once a severe slack through 
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Amiens station, and after that the line soon 
reaches the Somme valley, along} which it falls 
very gently as far as Abbeville’ (175-4 km.). 


a 


From Abbeville to,Etaples (226-3 km.), the line is 


practically level. From Etaples there is an ascent | in the link corresponded to the indication of the| was passed in 31 min. 


to near post 238 (the Neufchatel bank), the last | 
5 km. of which rise at lin 135. Thisis succeeded by | 


ENGINEERING. 


cent. This was so remarkable that, during the stop | 
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weather in winter when much snow was lying. 


at Etaples, the reversing-gear was put back to this | No. 3-1240 worked the 10 a.m. from Paris with 


position, and observation was made of the valve-gear | 456 tons behind the tender. 


Kilometres 7-27 were 


itself. It was found that the position of the block | run in 12 min. 12 sec. (61 m.p.h.) ; Creil (31 miles) 


reversing-gear. 


The 35 km. from post 51 
were run in 2] min. 10 sec. (614 m.p.h.) and post 


Starting again, the ascent.to post 238 was spoiled | 86 was passed in 52 min. 47 sec. from the start 


a similar fall. Beyond Boulogne the gradients are | by permanent-way repairs. At the foot of the | (53} miles). 


Amiens (81 miles) was passed in 


almost entirely 1 in 125, to within a few miles of | Caffiers bank the train was going fully 75 m.p.h.|78 min. and Abbeville (109 miles) in 1044 min. 


Calais. Much the longest climb is 9} km. from 
post 268 (the Caffiers bank). This is succeeded by 
11 km. fall from post 279, the gradients being prac- 
tically continuous 1 in 125 throughout. 

On this occasion No. 3-1206 had 560 tons behind 
the tender. She took 12 min. 322 sec. to traverse 
the 20 km. from post 7. The lowest speed up the 
bank was 55-9 m.p.h. for the 19th km.; the 27th 
km. was run at 58} m.p.h. ; and the average speed 
for the whole ascent was 59-4m.p.h. Creil (31 miles) 
was passed in 314 min. Km. 66-86 up 1 in 280, were 
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Nine km. to post 277 were run in 5 min. 38 sec. 
(593 m.p.h.); the 277th km., which is the last 
wholly on 1 in 125, took 452 (49 m.p.h.) and the 
278th km. took 45? sec. 

The return journey was made on No. 3-1212 
with the Golden Arrow. The train consisted of 
ten vehicles with a total weight behind the tender 
of 470 tons. The 11 km. ascent from post 290 
took 8 min. 63 sec. (50-4 m.p.h.) and km. 280-279 
took 442 sec. (50-3 m.p.h.). A permanent-way 





After this the train was so much before time that 
no further hard running was possible. 

The return journey from Calais was made on 
engine No. 3-1219 working the Blue Train, which 
was made up of twelve vehicles of the heaviest type 
and weighed 611 tons behind the tender. 

The coldness of the weather no doubt increased the 
resistance of the train, particularly at starting before 
the bearings had had time to warm up. In these 
circumstances we took 3 min. 50 sec. to run the 


slack near post 249 lost about 4 min., and km. | first } mile or so from the start to post 296, and 


~ 
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run’at an average speed of 63 m.p.h., and speed was 
64 m.p.h. at the summit at post 86; 40 km. from 
that point to Longueau occupied 21 min. 37? sec. 
(69 m.p.h.) and then the next 10 to post 136 took 
10 min. owing to the usual slack at Amiens and a 
permanent way slack just beyond, atS. Roch. The 
latter cost about 2 min. After this the average 
speed was 73 m.p.h. for 30 km.,{ down the hardly 
perceptible gradients of the Somme valley. There 
was a very slight reduction of speed at Abbeville 
(109 miles, passed in 106 min.) and after that about 
69 m.p.h. was maintained along the level until 
about 6 or 7 miles from Etaples when the train 
was so much before time that the speed was eased 
off. Etaples was reached 136 min. 40 sec. after 
leaving Paris (about 141 miles). 

A noteworthy thing about engine 3-1206 was the 
short cut-off in the H.P. cylinders with which she 
was able to do the above work. The cut-off was 
indeed 50 per cent. at the Survilliers summit, but 
near the top of the Gannes bank it was only 38 per 
cent., and after Amiens the pointer of the reversing- 
gear was only a quarter of an inch from mid-gear, 
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239-238 took 44 sec. (50-8 m.p.h.). Ninety prac- 
tically level kilometres from post 225 were run in 
| 47 min. 53 (70 m.p.h.), and then a permanent way 
slack at 8. Roch lost about 14 min., more than the 
ordinary slack at Amiens would have cost in any 
case. 

Up the ascent from post 120, each of the 33 km. 
occupied as nearly as possible 1 sec. more than 
had been the case with engine 3-1204 and the train 
from Lille. Sixteen*km. to post 104 took 9 min. 
22% sec. (634 m.p.h.), and the remaining 17 took 
9 min. 54 sec. (694 m.p.h.). Km. 91-90 took 
302 sec. (73$ m.p.h.) and km. 88-87 took 31% sec. 
(70% m.p.h.). As the load was 57 tons more than 
that hauled by No. 3-1204 it is very difficult to 
say that one engine did better than the other. There 
was really nothing in it. No. 3-1204 has the longer 
travel for the L.P. valves; Nos. 3-1212 has the 
shorter. From Creil onwards there was a train a 
little in front of us, and we were several times 
checked by signal. Eventually we reached Paris 
47 sec. late. 

All the above runs were made in summer in fine 





indicating a cut-off of not more than about 17 per 


weather. Two further runs were made in severe 
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9 min. 57 sec. for the first 44 miles to post 290, 
where the 1] km. ascent at 1 in 125 begins. We 
were here doing barely 50 m.p.h. Nevertheless the 
whole ascent was made in 9 in. 461 sec. (42 m.p.h.). 
The slowest kilometre (281-280) took 58! sec. 
(38-4 m.p.h.) and the next, which is the last wholly 
on 1 in 125, took 57? sec. (38-9 m.p.h.). Here 
steam was being cut off at 70 per cent. in the 
high-pressure cylinders and at 65 per cent. in the 
low-pressure cylinders. 

Boulogne (Tintelleries) was passed in 33 min. 
40 sec. from the start (26 miles). Speed was reduced 
to about 55 m.p.h. round the curves and had risen 
to 63 m.p.h. before the Neufchatel bank was reached, 
up which it fell by about 2 sec. per kilometre till 
| km. 239-238, at the summit, occupied 46} sec. 
|(48-4 m.p.h.). Seventy-five m.p.h. was touched 
| before Etaples (44} miles, passed in 50} min.) and 
thence onwards we kept up a steady 68-70 m.p.h. 
along the level till we were a few miles from Amiens. 
Ninety km. from post 227 occupied 49 min. (684 
m.p.h.) and post 137, 99} miles from the start, was 
passed in 99} min. The engine was run with steam 
cut off at 40 and 55 per cent. The last four miles 
to the stop at Amiens occupied 6 min. and we 
arrived 105 min. 16 sec. from the start (about 103-4 
miles). The booked time is 107 min. 

When we started again it was too dark to see the 
kilometre posts. We passed Longueau, about 
2? miles, in 6 min. and Boves, 2} miles further on, 
in 2 min. 50 sec. from Longueau. The little bit of 
downhill beyond Boves (122 km. from Paris) soon 
raised speed above 60 m.p.h. and the 34} km. which 
separate the stations of Boves and Gannes (87-3 km. 
from Paris) were traversed in 20 min. 50 sec. (62 
m.p.h.). To effect this, steam was cut off at 55 and 
60 per cent. 

A fairly rapid run downhill took us past Creil, 
50 miles from Amiens, in 49 min. 20 sec. and as far 
as Chantilly, 6 miles further on, speed averaged 
nearly 60 m.p.h. After this, however, the engine 
was perceptibly eased and Survilliers summit was 
passed at about 49 m.p.h. Soon after there was a 
slack to 35 m.p.h. where the line had recently been 
relaid and S. Denis, 77} miles from Amiens, was 
passed in 78 min. The train was then turned off 
the main-line and had to proceed slowly for some 
distance before it was finally left on a branch 
line. 

Though it was not possible to take the fue 
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consumption of the engines the amount of water 
used was noted. Thisis in reality a much better 
measure of efficiency because the quality of the 
fuel used varies so greatly. No. 3-1204 used 17 
cub. m. of water between Paris and Arras (119} 
miles),‘or about 315 lb. of water per mile. No. 
3-1219 used 35-8 cub. m. of water between Calais 
and Paris (about 183 miles), or about 435 1b. per 
mile. 

| Assuming the employment of fuel capable of 
evaporating 8 lb. of water per lb., the fuel consump- 
tion in these two cases works out respectively at 
barely 40 lb. and barely 55 Ib. per mile. 

The horse-power developed, if calculated by the 
ordinary formula, amounted in certain cases to 
3,000 or more. But with improved. roads and 
rolling-stock it appears sometimes possible for an 
engine to do work far superior to what is indicated 
according to the formule, and it would seem to be 
desirable that, in view of this, the question of train 
resistance should be investigated afresh. 

The resistance due to gravity is, of course, always 
exactly ascertainable. In certain cases, it amounted 
to so large a proportion of the resistance of the train 
that it is of considerable value in estimating the 
total resistance. When No. 3-1212, with 470 tons 
behind the tender, was nearing the top of the Caftiers 
bank, of 1 in 125, she was running at a little over 
50 m.p.h., and speed was, if anything, rising 
slightly. In these circumstances, the work the 
engine was performing in overcoming the resistance 
due to gravity alone amounted to 1,500 h.p. In 
the same way, No. 3-1219, with the Blue Train in 
the same place, was exerting about 1,450 h.p. in 
overcoming the resistance due to gravity. 


(T'o be continued.) 


THE LATE MR. W. WORBY 
BEAUMONT. 


In our issue of April 5, we recorded the death of 
Lord Montagu of Beaulieu, and by the death of Mr. W. 
Worby Beaumont, which took place on Sunday last, 
another link is severed with the early days of the 
automobile industry. The development of the British 
industry may be said to date from 1896, when the 
notorious red-flag regulation was repealed, and at that 
date Mr. Beaumont was already 48 years old, and 
possessed a wide experience of mechanical engineering 
and metallurgy. He was, therefore, well fitted to judge 
the potentialities of the new development, in which 
he had the greatest confidence. He has himself re- 
corded that his anticipations were received with polite 
incredulity, but, in the main, they have since been 
justified. He published a treatise on Moto, Vehicles 
and Motors, in 1902, and in this he advanced the 
opinion that a hundred millions sterling might profit- 
ably be spent on road improvement. We characterised 
this view, at the time, as ** somewhat startling,” but in 
the last few years the annual expenditure on roads has 
amounted to nearly half Mr. Beaumont’s total. Perhaps 
an even more striking illustration of his foresight was 
his confidence, expressed in the same work, in the 
future of the motor cycle, which, at that time, was 
certainly one of the most unreliable vehicles ever 
placed on the road. We believe that we expressed the 
view of the great majority of engineers when we wrote, 
in reviewing Mr. Beaumont’s book, that the motor- 
cycle is ‘‘a type of vehicle not likely to survive the 
motor craze,” and that ** motor bicycling is a form of 
entertainment that can appeal only, one would think, 
to the most enthusiastic of mechanical eccentrics.” 
Subsequently, however, in the same review, we paid 
full tribute to Mr. Beaumont’s valuable work on behalf 
of the manufacturers, designers, and users of motor 
vehicles. 

The reception accorded to Motor Vehicles and 
Motors resulted in a second and enlarged edition in 
1906, which might well serve as a model for more 
recent writers on automobile subjects. The author ex- 
pressed his views freely on both current practice and 
the trend of development, and was not afraid to enter 
into detailed criticisms of current designs. In general, 
however, his criticism was constructive rather than des- 
tructive, and his opinions retained this characteristic 
throughout his life. We are tempted to discuss some 
of his forecasts in the light of actual developments, 
but must content ourselves with one example. 
Mr. Beaumont showed himself a firm believer in the 
ultimate triumph of the petrol over the steam engine 
for commercial vehicles, at a time when steam appeared 
likely to carry all before it. Few men could have fore- 


seen the enormous development in the petrol lorry 
which has now placed it in the premier position even 
for the heaviest road transport. 
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William Worby Beaumont was born in 1848, and 
received his early education at Reading and Ipswich. 
He was apprenticed in 1861 to the Reading Iron Works 
Company, engine and agricultural implement makers. 
In 1867, he joined Messrs. Ransomes, Sims and Head, 
as an improver. Five years later, Mr. Beaumont 
became assistant to the late Robert Mallet, and in this 
position he was mainly engaged on the mechanical side 
of railway and dock engineering. About this time, much 
of his work was of a highly technical character, and 
included investigations on steam condensation in long 
pipes, condenser efficiency, and the nature of the 
stresses causing tyre and rail fracture. In 1886, 
he became joint-editor of our contemporary The 
Engineer, and, in 1896, he resigned this position to 
take up private practice as a consultant. His practice 
was of a varied nature, but mainly related to internal- 
combustion engines, woodworking machinery, and 
motor vehicles. 

He was honorary consulting engineer to the Royal 
Automobile Club, and technical adviser to the Com- 
missioner Of Metropolitan Police on motor-vehicle 
questions. Other positions that he filled were those 
of expert member of the Gas Traction Comfhittee, and 
of the Committee of the Surplus Government Property 
Disposal] Board. He was frequently nominated as an 
arbitrator by the Board of Trade and by H.M. Judges. 
He was the author of several books, in addition to the 
one to which we have referred, and he also read 
numerous papers before scientific societies. He was a 
past President of the Society of Engineers, a member 
and Watt Medallist of the Institution of Civil Engineers, 
and a member of the Institutions of Mechanical, 
Electrical, and Automobile Engineers. He was married 
three times, and leaves two sons and two daughters, 
one of the former being Major E. G. Beaumont, 
President of the Institution of Automobile Engineers 
in 1927-28. 








THE LATE MR. A. E. ANGOLD. 


WE regret to record the death of Mr. Arthur Ernest 
Angold, which occurred in Birmingham on April 10 at 
the age of 56. To the middle-aged generation of 
electrical engineers, the name of Angold calls up recol- 
lections of the well-known type of open arc lamp, 
of which he was the inventor, while later, it will be 
remembered, he was also responsible for designing 
enclosed and flame type arcs at a time when that 
form of illuminant was generally used for large candle- 
power units. As a matter of fact, however, his 
inventiveness was of much wider scope than is indi- 
cated by this statement, and during his life-long 
connection with the General Electric Company he 





took out patents covering such diverse matters as 
rotary converters, transformers, magnetos, condensers, 
circuit-breakers and automatic-substation equipment. 

Mr. Angold was born on December 28, 1872, and 
was educated at the Birkbeck School. He was then, 
for a short time, with two London firms, who dealt 
largely in lightning conductors and bells, and it was 
during this period that he designed his first are lamp. 
This device attracted the interest of Mr. Torr Todman, 
who invited Angold to join him in the inauguration 
of an arc-lamp department. It is of interest to recall 
that the Todman-Angold lamp was first shown at the 
second Crystal Palace Engineering Exhibition in 
1891, and that this display was followed by a contract 
for lighting a shop in the Borough High-street. This 
installation consisted of some 70 10-ampere lamps, 
which were supplied from a 50-volt, 83-cycle circuit, 
and at the time formed the largest individual arc lamp 
loads on the mains of the historical Deptford station. 

In 1892, Todman’s are lamp department was taken 
over by the General Electric Company, and Mr. Angold 
began his thirty-seven years’ connection with that firm. 
At first he was associated with Mr. Max Railing at 
the works in Thames-street, where he was largely 
occupied with the design of small transformers, of a 
pattern very similar to the modern core transformer, 
and in developing the use of the Angold lamp. In 
later years he moved to Witton, where he was engaged 
in research work of various kinds, while during the 
war he paid special attention to the development of 
searchlight ares for the Naval and Air services. In 
particular he devised mechanisms to simplify the 
control of this apparatus, and invented a lamp which 
was capable of burning a Beck arc, the essential feature 
of which is the use of flame carbons in an atmosphere 
of methylated-spirit vapour. 

More recently he did most useful work in the design 
of the relays, which are essential to the - operation 
of automatic-substation equipment. A feature of 
these relays is the replacement of a moving coil 
by moving magnets, thus obtaining a more robust 





design. He also devised a high-speed circuit-breaker, 
while, just prior to his death, he had completed the | 
design of a new line contactor circuit-breaker, and | 
was engaged in preparing a paper on the theory and | 
practice of line contacts. The equipment for the | 
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automatic substations on the Cape Town-Simonstown 
Railway was manufactured under his supervision. 

Mr. Angold was a Member of the Institution of 
Electrical Engineers. 


STABILITY INDICATOR AND 
RECORDER FOR SHIPS. 


Ir is obviously a matter of considerable importance 
to a shipmaster to know the stability and rolling period 
of his ship under any particular conditions of loading, 
since the handling of the vessel in a seaway, and con- 
sequently its safety, will be affected by this knowledge. 
To supply the desired information, a simple and con- 
venient portable instrument, patented by Professor T. 
B. Abell, is now being manufactured by Messrs. Dobbie, 
McInnes and Clyde, Limited, 57, Bothwell-street, 
Glasgow, C.2. The instrument, which is known as 
the Stabilograph, comprises a heavy short-period 
pendulum suspended on knife edges and damped by 
an oil dash pot. The movement of the pendulum, suit- 
ably magnified, is transmitted by rack and pinion gear 
and a long arm to a recording pen, the pen moving 
over a chart carried on a vertical drum. The drum is 
driven by clockwork and usually makes one revolution 
in 20 minutes, although, for certain purposes, a drum 
rotating once in five minutes is employed. 

For stability investigations, an inclining experiment 
is made in dock with the instrument placed athwart- 
ship on a table or bracket in the chart-house. A known 
weight is added or moved to a known distance from 
the longitudinal axis of the vessel, and the resulting 
angle of heel is measured from the record on the chart. 
From this, the metacentric height can be read off 
from a diagram or obtained by direct calculation. 
The weight movement can be obtained by filling or 
emptying a tank, or by moving members of the crew 
from one side of the ship to the other. 

The instrument is not designed to act as a rolling 
indicator, but the period of ro]l of a ship can be obtained 
in still or sheltered waters in a manner which will be 
obvious. By placing the instrument in a fore and aft 
position, it may be used as an accelerometer, and from 
its readings the initial and sliding friction during a 
launch can be calculated. In speed trials, moreover, 
the instrument can be employed to determine whether 
the vesse] has attained a constant speed on entering 
the measured mile, and it may also be used to ascer- 
tain the acceleration or retardation of a vessel afloat 
under various propulsive conditions. Doubtless, other 
data of service to the shipowner or shipbuilder can 
be obtained by means of the instrument, which 
measures 15 in. long, 14} in. high and 8 in. wide, and 
weighs about 31} Ib. with the cover and one recording 
drum. 











LAUNCHES AND TRIAL TRIPS. 


‘‘ HIGHLAND PRINCESS.”—Twin-screw passenger and 
refrigerated cargo motorship; eight-cylinder, double- 
acting, four-cycle Harland-B. and W. Diesel engines. 
Launch, April 11. Main dimensions, 520 ft. by 69 ft. 
by 35 ft. 9 in. Constructed by Messrs. Harland and 
Wolff, Limited, Belfast, for Messrs. H. and W. Nelson, 
Limited, London. 


‘““ TaRPON.”’—Twin-screw steamer for passenger ser- 
vice in British Guiana. Launch, April 1]. Main dimen- 
sions, 150 ft. by 30 ft. by 9 ft. Built to the order of the 
Crown Agents for the Colonies by Messrs. Ferguson 
Brothers (Port Glasgow), Limited, Port Glasgow. 


“Carpe DELGADo.’’—Steel-screw trawler. Launch’ 
April 11. Main dimensions, 140 ft. by 24 ft. by 14 ft-° 
Built for Hull owners by Messrs. Cochrane and Sons, 
Limited, Ouse Shipbuilding Yard, Selby. 

‘“ ABEILLE, No. 17.’—Steel-screw tug. Launch 
April 11. Main dimensions, 80 ft. by 22 ft. by 12 ft. 3 in. 
Constructed by Messrs. Cochrane and Sons, Limited, 
Ouse Shipbuilding Yard, Selby, for service in the Port of 
Havre, France. 


CaNADIAN Lakes STEAMERS.—Three _ single-screw 
Canadian lakes and canals cargo steamers ;_triple- 
expansion engines. Main dimensions, 260 ft. by 43 ft. 4 in, 
by 20 ft. All three vessels built by Messrs. Swan, 
Hunter, and Wigham Richardson, Limited, of Wallsend- 
on-Tyne, and Southwick, Sunderland, the 8.S. Portwell, 
launched on April 8, aad the 8.8. Stanwell, launched on 
April 11, for Messrs. Welland Steamship Company. 
Limited, Welland, Ontario, and the 8.S. Lawrendoc, 
trial trip, April 12, for Messrs. Paterson Steamships, 
Limited, Fort William, Ontario. 

“ Mopan.”—Banana-carrying steamer intended for 
the West Indian, Central American aud United Kingdom 
fruit trade. Trial trip, April 12. Length, 400 ft. Built 
by Messrs. Cammell Laird and Company, Limited, 
Birkenhead, for Messrs. Elders and Fyffes, Limited, 
London. 

“* GooLisTaNn.’’—Single-screw grain-carrying steamer ; 
triple-expansion engine. Trial trip, April 15. Main 
dimensions, 440 ft. by 57 ft. 6 in. by 38 ft. Built by 
Messrs. Short Brothers, Limited, Pallion, Sunderland, 
to the order of Messrs. Common Brothers, for . the 
Hindustan: Steam Shipping Company, Limited, New- 
castle-on-Tyne. 
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LABOUR NOTES. 


Tue April issue of the Amalgamated Engineering 
Union’s Monthly Journal gives the text of the Execu- 
tive Council’s reply to the communication of the 
Trades Union Congress General Council on the subject of 
‘disruptive elements’ within the movement. Three 
questions, it will be recalled, were asked by the General 
Council: (1) What experience has your union had, 
either recently or in the past, of disruptive elements 
working within or against the organisation, and likely 
to damage the prestige or the efficient working of the 
organisation or to hinder the carrying out of agreed 
policy ? (2) What effect has disruptive action had 
upon your union as regards (a) your Executive Com- 
mittee, (b) your districts, and (c) your branch ? (3) Is 
such disruptive action increasing or decreasing in your 
union ? 





In their reply to the first question the Executive 
Council cite instances of disruptive action, “ within 
or against the organisation,” by the National Minority 
Movement, and declare that the documents issued in 
connection with them “ clearly indicate that there is 
a definite connection ‘between the Communist 
Party and the Minority Movement.” Their answer to 
the second question is to the effect that ‘in many 
instances the attitude of these bodies has somewhat 
militated against the retention of members and the 
enrolling of new members.”” Their reply to the third 
question is that “‘ the activities and influence of the 
disruptive bodies referred to appear to continue.” 
The attention of the General Council is also ditected 
to a resolution passed by last year’s National Com- 
mittee, the latter half of which reads as follows :—‘‘ In 
particular, we denounce the attempts of the Communist 
Party and its chief subsidiary body, the National 
Minority Movement, to form rival bodies to the 
Labour Party and the Trades Union Congress, and 
to seek to render futile every effort made to ameliorate 
the condition of the workers of this country by 
opposing Labour Party candidates in Parliamentary 
and local elections and by constant endeavour to 
obstruct and frustrate the administration of Congress 
policy by the General Council. We announce our 
intention to do all in our power to defeat all disruptive 
tendencies within the union, and we call upon all our 
branch, district and national officials to co-operate in 
refusing to deal with the correspondence of these hostile 
bodies, and to refuse to tolerate all interference from 
them in any of the Union’s business. Finally, we 
authorise the Executive Council to take such steps as 
may be appropriate within the meaning of the Union’s 
rules to give effect to the terms of this resolution.” 





In March, the home branch membership of the 
Amalgamated Engineering Union increased from 
190,881 to 191,293, and the colonial branch member- 
ship decreased from 28,046 to 27,827. The number 
of members in receipt of sick benefit decreased from 
8,946 to 7,493, and the number in receipt of super- 
annuation benefit from 10,266 to 10,187. The total 
number of unemployed members decreased from 
12,178 to 11,130. 


The members of the Boiler Makers and Iron and 
Steel Shipbuilders’ Society have again rejected the 
agreement provisionally, made by their Executive 
Council with the Shipbuilding Employers’ Federation, 
on the subject of the procedure to be followed in 
disputes. The vote for acceptance was 2,560, and 
the vote against acceptance 2,906. In the earlier 
ballot the figures were 2,209 for, and 2,272 against. 
All the other shipyard unions are parties to a procedure 
agreement. As the membership of the Boiler Makers’ 
Society is about 50,000, the smallness of the total vote 
is somewhat surprising. 





According'to the late Mr. J. Havelock Wilson, the Na- 
tional Union of Seamen has made substantia] progress 
since it abandoned politics. ‘‘ Since 1926,” he said last 
week, ‘‘ the union has been non-political, and has devoted 
its energies exclusively to industrial activities. This 
change of policy was brought about by the genera] 
strike. In December, 1926, when the union was 
still an organisation committed to the support of the 
Labour Party, the tota] effective membership was 
somewhere in the neighbourhood of 50,000. In addi- 
tion, there were approximately another 50,000 men 
in arrears with their contributions, still members of 
the union, although not entitled to the benefits. In 
January, 1927, when the union became non-political, 
a marked improvement in membership became 
apparent. In the week ending January 8, 1927, the 
number of men who joined amounted to 534, while the 
income of the union increased from 2,7001. per week to 
3,4641, on January 15, 1927.” 





“This good progress continued: during ; 1927,” Mr. 
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members being approximately 20,000, and the total 
income from contributions and entrance fees 162,9441. 
The year 1928 showed an even more remarkable 
improvement, a total of 26,034 new members being 
enrolled. The income increased to 182,053/., an 
advance of 19,209]. in 12 months. The report for the 
first quarter of the present year shows that this good 
progress is being maintained, the income being 48,2701., 
an increase of 2,757/. These figures prove conclusively 
that seamen approve of their union’s policy of not 
mixing political issues with the business of trade 
unionism. While, since 1926, the membership and 
income of the chief trade unions have declined, that of 
the Seamen’s Union has exhibited astonishing progress.” 





The Industrial Court has issued its award in the refer- 
ence by the National Union of Drug and Chemical 
Workers relating to the wages and conditions of drug 
and fine chemical workers. The union asked for a 
reduction of the working week from 48 hours to 44 
hours, 12 days’ holiday instead of six, payment at the 
rate of time and a half for all time worked before 
normal starting time, and numerous alterations in the 
wages schedule. Under the award, workers other than 
pieceworkers are to be paid time and a quarter for the 
first two hours’ overtime, and after that, up to the 
time of starting next morning, time and a half. Workers 
employed before the regular starting time are to be 
paid time and a quarter for the period so worked, or 
time and a-half for the period so worked if such period 
is in addition to the normal daily hours, Double time 
is to be paid for work done on Sundays and statutory 
holidays. Each day is to stand by itself. The wage 
schedules have been revised as follows :—Women, 21 
years and over, class 1, 36s. per week; class 2, 30s. 
per week; juniors, males, a scale ranging from 12s. 
per week at 14 to 39s. at 20 years of age; females, 
a scale ranging from 12s. at 14 to 27s. at 20 years of 
age. No addition to or alteration of the provisions of 
the existing agreement is to be made in regard to other 
items of the claim. 





On April 8, 1929, the number of unemployed persons 
on the registers of Employment Exchanges in Great 
Britain was 1,178,100. Of these 862,200 were wholly 
unemployed, 239,700 were temporarily stopped, and 
76,200 were persons normally in casual employment ; 
912,300 were men, 38,800 boys, 192,200 women, and 
34,800 girls. Of 1,132,856 on the registers on March 25, 
1929, 855,422 were wholly unemployed, 196,604 were 
temporarily stopped, and 80,830 were persons nor- 
mally in casual employment; 893,958 were men, 
30,399 boys, 179,732 women, and 28,767 girls. The 
number of unemployed persons on the registers on 
March 18, 1929, was 1,182,454. Of these, 893,510 
were wholly unemployed, 206,707 were temporarily 
stopped, and 82,237 were persons normally in casual 
employment ; 931,781 were men, 32,446 boys, 187,476 
women, and 30,751 girls. No figures are available for 
April 9, 1928, owing to the Easter holiday. 


At the end of March, the number of unemployed 
members of the United Pattern Makers’ Association 
was 496. To see the figure below 500 is regarded by 
Mr. Findlay, the General Secretary, as encouraging, 
and he expresses a hope that it may never again be 
above that level. There is, he admits, still room for 
improvement, “‘ but considering what we have sampled 
since 1921 we are thankful.” The membership of 
the organisation is 10,972. 


Two further branches of the United Pattern Makers’ 
Association have passed resolutions suggesting that 
re-affiliation to the Federation of Engineering and 
Shipbuilding Trades is desirable. In a note on the 
subject, Mr. Findlay invites other branches to express 
opinions on the subject. “It is an undoubted fact,” 
he says, “‘that we have found ourselves always in 
agreement on policy with the Federation, and I do 
not believe it is possible to make or get any advantage 
for our members which has not first been promised 
to,"or secured by, the Federation. Certain questions 
peculiar to our own craft niay be ventilated, rectified, 
or rejected, whether we are in or out of the Federation, 
and, so far as my experiences goes, until members are 
prepared to go ail out for a reduction of unions by 
amalgamations in their own interests, joint action 
arranged by co-operation amongst our contemporaries 
is best secured by a federation.... If the com- 
position and constitution of the Federation is not to 
your liking, get inside and work to make it an efficient 
instrument for your purpose.” 





Further observations by the General Secretary 
on the subject of rationalisation appear in the latest 
issue of the Monthly Trade Report of the United Pattern 





Wilson went on to say, ‘‘the total number of new 
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Mr. Findlay says, “‘ will increase or decrease in pro- 
portion to our desire and will to produce, and our 
standing as a nation will be helped or hindered by our 
contribution to the commonweal. The question of 
who gets the benefit from our efforts we will come to 
later. The unequal distribution of the wealth accruing 
from labour we are not at the moment concerned with. 
The point I wish to make is: For our own sake we 
must not stand still; we must exercise the talents 
with which we have been entrusted ; and I have no 
hesitation in saying that by doing so we are taking the 
surest and most direct road to making ourselves 
men capable of standing up for our rights and men 
able and willing to accept any kind of responsibility 
which circumstances may require us to shoulder.” 





“* Men of responsibility,” Mr. Findlay says, ‘‘ cannot 
be cold-shouldered or ignored for all time. They will 
not allow themselves to be. They will insist upon 
being treated as men of responsibility in the workshop, 
and that very action automatically will take us out of 
the workshop atmosphere and bring about a closer and 
more harmonious working with the management, 
where advice on either side will be welcomed in the 
interests of the factory, industry and country.” 


The Ministry of Labour Gazette states that employ- 
ment during March showed a substantial and general 
improvement. The passing of the severe weather in 
the first week of the month led at once to a great 
reduction in the number of workpeople unemployed 
in the industries which had been adversely affected 
in the previous three or four weeks. In other industries, 
the improvement which was apparent during February 
continued throughout March. The increase in the 
number of workpeople in employment was relatively 
greatest in the building trade and public works con- 
tracting, in brick and tile, artificial stone and cement 
manufacture, and in the mining group of industries. 
In coalmining there was a further decrease both in 
the numbers wholly unemployed and in the numbers 
temporarily stopped. The other principal industries 
which shared in the improvement included pottery, 
iron and steel manufacture (including pig iron), general 
and marine engineering, the motor vehicle industry, 
shipbuilding and ship repairing. 





Among the workpeople, numbering approximately 
11,880,000, insured against unemployment in Great 
Britain and Northern Ireland, the percentage unemploy- 
ment in all industries taken together was 10-1 at 
March 25, 1929, as compared with 12-2 at February 25, 
1929, and 9-5 at March 26, 1928. The percentage 
wholly unemployed at March 25, 1929, was 8-4 as 
compared with 9-8 at February 25, 1929, while the 
percentage temporarily stopped was 1-7, as compared 
with 2-4. 





In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation 
during March resulted in a reduction of about 3,8501. 
in the weekly full-time wages of 60,000 workpeople, 
and in an increase of 4001. in those of 6,800 workpeople. 
There were reductions in the minimum rates fixed under 
the Trade Boards Acts, for certain classes of workpeople 
employed in the boot and shoe repairing and brush and 
broom making trades in Great Britain. Other groups 
of workpeople whose wages were reduced, included 
commercial road transport workers in certain towns 
in Lancashire, and furniture trade operatives in the 
Manchester district. Workpeople whose wages were 
increased included certain classes of adult timeworkers 
employed in the textile, bleaching, dyeing, &c., indus- 
tries in Scotland, and blast-furnace workers in Cum- 
berland. 





The number of trade disputes involving stoppages 
of work reported to the Ministry of Labour as beginning 
in March, was 28. In addition, 12 disputes which 
began before March. were still in progress at the begin- 
ning of the month. The number of workpeople 
involved in all disputes in March (including work- 
people thrown out of work at the establishments 
where the disputes occurred, but not themselves 
parties to the disputes) was about 19,100, and the 
aggregate duration of all disputes during March was 
about 133,000 working days. The figures compare 
with totals of 9,100 workpeople involved and 78,000 
working days lost in the previous month, and with 
38,000 workpeople involved and 168,000 days lost 
in March, 1928. The aggregate duration of all] dis- 
putes in progress in the first three months of 1929 was 
about 314,000 working days, and the total number of 
workpeople involved in these disputes was about 32,000. 
The figures for the corresponding period of 1928 were 





“Our ability as workmen,” 


Makers’ Association. 


325,000 days and 58,000 workpeople, respectively. 
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SECTOR SLUICE GATE FOR THE PERAK RIVER HYDRO-ELECTRIC POWER SCHEME. 
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SECTOR SLUICE GATE FOR THE 
PERAK RIVER. 


For the purpose of supplying electrical energy to 
a number of tin mines in the Kinta valley of Perak, 
two power stations are at present being constructed 
by the Perak River Hydro-Electric Power Company, 
Limited, whose London offices are at 3, Central 
Buildings, Westminster, S.W.1. One of these is a 
steam power plant located in the mining area, while 
the other is a hydro-electric station situated on the 
Perak River some 60 miles from the mines and about 
13 miles north of Kuala Kangsar. At this point, a 


reinforced-concrete dam of the Ambursen type, and 
known as the Chenderoh dam, is being constructed 
across the river, the total width of the spillway dam 
being 740 ft. and the height sufficient to give a head of 
The power house will be situated at the end 


60 ft. 





19.33.€) 


of the dam, on the right-hand bank, and will contain 
three 9,000-kw. sets, the turbines of which are being 
constructed by Messrs. Vickers-Armstrongs, Limited, 
and the generators by Messrs. The English Electric 
Company, Limited. Three-phase current will be 
generated at 6,600 volts, stepped up to 66,000 volts, 



































“ENGINEERING” 


and transmitted to the mines at this 
an overhead line. 

As}the Perak;,River is liable to severe floods at 
comparatively frequent intervals, the greater part of 
the width of the dam has been designed to form a 
spillway, and, as a further means of disposing of the 
surplus water in time of floods, an exceptionally large 
sector sluice gate, giving a clear opening 100 ft. wide 
and up to 16 ft. in depth below the normal crest level, 
will be built into the structure. An elevation, transverse 
section and plan showing the general arrangement of 
the gate and operating mechanism are reproduced in 
Figs. 1, 2 and 3, on this page, while Figs. 14 and 15, 
on page 490, show the completed gate erected in 
the makers’ shops; the man visible on the right in 
Fig. 14 will enable the overall dimensions to be 
appreciated. The clear width of the opening between 
the masonry of the piers is 100 ft., as already stated, 
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CONSTRUCTED BY MESSRS. RANSOMES AND RAPIER, LIMITED, ENGINEERS, IPSWICH. 












































































































and the overall width of the gate itself is 103 ft. 8 in. 
The load from the skin plating, which is bent to a 
radius of 26 ft., is transmitted to the masonry through 
12 sector-shaped frames, the design of which is clearly 
shown in the transverse section, Fig. 4, opposite, 
as well as in Figs. 14 and 15, on page 490. The latter 
illustrations show the pins fitted at the apex of each 
of the frames, these pins working in double bearings 
bolted to the masonry. Between the frames the skin 
plating is stiffened by vertical channels, bent to the 
radius of the plating and best shown in Fig. 14. The 
frames consist of two main members, each formed of 
a pair of channels placed back to back, the vertical 
bracing between them consisting of pairs of angles 
riveted to gusset plates, as is perhaps most clearly 
shown in Fig. 14. Timber decking is fitted on the 
upper surface of the gate, and this is carried on longi- 
tudinal members shown in section in Fig. 4, and also 
visible in Figs. 14 and 15. In Fig. 14 the system 
of diagonal bracing between the lower flanges of the 
longitudinal members can be seen. 
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Details of the staunching 
arrangements are illustrated 
in Figs. 5, 6 and 7. The 
downstream edge of the gate 
pit is staunched by means 
of steel plates carried by the 
gate structure, as shown in 
Fig. 5, and bearing against 
steel tubes grouted into the 
concrete in line with the pivot 
axis. At the sill, a steel tube 
is carried in a cast-iron seal- 
ing member, with a bronze 
facing strip, shown in section 
in Fig. 6, and, when the 
gate is raised, this tube makes a watertight joint between 
the facing strip and the machined surface of a casting 
attached to the bottom channel of the gate. The 
side seal, shown in section in Fig. 7, consists of a 
thick rubber tube carried by the gate and kept by 
means of the water pressure in contact with: a bronze- 
faced casting built into the masonry. 

The total weight of the gate, complete with the 
timber decking, is 140 tons, and it is raised and lowered 
by the gearing shown in Figs. 1, 2 and 3, and illustrated 
in greater detail in Figs. 8 to 13, on this page. A17-h.p. 
motor, with a worm reduction gear, mounted on one 
of the piers, drives two spur-gear reduction trains, 
one mounted on each pier, as shown in Fig. 3. A 
pinion on the final shaft of each gear train engages 
with a pin-toothed rack, the lower ends of the two 
racks being attached to the end frames of the gates, 
as shown in Figs. 1 and 2. Figs. 8 to 10 show the 
arrangement of the motor and worm reduction gear, 
while Figs. 11 to 13 give details of the spur-gear 
reduction trains. A limit switch, indicated in Fig. 11, 
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is provided to prevent overwinding in either direction 
and a pointer is fitted to indicate the extent to which 
the gate is opened at any time. An auxiliary gear, 
which can be operated by two men, is also provided, to 
enable the gate to be opened or closed by hand in 
the event of a failure of the electric supply. The 
electrical operating gear is designed to exert a maximum 
pull of 170 tons and a maximum push of 120tons. The 
total weight of the gate, as stated, including the timber 
decking, is approximately 140 tons, and the compara- 
tively small forces required to operate it are due to 
the fact that it is hydraulically balanced. Slots 
are formed in the timber decking near the upstream 
edge so that water is admitted through these slots 
into the pit when the gate is lowered, and the pressure 
of this water, acting on the back of the timber decking, 
serves to balance the weight of the water flowing 
over the gate. It may here be mentioned that a very 
comprehensive experimental investigation of the forces 
and pressures acting on the gate in various positions 
and at different water levels has been carried out by 
the Vattenbyggnadsbyran, of Stockholm, in collabora- 
tion with Messrs. Rendel, Palmer and Tritton, the 
consulting engineers for the whole scheme. The gate 
was constructed by Messrs. Ransomes and Rapier, 
Limited, Waterside Iron Works, Ipswich. 





THE TATA POWER COMPANY’S 
HYDRO-ELECTRIC PROJECT.* 


By N. J. ManocksEEr Cursetse£, B.Sc -, 
Assoc. M. Inst. C.E. 


Tuts project, which is the third hydro-electric scheme 
dependent on the storage of the annual monsoon rain- 
fall in the Western Ghats for supplying power to the 
island of and district round Bombay, was commenced 
in 1919 and started operation in 1927, the ultimate 
scheme covering the generation and distribution of 
approximately 150,000-h.p. at the consumers’ ter- 
minals. 

The principal features of the scheme are : (1) hydraulic 
works consisting of a dam and tunnel; (2) pipe-line to 
power-house ; (3) power-house plant and construction 
railway; (4) main 110,000-volt transmission-line ; 
(5) receiving or step-down station in Bombay; and 
(6) distribution and equipment on consumers’ premises. 

A volume of 16,250 million cub. ft. of water from the 
discharge of a catchment in the Western Ghats is 
stored by a dam 150 ft. high at the junction of the Nila 
and Mula rivers, at the village of Mulshi, about 24 miles 
from Poona. The dam is built of masonry, in surkhi- 
lime mortar, a total of 22,264,700 cub. ft. being in- 
volved. The bulkhead section is approximately 
3,600 ft. long, with an extension at the north end of 
1,500 ft. of masonry waste-weir to allow a surplus of 
68,000 cusecs during the monsoon. The actual masonry 

* Abstract of a Paper to be read before the Institution 
of Civil Engineers, on Tuesday, April 23, 1929. 
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construction was completed in five working-seasons, 
and the plant used, which was all electrically driven, 
was probably the most elaborate employed in India 
for such work up to the present. 

The water is led from the lake by an approach cut, 
approximately 4,000 ft. long, to a tunnel 140 sq. ft. in 
section and roughly 15,000 ft. long. This tunnel was 
driven from four shafts and two adits, the longest drive 
being 6,700 ft. The entrance of water into the tunnel 
is controlled by means of three sluice-gates, and the 
last shaft, approximately 600 ft. from the penstock 
end, serves as a surge-chamber. Except for consider- 
able quantities of water met with on the east or lake 
side, and some bad rock at the west or penstock end, 
the driving of the tunnel involved no special features, 
the rock being generally good. Barely 10 per cent. of 
the tunnel is lined. 

Pipe-lines feed five 30,000-h.p. units, and the pipe- 
way clearing and excavation, including a short length 
of 300 ft. of tunnel, have been made to allow for the 
ultimate development of six machines, together with 
hoist-tracks, ete. The penstocks are controlled at the 
tunnel end by 58-in. butterfly valves, from which five 
58-in. to 54-in. riveted pipes are laid for 1,500 ft. 
Thence onwards only welded pipes are used, tapering 
from 54 in. to 51 in. for a length of 3,650 ft. At this 
point, the pipes bifurcate in a cast-steel breeches piece 
to two 36-in. welded pipes for a length of 1,800 ft., with 
a maximum thickness of 1} in. at the power-house, 
where the static head is 1,660 ft. The total weight 
of pipe is approximately 7,500 tons, and there are 
eighteen reinforced-concrete anchor blocks at the 
various changes of angle, involving the use of a total 
of 900,000 cub. ft. of masonry for the anchors and 
bearers. 

The power house has been laid out for six 17,500- 
kilowatt, 11,000-volt, two-bearing, double-overhung 
Pelton-wheel units, with two separate water-wheel 
driven exciters. Owing to transport restrictions, the 
machines were wound at the site, while the rotor discs 
and water-wheels were shrunk on the shaft by electric 
heating coils. The power is stepped up to 110,000 
volts by four transformer-banks, each consisting of 
three 10,000-kilovolt-ampere single-phase, forced-oil- 
cooled transformers with the 110,000-volt winding 
solidly earthed to the tank. The switchgear is of the 
remote-control electrically-operated type, the 110,000- 
volt equipment being of the outdoor pattern. The 
station is separated into halves by 11,000-volt reactors 
which, however, can be short-circuited when necessary. 
The equipment is housed in a masonry building with 
a 105-ton crane and all auxiliary equipment, including 
a workshop with adequate facilities for repairs and 
maintenance. 

The full development allows for two lines of towers 
and four stranded 0-095 sq. in. copper conductor 
circuits, each roughly 80 miles long, to the receiving- 
station in Bombay. At present, though practically 
both lines of towers have been built, only two circuits 
have been equipped. The normal spacing of the 
towers is 500 ft., with a vertical conductor-spacing of 
10 ft. and strings of six and seven disc insulators at 
suspension and strain points, respectively. The route 
crosses eight minor creeks, involving towers 100 ft. 
high, as well as two open-sea crossings of a total length 
of 13,000 ft. with towers 160 ft. high, where special 
silicon-bronze wire is used for all spans exceeding 
1,000 ft. 

At Bombay, the power is stepped down to 22,000 volts 
for cable-distribution by four transformer banks, each 
consisting of three single-phase 9,000 kilovoltampere oil- 
immersed water-cooled transformers. The switchgear 
is of the same general type as that at the power-house, 
the 110,000-volt equipment being entirely interchange- 
able. Two 15,000-kilovoltampere synchronous con- 
densers are provided, the stator being wound direct for 
22,000 volts. Two Tirrill regulators have been erected 
in connection with these condensers, with the result 
that the voltage on the 22,000-volt ’bus-bars can be 
kept at any predetermined figure irrespective of load 
or line conditions. The receiving station is connected 
to the sister company’s 22,000-volt system through 
reactors, while the Tata power system itself is split 
into two sections by similar reactors. 

The power is distributed to railways, mills, and other 
consumers by 22,000-volt, three-core, paper-insulated, 
lead-covered cables, laid solid in the streets of Bombay. 
Outside the Island, bare copper overhead transmission- 
lines and outdoor equipment are used as far as possible. 
At Kalyan there is a completely outdoor 8,000-kilovolt- 
ampere substation, for stepping down from 110,000 to 





22,000 volts in connection with the supply to the rail- | 


ways. 

The total cost of land and works constructed, includ- | 
ing technical administration and overhead charges, | 
was Rs. 5,96,20,000. The work was generally done | 
by petty contractors under departmental supervision. | 
The major portion of the plant was supplied by English | 
manufacturers in accordance with the Trades Facilities | 
Act, under arrangements which were made with the | 
British Treasury, 
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TENDERS. 


We have received from the Department of Overseas 


Trade, 35, Old Queen-street, London, S.W.1, particulars | 


of tenders invited by various bodies in the British 
Possessions and in foreign countries. 
of each tender is stated below. Details may be obtained, 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Steel Piping.—The supply of 13,330 m. of steel piping 
of assorted diameters, from 80 mm., together with cast- 
iron and steel specials, valves, hydrants, &c., for use at 
Fashn, Egypt; June 2 (Ref. No. A.X. 7759.) ~ The 
supply of 5,100 m. of steel piping, namely, 4,150 m. 
having a diameter of 176 mm., 900 m. a diameter of 
102 mm., and 50 m. a diameter of 79 mm., together 
with specials, valves and hydrants, for use at Aboukir, 
Egypt; June 3 (Ref. No. A.X. 7760). Each of the 
above tenders has been issued by the Egyptian Ministry 
of the Interior. 


Steel Bridges.—The supply of two steel bridges. La 
Direction Générale des Chemins de Fer et des Ports 
d’Etat, Angora, Turkey ; May 5. (Ref. No. A.X. 7781.) 

Suction Gas Plant.—The supply of suction gas plant, 
40-50 brake horse-power gas engine, pumps, &c. The 
South African Railways and Harbours Board, Johannes- 
burg; May 30. (Ref. No. A.X. 7790.) 


Miscellaneous Goods.—The supply of a wide variety 
of articles, including fuses for blasting, paints, tar, acids, 
leather, hides, lamps and electrical articles, tools and 
files, buckles, rings, nails, ironmongery, belting, abrasives 
and mild steel and galvanised plates. The Prisons 
Administration, Ministry of the Interior, Cairo, Egypt. 
May 25. (Ref. No. C. 3022. 

Omnibus Chassis.—A Norwegian tramway company 
is in the market for the purchase of four motor-omnibus 
chassis. (Ref. No. A.X. 7798.) 


BOOKS RECEIVED. 


Power Resources of the World (Potential and Developed). 
London: World Power Conference. [Price 2ls. net.] 

United States Bureau of Mines. Mineral Resources of 
the United States. 1:6. Iron Ore, Pig-Iron, and Steel 
in 1927. By H. W. Davis. |Price 10 cents.] 1: 7. 
Arsenic, Bismuth, Selenium and Tellurium in 1927. 
[Price 5 cents.] I: 28. Gold, Silver, Copper, Lead and 
Zine in Colorado in 1926. Mine Report. By C. W. 
HENDERSON. [Price 10 cents.] II: 17. Magnesium 
and Its Compounds in 1927. By J. M. Hix. [Price 
5 cents.) Washington: Government Printing Office. 

A Practical Treatise on Suspension Bridges. Their Design, 
Construction and Erection. By D. B. StErnMAN. Second 
edition, revised. New York: John Wiley and Sons, 
Inc. London: Chapman and Hall, Limited. [Price 
25s. net.) 

Photomicrographs of Iron and Steel. By Everett L. 
Reep. New York: John Wiley and Sons, Inc. London: 
Chapman and Hall, Limited. [Price 20s. net.] 

Steam Turbines. By JAMES AMBROSE Moyer. Sixth 
edition, revised and enlarged. New York: John 
Wiley and Sons, Inc. London: Chapman and Hall, 
Limited. [Price 22s. 6d. net.] 

United States Bureau of Mines. Bulletin No. 293. Coal 
Mine Fatalities in the United States, 1927. By W. W. 
Apams. [Price 20 cents.] Technical Paper No. +431. 
Studies in the Fractional Distillation of Crude Petro 
leum. By M. B. Cooke and H. P. Rug. [Price 15 
cents.] Washington: Government Printing Office. 

Steam, Air and Gas Power. By WrititamM H. SEveRNS 
and Howarp E. Deatrr. New York: John Wiley 
and Sons, Inc. London: Chapman and Hall. Limited. 
[Price 20s. net.] 

United States Bureau of Standards. Handbook No. 4. 
Discussion of the National Electrical Safety Code. 
Washington: Government Printing Office. [Price 
1 dol.) 

Transactions of the American Institute of Mining and 
Metallurgical Engineers. Vol. LXXVI. 1928. New 
York: Offices of the Institute. 

Department of Scientific and Industrial Research Fuel 
Research. Physical and Chemical Survey of the National 
Coal Resources. No. 14. Description of the Coalfields 
of North Staffordshire. London: His Majesty’s 
Stationery Office. [Price ls. net.] 

Medical Research Council. Industrial Fatigue Research 
Board. Report No. 54. An Investigation into the 
Sickness Experience of Printers. By A. Bradford Hill. 
London: His Majesty’s Stationery Office. [Price 
4s. 6d. net.] 

United States Geological Survey. Annual Report of the 
Director of the Geological Survey to the Secretary of the 
Interior, 1928. Water Supply Paper, No. 586. Surface 
Water Supply of the United States, 1924. Part VI. 
Missouri River Basin. [Price 50 cents.] No. 588. 1924, 
Part VIII. Western Gulf of Mexico Basins. [Price 
25 cents]. Washington : Government Printing Office. 

Engineering English. By JoHN HusBert Scott. New 
York: John Wiley and Sons, Inc. London: Chap- 
man and Hall, Limited. [Price 13s. 6d. net.] 

Textbook of Ordnance and Gunnery. By Lieut.-Col. Eart 
McFarRLanD. New York: John Wiley and Sons, 
Inc. London: Chapman and Hall, Limited. [Price 
328. 6d. net.] 

Practical Railway Painting and Lacquering. By H. 
HeNGsvELD, C. P. Disney and W. J. MISKELLA, 
Chicago : Finishing Ressarch Laboratories, Inc. New 
York : The Simmons-Boardman Publishing Co. [Price 
3 dols. 50 cents. } 

History of the Great War. Based on Official Documents. 
The Merchant Navy, Vol. HI. By Str ArcurBatp 
Hvurp. London: John Murray. [Price 21s, net.] 
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NOTES FROM CLEVELAND AND THE 
| NORTHERN COUNTIES. 
MipptessroucH, Wednesday. 

| The Cleveland Iron Trade.—The continued stringent 
| situation in the Cleveland pig-iron trade is causing much 
uneasiness, particularly as there seems no prospect of 
change for the better to an extent sufficient to rectify 
matters. The acute shortage will, however, be relieved 
to some extent by the re-starting of an idle blast-furnace 
at the Jarrow Ironworks of Messrs. Palmer early next 
month. Merchants have not command of much iron 
and they are precluded, by their terms of contract with 
makers, selling to North East coast consumers except 
insmalllots. They have thus to find buyers at a distance, 
and they report a few small sales to clients abroad. 
Makers have practically no iron to offer for supply before 
the third quarter of the year. They are themselves still 
absorbing the bulk of the output. No. 1 Cleveland is 
71s.; No. 3, g.m.b., 68s. 6d.: No. 4, foundry, 67s. 6d. ; 
and No. 4, forge, 67s. 


Fiematite.—Producers of East coast hematite have no 
saleable stocks, and their make is promptly taken up as 
it becomes available. In this branch also, output is to 
be increased to some extent by the re-kindling of a furnace 
at the Jarrow Ironworks. Merchants have bought 
fairly large lots of hematite, and they are under no 
restriction as to the disposal of their holdings, but they 
expect upward movement in values, and were not at all 
disposed to undersell manufacturers. Sales are reported 
at 74s, and upward according to quality of iron. 


Foreign Ore.—There is not much activity in imported 
ore, but merchants are in a strong position, and market 
rates are well maintained on the basis of best rubio at 
238. c.i.f. Tees. 
well bought. 


Manufactured Iron and Steel.—Manufactured-iron pro- 
ducers have a lot of work on hand, and buyers are a 
good deal in evidence. Demand for semi-finished steel 
continues quite good, and plant is kept running at high 
pressure. Continental semi-finished steel prices are 
barely competitive with quotations for products of this 
district. Several descriptions of finished steel are finding 
ready sale to home firms, but export demand improves 
very slowly. Structural steel is in better request, and 
departments manufacturing shipbuilding requisites and 
railway material are well employed and are booking 
new orders. Principal market quotations stand : common 


Consumers are understood to be fairly 


iron bars, 10/7. 15s.; best bars, 111. 5s.; double best 
bars, 112. 15s.; treble best bars, 12/. 5s.; iron rivets, 
1li. 10s.; packing (parallel), 8/.; packing (tapered), 


101. ; steel billets (soft), 61. 17s. 6d. ; steel billets (medium) 
71. 12s. 6d. ; steel billets (hard), 8/. 2s. 6d. ; steel rivets, 
1ll. 5s.; steel ship plates, 8/. 7s. 6d.; steel angles, 
71. 17s. 6d.; steel joists, 7]. 17s. 6d.; heavy sections of 
steel rails, 82. 10s.; black sheets (No. 24 gauge), 10/. ; 
and galvanised corrugated sheets, 13/. 10s. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Tron and Steel.—Though conditions on the whole are 

mixed, there is evidence of a somewhat more optimistic 
feeling, and in several directions signs of an improvement 
are not wanting. In the case of raw and semi-finished 
materials the demand is slowly expanding, and plant that 
has lain idle for a considerable period is being put into 
commission. This applies almost exclusively, however, 
to basic steel and semi-manufactures thereof. In 
contrast, conditions in acid steel manufacture tend to 
deteriorate still further, and there is some talk of taking 
a certain amount of plant out of commission. This is 
directly due to the continued unsatisfactory condition of 
the market for railway steel. Not only are orders on 
home railway account much below capacity, but com- 
petition from other districts tends to become more and 
more severe, especially as some of these are reported 
to be operating at lower production costs than obtain in 
Sheffield. A notable competitor in the case of springs is 
Birmingham, which has become increasingly formidable 
within recent years. Hard basic billets are now sharing 
in the upward movement of prices, an advance of 7s. 6d. 
per ton having been announced. Further rises are also 
notified in ferro-chrome and tungsten, Business in 
foundry iron is settling down now that consumers appear 
to be accustoming themselves to the new rates. The 
latest quotations are as follow :—Siemens acid billets, 
81. 15s. to 91. ; hard basic billets, 7. 12s. 6d. to 91. 28. 6d.: 
soft basic billets, 62. 7s. 6d. ; Lincolnshire foundry pig- 
iron, 72s. 6d.; Lincolnshire basic iron, 70s. ; Derbyshire 
foundry pig iron, 67s. 6d.; Derbyshire forge iron, 64s. ; 
crown iron bars, 101. 10s.; iron hoops, 12/. 10s. ; 
steel hoops, 9s. 10s. to 91. 15s. ; soft wire rods, 71. 12s. 6d. 
In the heavy engineering trades there is a persistent 
though unconfirmed rumour that two more substantial 
steel firms operating in the Sheffield district have joined 
those concerned in the big rationalisation scheme pre- 
viously announced. Sheffield is more than holding its 
own in high-class special steels despite efforts of foreign 
| rivals to extend their influence among British consumers, 
and good business is passing in agricultural steel and 
requisites for the electrical and chemical trades. Orders 
| for files have been placed by Australia, Spain, India and 
the Argentine. Despite the severe loss of the Russian 
| market, saws of British design appear to be gaining 
ground, the principal buyers being India, Australia 
and Japan. 

South Yorkshire Coal Trade.—The market generally is 
well maintained despite a falling off in the demand for 
several classes of fuel on export account. The call 
for industrial sorts is assuming bigger dimensions, and 

| further improvement is anticipated in the near future, 
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Hard coals are strong on home and foreign account. 
House coal in the main is steady, but not quite up to the 
level of a few weeks ago. Fair business continues to 
be done in various descriptions of coke with home users, 
but requirements for shipping show a decline. The 
price of foundry and furnace coke has weakened by 1s. 
per ton, while gas coke has dropped ls. 6d. Quotations | 
are as follow :—-Best branch hand-picked, 27s. to 28s. 6d. ; 
Derbyshire best brights, 23s. 6d. to 25s.; best house, 
21s. to 22s. ; screened house coal, 18s. to 19s. ; screened 
house nuts, 17s. to 19s.; Yorkshire hards, 15s. 6d. to 
16s. 6d. ; Derbyshire hards, 15s. 6d. to 16s. 6d.; rough 
slacks, 88. 6d. to 9s. 6d. ; nutty slacks, 6s. to 7s. ; smalls, 
és. Gd. to 4s. 


NOTES FROM THE SOUTH-WEST. 


CarpiFF, Wednesday. 

The Coal Trade.—For loading during the next fort- 
night, collieries generally are well placed with orders, 
and able to maintain recent prices, but for shipment 
after this, some undertakings are prepared to accept 
business at slightly lower figures. This is due to a 
slackening off in the inquiry, and a waiting policy which 
is being adopted by prospective buyers. Most of the 
collieries have already sold a portion of their outputs 
for delivery during the first half of the year, and in some 
cases, during the whole of the year, but the orders already 
in hand are not sufficient to dispose of the whole of 
anticipated production, which in many cases has been 
materially increased of late. For best Admiralty large 
coal 21s. 6d. to 22s. is obtainable, with Monmouthshire 
large from 20s. to 21s. 6d., and smalls from 13s. 9d. to 
15s. 3d. 

Best Shipments for Two Years.—Exports of coal as 
cargo abroad from South Wales in March reached the 
highest total since May, 1927, while the average selling 
price was also advanced by another }d. per ton f.o.b. 
Shipments in March amounted to 2,119,579 tons, or 
612,000 tons more than in February, while the average 
price at 17s. 9d., compared with 17s, 83d. The small 
increase in price was due to the fact that the value of 
anthracite shipments was lowered by 93d. to 22s. 84d. 
per ton, but bituminous coal realised 17s. 1}d., or 24d. 
more than in February. At Cardiff, exports were 
increased by 331,000 tons to 1,288,296 tons, at Newport 
by 169,000 tons to 414,655 tons, at Port Talbot by 
47,000 tons to 153,631 tons, and at Swansea by 65,000 
tons to 262,997 tons. Bituminous coal clearances in 
March totalled 1,873,759 tons, and anthracite exports 
245,820 tons. 

Egyptian Railway Contract.—It is confidently expected 
that the Egyptian State Railways’ order for 180,000 
metric tons of coal will again be placed in South Wales. 
Tenders were opened in Cairo on Tuesday, and it was 
found that Messrs. Tabb and Burleston, of Newcastle, 
had offered to supply 60,000 tons at 29s. 6d., or 1s. 
per ton above the price at which the contract was placed 
in January last. Messrs. T. Beynon and Company, and 
Messrs. the Maris Export and Trading Company have 
each quoted 29s. 9d. to supply the full quantity, and 
though English coal has been offered at 3s. 6d. less than 
Welsh, French at 10d. less, and German at 7d. less, it is 
believed that the order will again come to South Wales. 

Ship Company to Wind Up.—The Rhondda Shipping 
and Coal Exporting Company, Limited, one of the post- 
war Cardiff shipping companies, has decided to go 
into voluntary liquidation, and is expected to make a 
return of 4s. for each ll. share. The company has sold 
its only steamer, the Brookvale, which was purchased 
at a cost of 121,000/. in 1919, for 15,0007. The decision 
to wind up has been reached, as the directors were of the 
opinion that there was little or no prospect of the vessel 
being run at a satisfactory profit, and that the best 
interests of the shareholders would be served by selling 
the vessel, which they did in December. 














THe Late Mr. ArtHUR MartiIn.—We regret to have 
to record the death in an isolation hospital on April 10 
last, of Mr. Arthur Martin, joint managing director, 
with his brother, Mr. Lionel Martin, of Messrs. Martin 
Brothers (Machinery), Limited, Empress Works, Em- 
press-street, Cornbrook, Manchester. Mr. Arthur Martin 
landed at Liverpool from the S.S. Tuscania on April 2 
in his usual good health, but later developed symptoms 
of small-pox, which had been prevalent on the vessel. 





Oxtp AGRICULTURAL ENGINE. — An interesting old 
ploughing engine, which, after having been in use for 51 
years, has recently been repurchased by its makers in 
order to prevent it going into amuseum abroad. The en- 
gine, which is known as Howard’s “ Farmer’s” engine, was 
constructed by Messrs. J. & F. Howard, Limited, Britan- 
nia Ironworks, Bedford, and sold by them at the Royal 
Show in Liverpool in 1877, to Mr. R. Stephenson of 
Burwell, near Cambridge. The engine, with its ploughing 
tackle and self-moving anchors, was working continuously 
until 1928. It came back to Bedford from Burwell 
under its own steam, creating, as may be imagined, a good 
deal of interest on the road. As such things as differen- 
tial gears did not exist when the engine was built, a pin 
had to be taken out to enable the axle to turn freely in 
one of the driving wheels, whenever a bend in the road, 
or @ corner, was reached. ‘This naturally made progress 
rather slow, and it was not always easy to get the pin 
back into position without considerable manceuvring. 
‘The engine, nevertheless, completed the journey in four 
days without a mishap or involuntary stop, an eloquent 
testimony to the workmanship of the ‘seventies. It 
finally passed through the gateway into the yard of the 
Britannia Ironworks, where it will henceforth stand 





on a secure foundation, 


ENGINEERING. 


NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel Trade.—A slight improvement has 
to be noted in the Scottish steel trade this week, but 
doubt exists as to whether or not it will continue. The 
demand for sections is still fairly good,,and there is 
a little more activity in ship plates. Export trade is a 
little better, and makers are hopeful that this side of 
the industry will soon begin to show a long overdue 
expansion. The overseas inquiry has certainly improved, 
but it is translation into actual business that is required. 
In the black-sheet trade there has been little change, 
with the lighter gauges in slow demand. Galvanised 
varieties are also dull. Prices are unchanged and are 
as follow :—Boiler plates, 10/. 10s. per ton; ship plates, 
81. 7s. 6d. per ton; sections, 7]. 17s. 6d. per ton; black 
sheets, } in., 8/. 15s. per ton; galvanised corrugated 
sheets (No. 24 gauge), 13/. 15s. per ton, all delivered 
at Glasgow stations. 

Malleable-Iron Trade——In the West of Scotland 
malleable-iron trade a quiet tone prevails, and producers 
have not been booking much fresh business lately. 
In the re-rolled steel-bar departments conditions have 
not improved and the outlook is a little uncertain. 
The current quotations are as follow :—‘‘ Crown” 
bars, 10/. 5s. per ton for home delivery, and 9. 15s. 
per ton for export; re-rolled steel bars, 8/. per ton 
for home delivery, and 7/. 15s. per ton for export. 


Scottish Pig-Iron Trade.—There has been no material 
change in the state of the pig-iron trade in Scotland, 
but a fairly good undertone exists. Hematite is in 
moderately good demand at the moment, but foundry 
grades are dull. Prices are firm and are as follow :— 
Hematite, 77s. per ton, delivered at the steel works ; 
foundry iron, No. 1, 75s. per ton; and No, 3, 72s. 6d. 
per ton, both on trucks at maker’s yards, 


Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending Saturday last, April 13, amounted to 468 tons. 
Of the total 397 tons went overseas and 71 tons coast- 
wise. For the corresponding week of last year the 
figures were 381 tons overseas and 32 tons coastwise, 
making a total shipment of 413 tons. 

Clyde Shipbuilding Contract.—Animportant Shipbuilding 
order has just been secured by Messrs. Scotts’ Shipbuilding 
and Engineering Company, Limited, Greenock, for four 
high-class cargo steamers for London owners. Each 
vessel will be of about 8,000 tons deadweight, and will 
have reciprocating engines supplied by the builders. 





HieHway Buvurwpine iy Bottvia.—British firms 
interested in matters connected with the building of 
roads in Bolivia should communicate with the Depart- 
ment of Overseas Trade, 35, Old Queen-street, London, 
S.W.1, in order to secure a memorandum on the subject, 
prepared by the Department from information supplied 
by H.M. Vice-Consul at La Paz. Reference No. A.X. 
7784 should be quoted. 








HEALTH, CIVILISATION AND ENGINEERING.—A lecture 
on ‘“‘ What Health and Civilisation Owe to Engineering ” 
will be delivered by Mr. C. E. Stromeyer, O.B.E., 
M.Inst.C.E., at the Institution of Mechanical Engineers, 
Storey’s-gate, London, 8.W.1, on April 23, next at 8 p.m. 
Admission to the lecture is free and no tickets are 
required. The function has been organised by the 
Chadwick Trustees, and further information concerning 
the Chadwick public lectures may be obtained from the 
secretary of the Trust, at 204, Abbey House, London, 

Wels 





Tar [Ron AND Steet IvstiroTe.—The sixtieth annual 
meeting of the Iron and Steel Institute will be held on 
May 2 and 3 next, in the hall of the Institution of Civil 
Engineers, Great George-street, London, S8.W.1, the 
proceedings commencing each day at 10 a.m. On 
May 2 the newly-elected president, Professor H. Louis 
will be inducted into the Chair, will present the Bessemer 
gold medal to Sir Charles Parsons, and will deliver his 
presidential address. The following papers will then 
be read and discussed: ‘ First Report on Blast-Furnace 
Piant and Practice,” by a Committee of the Institute ; 
“Twenty Months’ Results of Dry-Blast Operation,” 
by Mr. E. H. Lewis; and, ‘“‘ The A.I.B. Sinter Plant at 
Messrs. Guest, Keen and Nettlefolds, Limited, Cardilt 
Works,” by Mr. W. E. Simons. At 2.30 p.m., ‘‘ The 
Erosion of Guns,” by Dr. R. H. Greaves, and Messrs. 
H. H. Abram and S. H. Rees: ‘The Influence of 
Pickling Operations on the Properties of Steel,” by Mr 
H. Sutton; and, “The Mechanical and Metallurgical 
Properties of Spring Steels as Revealed by Laboratory 
Tests,’ by Dr. G. A. Hankins and Miss G. W. Ford 
May 3, 10 a.m.: ‘“*A New Method for the Production of 
Sound Steel,” by Sir Charles Parsons and Mr. H. M. 
Duncan ; “ Third Report on the Heterogeneity of Steel 
Ingots,” by a Committee of the Institute ; “* The Micro- 
structure of Rapidly-Cooled Steel,” by Dr. J. M. Robert- 
son; ‘‘ The Transformation of Austenite into Martensite 
in a 0-8 per cent. Carbon Steel,” by Mr. D. Lewis; and 
“‘ Constitutional Diagrams for Cast Irons and Quenched 
Steels,” by Dr. A. L. Norbury. At 2.30 p.m.: “ Brittle- 
ness in Mild Steel,” by Mr. G. R. Bolsover; ‘‘ The 
Oxidation of Iron and Steel at High Temperatures,” 
7 Dr. L. B. Pfeil; ‘The Differential Method for 

easuring the Thickness of Hard Cases without 
Sectioning Them,” by Messra. E. G. Herbert and 
P. Whitaker: and, “A Method for the Estimation 
of Hydrogen in Steel,’’ by Messrs. T. E. Rooney and 
G. Barr. ‘The annual dinner of the Institute will take 
place in the Grand Hall of the Connaught Rooms, 
Great Queen-street, London, W.C.2, at 7 p.m., on 
Thursday, May 2, . 
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NOTICES OF MEETINGS. 
PuaysicaL Socrety.—To-night, 5 p.m., Imperial 
College of Science, South Kensington, $.W.7. Guthrie 
Lecture : ‘‘ Properties of the Elements under High 


Pressures,” by Professor P. W. Bridgman. 


INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 
6 p.m., Storey’s-gate, S.W.1. ‘The Standardisation 
of ) and Keyways,” by Mr. W. Reavell. Graduates 
Informal Dis- 





Section : Monday, April 22, 6.30 p.m., 
cussion on “‘ The Engineer as a Salesman.’ 

INstiTuTION or Etegotrican ENGINEERS.—London 
Students Section : To-night, 6.10 p.m., Victoria-embank- 
ment, W.C.2. Address by Dr. A. H. Railing. Thursday, 
April 25, 6 p.m. Ordinary Meeting. Kelvin Lecture : 
“ Lightning,” by Dr. G. C. Simpson. 

Junior InstTITUTION oF ENGINEERS.—To-night, 7.30 
p.m., 39, Victoria-street, S.W.1. ‘Early Aviation.” 
by Lieut.-Col. J. T. C. Moore-Brabazon. 

INSTITUTION OF MUNICIPAL AND CounTY ENGINEERS.— 
Southern District : Saturday, April 20, 11 a.m., Council 
House, Bristol. ‘‘ Description of the New Power 
Station, Portishead,” by Mr. H. F. Proctor. 

North oF ENetanp INSTITUTE OF MINING AND 
MECHANICAL ENGINEERS.—Saturday, April 20, 2.30 p.m., 
Newcastle-on-Tyne. ‘* Roof Control on Longwall Faces,” 
by Mr. J. F. C. Friend. ‘‘ Diamond Boring Applied to 
Tapping Drowned Areas Underground,” by Mr. F. E. 
Smyth. “Land Drainage,” by Mr. H. C. Pawson. 
“The Laws of Motion of Particles in a Fluid,” by 
Mr. R. G. Lunnon. “ Boring against Workings likely 
to Contain an Accumulation of Water or other Liquid 
Matter, and a Method of Negotiating a Fault,’”’ by Mr. 
C. H. Leeds. ‘The X-Ray Analysis of Coal: the 
Radiographic Variables and their Control,” by Mr. C. N. 
Kemp. 

MINING INSTITUTE OF ScoTLAND.—Saturday, April 20, 

p.m., Royal Technical College, Glasgow. Annual 
General Meeting. Presidential Address by Mr. M. 
Brand. . 

INSTITUTION oF AUTOMOBILE ENGINEERS.—North of 
England Centre : Monday, April 22, 7 p.m., The Univer- 
sity, Sheffield. Lecture: ‘ Recent Developments in 
the Study of the Fatigue of Materials,” by Dr. H. J. 
Gough. Wolverhampton Centre : Tuesday, April 23, 
7.30 p.m. The Engineering and Scientific Club, Queen- 
street, Wolverhampton. ‘‘ Central Lubrication of Chassis 
Bearings,”’ by Mr. H. W. Pitt. 

INSTITUTON oF CivIL ENGINEERS.—Tuesday, April 23, 
6 p.m., Great George-street, S.W.1. “The Arapuni 
(New Zealand) MHydro-Electric Development,” by 
Mr. F. W. A. Handman. ‘“ The Tata Power Company’s 
Hydro-Electric Project,’’ by the late Mr. N. J. M. Cur- 
setjee. Wednesday, April 24, 6.30 p.m., Students’ 
Meeting. Annual General Meeting. 

NEWCOMEN Socrety.—Wednesday, April 24, 5.30 p.m., 
Caxton Hall, Westminster, S.W.1. “The Rainhill 
Locomotive Trials of 1829,’’ by Mr. C. F. Dendy-Mar- 
shall. 

INSTITUTION OF PRODUCTION ENGINEERS.—Wednes- 
day, April 24, 7.30 p.m., Society of Motor Manufacturers 
and Traders, Limited, 83, Pall Mall, S.W.1. ‘“* Factory 
Rationalisation or the Production Director and Business 
Rejuvenation,” by Mr. H. E. Taylor. 

Royat Socrery or Arrts.—Wednesday, April 24, 
8 p.m., John-street, Adelphi, W.C.2. ‘‘ Recent Develop- 
ments in Educational Broadcasting,’ by Mr. L. Fletcher. 

INSTITUTION oF LocoMoTIVE ENGINEERS (LONDON).— 
Thursday, April 25, 6 p.m., Denison House, 296, Vauxhall 
Bridge-road, S.W.1. Annual General Meeting. ‘ Route 
and Speed Signalling,” by Mr. G. H. Crook. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Thursday, 
April 25, 6.30 p.m., 10, Upper Belgrave-street, S.W.1. 
‘*Masonry and Concrete Arches,” by, Mr. A. A. Ford- 
ham, 

Roya AERONAUTICAL Sootety.—Thursday, April 25, 
6.30 p.m., Royal Society of Arts, John Street, Adelphi, 
W.C.2. Lecture: “ By Flying Boat to India,” by 
Sqd.-Leader C. L. Scott. 

Royat Sanitary Instrrute.—Friday, April 26, 3 p.m., 
City Hall, Cardiff. ‘‘ The New Local Government Act,” 
by Mr. R. M. F. Picken, and Mr. E. C. Williams. ‘‘ Some 
Notes on Town Planning,” by Mr. A. N. J. Sair. ‘“‘ The 
Proposed Reconstruction, Widening and Lowering of 
Cardiff Bridge,’”’ by Mr. T. H. Morris. 








Tre InstitoTn or Marine Enaingcers.—The report 
for 1928 of the Institute of Marine Engineers, which 
was presented at the fortieth annual meeting of the 
Institute, held at the Minories, Tower Hill, London, 
on March 22 last, showed that there were 3,173 members 
on the roll on December 31, 1928, as compared with 
3,161 at the end of the previous year. Nine papers 
were read and discussed during 1928. The Denny 
Gold Medal was awarded to Mr. G. R. Hutchinson for 
his contribution, “ Recent Developments in Propellin, 
Equipment of Reciprocating-Engined Steamers,” a 
the Institute Silver Medal to Mr. A. Greenfield for his 
paper, ‘‘ Practical Refrigeration for Ships.’”” The various 
research and standardisation committees, on which the 
Institute is represented, have continued their activities 
during the year under review. Mr. A. Watt, member 
of the Institute, and Lloyd’s Register surveyor at Kobe, 
has been appointed delegate to attend the meetings 
of the Engineering Conference at Tokio in October, 
1929. Two papers have been arranged for, one by 
Mr. W. 8S. Burn, on ‘‘ Modern Tendencies in Oil-engine 
Design,” and the other by Mr. G. R. Hutchinson on 





“ Modern Developments of Marine Steam Propulsion,” 
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SECTOR SLUICE GATE FOR THE PERAK RIVER HYDRO-ELECTRIC POWER SCHEME. 
CONSTRUCTED BY MESSRS. RANSOMES AND RAPIER, LIMITED, ENGINEERS, IPSWICH. 
(For Description, see Page 486.) 
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Fie. 14. Rear View or GATE SHOWING MAIN FRAME AND BRACING. 
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Fie. 15. View or GATE FROM ABOVE SHOWING SKIN PLATING. 
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THE UNPRACTICAL MAN. 


At the convivial gatherings, which are inter- 
spersed through the long winter among the more 
serious proceedings of the learned and _ technical 
societies favoured by the engineering profession, 
it is the accepted custom that a little harmless 
adulation should be indulged in. Thus, the civil 
engineers are told that without them would be 
impossible either the fulfilment of our needs in 
peace, or the success of our forces in war. The 
mechanical men are flattered by the fact that upon 
their shoulders falls the responsibility of making 
it feasible for all other branches of the profession 
to carry out their ideas. The naval architect, with- 
out whose assistance life in this island would be 
possible only for a few of us, is reminded that his 
calling is at least as old as Noah—perhaps discoveries 
at Ur will carry him back before long to antide- 
luvian times. Each and all, according to the 
success which has attended the choice of the prin- 
cipal guest of the evening, go home that night with 
a mild sense of elation that they undoubtedly are 
the people, and so to bed. 

By a strange throw of fate two particular societies 
were last week to be found in somewhat curious 
juxtaposition in this way. One of these bodies was 
the Institution of Mining and Metallurgy, whose 
always enjoyable annual celebration, was held on 
Wednesday, the 10th inst. The Institution claims 
that of its members more than 60 per cent. are 
engaged abroad, but the hospitality of the body 
is such that the proportion of those present at the 
‘dinner, attending as guests, must have easily 
| equalled that figure. The gathering was quite im- 
| pressive. This, of course, is as it should be, for 
| whatever may be claimed by other institutions, 
mining precedes all engineering work, and next 
comes metallurgy—after which we others, civils, 
mechanicals, etc., put to use what our brethren 
have thus provided for us. If ever praise were due, 
therefore, we take it it would be justified on such 
an evening, and we are glad to say it was not lacking, 
though very weighty words from Sir Halford 
Mackinder tended to check undue exhilaration. 
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The future, as Sir Halford sees it, is fraught with 
dangerous possibilities, from the monopolistic posses- 
sion by various nations of certain mineral resources, 
upon the development of which, in one direction 
or another, will turn the chances of world peace or 
war. 

The second body to which we have referred was 
the Institution of Engineers-in-Charge, whose unique 
function was held on Friday last, and whose gather- 
ing was also graced by a number of distinguished 
guests. Again, it was natural that the hosts should 
be the subject of a little compliment, for without 
men of their type the wheels of the world would, 
of course, cease to revolve. The question was asked 
by Mr. J. Wardlaw Milne: Engineers in charge— 
of what ? To which he said he could only find one 
reply: of everything. With this we may well 
agree, for, though we are not too certain of the regu- 
lations for admission to the ranks of this particular 
body, the term is not their particular monopoly. 
The official responsible for the reconstruction of the 
Welland Ship Canal, now being described in our 
columns, is designated ‘‘ Engineer in Charge,” and 
thus from such great works downwards, this title 
finds appropriate application. As Sir Brodie 
Henderson stated on Friday, the term is one desig- 
nating practical men, or as Dr. Ormandy put it a 
little later in the evening, the class whose duty it 
was to make the things contrived by a Sir Brodie 
Henderson or a Sir Henry Fowler, perform their 
functions satisfactorily. 

Our readers will possibly wonder why it should 
be considered curious that these functions followed 
one another closely. The reason is to be found in 
this: At the second evening, as we have suggested, 
the general theme was the value to the world of the 
practical man; while at the earlier function, 
Professor S. J. Truscott, the president, had laid 
stress upon the urgent need of superseding the 
practical man by scientific supervision. The curious 
coincidence of the exposition of these two opposing 
points of view must have struck not a few who 
were privileged to be present at both functions, 
while it impressed itself upon us the more because 
Professor Truscott had, not long before, explained 
his views to us upon this very point. As we follow 
Professor Truscott, he considers that what he calls 
the “ practical man” has been the bane of mining 
for many years, and no less the curse of our indus- 
tries at home. According to our informant, the 
foreman type is in complete control of our engineer- 
ing works. When there is the possibility of a job, 
the information is taken down to a practical man 
in the shops, who scratches his head a bit, buries a 
bit of wood in the sand, and then just sees what 
turns out. Usually, we understand, the part of 
whatever it may be is vastly too heavy, and 
Germany gets the order. This is a very different 
picture from that drawn by Sir Brodie Henderson, 
who, on Friday last, spoke of the practical man as 
the one who could so best combine theory and practice 
as to accomplish some specific purpose with the 
least waste, and this we think more nearly repre- 
sents the normal view. In fact, the more one looks 
into Professor Truscott’s contentions, the more one 
is driven to the conclusion that he is, wittingly or 
not, misapplying the term. The alternative to the 
practical man is by no means, as Professor Truscott 
would seem to argue, the scientific man; it is the 
unpractical man, and from this Heaven help us, 
whether science be thrown in as a make-weight, or 
not. 

Engineers in charge of our industries will possibly 
find some difficulty in recognising themselves in 
Professor Truscott’s picture, and equally we 
believe would the artist fail to find his model if he 
actually visited works in search of it, for he would 
be looking for little more than an overgrown type of 
skilled artisan. No one will deny that such a class 
at one time existed and indeed did much to place 
our work in the front rank; all honour to them. 
In their day education was hard to come by, but 
it has now for a long while been properly stressed, 
though the fact remains that the leading institu- 
tions still lay great store by practical training, for 
fear lest the unpractical theorist should gain the 
ascendancy. 

Responding to the toast of “The Mineral and 
Metal Industries ” on the evening on which Professor 
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———— : : : : a cece 
Truscott occupied the chair, Sir Godfrey Fell mw 7 G. Christie, before the American Society of|is not high. This is due to the fact that the 


Stalky and Company. Now, the verses in the opening | 
pages of Stalky are pre-eminently concerned with | 
the men who quietly run things, “diligent in all | 


they do, keen in their vocation.” It is undoubtedly | course which, in this country, is unfortunately 


Mechanical Engineers, other methods by which the 
problem can be tackled are dealt with. 


Assuming that it is possible to start de novo, a 


| value of the fuel saved when “base” load units 
'are used is less, when coal is cheap, than when it 


|is expensive. 


Professor Christie has therefore made out a 


the praises of the practical man on the job that | hardly ever possible, Professor Christie argues that | strong case for the steam accumulator, which it is 
Kipling sings in these lines, yet, a few moments | plant intended for peak load service should be as | hardly to be expected will pass without challenge. 
later the assemblage was being told that the practical | cheap as possible, even if some economy in| There are engineers, who hold that peaks on generat- 


man should give place to “ scientific supervision.” 
The fact is that, rightly or wrongly, Professor | 
Truscott has acquired a somewhat different view | 
from the rest of us of what the term implies, and, | 
in medical parlance, possibly a little corrective 
would not be amiss. 

Supposing we did train all our young men in the 
ways of super-scientific supervision, and steeped 
our draughtsmen in theory, what should we do with 
them when it came to the practical question of 
bread and butter. Everybody cannot find occupation 
in designing, else who would do the making—or, if 
made, who would do the running, and after running 
who would do the repair work. Thus, while granting 
that first class design is essential, we still hold that 
it takes all kinds to make a world, and in our world 
the various types of engineer are mostly comple- 
mentary to each other. Mining and metallurgy 
would not get far without the rest, and the fact 
remains that in these branches, too, as in others, 
the practical man, as we understand him, is not 
badly represented. Sixty per cent. of its member- 
ship abroad is not a bad record for the Institution, 
and we may be sure that in this category are included 
many an one who is bearing in a very practical 
manner the heat and burden of the day, facing im- 
perturbably the many difficulties which beset the 
path of mining enterprise, and coming triumphant 
out of situations which would simply overwhelm the 
“scientific supervisor.” Though not of the breed 
who win knighthoods for spectacular feats, we 
certainly take off our hat to our practical man. 








PEAK LOAD PROBLEMS. 

THE sharp peak, which in the early days of elec- 
tricity supply used to appear in the diurnal load 
curve between the hours of 4 p.m. and 7 p.m., has | 
largely disappeared, as the result of the increasing 
use of this form of energy for power purposes, 
and its more recent application for heating and 
cooking. Indeed, not only does the maximum load 
now stand out so little above the daily average 
that it can hardly be called a peak, but it often 
comes on at other times of the working day, and 
in some districts even on Sunday morning. In 
fact, the main problem at present is how to fill 
in the valley between, say, 10 p.m. and 6 a.m., 
and, as is well known, attempts are being made to 
do this by encouraging such loads as water heating 
and battery charging. There remains, however, 
the difficulty of dealing with what may be called 
the annual, as distinguished from the daily, peak 
load, a difficulty which may be explained as 
follows: If the load and time are taken as abscissx 
and ordinates, respectively, and the maximum 
daily demands are plotted over a year, no very 
conspicuous peaks or depressions will be noticed, 
but if the duration of each load in hours during 
the year is similarly plotted, it will be found that 
in the case of a station with a load factor of, say, 
30 per cent. loads in excess of 50 per cent. of the 
maximum will only occur for about 1,050 hours 
in the year, while loads in excess of 75 per cent. of 
that maximum do not last for more than 200 hours 
in the aggregate and thus represent an output of 
only about 0-5 per cent. of the total. The plant 
that has to be installed to supply this small 
residuum is, therefore, largely idle. This is in- 
evitable, but the question arises: What form should 
that plant take to obtain the most economic overall 
results ? 

In this country it would seem the solution has 
already been determined by other, and rather 
broader, considerations than those merely arising 


from the operation of the station itself. When the | 


interconnection, under the national scheme of re- | 
organisation, has been effected between the various 
stations envisaged, the more efficient plants are to 
work for 24 hours a day, the 'next in efficiency 
for 16 hours a day, and$the ‘least efficient for 
8 hours a day, Ina paper read recently by Professor 





hour is mainly made up of capital charges. As 


regards the type of plant to be used, there are | 


several alternatives, high-level water storage, Diesel 
engines, storage batteries and steam accumulators 
all being possibilities. The use of the first and 
third of these is, however, strictly limited, and 
Professor Christie dismisses the Diesel engine rather 
summarily on account of its high first cost. The 
greater part of his paper is, in fact, occupied with 
a discussion as to whether it is better to use old 
stations to carry the peak loads, with or without 
any modification of their plant, to instal steam 
accumulators, or to employ a ‘‘ base”’’ load unit of 
the same capacity as the accumulators, but supplied 
with steam direct. The latter plant is assumed to 
operate with a load factor as high as 80 per cent. 
His ‘‘ base” load plant is in effect peak load plant, 
but instead of installing low cost peak load 
plant, he proposes efficient ‘‘ base”? load plant and 
that part of the existing plant should, in effect, act 
as peak load plant. His comparisons are worked 
out in considerable detail on the basis of a 20,000- 
kw., 30,000-kw., and 40,000-kw. accumulator or 
‘base’ load plant in a station with a total capacity 
of 200,000 kw. Load factors of 65 per cent., 45 per 
cent. and 25 per cent., are assumed in these 
analyses and it is shown that with coal at 5 dols. 
per ton, there is a saving in favour of the accumu- 
lator of the order of 153,000 dols., 169,000 dols. 
and 140,000 dols. respectively in the three cases. 
With coal at 4 dols. per ton, the savings are slightly 
less in the first case and slightly greater in the 
other two. 

In general, it appears that the difference between 
the fixed charges on the accumulator, peak load, 


| plant, and on a corresponding capacity of other 


plant, has the greatest effect on the savings obtain- 
able, while the next most important influence is any 
saving in the coal costs that may be effected by 
installing *‘ base’’ load plant, and thus altering the 
way, in which the total load is being supplied. The 
solution adopted may in fact, bring about a large 
saving in the coal costs, and thus offset the lower 
fixed charges on the accumulators and peak load 
plants. Whether this will be so, largely depends 
on the actual conditions, for calculations show that 
there may be a considerable variation in the pro- 
portions of standard and older equipment for a 
given size of accumulator or ‘‘ base” load plant 
without appreciably affecting the savings given 
above. 

The conditions assumed differ so widely from 
those usual in British practice that the results 
cannot be applied directly. But it will be interesting 
to state Professor Christie’s general conclusions. 
These are, that though peak load units are less 
economical than accumulators, except in large 
sizes, the latter lose their advantage, if the base of 
the peak they have to carry lasts more than four 
hours. It is just under such conditions, on the other 
hand, e.g., when a peak load is sustained for a long 
time on a dark day, that the peak load plant is at 
its best. This disadvantage of the accumulator 
may be overcome to some extent by making the 
turbine, which it supplies, a mixed-pressure unit. 
Again, the presence of accumulators improves the 
load on the boilers during the night, and they have 
the advantage of being cheap to maintain and repair. 
In other words, the accumulator saves in fixed 
charges, and the turbine plant in fuel costs. 

An interesting point is that, contrary to general 
expectation, accumulators affect the largest savings 
when they are employed in conjunction with modern 
plant, provided the peak loads are sharp. Again, if 
the annual load factor is low, considerable economy 
can be obtained by using accumulators to carry the 
peaks. Moreover, the lower the price of coal, the 
larger the saving obtainable by using accumu- 
lators in combination with plant, whose economy 


| operation is thereby sacrificed. The obvious reason | ing plants can be met by the appropriate use of pul- 
is that the cost of generating a peak load kilowatt- | 


verised fuel, and even of stoker-fired, boilers, basing 
their arguments on the undoubted fact that the 
time, and even the duration, of the peaks can, except 
in unusual circumstances, be forecasted and prepared 
‘for. Again, to instal accumulators of the capacity 
suggested means the occupation of a great deal of 
space, as those who have inspected the new Char- 
lottenburg station will agree, though this can, to 
some extent, be overcome by placing them on the 
roofs of buildings devoted to other uses. Moreover, 
the pressure drop, which must occur in such plant, 
necessitates the installation of special turbines for 
the utilisation of their steam, and thus does away 
with a certain desirable flexibility. 

In this connection, it must be remembered that 
a power station is always in a state of flux, and 
anything that mitigates against standardisation, 
or introduces complication, should be avoided where 
possible. Operating conditions, too, necessitate 
the presence of a certain amount of spare plant, and 
it may well be argued that this should be organised, 
so that it can be utilised to deal with the worst 
peaks. While, therefore, Professor Christie’s paper 
is an interesting presentation of one side of the case, 
it is not by any means the whole story. 


THE RESEARCH DEPARTMENT. 


Tue Department of Scientific and Industrial Re- 
search is technically a Committee of the Privy 
Council. Like other Government institutions, it 
is thus subject to the supreme control of a body 
which represents Parliament. In effect, however, 
its acts are guided by a Council chosen periodically 
from representatives of science and industry outside 
the Civil Service, with a Fellow of the Royal Society 
as its present secretary. The Department is thus 
a Government body, whose members are not per- 
manently in Government service. It has taken 
as its essential business to do in scientific and 
industrial research whatever the industries or other 
bodies cannot do, or reasonably be expected to do, 
equally well. It has been not less concerned to 
stimulate, however, the industries and other appro- 
priate bodies to undertake the research that they 
could do with advantage, and to give them and in- 
dividual workers such financial assistance as seemed 
warranted by the circumstances of each case and 
the means at its disposal. 

The thirteenth Annual Report of the Department 
was recently laid before Parliament [Cmd. 3258. 
H.M. Stationery Office, 4s. net.], and constitutes a 
voluminous document, to the contents of which it is 
impossible to make detailed reference, though it may 
be of interest to refer to certain characteristics of the 
results it records. The scale on which the Depart- 
ment is now working enables a fairly clear view to be 
obtained of the manner in which its activities are 
distributed. The problems it undertakes on its own 
account are either those that require to be investi- 
gated on a scale beyond the power of other bodies, 
or such as are of so much interest to several indus- 
tries that no one of them can be expected reasonably 
to investigate them for the common benefit. The de- 
velopment of this side of its work seems to show that 
it tends to attach itself pre-eminently to basic indus- 
tries ; that is to say, those on which other great in- 
dustries depend, or which are of direct importance to 
the community at large. The Report reveals, for 
example, considerable activity and growth in the 
Department’s Research Stations dealing respec- 
tively with food, fuel, building, forest products, 
and radio transmission, all of which relate to basic 
industries in the sense suggested. Equally striking 
is the extent to which the industries or practices 
concerned are co-operating increasingly with the 
stations, and finding assistance from their results. 
On the average, for example, not a day passes 
without the Building Research Station receiving 
an enquiry of importance. These enquiries come 
| from engineers, architects and surveyors, building 
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firms, private individuals and public bodies, a 
fair proportion of them entailing special investiga- 
tions, mostly at the cost of the enquirer. 

While the station is thus linked with current indus- 
trial practice, it has in progress investigations that 
have long been needed into subjects such as the 
nature of the changes which occur during the life- 
history of cement and concrete, from which it may 
be hoped to place design in these materials on a 
trustworthy footing which has been absent hitherto. 
The least known part, again, of the work of the 
Fuel Research Board is probably its chemical 
and physical survey of the country’s coal resources. 
The results already obtained throw, however, an 
important practical light on the composition of the 
seams examined. In one instance, for example, 
they have shown how the rejection of a small band 
of a seam may convert a coal unusually high 
in sulphur, though valuable in all other respects, 
into one of which the sulphur is within a satis- 
factory limit. Generally, too, the results of the 
survey, including the large-scale trials made at the 
station, afford a means of classifying the product 
of a mine, giving results that already are valuable, 
and in the export trade may become indispensable. 
Another branch of work in which results of high 
practical value are expected from investigations 
made by advanced scientific methods is that of the 
trials now being made on the application of geo- 
physical methods to the exploration of under- 
ground deposits, which already have been made 
to yield a considerable amount of accurate informa- 
tion hitherto unobtainable. 

Widened knowledge, again, is being obtained at 
the Cavendish Laboratory through researches into 
phenomena observed in strong magnetic fields, 
which have followed on the production, by Dr. 
Kapitza and his colleagues, of apparatus by which 
magnetic fields ten times as intense as were avail- 
able previously can be generated under accu- 
rately controlled conditions. Great improvements 
have been made in recent years through the intro- 
duction of improved magnetic materials, and it 
is hoped reasonably that the continuation of the 
researches at the Cavendish Laboratory, which 
have already revealed unexpected results in regard 
to the effect of intense magnetic fields on the elec- 
trical resistance of a large number of elements, may 
lead to advances in the knowledge of magnetism, 
from which further progress may be obtained more 
readily. Similar expectations both on the scientific 
and the practical sides are entertained from the 
completion of the 1,000,000 volt plant at the 
National Physical Laboratory. Experience has 
shown that scientific investigations in extreme 
conditions may lead as a by-product to practical 
results of wide variety and considerable value. A 
good example, is the history of the production of 
low temperatures, in which through Dewar’s work 
at the Royal Institution this country played so 
eminent a part, though the superior equipment of 
Holland enabled the workers of that country to 
get to the present last stage ahead of it. Originally 
the production of liquid gases was undertaken with 
purely scientific objects, but it has led to practical 
results of wide variety and high importance. The 
widely used Dewar flasks with their various applica- 
tions are perhaps its least important result. 

In the direct attack on practical problems, more- 
over, the year’s work has also shown two remarkable 
instances of results obtained without requiring fresh 
theoretical knowledge, merely by combining accur- 
ate scientific methods with practical experience 
and skill. One of these, relating to large-scale work, 
is the conclusion of the investigation, begun in 
1923, into stresses in railway bridges, an account 
of which was given recently in these columns. The 
other, though on a much smaller scale, is by no 
means less suggestive. It was obtained by the Wool 
Research Association in the endeavour to improve 
the output and quality of yarn. At the outset the 
question was how to obtain on a ring-spinning 
frame yarn of the quality produced on the mule. 
Both these machines in their existing forms were 
the result of a succession of improvements, devised 
and applied with ingenuity, but without scientific 
method. Accordingly the Association decided that, 
in the first instance, a person of scientific training 
but without knowledge of spinning should analyse 
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the machine and the mechanical function of each 
part of it. In concert with an experienced spinner 
a series of modifications was made in the light 
of the results of the analysis as they were obtained, 
and when at last a deadlock seemed to be reached 
in the process of improvement, the machine foreman 
examined the situation and found a way out. The 
result attained much exceeded the best that had 
been hoped, and machines are now being introduced 
into the industry. The difference between this pro- 
cedure and that by which the industry had attained 
it# previous results was simple. Before attempt- 
ing a solution of the problem the extent and effect of 
previous changes were measured, and similar 
measurements were made in regard to each further 
elementary improvement, whereas formerly the pro- 
posed improvement as a whole was applied to the 
machine as a whole without measured knowledge of 
how each part and change worked. The report points 
out aptly that a similar distinction can be 
seen between such modern inventions, as the 
dynamo, the turbine, the internal combustion 
engine and the aeroplane, in which engineers are 
able to base their designs on the latest scientific 
knowledge and test them by similar methods, and 
those of older industries, in which unbounded 
ingenuity had been let loose on a machine without 
any exact quantitative knowledge of how each 
part of it worked or any means of testing it exactly. 

The year has also been notable for a decision 
reached in regard to the assistance to be given in the 
future to the industrial research associations now 
conducted with the help of Government grants. 
These associations began to be formed in 1918, mostly 
on the basis that the Department would for five years 
contribute an amount equal to that raised by the 
industry. Since then economic circumstances have 
been adverse to the progress of these institutions, 
and the grants were renewed on somewhat modified 
terms. The renewed grants, however, are now 
running out, and the basis on which, if at all, the 
associations shall receive further assistance came up 
for consideration in the year under review. From 
the outset it had been expressed that the Govern- 
ment assistance was to be regarded as temporary, 
and that at its termination the associations must 
look to their own members for their funds. While 
the Department adheres in principle to this view, it 
has decided that for a further period it will make 
grants equal in amount to the excess of the income 
provided from approved sources by the associations 
themselves beyond a minimum appropriate to the 
size and nature of the industry, and the extent to 
which it is of public interest. Except in the case of 
the British scientific instrument industry’s associa- 
tion, which admittedly stands in a special position, 
the total grant will not exceed a third of the associa- 
tion’s entire income. The minimum will in no case 
be less than the Department considers enough to 
maintain it as a useful nucleus of research, which the 
State’s contribution would turn into an adult and 
productive organisation. The technical success of 
the associations as a whole has been remarkable. 
There seems to be little doubt that the savings which 
the results already obtained will enable industry 
to make, are already far in excess of the amount 
spent annually by the Department for all purposes. 
So far from their existence seeming to discourage the 
work of research laboratories in private firms, so 
extensively and profitably used in the United States, 
the most active supporters of the research associa- 
tions include firms with the largest research labora- 
tories of theirown. The decision of the Government 
in regard to the future of these associations seems to 
be recognised generally as not only consistent in prin- 
ciple with the basis on which they were formed, but 
as being just and indeed generous to the industries 
themselves. It is to be hoped earnestly that the 
industries which have such associations will succeed 
in raising funds large enough to enable their work to 
be conducted on an adequate scale, and that those 
which have not will consider whether they are not 
weakening their competitive position in foreign 
markets. The information accumulated by now in 
the Department of the working of the 19 associa- 
tions receiving grants, should be a considerable 
help to firms in other industries in making up their 
minds how far it would be profitable to imitate 
their example, 
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THE STRENGTH OF BOILERS. 

ArTeR thirty years’ service as chief engineer 
to the Manchester Steam Users’ Association, 
Mr. C. E. Stromeyer retired last year. In the 
memorandum which constituted, as it were, his 
“swan song,” Mr. Stromeyer suggested further 
researches on the strength of steam boilers, since 
the attempt to secure safety under high pressures 
by the use of very thick plates had proved far 
from satisfactory to those responsible for inspection 
and insurance. Cracked plates have been far 
from infrequent, and many inspectors have felt 
that thinner plates would have given greater 
security in spite of the accompanying higher 
nominal stress. There is no indication of any 
immediate intention to embark on the experiments 
suggested by Mr. Stromeyer in the memorandum 
just published by Dr. Telford Petrie, the present 
chief engineer of the Association. This is devoted 
mainly to a discussion of the tests made by the 
Association in past years. Of these the most 
important were those conducted by Mr. Lavington E. 
Fletcher on a Lancashire boiler built specially 
for the research by Mr. Thomas Beeley in 1874. 
This boiler was 21 ft. long by 7 ft. in diameter, 
and was designed for a working pressure of 
75 lb. per square inch. The tests extended over 
two or three years, and perhaps the most important 
point established by them was the undesirability 
of cast iron as a material for necks, domes and 
mouthpieces. Such mountings of this material 
failed without previous warning, and the failure 
was always complete. With similar fittings of 
wrought iron the failure was always gradual, 
ample warning being given of approaching collapse. 
Another point brought out seems to be that 
openings are generally less dangerous than theory 
would indicate. Manhole openings stood up 
remarkably well, although no reinforcement was 
added to the pierced plate. There were, however, 
evident limits to the size of opening permissible, 
since, with a dome opening 3 ft. in diameter, 
failure occurred under a nominal stress of 6:4 tons 
per square inch, the ultimate strength of the 
material in tensile test being 20°6 tons per 
square inch along the fibre and 19:4 tons per 
square inch transversely. In this instance, therefore, 
there was a fair agreement between theory and 
calculation, since it is now known that the stress 
at the edges of an opening may be three times 
the average on the plating. In general, the factor 
of safety as calculated in the usual way lay between 
3} and 4}. The smaller values corresponded 
generally to failure at a mounting, and the higher 
to failure at a seam. These seams were lap jointed 
and stood up well in spite of the heavy bending 
stresses on the rivets. 

In a later series of tests not referred to in 
Dr. Petrie’s memorandum, Mr. Fletcher laid the 
bogey that it was excessively dangerous to turn 
on the feed in case of the accidental overheating 
of a furnace crown. It had long been believed 
that under such conditions the water, on reaching 
the hot plating, would assume the spheroidal 
state, and when this ultimately gave way and the 
water came into direct contact with the metal, 
that steam would be generated with such explosive 
violence that no safety valve could be expected 
to get rid of it. Mr. Fletcher proved by direct 
experiment that this was an entire fallacy, and 
that very little steam was generated under the 
conditions stated. This is hardly surprising in 
view of the fact that the specific heat of iron is 
only about one-thirtieth that of water. 

In these experiments of Mr. Fletcher, the boiler 
was a new one, specially built for the research, and 
Mr. Stromeyer suggested accordingly that it would 
be of interest to see whether any ageing effects 
were detectable in boilers discarded after long 
service. To this end old boilers were obtained from 
Messrs. Pilkington, the Metropolitan Water Board, 
the Preston Corporation and from Woolwich 
Dockyard. The observations made were discussed in 
the memoranda as the data became available, and 
in that just issued Dr. Petrie has summarised the 
whole set. No effects definitely due to age have 
been established, but incidentally the experiments 
have demonstrated once again the inadequacy of 
the hydraulic test, as a proof of safety. Thus, in 
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the case of one boiler, the thickness of the metal had | number of the heavier exhibits having been erected | 
been wasted away in parts to the thickness of a piece | in the Palace of Engineering ‘and the construction | 
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THe OILFIELDS OF BuRMA. 
The paper on the oilfields of Burma, which Dr. L. 


of paper, where elsewhere it retained its original | of the stands in the Palace of Engineering pro- | Dudley Stamp, F.G.S., read before the Institution 


value of } in. Under test, however, it carried | 
before failure a pressure of 370 lb. per square inch, | 


gressing rapidly. We intend to deal with the engi- 
neering exhibits in future issues, but may here 


| of Petroleum Technologists on the 9th inst., 


| was the third paper on this subject which he has 


the designed working pressure being 130 Ib. per refer to a feature which is unusual, if not unique, | contributed to the Institution within the last three 


squareinch. Perhaps an even more striking instance | in industrial exhibitions, viz., the provision of a| years, and was essentially geological. 


In India, 


is provided by the tests of the Woolwich Dockyard building in which a series of short-period exhibitions | he stated, petroleum was, as a mineral, second in 


boiler. This was of the Lancashire type, having a 
length of 30 ft. and a diameter of 6 ft. 6in. It was 
built in 1880, the designed working pressure being 
60 lb. per square inch. In 1920 the insurance 
company concerned advised that the working 
pressure should be reduced to 50 lb., and in 1923 
this was still further lowered to 15 lb. per square inch. 
The reason for this drastic reduction was wastage 
about the rivets in the water space. When ulti- 
mately tested to destruction, however, the boiler 
failed under a pressure of 225 lb. per square inch, 
and the fracture took place in the steam space and 
not where the wastage had occurred. 

During the test the deformation of the shell was 
carefully observed and the “ Spence humps” proved 
to be fully developed. These were discovered in 
1891 by Mr. J. C. Spence, in the course of tests on 
models. It was found that under pressure, the shells 
of these dilated more at a short distance from the ends | 
than at mid-length. Dr. Petrie, in his memorandum | 


attributes the theory of this deformation to a paper | 
by Professor Gilbert Cook, published in 1921, but it | 
had already been developed by the late Professor 
J. 'T. Nicolson in a paper read 30 years previously 
before the North-East Coast Institution of Engineers 
and Shipbuilders. 

In concluding his memorandum Dr. Petrie gives | 
figures as to the ratio of test pressures to working 
pressure sanctioned by the experience of the 
Association. In all boilers designed for pressures 
below 200 Ib. per square inch (save locomotive 
boilers) he suggests that the test pressure should be 
not more than 1} times the working pressure, with 
a maximum difference of 100 Ib. per square inch. 
For locomotive boilers with copper fire-boxes, the 
test pressure should not, he states, exceed 14 times 
the working pressure. A similar rule is given for 
water-tube boilers designed for working pressures of 
between 200 and 650 Ib. per square inch, with the 
proviso that the pressure difference should not 
exceed 250 lb. per square inch. 





NOTES. 


Tue Nortu-East Coast EXHIBITION. 


The main object of the promoters of the North- 
East Coast Exhibition, which is to be opened by 


H.R.H. the Prince of Wales on May 14, and will | 


remain open until the end of October, is to stimulate 
the trade and industries of the district, and to assist 
the efforts now being made to attract new industries 
to that part of the country. The exhibits are not 





confined to the products of the North-East Coast, | 
but as shipbuilding and engineering may be described | 
as the staple industries of that area, these important | 


industries will be well represented, and, it is hoped, 
will attract engineers from all parts of the country, 
as well as from overseas. The site of the Exhibition, 
which is less than a mile from the Central Station, 
is the Town Moor, an open space of about 100 acres, 
conveniently situated on the western side of the 
3reat North-road, which crosses the Tyne by the 
new bridge recently opened by H.M. the King, 
itself a notable product of the industries of the 
North-East Coast. The two main buildings of the 
exhibition are the Palace of Engineering and the 
Palace of Industries, and of these, the former has 


a floor area of 100,000 sq. ft., and the latter one | 
The buildings are each about | 
450 ft. in length, and between them is an open | 


of 160,000 sq. ft. 


space, some 300 ft. square, known as the Grand | 


Court, on one side of which are restaurants and a | 


Festival Hall. In front of them is the main | 


avenue, 1,200 ft. long, at one end of which is the | 
principal entrance, while at the other end is a lake | 
crossed by a timber bridge giving access to the | 
Palace of Arts. Extensive gardens, a sports ground 
and amusements park have been laid out, and 
ample space has been allotted for the parking of 
motor cars. During a recent visit to the exhibition 
we found the preparatory work well advanced, a 





devoted to particular interests are to be arranged, 
the exhibits being changed at intervals of a few 
weeks. In this way it is hoped to maintain interest 
for the whole period for which the exhibition is 
open to the public. A number of technical and other 
conferences are to be held in the Festival Hall during 
the course of the exhibition, including the autumn 
meeting of the Iron and Steel Institute, which will 
be held there from September 10 to 13, inclusive, 
as already mentioned in our columns. The Hon. 
Sir Charles A. Parsons is President of the Exhibition, 
and the general manager is Mr. C. P. Hainsworth, the 
offices being at Pearl Buildings, Northumberland- 
street, Newcastle-on-Tyne. 


THE WoRrtp’s SHIPBUILDING AND MARINE 
ENGINEERING. 

The first nine months of 1928 witnessed a gradual 
decrease in the shipbuilding activities of this 
country. Whereas the merchant shipping under 
construction on December 31, 1927,° totalled 

,579,713 tons, that in hand on September 30, 
1928, aggregated but 1,089,760 tons. During the 
last quarter of 1928, however, conditions began to 
improve, and on December 31, 1928, the shipping 
under construction had reached 1,242,794 tons. 
This upward movement, we are glad to say, has 
since continued, and according to the shipbuilding 
returns of Lloyd’s Register covering the first three 
months of the present year, the shipping being 
built in this country on March 31 last, totalled 
1,357,375 tons. The tonnage commenced during 
the quarter under review amounted to 362,358 
tons, which figure, unfortunately, represents a 
decline of 69,000 tons when compared with the 
corresponding total for the December quarter. 
On the other hand 289,834 tons of shipping were 
launched in the March quarter, against 245,875 
tons during the last three months of 1928. The 
vessels under construction in the shipyards of 
Great Britain and Ireland on March 31 last, num- 
bered 328. Of these, 243 were steamers, 78 were 
motorships, and seven were sailing vessels and 
barges. The total merchant tonnage under con- 
struction in other countries at the end of the 
March quarter, namely, 1,480,437, was 105,230 
tons higher than that in hand at the end of the 
previous quarter. Germany, with 406,982 tons, 
not only retains first place, but has further consoli- 
dated her position. Holland, France and Japan 
retain the second, third*and fourth positions, with 
163,856 tons, 155,351 tons, and 147,010 tons, 
respectively. The only other country which had 
more than 100,000 tons of shipping under construc- 
tion was Russia, who was responsible for 116,388 
tons. Italy, who, in 1926, headed the list of foreign 
shipbuilding countries, now has only 90,235 tons 
of shipping building in her shipyards. During the 
quarter under review 298,281 tons were commenced 
abroad and 214,600 tons were launched, an increase, 
as compared with the previous three months, of 
nearly 50,000 tons in the tonnage commenced, but a 
decline of 47,400 tons in the tonnage launched. 
The total horse-power of the marine engines build- 
ing or being installed on board vessels on March 31 
last, amounted to 2,296,783, for the whole world. 
This total, however, is not complete, the figures 
for marine steam-turbines being built in Germany 
not being available. The indicated horse-power of 
the reciprocating engines under construction aggre- 
gates 573,508, while that of the oil engines now in 
hand totals 1,238,675. Great Britain and Ireland 
are supplying nearly half of the above-mentioned 
total of 2,296,783 h.p., the actual figure being 
1,017,298 h.p. Excluding steam turbines, Germany’s 
share is 247,825 h.p. Denmark is responsible for 
196,750 h.p., France for 125,540 h.p., the United 
States for 123,680 h.p., and Holland for 108,775 
h.p. In conclusion, it should be pointed out that 
the tonnage figures quoted above are gross tons, 


|and that no account has been taken of vessels of 


less than 100 tons gross. 


importance only to coal, and the bulk of the oil 

| came from Burma, the fields of the Assam Oil 
Company and of the Attock Oil Company (in the 
| Punjab) being small. But the oil production of 
| Burma had slightly decreased since 1921, when it 
| reached 296,092,057 gallons, to 262,828,930 gallons 
in 1925, while the world’s production of petroleum 
| had increased at a more rapid rate, so that Burma’s 
|share in the world’s oil supply, 2-09 per cent. in 
| 1902, had sunk to less than 0-7 per cent. In 
| Tertiary times, Burma had been covered by a long, 
|narrow gulf—a twin gulf—open to the sea in the 
| south, between the Shan Plateau in the east and the 
| narrow ridge of the Arakan Yoma in the west. This 
| gulf had gradually been filled up by river-borne sedi- 
ments. Oil was not found either in the fresh water 
sands and clays, such as those of the Irrawaddy, nor 
in the marine deposits ; but petroliferous horizons 
were definitely associated with intermediate con- 
ditions. The oil had originated in the beds in 
which it was now found. There was lateral migration, 
but vertical migration had been prevented by rapid 
alternations of impervious clays and porous sands. 
Discussing the geological features and _ recent 
borings in detail, Dr. Stamp pointed out that the 
irregularity in the yields of neighbouring wells 
was largely due to the lenticular character of the 
oil sands, and that the fairly-well explored geology 
of Burma had produced many surprises. Burma 
abounded in apparently perfect oil structures, which 
had been proved barren by the drill, whilst the 
Indaw field in the north, which had the appearance 
of being geologically so hopeless that a well-known 
geologist offered in 1918 to drink every drop of 
petroleum found there, had yielded 13,000,000 
gallons of oil since 1918. The Yenangyaung field, 
which in 1920 still supplied more than half of 
the Burma oil, was being overtaken by Singu. 
Some of the existing fields had good reserves and 
promises of long life, but the exploration work of the 
three great Burma oil companies left little hope 
of the discovery of unexplored oilfields in Burma, 
to which popular belief looked forward. 


Tue Dry GRINDING oF SMALL TOooLs. 

As the result of an experimental inquiry concerning 
limiting feeds and depths of cut in the dry grinding 
of small tools, Professor N. N. Savin, research engi- 
neer at the Skoda Works, Pilsen, states that seventy 
per cent. of the taps and reamers which prove 
unsatisfactory in service have been damaged in the 
process of grinding. This is, he says, particularly 
apt to occur if the work is done on piece and at cut 
prices. In an initial series of experiments, a number 
of taps, all 38 mm. in diameter with a pitch of 1} mm., 
were ground at different rates after being carefully 
hardened and tempered. The taps were of carbon 
steel, all from the same stock, and, after tempering, 
were ground several times, once very carefully, and 
afterwards with the rapidity generally associated 
with piece work. The carefully ground taps proved 
to have fifteen to twenty times the endurance of 
the others. In further experiments, a number of 
blocks of tool steels of different kinds were sub- 
jected to a dry-grinding operation, with different 
rates of feed and depths of cut. The Brinnell hard- 
ness number was determined before and after the 
operation, and, in the case of some specimens of 
ordinary carbon tool steel, the hardness number was 
reduced by as much as 430. The high-speed steels 
were found to be less sensitive. As the result of 
these experiments, Professor Savin holds that, in 
dry-grinding high-speed steels with a feed of 3 m. 
per minute, it is permissible to have a width of cut 
of 3 mm., and a depth of 0-05 mm. with a possible 
maximum of 0-08 mm. With alloy carbon steels 
the corresponding figures are 0:03 and 0-05 mm., 
whilst for carbon steel the maximum is given as 
0-03 mm., and the standard at 0:02 mm. In 
the case of grinding at an edge, as in sharpening 
certain forms of milling cutters, he states that, with 
a width of cut equal to 0-7 mm., and a feed of 3 m. 
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per minute, the standard thickness removed should 
not exceed 0-10 mm. in the case of high-speed steels, 
with a possible maximum of 0-20 mm. The corres- 
ponding figures for alloy steels are, respectively, 
0-05 and 0-08 mm., whilst with carbon steels the 
figure of 0-05 should in no case be exceeded. The 
grinding was done with a J.60 Norton wheel, 
the surface speed being 30 m. per second. With 
small delicate tools, Professor Savin says that harder 
wheels should be used, and the feeds, speeds and 
depth reduced. 
Tue Newcomen Socrety. 

On March 27, Mr. W. A. Benton read a paper 
before the Newcomen Society on “ John Wyatt, 
and the Weighing of Heavy Loads,” in which he 
dealt with the invention of Wyatt of the compound- 
lever weighing machine. Born near Lichfield, in 
1700, Wyatt became a carpenter, and was associated 
with Lewis Paul in the first attempts made with 
roller spinning, about which there are many docu- 
ments in the Wyatt manuscripts preserved in the 
Birmingham Reference Library. Paul’s patent for 
roller spinning was obtained in 1738, but a few 
years later, the association of the two inventors 
ceased, and Wyatt entered the employ of Matthew 
Boulton, at Soho. It was about 1744 that he 
invented the compound-lever weighing machine. 
The ancients possessed no means of weighing heavy 
loads, the equal-armed balance and the steelyard 
being the only appliances available. Some of the 
balances were capable of weighing up to one or 
two tons, and one such high-capacity wooden-beam 
balance, dating from the Middle Ages, is still to be 
seen at Neisse, in Prussia. Possibly as early as the 
17th century, very large steelyards were constructed 
for weighing loaded carts, these being supported 
from massive wooden cantilevers projecting from 
the sides of buildings. Two examples of these 
large steelyards are preserved at Soham, in Cam- 
bridgeshire, and at Woodbridge, in Suffolk. Some- 
times the compound-lever machine is credited to 
Santori Santorio, otherwise Sanctorius (1561-1636), 
the Italian physician, but though he introduced 
the weighing of patients and invented various in- 
struments, such sketches of man-weighing machines 
aS now exist show no compound levers. Though 
Wyatt’s improvements date back to about 1744, 
Mr. Benton’s search through the Wyatt papers 
does not enable one to speak with certainty of 
the details of Wyatt’s machines, but compound- 
lever machines are described in works at the end 
of the 18th century. Platform scales were also 
described in an English patent of 1796, granted to 
Salman, while another landmark in the history of 
such weighing machines was the work of Thaddeus 
and Erastus Fairbanks, of St. Johnsbury, in 1831. 
It is from the work of these various men that has 
come the immense range of weighing machines by 
which commerce is carried on to-day. Wyatt 
lived to the age of 66, and his tomb is to be seen in 
the churchyard of St. Phillips, in the centre of 
Birmingham. During the discussion, the curious 
fact was brought out that the word steelyard 
comes from the misuse of an old German name for 
a building or yard of the Hansa merchants in 
London, where patterns were kept, and the word 
has no connection with the metal steel or the yard 
measurement. 








A Licut-WeicHt SPpANNER.—A very handy spanner 
for motorists, known as the Bonney “C.V.” tappet 
wrench, is now being put on the British market by 
Messrs. Fredk. J. Gordon and Company, Limited, 92, 
Charlotte-street, London, W.1. It is made of chrome- 
vanadium steel and, in consequence, is of remarkably 
light weight and compact form without loss of strength 
or stiffness. The particular example we have examined 
is 8 in. long, about } in. thick in the shank, and only 
vg in. thick at the ends. It is formed with a jaw at 
each end, in this case of 43 in. opening, one opening 
being in line with the shank and the other at an angle 
of 22} degrees to it. This particular form is adopted 
in order to facilitate tappet adjustments in the restricted 
space of a car bonnet, an operation which may be 
performed most easily by three wrenches. The light- 
ness of the wrenches and the thinness of their jaws, 
permits two of them to be held in one hand in the 
conse sage of a pair of scissors, while the other hand is 
ree to manipulate the third. The length enables a hot 
engine to be worked upon with comfort. Sixteen sizes 
are made, with jaw openings from § in. to 1 in. The 
appearance is pleasing and the finish good. Different 
patterns of wrench in the same material have been 
developed for use with ignition plugs, and for other 
motor-car and general-engineering purposes. 
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The Essentials of Transformer Practice. By E. G. REED. 
Second edition. London: Chapman and Hall, Limited. 


[Price 21s. net. ] 

Tue distribution schemes of the Central Electricity 
Board will involve several millions of kilovolt- 
amperes of large transformers for stepping down 
from the main transmission pressure of 132,000 volts. 
Fortunately, the British transformer maker has, since 
the war, built up a large volume of experience in extra 
high-tension work and is an established competitor 
in the export market, which hitherto has been the 
only field for large extra high-tension transformers. 
Satisfactory as the position in this country now is, 
it must be recognised that the bulk of the pioneer 
work in extra high-tension transmission has been 
done in America and on the Continent, and this 
book, based on the investigations of an American 
engineer of long experience, is particularly welcome, 
especially in view of the comparative dearth of 
English books on the subject. 

Mr. Reed has endeavoured to survey the whole 
field of design and operation. In the present state 
of transformer practice to do this adequately between, 
the two covers of one volume is almost an impossi- 
bility. Parts of the work, particularly those on 
design, are necessarily sketchy, and we could almost 
have wished that the author, in revising his first 
edition, had expanded the work into two volumes, 
covering, respectively, the design and the operation 
of transformers. However, the work, as it stands, 
constitutes a very useful handbook of reference for 
engineering students and designing and operating 
engineers, for whom the author is writing, and, 
in the words of the preface, the “ practical engi- 
neering point of view has been maintained” 
throughout. Students will find the section on the 
fundamentals of design a good introduction to 
practical designing as done in the factory. Design- 
ing engineers will find the book a useful miniature 
encyclopedia of technical facts which are better 
available in store between two covers than as an 
overload on the memory, while operating engineers 
will find it a valuable compendium of performance 
data and “ possibilities” in transformer practice. 

There is no royal road to transformer designing. 
Any academic study of the fundamental basis of 
design is bound to be based upon so many assump- 
tions, since there are so many variable factors in the 
case, that it is usually of little more than academic 
interest. The author seeks, however, in the chapters 
entitled “General Relations,” “‘ Problems of Design,” 
and “An Approximate Method of Design,” to 
establish a fundamental basis of design maintaining 
the practical engineer’s point of view. This analysis 
will serve as a useful introductory guide for the 
student and junior designer in the factory; it 
is, however, of doubtful adequacy to carry him 
through in designing practical transformers ab initio. 
Analyses of minimum cost and losses, such as that 
recorded in Fig. 42, will be of use in determining 
preliminary designs for a standard line of trans- 
formers, but once a standard line of frames is 
evolved, the designer’s problem is how to get the 
maximum out of them with the minimum cost and 
with reference to the multitude of varying conditions 
of manufacture and service that arise. 

In recommending this book for use in England, 
it must be remembered that, apart from funda- 
mental principles which are common, it is based on 
American practice. There is, unfortunately, no 
exactly corresponding English handbook, but we 
would recommend the reader to keep before him the 
new British Engineering Standards Association 
Specification for Power Transformers (B.S.S. 171 of 
1927), especially with reference to temperature 
limits on transformers. The British Engineering 
Standards Association and the American Institute 
of Electrical Engineers limits for the natural-cooled 
type of oil-immersed transformer are the same 
(55 deg. C. rise in oil on 40 deg. C. air basis tem- 
perature); but the B.E.S.A. has gone farther 
than other countries for water-cooled transformers 
and has adopted 65 deg. C. rise in oil on 25 deg. C, 
water temperature, thus taking account of the 
higher temperature gradient in water-cooled trans- 
formers which have a higher copper rating. It would 








have been well if the author had dealt at greater 


bol 


length, in his otherwise excellent chapter on “ Heat- 
ing,” with the variation of temperature gradient with 
size and voltage of transformer and method of cool- 
ing, and also if he had given more information on 
the practical use of hot-spot indicators of the type 
in common use in America and now becoming more 
general in this country with the rapid advance in 
size and voltage. Among other points in which 
differences between British and American practice 
should be kept in mind, we would note Chapter V, 
‘Tron Loss,” and Chapter XV, “ Insulating Oil.” 
In the former chapter most of the information on 
iron is based on the common American frequency of 
60 cycles, and, for comparison, a conversion to 
50 cycles, the standard British frequency, must be 
made. The loss curve for a typical silicon alloy 
steel, given in Fig. 14 of the book, when corrected 
for the induction density reckoned on the net 
iron section, in accordance with British practice, 
and for 50 cycles, does not appear to represent 
nearly the best iron that is now obtainable in 
America and in Europe. 

The Chapter on insulating oil should be read in 
conjunction with, and compared with, British 
Standard Specification No. 148, of 1927. With 
regard to the sludging of oil, the author says 
“numerous attempts have been made to determine 
the sludging tendency of an oil. None of these is 
satisfactory in predicting the service life of an oil.” 
This is the accepted American view, but, in this 
country, the B.E.S.A. has specified the intensified 
sludge test carried out in the laboratory by passing 
air through the oil at a high temperature for 
48 hours with copper present in the oil. Although 
nothing beyond general experience of sludging in 
service is at present available to correlate this test 
with the life service of the oil, there is no doubt 
that, failing a better test, it is a useful index of 
the sludging tendency of an oil. Such sections as 
Chapter XV on “ Oils,” Chapter XI on “ Regula- 
tion,” Chapter XXXV on “Cost of Operation,” 
and Chapter XXXVI on “ Economic Ratio of Copper 
to Iron Loss,” are such as are only too rarely met 
with in engineering text books. 

In the section on mechanical stresses, the effect 
of voltage tappings is not mentioned, and only 
the case of concentric windings of a core type 
transformer is dealt with. We miss the case of a 
sandwich winding, such as is commonly used for 
shell-type transformers, and a comparison of the 
two types would be useful. The application of 
stress calculations to constructional design might 
have been touched upon. It is rather remarkable 
that practically no reference to constructional design 
is made, and throughout the whole work no draw- 
ings or illustrations of typical transformers are to 
be found, apart from the historial illustrations. 
While we commend the author on a laudable 
absence of catalogue illustrations, such as frequently 
fill out the pages of a certain class of text book, 
we would suggest that an illustration and drawing of 
each of the modern types of transformer would be a 
valuable addition. The book is clearly written and 
printed, and so much useful material is compressed 
into readable form without waste of words, that we 
hesitate to criticise the author’s limitation of 
essentials. We suggest, however, that some ampli- 
fication of the points on which we have commented, 
might, in a subsequent edition, enhance the utility 
of an already inherently valuable book. 








Illustrated Technical Dicti tes in Six Languages : 
Vol. II. Electrical Engineering and Electro-Chemistry. 
Edited by Atrrep Scutomann. Berlin: The V.D.I. 
Verlag, G.m.b.H. London: Lewenz and Wilkinson, 
Limited. [Prive 80s. net.] 

In the years immediately preceding the war, the 

Schlomann-Oldenburg Illustrated Technical Dic- 

tionary was issued in thirteen volumes and in six 

languages, thus covering the terms used in practically 
every branch of engineering. The format of these 
volumes was 7 in. by 4 in., and, to assist elucidation, 
small illustrations were freely used. The subject 
matter was grouped so that the six lingual e.juiva- 
lents of a particular term or object were placed 
together. This arrangement necessitated prelim - 
inary reference to a general index, in which words 
or phrases were placed alphabetically by languages. 
Since the war, four volumes relating to the textile 





industry have been published. ‘These measure 9 in. 
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by 6in., and there is a separate general index for | French equivalent of both these terms seems to | factory agreement with the theory, but here again 
each language. These two alterations, especially | embody a different idea. Selecting switch is a con- | condensation has been carried rather too far, since 
the latter, have added greatly to the convenience | fusing translation of ‘‘ Stockwerkschalter.” If no | Professor Kulka has not recognised that his unusual 
of the user, and we are glad to see that they have | better phrase than “striking effect of the illumina- | scientific intuition is not likely to be possessed by 


been followed in the revised edition of the volume 
relating to electrical engineering, which has now 
appeared. 

This volume, though technically a revision, is, 
in reality, anew work. This will be clear when it is 
stated that while the first edition contained 12,934 
expressions and 3,773 illustrations, the second 
includes more than 40,000 expressions and some 
3,965 illustrations. Some of this expansion is 
naturally due to the developments which have 
taken place in the intervening years, but some is the 
result of careful work in filling in the hiatuses, 
which it is impossible completely to avoid in a book 
of this kind. It may be added that the subject 
matter is now divided into fifteen sections, each of 
which includes several sub-sections, and that the 
parts dealing with electro-chemistry and physics, 
measurements, workshop practice, lighting, electro- 
therapy, accumulators, machinery, switchgear, 
protective devices, distribution and heating have all 
been greatly extended. Legal and economic terms | 
have also been included, and the whole of the terms | 
in the original volume have been revised. Com- | 
munication, with all that it implies, is not, however, | 
dealt with in the work we are now discussing, 
but will be covered in a separate volume, to which 
we shall look forward with interest. 

Obviously, the translation of technical terms into 
various languages is extremely difficult, owing partly 
to the constant changes which are taking place in the 
fields that are being dealt with, giving rise to new 
or altered nomenclature, and partly to the lack of 
standardisation which exists. On the whole, the 
compilers have survived their self-imposed ordeal 
successfully, and have produced a dictionary which 
all those who have occasion to “ switch-over ” from 
any of the six languages concerned to another will 
find of the very greatest use. This must not be 
taken to imply that the translations given are 
perfect in every respect—translation is in any event 
much a matter of opinion—but the reference to 
only one of its many pages will, at least, give an 
indication of the correct term or terms and the user 
can then modify them in accordance with his own 
taste and fancy. In fact, the expert will find it a 
guide and the non-expert will not be led far astray. 

Dr. Schlomann recognises the fundamental 
weakness of technical dictionary making when he 
says that phrases seldom have standardised trans- 
lations, and it is just because this is true that we 
think the inclusion of phrases has been overdone. 
Though, of course, it would have been both impos- 
sible and unwise to eliminate them altogether, they 
tend to a rigidity which may present pitfalls to 
those who are not very well acquainted with the 
languages concerned. For instance, it is admitted 
that the British Standard Glossary of Terms used in 
Electrical Engineering has been found a hindrance 
as well as a help, or, to be more particular, it would 
seem hardly necessary to devote space to giving a 
rendering in six languages of a phrase like “ thermo- 
couple enclosed in an exhausted glass bulb,”’ since a 








'tion’’ can be found for “ Auffalligkeit der Beleuch- 
| tung,” one had better be sought. Atzschutz would 
| be better translated corrosion-proof than acid-proof. 
|In many cases there is an expansiveness about the 


| translations that is foreign to the conciseness usual 


when technical matters are spoken and written 
about. This, however, is a fault on the right side, 
since it will tend to clarity, if the information given 
is not used too literally. In fact, all the short- 
comings we have noted, and it would not be difficult 
to multiply them, do not detract from the real 
value of the dictionary or, providing it is used 
with a certain amount of care, greatly reduce its 
usefulness. 
examples have been of translation from German 
into English, this is because the former has been 
taken as the basic language in the preparation 
of the dictionary, and does not imply that this 
portion has been particularly badly done. 

The index, which is the core of the whole work, 
unfortunately contains some errors, as will be 
gathered from the following comments on the 
English section. On page 881 there is an entry 
without a corresponding page number. Hypoclorus 
appears for hypochlorous; A.J.E.E. for A.I.E.E. ; 
‘* all for torches ”’ for “ cell for torches ” ; Exiter for 
exciter ; J*R for I°R; increse for increase ; ligth- 
ning for lightning ; and postable for portable. We 
suppose that grounding must be included as well as 
earthing, but this need not apply to half-watt for 
gasfilled. Dictionary makers should set as well as 
follow examples. These may seem venial faults, 
but it must be remembered that the dictionary is 
intended for the use of foreigners, as well as of 
natives, and slips like this may at times occasion 
confusion. It may be added that the index is based 
on the assumption that a technical term will first 
be sought for under an adjective. This part of 
speech has therefore been given a place, as also 
have verbs, an arrangement which, though unusual, 
is undeniably useful. 

In the compilation of this dictionary, Dr. Alfred 
Schlomann, the editor-in-chief, has had the assist- 
ance of numerous engineers in all the countries con- 
cerned, and they must share in our praise for the 
care and thoroughness which has been put into its 
production. The funds which made its preparation 
possible were provided jointly by the German 
Government and by various German scientific and 
engineering societies. It cannot be better described 
than as a real contribution to the solution of 
the problem of easy and accurate international 
communication on electrical matters. We have no 
doubt it will be widely used, as there is no work 
which approaches it in either scope or completeness. 





Der Eisenwasserbau. Band I—Theorie und Konstruktion 
der beweglichen Wehre. By Dr.-Ing. H. Kulka. Berlin: 
WILHELM ErRNsT UND Soun. [Price 29 marks. ] 


WHEN an eminent professor, who is also the head of 
one of Germany’s leading engineering firms, writes 


It should be added that though our | 


the majority of his readers, who will want reasons 
for his choice of particular representations when 
dealing with certain particular problems. 

The common feature of all movable weirs, the 
skin-plate, is next dealt with in a most exhaustive 
manner, the theories of stresses in flat plates, from 
Bach to Nadai, being developed, together with 
worked-out examples of their application. This, 
with a closely-reasoned chapter on the limitations 
of the various theories in hydrodynamics and elas- 
ticity already discussed, and some notes on the 
influence of viscosity, terminates the purely theore- 
tical treatments. 

In the matter of general design, taken next, the 
| author divides his subject-matter thus :—‘“ Pier and 
| Wicket Gates; Sliding and Rolling Sluice Gates ; 
| Radial Gates; Hinged Gates; and Cylinder Gates. 
| Each of these he discusses in a brief critique, cover- 
jing not only the technical but also the economic 
|aspect. His preference is evidently for the 
| cylinder type, in spite of his admission regarding 
its high cost, his reasons being, in the first place, 
that’ the designer has an unrestricted choice of 
profiles, and can thus make the wetted surface suit 
the particular circumstances; and, secondly, the 
great torsional rigidity of this type enables it to 
be operated from one end only, if desired. 

Probably, few British engineers (whose output 
in this class of work is still the greatest in the world) 
will agree that either of these advantages justifies 
the extra cost involved, but it is'such points which 
really give value to a work of this kind. 

The work draws attention to the fact that both 
the British and the Continental schools of thought 
have tended to a fixity of ideas; and this book is 
likely to evoke very serious reflection concerning 
the less obvious merits which must be possessed by 
types which have thus survived in open com- 
petition. Why, for example, do British sluice-gate 
designers rarely use chain suspension, while Con- 
tinental practice is to use practically nothing else ? 

In view of the importance of the matter, we 
would have welcomed a more emphatic statement 
of Dr. Kulka’s disbelief in the reality of the advan- 
tages claimed for the Stoney type of free-roller 
sluice-gate, since it is now becoming more widely 
recognised that here, as in the case of the multi- 
girder (as opposed to the two-girder) support of 
the skin-plating, we have a statically indeterminate 
problem, and insufficient elastic data to justify con- 
fidence in calculations purporting to show the dis- 
tribution of load per roller, or per girder as the case 
may be. 

In each of the types of gate discussed, the work 
gives a very good treatment of the most suitable 
| methods of stress calculation, one, at least, viz., that 
| relating to the design of the arms of radial gates, 
| being a highly ingenious method originating with 
'the author. 
| In formulating his criteria of excellence, one is 











translation of the separate words forming that 
phrase would, at the expense of a little more labour, | 
give the same result to the seeker after knowledge. 

Although the value, and still more the short- | 
comings, of such a dictionary can only be deter- | 
mined by constant use, we may call attention to| 
certain deficiencies which we have noticed in passing, 

especially as these illustrate some of the points we | 
have mentioned above. For example, “ test floor” 

is used instead of “test bed”’ in several places. Is | 
it necessary to translate ‘‘ rules of the Institution of | 
Electrical Engineers ’’ into ‘‘ Normalien der Vereini- | 
gung Englischer Elektrotechniker,” and so on, for | 
the other four languages ? If it is, we should prefer | 
Verein to Vereinigung. And are special entries 

under “small transformer” and for ‘ the brushes | 
spark” required? Does any English engineer use 

** waste away ” of the burning of arc-light carbons ? | 


a book upon his own special subject, we should struck by the preference he shows in every case 
expect to find something of very considerable | for the non-counterbalanced type, and this can 
interest. In the work now under review, Professor | only be understood by a consideration of the 
Dr. Ing. H. Kulka, gives us practically the first | Continental preference for chain suspension members. 
treatise dealing with the important subject of | When wire ropes are used, fuzee barrels are possible, 
movable weirs in its proper light, 7.e., as a branch | and the counterbalance moment can be made such 


of both hydraulic and structural engineering, both | 
the travel of the gate, just the required amount. 


of which are equally important. The work forms 
one of a series being brought out under the general 
title of ‘* Steel-Construction,” and the author is, 
therefore, primarily concerned with showing how 
structures for hydraulic purposes must be considered 
as particular examples of perfectly general funda- 
mental principles. 

Since such structures are subjected mainly to 


water loadings, he gives us a condensed account of | 


the most modern developments of the potential 


and circulation theories, and, after a very sound | 
treatment of the functions of complex quantities, | 


gives an account of conformal representation. This, 


What is the difference between a screw cap for a| however, we fear, is too condensed to be of real 
lamp and an Edison screw cap for the same purpose ? | assistance to the practical designer who might 
If there is any, the illustrations do not make it | wish to apply, by this means, the potential theory 
clear. ‘‘ Augmentation of light ” is not a particularly 
happy translation of ‘“‘ Lichtverstirkung,”’ 


to a specific problem. 
and the | analyses are experimental results in very satis- 





Interspersed with these | 


that its varying value is, at all points throughout 


The paucity of satisfactory books on this subject 
is some evidence both of the magnitude and difficulty 
of the whole subject, and the author has been re- 
stricted by limitations due to the necessity of con- 
forming with the publisher’s scheme as a whole. 
If, therefore, he cannot be said to have produced a 
work which would enable the average competent 
engineer without previous experience to design a 
satisfactory movable weir at the first attempt, it 
must be recognised that this is scarcely feasible, 
and it certainly must be admitted that the author 
has boldly, and with some vision, attacked a large 
class of problems, producing an intensely ‘“‘ provoca- 
tive” work, which will go far towards reconciling, 
to their mutual advantage, the hydraulic physicist 
and the hydraulic engineer. We look forward, 
| therefore, with much interest to the appearance of 
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Volume II, which is to deal with Lock Gates, Floating 
Docks, Aqueducts, and the like. 





Industrial Tyneside. A Social Survey made for the Bureau 
of Social Research for Tyneside. By Henry A. Mess, 
B.A., Ph.D. London: Ernest Benn, Limited. [Price 
10s. 6d. net.] 

In the sombre picture which Dr. Mess gives in this 

social survey of one of our more important indus- 

trial districts, there are few bright spots. The 
district is one which saw the rise of our great coal 
industry, which witnessed the birth of locomotive 
building, which saw the launch of the first screw 
collier—the forerunner of the modern tramp—of one 
of our first ironclads, and of both the historic 

Turbinia and the famous Mauretania. Bound up 

with the history of the district are the lives of 

Stephenson, Palmer, Hawthorn, Leslie, Armstrong, 

Noble, Swan, Hunter, Parsons and many other 

great shipbuilders, engineers and captains of indus- 

try. From the Tyne have come hundreds of great 
steamships and warships which have served our 
own and other countries all over the world. Out of 

a total population in Northumberland and Durham 

of some 2,000,000, more than 800,000 persons live 

and work in Tyneside, and their labours have in 
times past added immensely to the national 
wealth and prestige. But the district has fallen 
on less fortunate times, and in this social survey we 
have set down dispassionately the facts as they are 
to-day. The problems of health, education, housing 
and the raising of the standard of living in this 
industrial area might well appear insoluble, but the 
very survey itself, the mere presentation of the facts, 

the unbiassed discussion of the situation, is itself a 

hopeful sign, and everyone who has the good of the 

country at heart will hope that the voluntary efforts 
of the Survey Committee, of which Sir Theodore 

Morison is chairman, will lead to effective action 

being taken to ameliorate the lot of those thousands 

who without means or leadership are otherwise 
destined to endure unnecessary suffering and 
hardship. 

The title ‘“ Industrial Tyneside’ might at first 
lead one to look for a complete review of the 
industries of the district, but the aim of the book 
is avowedly to focus attention on those social 
questions which have arisen through the existence 
of the industries, and most of the chapters deal 
with such matters as Housing and Town Planning, 
Health, Education, Religion, Organised Social 
Service, and Local Government. Three chapters, 
however, are devoted to Industries and Occupations, 
Shipbuilding,Ship-repairing and Marine Engineering, 
and to Coal; and while the greater part of the 
book will appeal to social reformers, especially 
those of Tyneside, these chapters will have a 
wider appeal, for the forces at work on the Tyneside 
are present elsewhere, and the measures suggested 
might well prove applicable in other districts. 
Of the industries of the Tyne, that of coal is by 
far the oldest, and there is a record of coal being 
shipped to London as early as the thirteenth 
century. Coal-mining, however, developed slowly 
until the end of the eighteenth century and the 
coming of the industrial revolution. But Tyneside 
is at once a coal-mining area, a coal-exporting 
area draining a much larger district, and also a 
coal-marketing area for a still greater district. The 
fact that it is the oldest coal-mining district in 
the country means also that a good deal of the 
coal is worked out; it is indeed a coalfield which, 
according to Professor Louis, has passed its zenith, 
and unfortunately to-day there are more men in the 
industry than it can support. 

But though coal has played so important a 
part in the life of the district, ‘‘ shipbuilding and 
ship-repairing together constitute the greatest 
industry on Tyneside, its chief pride and the 
source of livelihood for a large part of its popu- | 
lation.” Newcastle was famous for its ships in| 
the seventeenth century. A new chapter opened | 
with the steamboat and the iron ship. Andrew | 
Leslie migrated from Aberdeen to the Tyne in| 
1854 ; Palmer built H.M.S. Terror a year or two later. | 
About the same time Lord Armstrong abandoned | 
the law for engineering and laid the foundation | 
of the great Elswick works, and in 1862 Hawthorn | 
obtained the first naval engineering contract. 
From those beginnings sprang the great industry | 
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which, we are told, in 1921 provided employment 
for some 34,000 men on the north bank, and for 
another 20,000 men on the south bank of the river. 
The yards and shops, if fully occupied, would need 
the services of about one-seventh of the persons 
of employable age on Tyneside. But shipbuilding 
has always been subject to great fluctuations, 
and in a table showing the state of employment 
during the years 1923-26, out of some 30,000 men 
insured the percentage of unemployed ranged 
from a minimum of 30-6 to a maximum of 61:3. 
For fifteen years before the war the percentage 
of trade unionists unemployed ranged from 2-5 
to 23-2, figures far below those of to-day. Various 
causes have contributed to the present state of 
affairs, but, says Dr. Mess, “it is felt very generally 
on Tyneside that local unemployment is in con- 
siderable measure a result of national policy,” and 
some think “that the nation should bear the 
greater part if not the whole of the cost of main- 
taining the unemployed.” The burden borne by 
some of the towns is indeed a grievous one, and the 
need for concerted action urgent. But, as we 
are told, “the creation of a better public opinion 
is the beginning of effective reform,” and this 
social survey should go far in stimulating an 
interest in the problems which face the citizens 
of Newcastle, Tynemouth, Gateshead and South 
Shields equally with the less fortunate districts of 
Wallsend, Hebburn and Jarrow. 








THE INTERNATIONAL PRINTING AND 
ALLIED TRADES EXHIBITION. 


Tue printed word and the pictorial story and adver- 
tisement now play so large a part in our daily existence 
that it is not surprising to find that those responsible 
are fully alive to the assistance, which engineering can 
give in the design and manufacture of machines, for the 
production of these commodities in astronomical 
quantities. If it be doubted that full advantage is 
being taken of this assistance, a visit to the eighth 
International Printing and Allied Trades Exhibition, 
which was opened at Olympia, London, on Thursday, 
April 11, by Mr. H. B. Betterton, Parliamentary 
Secretary to the Ministry of Labour, will provide clear 
proof to the contrary. This exhibition, which will 
continue until April 25, is the first since the war that 
has been open to manufacturers of all nations, 
and as an indication of its international character, 
it is estimated that the percentage of exhibits of 
foreign origin, chiefly German and American, 
amounts to about 50 per cent. of the total. As 
in other trades, considerable ingenuity has been 
displayed with a view to saving both labour and time, 
the result being that automatic feeding and stacking 
is becoming more general, the electric drive, often 
through the medium of more than one motor, is almost 
universal, and every effort has been made to secure 
ease of control. Economy and good production are 
also being increasingly obtained by the use of 
pyrometers for indicating and controlling the tempera- 
ture of the metal in the pots employed on type-setting 
machinery, and, in general, there is an indication that 
it is being found worth while to spend money to obtain 
reduced costs and better results. 

It is impossible in the space at our disposal to deal in 
detail even with the machine exhibits, but we may. 
briefly mention some of the equipment on view, 


which contains features of engineering interest. 
Messrs. Harrild and Sons, Limited, of Norwich- 
street, London, E.C.4, are showing a new 


design of two-revolution press, special features of which 
are fine inking power and accurate register. In this 
machine the type bed is carried on four table rails, 
which run its entire length, and every care has been 
taken to eliminate friction and ensure easy movement. 
The bed is driven through gearing and two racks, re- 
versing being effected by a gate motion. At the end of 
the stroke, when the bed is under the control of the gates, 
the gear wheel slides from one rack to the other. This 
enables the cylinder to be driven direct from the 
shaft, thus eliminating all intermediate gears. Messrs. 
Camco (Machinery), Limited, of 63, Farringdon-street, 
London, E.C.4, are exhibiting a suction feeder, -the 
novelty about which is that only the two front corners 
of the sheet are picked up from the pile by the suction 
members, thus eliminating disturbances in wavy piles. 

The principal exhibit on the stand of Messrs. R. Hoe 
and Company, Limited, of 109, Borough-road, London, 
S.E., is one of their 16-plate presses and high-speed 
double former folders. The cylinders on this machine 
are of solid forged steel and are carried in roller 
bearings. Rigidity at high speeds has been secured by 
increasing the weight of theframe. Forced lubrication is 
used throughout and all the revolving parts are dynami- 
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cally balanced. The supply both of paper and ink is 
automatic and control is effected by push buttons. 

Messrs. Koenig and Bauer A.-G., whose British 
agents are Messrs. S. A. P., Limited, of Gough Square, 
Fleet-street, London, E.C.4, are exhibiting a four- 
colour rotary press, in which the sheet is held by one 
pair of grippers only, though the colours are printed 
on separate make-ready surfaces, thus reducing the 
cost without affecting the quality of the work. From 
1,200 to 1,600 four-colour sheets can be produced 
per hour. Messrs. R. W. Crabtree and Sons, Limited, 
of Leeds, have three large stands, on one of which 
is shown a high-speed combined rotary press and folder. 
This model is fitted with a device, which enables the 
latest news to be inserted without stopping the machine, 
as well as with automatic reel brakes, which maintain 
a constant tension on the web throughout the run. 
The feature of a new two-revolution machine made 
by the same firm is that the register is not affected by 
speed variations. 

Messrs. the Sheridan Machinery Company, Limited, 
of Hatton-garden, London, E.C., are showing a 12-in. 
horizontal book and magazine coverer, the maximum 
output of which is 2,400 12-in. by 8-in. by 14-in. books 
per hour. It can be changed over from one size of 
book to another very quickly, and it only occupies 
9} ft. by 8? ft. of floor space. Messrs. the Miehle 
Printing Press and Manufacturing Company, Limited, 
of Salisbury Court, Fleet-street, London, E.C.4. have 
a representative exhibit of their machines, among which 
mention may be made of a horizontal job press with 
an output of 3,600 21 in. by 28 in. sheets per hour. 

As already mentioned, practically all the machinery 
on view is arranged for electric driving, but certain 
firms are making separate displays to show the adapt- 
ability of their equipment to this class of work. 

Among these, mention may be made of Messrs. the 
British Thomson-Houston Company, Limited, of 
Rugby, who are exhibiting constant and variable 
speed-alternating and direct-current motors for driving 
presses, paper-making machinery and auxiliary plant. 
These include their variable speed alternating-current 
commutator motor, which has a speed range of 3 or 
4 to 1, any speed within this range being obtainable, 
while the power taken is roughly proportional to the 
speed. Inching and creeping speeds can also be 
obtained either from the main motor or by using a 
barring motor. These motors are arranged for direct 
mounting on the machine. 

Messrs. J. H. Holmes and Company, Limited, of 
Newcastle-on-Tyne are showing motors fitted with 
automatic controllers for driving rotary web printing 
presses, while Messrs. Brookhirst Switchgear, Limited, 
of Chester, are exhibiting examples of their compact 
starter and controller panels for direct and alternating- 
current motors. One of these is a hand-operated 
panel for motors up to 175 h.p. and is fitted with a 
device which allows an “ inching’? motion to be 
obtained. The equipment generally is adapted for 
either push-button or hand control. Messrs. Asea 
Electric, Limited, and Fuller Electrical and Manu- 
facturing Company, Limited, of 5, Chancery-lane, 
London, W.C.2, are showing models of their well- 
known variable speed alternating-current motors. 
The largest of these has an output of 125 h.p. at 346 
volts and is fitted with fully automatic push-button 
control. Messrs. Electromotors, Limited, of Openshaw, 
Manchester, are also showing a selection of their 
motors, including those of the jockey pulley type which 
have been specially designed for close up drives, while 
Messrs. Witton-James, Limited, of Hendon, London, 
N.W.9, are exhibiting a number of variable speed motors 
and various types of control gear, which they are 
manufacturing for operating printing machinery. 

A cursory examination of the exhibits also makes it 
obvious that electricity is being increasingly employed 
in the printing trade for such purposes as heating 
the metal pots used on type-setting machines, as 
well as for drying, grinding and other operations 
requiring heat or power. An interesting example of 
this is to be found on the stand of Messrs. Funditor, 
Limited, of Blackfriars House, New Bridge-street, 
London, E.C.4, where a heater, employing arched 
shaped elements enclosed in steel pockets immersed 
in the metal, is used for heating type metal. The 
mouthpiece is heated by a special curved element 
with which the controlling resistances are incor- 
porated, so that any heat generated in the latter is 
put to useful purpose. The main heaters are auto- 
matically controlled by a mercury thermostat. The 
same firm are showing a device, whereby a type metal 
pot can be automatically supplied with meta]. This 
consists of suspending an ingot by a chain over the 
molten mass in the pot and in contact with it, the 
whole forming an electric circuit, which when closed 
holds an escapement gear out of action. When the 
level of the metal in the pot falls the contact between 
it and the ingot is broken, the circuit opens and the 
gear feeds the ingot down until contact is once again 
established. 
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MODERN DEVELOPMENTS OF WAVE 
MECHANICS. 


ALTHouGH few subjects have been more widely dis- 
cussed during the past few years than the theory of 
wave mechanics, the physical meaning underlying 
the abstruse mathematics remains nebulous to the 
engineer whom the theory is supposed to help to under- 
stand the dynamics of solids. On the other hand, it 
must be admitted that the electronic structure of 
the atom, now generally accepted, is unsatisfactory, 
whether we attempt to cling to the forsaken view 
of practically stationary electrons, or try to under- 
stand how the planetary systems of electrons can retain 
any individuality under different conditions and in 
compounds. We have ceased to wonder that sodium 
chloride does not in the least resemble either sodium 
or chlorine, and that the sodium ion is altogether 
different from sodium metal. In a measure it is 
therefore a relief that quantum and wave mechanics 
tell us that it is impossible to fix the position of a parti- 
cular electron in an atom, and unnecessary to assume 
that two combining or interacting atoms will retain 
their own particular systems of electrons. It is for 
these considerations that we give below an abstract of a 
paper entitled Modern Developments of Wave Mechanics 
and Their Bearing on Crystal Structure, which Professor 
P. P. Ewald, of Stuttgart, contributed to the Faraday 
Society discussion on “ Crystal Structure ”’ last March, 
though such papers are difficult to condense. 

In Professor Ewald’s opinion, the conception which 
wave mechanics gave of the atom was far simpler 
than the complicated orbits of the planetary systems of 
electrons were, and it differed from the old theory of 
the atom chiefly because it denied the possibility of 
assigning any particular location in the atom to any 
given electron. Statistical statements only as to the 
location of the electric charges were possible. We 
might speak of an electric density or space charge 
in the interior of the atom in the sense of a time- 
average of the positions of the electron, and we could 
use this density at ay rate for calculating the effect 
of the atom on its environment. This density was 
given by the square of Schridinger’s quantity y, 
which was determined by a differential equation closely 
related to Hamilton’s equation for ordinary mechanics. 

2 
aro” (E—V) p = 0, where m 
was the mass of the electron, V the potential acting on 
it, which might originate in the central charge of the 
atom, E the total energy of the atom, and h Planck’s 
constant. The equation was the same as that of 
dynamics for vibrations propagated in a heteroge- 
neous elastic medium, the elastic density of which was 
dr2m 
he 
at points where V had a large negative value, that is, 
at those places to which the electron was attracted. 
In a mechanical system, this differential equation, 
allowing for boundary conditions, gave a definite se- 
quence of free or normal vibrations, each of which was, 
in general, associated with its own natural frequency 
and had its own pattern of nodes. For the solution of 
the Schrédinger equation it was not necessary to assume 
a definite boundary for the atom; the whole of the 
vibration would be concentrated in the environment. 
The natural frequencies determined from the equation 
given by the fundamental relation E == hy, were the 
energy levels of the atom. 

The other great advance had been Pauli’s exclusion 
principle and the discovery of the electron spin. In its 
older form, the exclusion principle stated that no two 
electrons of a system could be in the same state. 
This, combined with the knowledge that each electron 
might occur with either a positive or a negative spin, 
implied that each state of an atomic system (charac- 
terised by the y function only as regards the position 
co-ordinates) might only occur twice, once associated 
with a positive spin and once with a negative spin. 
In the theory of wave mechanics, the vibration function 
of the atom, including the spin, should be asymmetri- 
cal. If the spin function alone were symmetrical, the 
co-ordination part of the function, i.e., y, should be 
asymmetrical, and vice versa. The terms asymmetri- 
cal and symmetrical meant that the sign of the function 
was changed or remained unchanged, respectively, on 
permuting the electrons. Those considerations governed 
the architecture of the periocic system of elements ; 
they accounted for the completion of electron shells 
in the inert gases on the old views, and for the formation 
of spherical symmetry of the y vibrations according 
to wave mechanics. Partial symmetry, limited to 
the position co-ordinates of the electrons, might be 
attained before the completion of the shell. When 
the hydrogen atom (with one electron) was in its natural 
state of lowest energy, its y function was of spherical 
symmetry, which could only be associated with one 
kind of spin as long as the shell was not completed. 
In helium there were two electrons, and both kinds of 
spin could occur; the symmetry was completed with 
respect to the spin, and the inert-gas shell resulted. 


Theequation was: Aw + 


proportional to (E — V), and had its maximum 
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Progress had been made, with curious results, 
by applying the principle of resonance to wave mechanics 
and to the degeneration by exchange. When two equal 
pendulums, each of frequency v, were coupled in any 
way, the whole system would have a range of natural 
frequencies, but these were not equal to v, and did not 
remain unchanged. The individual frequencies of the 
disconnected pendulums would divide into two 
different frequencies of a symmetrical and an asym- 
metrical vibration; the latter might be said to 
have a node between the pendulums and was 
the faster of the two, because the restoring force was 
increased by the interaction. The two equal uncoupled 
pendulums were called a degenerate system, because 
two (or more) modes of vibration had the same fre- 
quency—that is, any combination of the harmonic 
vibrations of the two independent pendulums. The 
system was regenerated by coupling ; it then developed 
its full share of natural vibrations, which was equal 
to the number of degrees of freedom. Now, in wave 
mechanics, the frequency determined the energy of 
the system, E = Av, and degeneration occurred when- 
ever there were two (or more) ways of producing the 
same energy content of the system. The splitting 
up of the common frequency or energy level into 
fully-developed levels depended upon the coupling 
mechanism as in classical dynamics, but there was 
further degeneration by exchange and regeneration, 
as Heisenberg had shown for the helium atom, and 
London and Heitler for the hydrogen molecule. When 
two hydrogen atoms, each carrying one electron, were 
at some distance apart, there would first be little 
interaction. When the two electrons were exchanged 
on approaching nearer, the system retained its energy, 
but the possibility of exchange of electrons in two or 
more ways made the system degenerate, provided there 
were some coupling and interaction owing to the electric 
fields or to some phase relation between the orbits of 
the electrons. This exchange energy had no equivalent 
in classical dynamics. Wave mechanics showed, how- 
ever, that, just as we could not definitely localise an 
electron in the atom, so we could not, in the case of 
interaction, consider the electron as belonging to a 
definite atom. 

Passing further to the work of Unsdéld, Born and 
Pauling on polar crystals, Professor Ewald pointed 
out that when a hydrogen (positive) nucleus approached 
a hydrogen atom, the cloud of negative charge round 
the latter would at first assist the nucleus to come 
nearer the centre of the cloud, and repulsion would pre- 
ponderate afterwards. The relations would be similar 
for ions, and Unséld had extended Born’s calculations 
of the forces in polar crystals in that way. Wave 
mechanics further explained why hydrogen atoms with 
the same electron spin repelled one another, so that the 
hydrogen atom could exist as such, and also explained 
the homopolar bond, between neutral atoms, so far not 
understood. Again, the exchange phenomena and 
interaction accounted for the electronic conductivity 
of metals. When the atoms approached one another, 
the co-ordination number and the coupling increased, 
the spectrum was disturbed and passed into the 
energy spectrum of the free electrons, and there was, 
as Heisenberg had shown, the general transit from 
bound to free electrons required for metallic conduc- 
tivity. Many of these results could not yet be re- 
garded as definite in detail, but wave mechanics 
supplied us with powerful weapons for attacking the 
problems of the dynamical structure of solids. 








Contracts.—The Central Electricity Board have 
ordered 66,000-volt switchgear for the South-East 
England Electricity Scheme from Messrs. The British 
Thomson-Houston Company, Limited, Rugby. The 
switchgear is required in connection with the inner 
London network of the national grid scheme. It is of 
the ‘indoor-outdoor” type, and each oil-immersed 
circuit breaker is rated at 600 amps., with a rupturing 
capacity of 1,500,000 kv.-a. at 66,000 volts.—Messrs. 
Kennicott Water Softener Company, Limited, Imperial 
House, Kingsway, London, W.C.2, have secured orders 
for large water-softening and filtration plants from 
Messrs. Tata Iron and Steel Company, Limited, the capa- 
city being 600,000 gallons a day; the Port Elizabeth 
Municipality, capacity, 1,250,000 gallons a day; the 
Bengal-Nagpur Railway, capacity 770,000 gallons a day ; 
Messrs. Empress Mills, Limited, Nagpur, capacity 
600,000 gallons a day; Messrs. Roan Antelope Mining 
Company, capacity 400,000 gallons a day, and from other 
companies and administrations in various parts of the 
world.—The British Sugar Manufacturers, Limited, have 
placed an order with Messrs. Ruths Steam Storage, 
Limited, Africa House, Kingsway, London, W.C.2, for 
a steam accumulator plant to be installed at their 
beet-sugar factory, at Wissington, Norfolk. The overall 
dimensions of the accumulator will be 66 ft. 6 in. long 
by 9 ft. 9 in. diameter, and it will have a capacity of 
24,000 lb. of steam when operating between the pressures 
of 225 lb. and 50 Ib. per square inch. Messrs. Ruths 
have also received an order for steam storage plant from 
The Gas Light and Coke Company, for their new works at 
Brentford. The length of the shell will be 55 ft. 6 in., 
and the diameter 13 ft. 104 in. ; it will operate between 
pressures of 160 lb. and 100 lb, per square inch. 
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AUTOMATIC SCREWING MACHINES. 


THE design of machines intended to finish great 
quantities of small parts very rapidly seems to be 
one of the strong points of the machine-tool industry 
of the United States, and in Figs. 1 to 6 on the opposite 
page and on page 500, we illustrate two interesting 
examples of such rapid production apparatus. These 
consist of a six-spindle automatic machine for making 
bolts, set screws, &c., from the solid, and a four-spindle 
chucking machine in which small castings and other parts 
can be turned, bored, and screwed. Both machines are 
made by Messrs. The New Britain Machine Company, 
New Britain, Connecticut, U.S.A., and are sold in this 
country by Messrs. Alfred Herbert, Limited, Coventry. 

The New Britain six-spindle automatic screw 
machine is shown in Figs. 1 and 2, and is made in 
four sizes, the particular size illustrated being what 
is known as the 1% in. by 7 in. machine, from the fact 
that the chuck will accommodate a rod 1% in. in 
diameter, and has a maximum feed of 7 in. The 
other sizes of this machine tool are $ in. by 3} in., 
lin. by 5in., and 1?in. by 7in. The general features 
of the machine are well shown in Fig. 1. The bed is 
carried down to the floor with a continuous external 
flange at its base, and is formed with a deep pan for 
the swarf and cutting lubricant. This form of bed 
gives a wide foundation and the machine is, in conse- 
quence, remarkably free from vibration. It will be 
noticed that the portion of the bed immediately 
underneath the work has a sloping surface. This 
directs the swarf and finished work into the pan, 
which is widest at this side of the machine. The 
pan has a gradual fall towards the rear of the machine. 
An oil sump and strainer are provided here, and, at 
the other end, the pan has a deepened and sloping 
lip to facilitate cleaning. 

The drive, in the machine shown, is by a 10-h.p. 
motor coupled to the main shaft by a chain, but 
a belt drive from a countershaft can be employed. 
The reduction gear box is seen below the motor, 
and near it is the gear box for effecting changes in 
the feed of the tool slide by varying the speed of the 
camshaft. This shaft carries, to the right of the figure, 
a feed drum; in the centre, cams for cross-slide 
tools ; and at the left, the indexing mechanism, which 
is of the Geneva motion type. The camshaft is 
driven through the feed drum by means of a pinion 
meshing with a gear on the inner circumference of 
the drum. The thrust of the tool slide against the 
feed cam is taken by a hardened steel roller attached 
to the frame which bears against the edge of the 
drum. The cam itself is laminated in a similar way 
to a leafspring, a construction which permits of the 
adjustment of one cam to all lengths of work within 
the capacity of the machine. 

The tool slide is of substantial design, and does not 
overhang its ways at the end of its travel. The 
form of the tool holders can also be made out 
in the figure. There are six of them, holding 
drills, reamers and turning tools of standard 
pattern, against which the work is rotated in a 
clockwise direction. This figure also shows four of 
the six work-holding spindles and indicates the 
position of the two others. As will be seen, the work 
is gripped in collet heads, the jaws of which are 
arranged, in this instance, to hold hexagonal bars. 
With round bars the maximum diameter of rod is 
1-625 in., while square bars up to 1-149 in. side, and 
hexagonal bars up to 1-407 in. across the flats can 
be dealt with. In Fig. 2, the operations of making 
a bolt can be followed, beginning with a new length 
of hexagon bar in the bottom left-hand corner, and 
finishing with the short end, from which a completed 
bolt has just been parted, immediately under the 
eentral supporting bar. The cross-slide tools are 
four in number. Two of them may be seen at the 
left of the figure on one side of the machine. This 
arrangement permits two or three pieces to be pro- 
duced at one indexing movement, provided they are so 
simple as not to require to go through the whole of the 
six positions. In more elaborate work, but which still 
does not require the maximum number of operations 
of which the machine is capable, the longer operations 
can be sub-divided and the production time thus 
considerably reduced. 

The spindles are contained in a heavy cylinder which 
is protected by a housing divided horizontally, and 
provided with a loose cover giving ready access to the 
spindle-bearing adjusting nuts. The spindles are 
forged from chrome-nickel steel, and are heat-treated, 
hardened, and ground. The bearings are of bronze, 
with a conical external surface, and are designed so 
that wear may be taken up in the bearings without 
disturbing their alignment. End thrust due to tool 
pressure is taken by ball collars on the spindles. Six 
rates of spindle speed are provided by change gears. 
Right or left-hand threads can be produced with equal 
readiness. The screwing mechanism embodies a 
tripping device, which permits the die to run close to 
a shoulder, or a tap to work close to the bottom of a 
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SIX-SPINDLE AUTOMATIC SCREW MACHINE. 


CONSTRUCTED BY MESSRS. 


THE 


NEW BRITAIN MACHINE COMPANY, NEW BRITAIN, CONN., U.S.A. 

















Fie. 2. Cuucks anp Too. Houpers. 


hole without the risk of damaging the tool. The 
spindle continues to run at the same speed as the other 
spindles during the operation of screwing, the thread 
being cut by the revolution of the die or tap, as the 
case may be, at a higher speed, and in the correct 
direction according to the hand of the thread. When 
the cutting motion ceases and the tap or die is released, 
it is run off the work by this original motion of the 
spindle, the whole operation being independent of the 
horizontal movement of the tool slide. 

The spindle cylinder is always indexed at a constant 
speed, irrespective of the production or spindle speed. 
The indexing mechanism is carefully designed so as 
to accelerate and check the motion of the spindle 
cylinder without shock. The cylinder is finally locked 
by a rectangular latch entering the appropriate notch 











Fie. 1. Macutne anp Bar-FEED GEAR. 

iron, or steel castings or forgings. The machine has 
four spindles and five two-jaw chucks, so that one chuck 
is automatically brought to an idle or loading position 
at each indexing of the chuck turret. The general 
arrangement is shown in Fig. 3. The headstock is 
seen to the left. It is wholly enclosed and is cast 
integrally with the bed, which is firmly attached to 
the base casting. The drive is by belt, from a 74-h.p. 
motor partly recessed into the base, the necessary 
tension on the belt being maintained by a spring- 
operated idler. The motor drive is, however, not 
essential, and, in case an overhead drive is preferred, 
the guard over the driving pulley can be reversed, and 
the bracket which carries the motor omitted. Two of 
the four spindles are visible in the figure, and between 
them is seen the socket of a fifth spindle, also power- 
driven, which is situated opposite the loading position. 
This can, if desired, be adapted for a spotting drill, if 
such an operation is necessary to the sequence of 
operations. 

Three of the four working spindles are designed for 
turning, boring or facing, while the fourth is intended 
for screwing. The face of this spindle is set 2} in. 
behind the plane of the others, so that self-opening 
die-heads, collapsible taps, or other threading apparatus 
which require extra length may be used. The three 
boring spindles have independent speeds, obtained 
from change gears, of from 160 r.p.m. to 1,200 r.p.m. 
in four groups. The drive is through helical gearing. 
The feeds are also independent, and are obtained from 
cams which provide rapid advance and withdrawal, 
as well as suitable cutting feeds. The maximum 
combined range is 3 in. The screwing spindle has a 
clutch drive andia range of speeds of from 45 r.p.m. to 
700 r.p.m. The withdrawal rate is always 1-34 times 
the forward rate. The relative speed of the screwing 
spindle is altered, to suit the pitch of the thread 
being cut, by means of a separate train of change 
gears. A right-hand thread is normally cut, but an 
intermediate gear, introduced into the train without 
altering the ratio, enables left-hand threads to be 
formed. The screwing spindle is provided with a 
device which ensures a positive lead. This embodies 
a nut and pilot thread to start the tool, but as soon as it 
is started, the nut releases, and the spindle is free to 
feed according to the lead of the tap or die as it goes 
through the work. All the spindles have a key to 
ensure a positive drive, and all are of vanadium steel, 
in its circumference. The gearing is machine-cut | heat-treated and ground, running in tapered-sleeve 
throughout, and there are no chains, worms, or bevel | bearings of bronze. 
gears in any of the motions. The control levers can Referring again to Fig. 3, the horizontal turret 
be operated from either the back or front of the/| carrying the chucks is seen at the right. This is 
machine. Hand feed is provided for all the feed | supported in a bearing 13} in. in diameter by 10} in. 
movements and tool positions for setting up, testing, | long, behind the chucks, and by a prolongation, 44 in. 
and adjusting purposes. An oil pump is provided for| in diameter, in front of them. The latter enters a 
the lubricating system. The oil is first delivered through | bearing in the spindle head, and there is consequently 
the underside of the tool-slide into a chamber at the | no overhang. The turret is indexed in five positions 
centre surrounding the driving-shaft bushing, from | by a modified Geneva movement, and is locked by a 
which chamber it is led through tubes to the individual | bolt moving radially and provided with means for 
tools. | taking up wear. The chucks are controlled by the 

The “ New Britain’? No. 234 automatic chucking | lever seen near the centre of the machine. The starting 
machine is shown in Figs. 3, 5 and 6, while Fig. 4| and stopping lever is that near the headstock. The 
illustrates an example of the class of work for which it | turret has a longitudinal movement of 5 in. for the 
is intended—namely, the machining of small brass, ' purpose of setting it to suit different kinds of work. 
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MULTI-SPINDLE AUTOMATIC CHUCKING MACHINE. 
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Fia. 3. 


OPERATING SIDE OF MACHINE. 














(1321 F) . “ENGINEERING” 





Fia. 5. 


Fine adjustment relative to the tools is facilitated by 


micrometer ring nuts on the 4}-in. bar above men- 
tioned. There is, of course, no longitudinal movement 
when the machine is working, the turret being rigidly 
clamped in position, except during the indexing move- 
ments. 

What is, perhaps, the most characteristic feature of 
the machine, namely, the two-jawed air-operated screw 
chucks, is shown in greater detail in Fig. 5, which is a 
view of the turret head. The form of the jaw faces for 
the piece of work being machined is well shown in the 
figure. As stated, the chucks are operated by air 
pressure, and are automatically controlled by the cycle 
mechanism of the machine. At the time of our inspec- 
tion at the Coventry works of Messrs. Alfred Herbert, 
Limited, this air pressure was supplied by a small elec- 
trically-driven compressing set at the machine, but in 
works where air of a suitable pressure is available this 
is not necessary. Where no air-supply at all exists the 
chucks can be operated hydraulically, the only altera- 
tion required in the construction of the machine being 
that of making the several ports and passages larger. 
There is a separate reservoir provided in the base for 


Toot-HoLpsrs AND PNEUMATIC CHUCKS. 


Fic. 6. 


the necessary oil for this purpose, and also provision 


for a hydraulic pump and means for driving it. | 


In these circumstances, the machine is entirely self- 
contained, and the driving unit supplies all the power 
required. 

With the turret in the position shown in Fig. 5, 
the approximately oval gear-cases containing the 
mechanism for operating the screwed spindle which 
opens or closes the jaws can be seen on two of the chucks. 
The pair of gears, in each case, is elliptic, so that the 
maximum leverage can be applied at the moment the 
jaws close upon the work, but it is clear that this motion 
cannot be obtained with different sizes of work, and 
therefore with different degrees of jaw opening, unless 
there is some means of adjustment. This is effected by 
attaching the gear wheel to the spindle by means of a 
square neck on the spindle with a corresponding hole in 
the wheel. The hole is set at an angle of 22} degrees 
to the major axis of the gear wheel, and, as the wheel 
may be placed on the spindle in one of four ways, this 
inclination gives four different positions of maximum 
leverage. Four more may be obtained by reversing 


the wheel, that is, putting it on the spindle with the | 


DisTRIBUTION Box or LUBRICATING SYSTEM. 


outer face inwards, and in this manner a range of eight 
positions is obtained which is enough to cover the range 
of work for which the machine is suited. The jaw 
faces are, of course, prepared to accommodate the work 
in hand. The driving wheels of the elliptic gear are 
coupled by means of racks to the air operating cylinders, 
which are 5 in. in diam. 

A typical working cycle of the machine is best 
understood by considering the actual example shown 
in Fig. 4. This is the body of a small straight-through 
stop valve. The reference letters are used to indicate 
the particular operation done at any indexing position. 
In Fig. 5 the chuck in the centre is holding a finished 
valve, i.e., finished as regards the operations being carried 
out. This is also the loading position, and just before 
the chuck had approached it the valve would normally 
have been ejected. The operator would then have 
placed a fresh casting in the chuck. This is position 
No.1. In No. 2, the chuck is in the position shown in 
the lower part of Fig. 5, and the surface A is rough 
faced, and C and D rough drilled by the corresponding 
spindle. Position No. 3 finishes the face A, forms the 
groove B, finish drills C and D, and forms the seating 
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E. Position No. 4 faces the seating E, sizes C with a 
reamer and makes a recess at F for the entry of the 
tap. These two positions are not shown in Fig. 5. In 
position No. 5, Cis tapped 1 in. gas. Thisis the position 
shown in the upper portion of Fig. 5. The timed 
production of the valves shown in Figs. 4 and 5, is 
480 per hour, for the operations indicated in the 
former figure. 

The automatic action of the machine can be cut out 
by movement of the chuck control lever. The cycle 
may also be adjusted to stop, after each movement, 
either before or after indexing, in those cases in which 
automatic ejection from the chuck might damage the 
work. In this case, the rotation of the turret becomes 


|THE ATKINSON ROTARY FURNACE 
| AND INCLINED GRATE FOR STEAM 
| BOILERS.* 

| By J. S. Arxrnson. 

| (Concluded from page 428.) 

| The Inclined Grate.—This has its principal application 
| for the firing of water-tube boilers, and by reason of the 
| firebars not passing over the fuel bed as in the rotary 
| furnaces, these never become over-heated. This form 
| of grate is, therefore, particularly suited to the com- 
| bustion of towns’ refuse and similar fuels having a 
slaggy ash, the comparatively cool bars preventing this 








intermittent, and the operator trips the cycle mechan- | from sticking to them. This grate is being developed 
ism by a movement of the lever after the new work | later for the burning of towns’ refuse. An experimental 
has been placed in the chuck. As regards the size | form of this grate was laid down some time ago at the 
of work that can be handled, the minimum gap is} works of Messrs. Ashmore, Benson, Pease and Company, 
4} in., and the maximum, with the turret fully with-| Limited, at Stockton, and a sectional view of this is 
drawn, is 9 in. The spindles are pitched 6} in. across;shown in Fig. 17. With this grate, the fuel has 
the chord, and this dimension is thus the maximum| precisely the same motion imparted to it as with the 
diameter of the tool which can be used. The chuck| rotary furnaces. Rates of combustion up to 150 lb. 
centres, of course, correspond, but, as the chucks do| per sq. ft. of grate area were obtained with this grate, 
not revolve, work greater than 6} wide may be handled | and a number of low-grade coal fuels were tested with 
by overlapping. | very good results, such as belt pickings, or ‘“‘ bats,” &c. 

The distribution box of the lubricating system is! Practically smokeless combustion was obtained along 
shown in Fig. 6. A circulating pump is provided, | with high flame temperatures, but it was found difficult 
which draws from a suitable reservoir in the base | to obtain a tight setting, and air infiltration prevented 
and delivers the oil to the bearings, of which there are | any very high efficiencies. The principal reason of this 
56 in the machine. The working parts are, in general, | was that the air box through which the blast was intro- 
almos’ entirely enclosed, but one cover is shown re-| duced had to be kept up against the curvature of the 
moved in the figure, in order to demonstrate the run of | chains by springs, the box swinging on pivots. This did 
the oil pipes. The edge in the foreground is part of | not work well in practice, and this particular design 
the large trough, at the back of the machine, into| was not proceeded with, for the main reason that the 
which the swarf and finished work fall by way of | width of the fire-bed, 7.e., across the curve, was not 
| capable of being increased in the larger installations 
| that would be required. The boiler to which this 
grate was fitted is of the Babcock and Wilcox type, 
with an evaporative capacity of 4,000 lb. per hour. 


separate chutes. 








AMSTERDAM Motor SHow.—H.M. Consul-General at 





Amsterdam has forwarded to the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, a confiden- 
tial report on the Motor Show held at Amsterdam from 
January 11 to 20 last. United Kingdom firms desirous 
of receiving a copy of the report should communicate with 
the Department, at the above address, quoting 
No, A.X. 7713. 


Reference | 
N 


| Any increase of radius to bring about a greater 
| width across the fire-bed would give still more waste 
space at the top of the grate and would, moreover, give 





* Paper read before the Bradford Engineering Society, 
ovember 12, 1928, 











an unduly thick fire bed in the centre. Further develop- 
ments, therefore, proceeded along the lines shown in 
Figs. 18 to 20, which overcame this trouble. In this 
design, the fire-bed is supported on links instead of bars, 
and a more even distribution of the blast is obtained. 
Also, the design for this permits the use of much larger 
capacity grates. 
The feed from an overhead bunker will be observed, 
thence through a rotating drum with compartments, the 
speed of the drum being variable by a similar gear to that 
on the rotary furnaces. From this drum, the fuel falls 
through a chute to one end of the fire-bed, and, during its 
passage across this, it undergoes the same agitation as in 
the rotary furnaces by contact with the upward moving 
chain links. At the far end of the grate is situated the 
ash chute ; the discharge from this can be arranged 
to suit any type of ash-handling desired. The air-blast 
box is subdivided into compartments to give different 
air pressures under those parts of the grate covered by 


‘the fuel in its different stages from ignition of the 


volatiles to complete combustion. 

An inclined grate of this type was put to work 
in the Glasgow District early in January of 1927. 
The fuel used is wood chips and when there is 
any shortage of these a mixture of wood chips and 
coal. The boiler is of the Stirling type of 10,000 Ib. 
rating, and when the grate was first put to work an 
evaporation of about 17,500 lb. per hour was obtained, 
the production of steam per lb. of wood chips being 
approximately 24 lb. to 3 lb. actual. Thus, from the 
steaming point of view, the result was excellent, but, 
after a few days, a severe mechanical defect made a 
change in the drive essential. It was found that, with a 
positive drive to both the upper and lower sprocket 
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drums, the chain became out of balance and jamming | 
took place. Alterations were therefore carried out as | 
shown in Figs. 21 and 22, the bottom sprocket drum was | 
converted to an idler, whilst a new sprocket drum was | 
fitted at the point where the chain alters its direction | 
upwards, this new sprocket and the top one being now 

positively driven. This alteration has had the desired 

effect, and it would appear that mechanical troubles 

have been entirely overcome here. In effecting this 

conversion, the grate was modified, the air spaces being | 
slightly altered to prevent riddlings. This resulted in 

the output of the boiler being reduced to 13,500 lb. per 

hour. New links are now being fitted, and it is antici- | 
pated that these will greatly diminish riddlings and | 
will also restore the high output and excellent combus- | 
tion conditions obtained during the first few days. | 
At that time, no instrument was available for showing | 
flue-gas analyses, but, during the subsequent runs with | 
the modified drive, a CO, content, as determined on an | 
Orsat set, of between 11-5 and 14-5 per cent. was ob- | 
tained with wood chips. One point will be noticed, viz. | 
that when applied to water-tube boilers, the inclined | 
grate is placed so as effectively to utilise the whole | 
radiation from the fire-bed. 

The author wishes to conclude by expressing his | 
great appreciation of the most valuable assistance he has | 
obtained throughout these developments from ; Firstly, | 
the engineer to the Glasgow Corporation in charge of | 
the town’s refuse disposal ; and secondly, the engineer- | 
ing staff at Messrs. The Frodingham Iron and Steel Com- 
pany, Limited, the constructional director and his staff 
at Messrs. Alfred Holt and Company, Birkenhead, the | 
technical staff of Messrs. The United Glass Bottle | 
Manufacturers, Limited, and later those at Messrs. | 
Richard Evans and Company, Limited. 








MOTOR LIFE-BOATS OF THE ROYAL | 
NATIONAL LIFE-BOAT INSTITUTION.* 
By J. R. Barnett, O.B.E. 


PREViouS papers in the years 1910 and 1922 
described what had then been accomplished since the 
first motor life-boat was built in 1905. The present 
paper is intended to record briefly the further progress | 
made. The life-boats in service om the coasts of this 
country may be classed under two headings : (1) Deep- 
water boats, which are usually launched from slipways, 
or lie afloat, and (2) shallow-water boats, which are 
mostly launched from flat beaches. There are several 
types of each class, and motor life-boats are built for 
both classes. The chief advance that has been made | 
in recent years is the introduction of twin screws. 

Deep-Water Boats.—The first twin-screw boat was 
built for New Brighton, and was described in the 1922 
paper. That boat is one of the largest built, being 
60-ft. in length. Two similar boats have been placed 


j 
| 
| 


* Paper read before the Institution of Naval Archi- 
tects, on Friday, March 22, 1929. Abridged. 





+ See ENGINEERING, vol. 1xxxix, pages 411 (1910), and 
vol. exiii page 506 (1922). 





}each well being watertight and fitted with relieving 


| weight, also a drop keel, but with twin screws, a 
| full-sail plan and a drop keel are now not considered 
| necessary in a boat of that size. 
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at Plymouth and Aberdeen; and a third, 61 ft. in 
length, with more draught, is now being built for Pad- 
stow. These are completely decked boats, and have a 
good cabin forward and another aft. There are two 
engine-rooms, separated by a longitudinal watertight 
bulkhead, each having an independent entrance, al- 
though everything is controlled from the deck. There 
are twin tunnels, divided from one another by the keel 
and centre deadwood, so each propeller is well protected. 
These large twin-screw boats have only very small sails 
for steadying them, and a heavy keel is not required. 
The introduction of twin screws in boats of smaller size 
presented many difficulties. Buta twin-screw boat, 51 ft. 
in length, was built for Stromness in 1928. (See Fig. 1). 
She also is a decked boat, with twin tunnels. There is a 
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the conditions imposed on these life-boats, the designs 
are satisfactory, and the results obtained on actual 
service, in the case of both boats, have confirmed this 
opinion. 

Attention was then directed to the next smaller 
size of non-righting life-boat. Two boats, 45 ft. 6 in. in 
length, were built in 1928, each with twin engines (see 
Fig. 2), but one had a single propeller in a tunnel and 
the other had twin propellers in twin tunnels. It was 
thought that, in such a small boat, the twin tunnels 
might offer too great a flat surface to a heavy following 
sea, with some danger of wild steering and a fear of 
broaching to. These two boats were very severely tested 
together in the worst weather obtainable off Rosslare. 
The twin-tunnel form proved equally satisfactory on 


TABLE oF Data or Motor Lire-Boats ALREADY BUILT. 




















| in. 








| | | | 
i. Barnett | Barnett amecata |. Watson | | Self- Self- 
Type ee pe = - **| Twin Screw.| Twin Screw. Ramsgate. Twin Screw. | Watson | Righting. Righting. 
| | 
Length overall 60 ft. | 51 ft. | 48 ft. 6in. | 45 ft. 6 in. 40 ft. | 40 ft. | 35 ft. 
Type of engine D.E. (2) | C.E. 6 (2) | C.E. 4 (2) | C.E.4(2) | J.B. 4 (1) | C.E, 4 (1) | Halford. 
i] | | 
| | 
Length on water-line | 58 ft. 6 in. | 49 ft. 47ft.3hin.| 44 ft. | 38 ft. 2 in. | 38 ft. 44 in. | 33 ft. 9} in. 
| { ' 
| 
Breadth (exclusive of fender) 15 ft. | 13 ft.6in.| 13 ft. | 12 ft. 6 in. | 11 ft. 10 ft. 6in. | 8 ft. 10 in 
Depth amidships on .-| 6 ft. 9in. 5 ft. 10 in. | 6 ft. gin. | 5 ft. 3in | 4 ft. 92in. | 5 ft. O}in. | 3 ft. 9 in 
Mean draught on trial .. | 4ft.lin. | 4 ft. lin. | 3 ft. 83pin. | 3ft.9}in. | 3ft.3in. | 3 ft. 14in. | 2 ft. 3}in 
Displacement on trial, tons aint 43-6 26-5 23-15 | 22-27 | 13-95 13-7 8-0 
Speed on trial, knots 3 ..| 96 | 8-69 8-36 | 8-22 | 7:17 7:53 7-43 
B.FLP. <= 6 Nominal; 2at80 | 2at 60 2 at 40 2at40 | 45 40 30 
* a sa ae Actual | 2 at 84-8 | 2 at 61-25 | 2 at 46-25 | 2 at 43-5 42 41-75 29 
Revolutions per minute,engine Nominal | 800 | 1,200 1,200 | 1,200 | 950 1,200 3,000 
| Re - » Actual 786 |} 1,148 | 1,266 | 1,266 880 1,244 2,907 
| Number of cylinders (per engine) Six Six Four Four Four Four Six 
Revolutions per minute, propeller 786 574 633 | 633 880 622 860 
Speed in knots (cruising) a 8-2 | 7°5 7°5 | 7:2 | oo 6°75 6-75 
Miles radius at cruising speed .. 185 } 95 7 82-6 | — 75 60°8 
an ,. full speed 110 «| «6715 58 ) 3687. | 50 57°6 45-6 
MG., feet .. wer eee el oe) J Ook, 28 | 8:04 | — — 1-50, 
Propellers, diameter and pitch. . ..| 25in., 23in.| 24 in., 31-5 | 22in., 28in.| 22in., 28in.| 20in., 17 in.| 22 in., 28 in.) 20in., 17 in. 





cabin forward, a large well aft, and a small well forward, 


tubes. These wells are protected by hoods which 
shelter the crew, and are a great benefit. In the 60-ft. 
boats, the propellers had a direct drive, but in this boat, 
faster running engines had to be adopted to get the 
power into the space available, and the propellers 
are driven through reduction gear of the Burn type. 
The Stromness boat, being a special one, carries 
a full spread of sail, and has an iron keel, 2} tons in 


Four new boats of 
this size are now building. It will be remembered 
that the design for the 60-ft. boat was tested by Messrs. 
Denny in their experimental tank, and that they carried 
out experiments to ascertain the most suitable pro- 
pellers. They similarly tested this Stromness boat. 
These experiments have given confidence that, to fulfil 





all points. (This, it may be mentioned, is also the con- 
clusion the French Life-Boat Authorities have arrived 
at after exhaustive model experiments.) Further, the 
twin-screw boat had a decided advantage in speed. 
These 45 ft. 6 in. boats are decked ; they are, in fact, of 
very similar type to the 51-ft. boat, having also a cabin 
forward, a large well aft, and a small well forward. The 
reduction gear in the twin-screw boat is of the Burn 
type; in the single-screw boat it is Garrard gear. 
Sails in twin-screw boats of this size may now be con- 
sidered auxiliary, but there is an iron keel of 2} tons. 
This Rosslare boat was the first to be fitted with a 
wireless installation. 

All these boats were severely tested before they were 
allowed to go on service. The 60-ft. twin-screw boat 
for New Brighton went round the British Isles, but, 
before doing so, and after the ordinary trials, she was 
tested in an unusual manner. One engine-room was 
flooded to the level of the water outside—that is, she 
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Fig.1. 51? TWIN-SCREW CABIN MOTOR LIFE-BOAT Fig.2.45 FT 6!" TWIN-SCREW CABIN MOTOR LIFE-BOAT Fig.3. 40 FT MOTOR LIFE-BOAT (WATSON 
(BARNETT TYPE),MIDSHIP SECTION (WATSON TYPE),MIDSHIP SECTION TYPE ), MIDSHIP SECTION. 


° 

















ee WATER-TIGHT BULKHEAD 












WATER-TIGHT BULKHEAD 





Fig.6.40F1 SELF-RIGHTING MOTOR 
LIFE-BOAT,MIDSHIP SECTION. 
















Fig.5. 64 FT FAST MOTOR LIFE-BOAT, 
| MIDSHIP SECTION. 


Fig.4. 48 FT 6'" MOTOR LIFE-BOAT 
MIDSHIP SECTION 
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Fig. 7. 35 F 16!" SELF-RIGHTING 
CARRIAGE MOTOR LIFE-BOAT, 
MIDSHIP SECTION. 
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was in a condition such as would be the case if there | behaved well on all points of sailing. These decked type is a large open life-boat for estuary work, 48 ft. 6 in. 
was a hole in her bottom in way of that engine-room. | boats have good initial stability, and a much better | in length, with moderate draught, and with twin screws 
In that state, and with all on board—fourteen men— | range than the older type of open boats. |in twin tunnels. (See Fig. 4). There is an iron keel of 
ranged along the deck on the flooded side, she went to| One great difficulty in the design of twin-screw boats | 2-6 tons, also a drop keel. Three of these have 
sea, with only the engine in the flooded room running. | is that the propellers have to be completely protected | already been built, and are a very useful type of boat. 
She behaved well, and was thoroughly under control. | by tunnels, and the diameter of the propeller is rela- |The engines for all these latest life-boats have been 
The Aberdeen 60-ft. boat went up the East Coast, | tively small, because of the limitations which the | built to the designs of the Life-Boat Institution’s en- 
encountering dreadful weather. The 51-ft. boat for | conditions of service place on the size of the tunnels. | gineering staff. They have been fully described and 
Stromness went up the West Coast, after visiting | Further, with the twin tunnels, there is the deadwood | illustrated elsewhere. 

Guernsey, and she also had exceptionally bad weather | separating them; there are side keels, and there are| Of the self-righting motor life-boats, the largest size 
on the voyage. The 45 ft. 6 in. boat, for Rosslare, | bilge keels which have to run parallel to the centre | now built is 40 ft. in length (Fig. 6), with a single screw 
before going to her station, was put through a drastic | line because they form runners for launching from a|in a tunnel. Though there are self-righting boats of 
flooding test. The engine-room was filled with water | slip. These abnormal appendages are apt to cause | larger size, they are not desirable. These also are 
to the level of the water outside—the weight of water | undue resistance, but the results obtained in all three | sailing boats, but the keel is only 2 tons, and there is 
being 53 tons. The boat was otherwise in service | sizes of twin-screw boats are apparently satisfactory. |a drop keel. The smaller the boat the more difficult 
condition, and had seventeen men on board. In that | The Life-Boat Institution has recently re-designed the | the problem becomes of installing a motor, because a 
condition she was taken to sea, both engines running | 40-ft. motor boats, as shown in Fig. 3, but these have, so | flat beach demands a shallow-draught boat. The 
at full speed with the water washing heavily over the | far, only been fitted with single screws. They are also | smallest motor life-boats that have been built are of 
top of them. After this trial, the water was merely | sailing boats, with a keel of 2 tons, and a drop keel. All| the self-righting type, and these also have tunnels. 
pumped out ; there was no opening-up. The next day | the foregoing are deep-water non-righting boats, with | They are launched from the beach, on a carriage or 
she ran an eight-hours’ non-stop endurance trial at | good draught. otherwise, and the severe launching and beaching 
full speed in a southerly gale with a heavy sea, and she! Shallow-Water Boats.—The non-righting Ramsgate! conditions which have to be faced demand a strong 
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boat. The latest design now being built (Fig. 7) is 
35 ft. 6 in. in length, the light weight of which will be 
5} tons. That is a large weight to handle, but the 
necessary strength requires it. In these small tunnel 


boats, the difficulty of getting sufficient power is | February 8 last, Mr. W. A. Benton, of the Research | 
| Department of Messrs. W. and T. Avery, Limited, | 


increased, so an engine with high revolutions is neces- 
sary and reduction gear is also used. 

Finally, in collaboration with Messrs. Thornycroft, 
a boat of 64 ft. length (Fig. 5) has been designed, 
and is now being built by that firm. This boat is for 
dealing with aircraft casualties in the Channel, and she 
will lie afloat in harbour. The speed will be not less 
than 17 knots, and, to attain this, it is necessary to be 
content with what might be called semi-tunnels, which 
do not give quite such good protection to the propellers 
as in the other types of boats. 

These life-boats are all built of wood, the planking 
being teak, double-skin, for the 60-ft. boats, and Hon- 
duras mahogany, double-skin, for the others. The 
construction is similar to that described in the previous 
papers. In a number of the larger boats wireless is 
now being fitted. The table on page 502 gives the 
principal particulars of boats already built. 








FLOTATION OF LOW-GRADE 
BAUXITE. 

Pure bauxite, i.e., the natura! aluminium hydrate 
Al,O, . 3H,O, is so rare that the natural hydrate is 
generally known under the name of the minerals 
gibbsite or hydrargillite. Ordinary bauxite may contain 


up to 75 per cent. of alumina, but it is mostly mixed | 


with iron oxide (anhydrous as hematite or hydrated 
as limonite), kaolinite (Al,0, . 2Si,0,.2H.0O), titanium, 
quartz and other impurities, and the difficulty is that 
these mixtures are frequently very intimate. For the 
metallurgy of aluminium, the alumina only is wanted ; 
even the kaolinite is an undesirable impurity. Unfor- 
tunately, the isolation of the aluminium hydrate, 
and particularly its separation from the quartz and 
kaolinite, which are nearly of the same specific gravity, 
are very difficult matters, even when the bauxite is 
ground down, for gravity treatment in different 
liquids, to particles of 100 mesh; too fine grinding 
is not advisable, because the resulting slimes are 
troublesome to deal with. The American bauxites are 
rarely of higher grade than 50 per cent. The two main 
districts are known as the Arkansas field, which 
produces 90 per cent. of the American bauxite, and 
the more recent and less productive Appalachian field 
in the States of Alabama, Georgia, Tennessee and 
Mississippi. During the last two years, purification of 
bauxite by flotation has been tried by the Bureau of 
Mines, and is described in Investigation Report Serial 
No. 2906, on Preliminary Examination of Low-Grade 
Bauxite, with Particular Reference to Flotation, by 
B. W. Gandrud and F. D. de Vaney. 

The flotation experiments, made with 35 examples 
of low-grade Appalachian bauxite, once more illus- 
trate the empirical character of flotation work ; 
predictions are unsafe. The usual flotation reagents, 
the distillation products of wood and coal, failed 
completely. Treatment with oleic acid, preceded by the 
conditioning of the sludge with sodium sulphide, allowed 
the gibbsite to float alone, without affecting the kaolinite 
and free silica; good stirring and subsequent treat- 
ment with kerosene or machine oil were required. 


When, however, the experiments made with charges | 


of 50 grammes weight were repeated with charges of 
500 grammes, the results were unsatisfactory, until 
the circulation of the sludge was made downwards 
in the agitation chamber, and upwards and very slow 
in the Spitzkasten. Concentrates containing nearly 60 
per cent. of Al,O, and tailings of 40 per cent. or 48 per 
cent. were then obtained. The grinding had been 
down to 65 mesh. With finer grinding, the separation 
became unsatisfactory, unless the slimes, at any rate 
particles of less than 270 mesh, had been previously 
removed. Bauxites high in iron were not freed of their 
iron by flotation, the iron oxide going up together with 
the gibbsite. 


extent, be removed by flotation, and this is important | 


in so far as a few per cent., more or less, of silica, make 
a great difference in the market value of the bauxites. 
A bauxite to be refined for aluminium reduction by the 
Bayer process should not contain more than 5 per cent. 
of silica, whilst 15 per cent. may be tolerated in bauxite 


for chemical manufacture. |On the whole, however, the | 


outlook is not very promising, because the Appalachian 
bauxite occurs mostly in pockets which would hardly 
make the erection of a flotation plant remunerative. 


Mow1nG-MacuIne Competition, [raty.—The Depart- 
ment of Overseas Trade informs us that a competition 
is to be held in Italy for the purpose of encouraging the 
national manufacture of mowing machines. The makers 
of the winning machine will be awarded a gold medal by 
the Ministry of National Economy, and will also receive 
a prize of 10,000 lire. Furthermore, the Federation of 


Agrarian ‘ Consortia,’’ has undertaken to purchase at 
least 500 of the machines. 


Free silica, however, could, to a certain | 
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|SIMPLE INSTRUMENT FOR SPECIFIC- 


| GRAVITY DETERMINATIONS. 
| 


demonstrated the use of an interesting instrument 
designed to enable the relative density of small samples 


|rapidity and to a high degree of accuracy. 
|model exhibited to the Society was fitted with a 
| graduated scale specially adapted to indicate the 
| Specific gravity of light substances, such as samples 
| of rubber, not exceeding a density of 2. In order to 
| obtain the required rapidity of operation, it appeared 
| necessary firstly to make the weighing in air and 
| water automatic by means of a spring or pendulum 


| resistant, so as to avoid the use of weights, and secondly | 


|to dispense with all recording of weights and arith- 
|metical operations, as these greatly increase the 
risk of error and the expenditure of time required 
for a determination. A helical spring resistant was 


| chosen as being intrinsically much more sensitive than | 


|any form of pendulum balance. Owing to the rapidity 


| of the observations, errors due to temperature changes | 


| or spring hysteresis do not arise. 

The spring used in the instrument, which is illus- 
| trated in the accompanying diagram, has suspended 
| from it a light vertical wire to which is attached a thin 
| circular disc, the sharp edge of which serves as an 
| indicator. 


| 





Weight in Air 








Specimen 
(1297) 
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the specimen. The extension of the spring from the 
zero position of the indicator gives the weight in air, 
the weight in water, and the difference, namely, the 
weight of the water displaced. No graduated scale is 
used in this portion of the instrument. To perform the 
operation of dividing the weight in air by the weight 
of displaced water a special device has been adopted. 
An inclined bar, suitably graduated, can be moved 


| coincide with the weight-in-air position of the resistant 
| pointer. 
| this inclined bar is always equated to the weight of 
| water displaced by causing the lower member of a 


| parallel rule to pass through the unitary point and | 


|through the weight-in-water indication. 
| member of this parallel rule is always arranged so as to 
|slide on a knife-edge corresponding in position with 
| the zero of the resistant indicator. This upper member 


| will, therefore, by the principle of similar triangles, | 


|eut off from the inclined graduated bar a length 


| proportional to the weight in air, and the number | 


| engraved on the graduated bar at the point where the 
| upper member of the parallel rule cuts it will express 
the relative density of the body under examination. 
The diagram will make the action of the instrument 
clear. 

To make a determination, the zero reading of the 
instrument must be adjusted by means of the screw 


The body to be examined is then hung 
By turning a 


resistant. 
on the hook attached to the spring. 


milled knob, a pointer attached to the inclined | 


graduated bar is brought into coincidence with the 
pointer of the spring resistant, now indicating the 
weight of the body in air. A beaker containing water 
is raised into position by turning another knurled 
knob at the base of the instrument, thus giving the 
weight in water. By means of a third knurled knob, 
a knife-edge on which the bottom member of the 
| parallel rule slides is moved to coincide with the 
weight-in-water indication of the spring resistant. 
| This lower member is pivoted to the inclined graduated 


of solid substances to be determined with extreme 
The | 


The wire terminates in a hook carrying 


vertically so that its zero point can be brought to | 


The fixed unitary length marked off on| 


The upper | 


at the top of the vertical tube containing the spring | 
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| bar so that it always passes through the unitary point. 
The specific gravity can then be read directly on the 
graduated bar at the point of intersection of the same 


At a meeting of the Physical Society held on| with the upper member of the parallel rule. 


The graduated scale, in the case of the model demon- 
strated, had a long unitary length, but a scale can 
be readily fitted to deal with minerals, ores, alloys and 
other bodies of high specific gravity. Additional 
springs can be used in dealing with heavy samples. 
It is easy to obtain determinations accurate to about 
|0:002, the smallest sub-division being 0-005. <A 
skilled operator can obtain a determination, correct 
to approximately 0-005, in about 30 seconds ; in fact, 
accurate weighing with a first-class balance is necessary 
| to discover any error in the readings of the instrument. 








CATALOGUES. 


Electric Lighting Accessories.—Messrs. Korting and 
Mathiesen A.G., Leipzig, have sent us a copy of their 
| monthly journal describing electric lamps and reflectors 
| for indoor and outdoor service, 

Chains and Fittings.—Messrs. Weldless Chains, Limi- 
ted, Gartsherrie, Coatbridge, have issued a catalogue 
of slings, clamps, grabs, swivels and special grips for 
| lifting made by the weldless process from cruciform bar. 


Die-tieads.—Messrs. Jones and Lamson Machine 
| Company, 19, Water-lane, Queen Victoria-street, London, 
| E.C.4, have sent us a further illustration of their high- 
speed automatic die-heads, with a list of sizes ranging 
from 7; in. to 3 in, 

Electrical Machinery.—Messrs. Marryat and Place, 
| 40, Hatton-garden, London, E.C.1, have sent us a copy 

of their bi-monthly ‘‘ Gazette’ containing descriptions 
|of the electric brakes and control gear made by them 
| and a list of second-hand motors in stock. 


Commutator ¥ Treatment.—Messrs. Martindale Electric 
| Company, Limited, The Hyde, Hendon, London, N.W.9, 
| have sent us a priced list of ‘‘ Commstones ” for smooth- 

ing and truing commutators, and also a chart indicating 
| the causes of brush and commutator troubles. 


Steel- Works Plant.—The Demag Company, of Duisburg, 
have sent us a copy of their quarterly ‘‘ News,” con- 
{taining descriptions of several mills for cold rolling, 
toothed gears, a new small electric furnace, a pig-moulding 
machine, and a machine for sharpening and upsetting 
| drills, 

Fuels.—The Foster Wheeler Corporation, U.S.A. 
/and Aldwych House, Aldwych, London, W.C.2, have 
|sent us a copy of their journal ‘‘ Heat Engineering,” 
| containing particulars of some installations of pulverised- 
|coal firing and of an American fuel gas made from 
| natural gas. 

Fans.—The Progressive Engineering Company, Limi- 
| ted, Aylestone-Park, Leicester, have sent us a list of 
|fans for ventilation, dust removal, mine service, boiler 
|draught and general industrial purposes. The list 
| contains much information on dimensions, capacities and 
| special applications of fans, 

Lubrication—The Vacuum Oil Company, Limited, 
Caxton House, Westminster, London, §8.W.1, have 
issued a pamphlet dealing with the lubrication of wood- 
| working machines. The series of standard machines is 
illustrated, and practical notes are given on oiling, 
greasing, and preserving the various parts. 

Motor Converters.—The A.C.E.C. Company, of Belgium, 
56, Victoria-street, London, 8.W.1, have issued a cata- 
logue containing a fully-detailed description, with ample 
| illustrations, of the La Cour motor converter. A list of 
| motors, generators and switchgear in stock, and a copy of 
their Review describing several of the firm’s products, have 
| also come to hand, 

Concrete.—The Portland Cement Selling and Distribut- 
|ing Company, Limited, 27, Buckingham-gate, London, 
S.W.1, are issuing a monthly journal, Modern Building 
Construction, containing practical information on the mix- 
|ing and use of concrete in constructing houses, bridges, 


| tanks, roads, etc., and including numerous illustrations of 
| completed structures. 

| Gas Plant.—The Rateau Company, France, have 
sent us, from their London office, 28, Russell-square, 
| W.C.1, a copy of a Bulletin dealing mainly with machines 
| for coke and gas-making, including compressors, exhaus- 
ters, blowers for water-gas plants, &c. Particulars are 
given of a gas compressor dealing with 16,500 Ib. of gas 
per hour. In all cases the descriptions refer to machines 
constructed by the Rateau Company. 


Boiler Draught.—The various systems of mechanical 
draught, the removal of grit and impurities from the 
flue gases, and the blast required for feeding pulverised 
fuel, are discussed in a catalogue of fans and connecting 
appliances issued by Messrs. Sturtevant Engineering 
| Company, Limited, 147, Queen Victoria-street, London, 
E.C.4. The text explains the conditions for which each 
| of the various methods is most suitable. 


Ropeway Transport.—A good general description of 
| suspension transport systems is given in the catalogue 
| issued by Messrs. The British Ropeway Engineering Com- 
| pany, Limited, 14, Holborn, London, E.C.1, with example 
| illustrations from those installed by this company. The 
| four main systems are: the one-cable, in which one rope 


| takes the weight of the load and moves it ; the two-cable, 


in which one rope serves as a rail and a second rope pulls 
the load; the cable-way, in which the carrier lifts and 
lowers the load by an electric motor operated from one 
end ; and the telpher suspension railway in which a rigid 
rail is traversed by a motor carrier. 
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KINEMATICS OF LAMINATED 
SPRINGS. 


By H. S. Rowe tt. 


THE outstanding advantage of laminated as 
against almost all other springs, lies in the fact that 
they may serve in themselves, without additional 
expense, as locations or brackets. Whereas helical 
and pneumatic springs usually require auxiliary 
fitments as guides, the laminated spring may be, 
and often is, its own guide. A further inherent virtue 
of the laminated spring, that should deter the 
inventor of substitutes, is the automatic damping 
of oscillations due to inter-leaf friction. 


The use of laminated springs as locators or 


constraints is extensive, but most conspicuously so 
in the automobile. In motor-cars the springs often 
serve as the sole locations between the sprung part 
and the unsprung part, and this great simplicity 
of construction carries with it a disability easily 
mitigated but often neglected in practice. When the 
springs deflect, secondary motions are imposed on 
the axles and these cause relative movements in the 
steering and braking gear, and in the power trans- 
mission. When these relative motions are restricted 
severe stresses may be set up, and when they are 
given full play, there is usually much wear. 

When the relative motion required by the springs 
is correctly understood, it is usually easy to arrange 
other parts, so that maximum freedom and minimum 
wear result. 

The quarter-elliptic spring is the basis of all 
laminated springs, and when the motions in the 
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So that the normal of the path of the end of the 
blade always passes very nearly through the point 
on the « axis one quarter of the plate length from the 
vertex. Alternatively, and very briefly, if r be 
the radius of curvature of the assumed circular 
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quarter elliptic spring are known, the semi-elliptic, 
floating cantilever and any other type can be dealt 
with. 

If a straight rod or plate AB (Fig. 1) is bent 
into a circular arc AB,, the path of the end B is, to 
an extraordinary degree of accuracy, a circular arc 
BB, having its centre at C, where BC is three- 
quarters of the length of the plate. This statement 
follows from Rankine’s well-known construction 
for the rectification of a circular arc, but it is so 
fundamental to the study of spring motion that: we 
are justified in giving a brief derivation of it, if 
only to show the order of accuracy provided. 

Let the radius of curvature of the plate be R, 
and the angle subtended by it be 9, while the co- 
ordinates of the end are x and y. 

Then x = Rsing, and y = R(1 — cos 9). 
length of the plate. is constant = L = R@. 

dR_ R 

= 
Differentiating x and y with reference to 9, and 
» , we have the gradient of the 


The 


using the value of 
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path of the end of the plate :— 
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The slope of the normal to this path is — | and | 


the point (a, 0), on the x axis, where this normal | 


intersects, is distant from the origin by | 
| 


a=2z2+yG, 





“ENGINEERING” 


path of the end of the plate, we have by a simple 
theorem in Euclid :— - 
{2r — (L—a)}}(L—2)=y? 
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and 
(2 — y) _ x, 
and by substituting in these expressions the values 
of x, y and R in terms of L and 9 we have 
3 e 136 

a= (3— igo sou) 

More accurately, the radius of curvature, p, of 
the path of the end of the plate can be deduced by 
standard methods of the calculus leading to 


f = 
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which becomes, with more than sufficient accuracy, 
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If 9 = 30 deg., the horizontal projection of the plate 
is 0-5 R, and the camber is 0-134 R, or 27 per cent 
of the horizontal length of the plate ; equivalent to 
a camber of 5-4 inches on a quarter-elliptic spring of 
20 in. overhang. 

To complete the examination of the path of the 
plate end, a fourth method is available, i.e., the 
determination of the evolute. This is easily cal- 
culated by standard methods and the co-ordinates 


If the length of the spring plate is 24 in. and 


6=3 
_ “at 
ede 
and 
s 
%1= 90° 


From the values for the radius of curvature, p varies, 
as 9 increases from 0 to 3, from 


3 3 3” 


Thus the centre of curvature moves towards the 
path by almost the same amount as the radius of 
curvature shortens. It can be easily shown that 


the true path and the circle deviate by only a 


when 9 = }. 

These calculations show that since the angle sub- 
tended by a quarter-elliptic spring is rarely greater 
than 0-5 radian, it is sufficiently accurate for 
practical purposes to assume a circular path of 
radius equal to three-fourths of the length of the 
main or master leaf. This circular path, however, 
holds only for points on the neutral axis of the plate, 
and if, as usual, the spring eye is offset, or if, when 
a quarter-elliptic is clamped to an axle, it is desired 
to know the motion of some point on the axle lying 
away from the neutral axis, then a correction 
must be made. 

The effects of an offset eye are shown in Fig. 2, 
where the eye is denoted by E and E, in its two 
positions. The point B in the neutral axis moves 
to B, about the centre C as in Fig. 1, but the eye E 
moves to E, about the centre C, where CC, is 
approximately 4BE. The point C, is easily found 
by dropping a perpendicular from C on the line EM 
drawn from E through M the midpoint of AB. 

To explain the construction in Fig. 2, and to 
make clear the motion of the eye E, we may notice 
that the motion is compounded of two rotations. 
Firstly, we have the rotation of B about C, and, 
secondly, the rotation of the short arm BE about 
B. It can be shown that in a properly made spring 
BE rotates in space one and a-half times as fast as 
BC, so that the path of the eye E is not exactly a 
circular arc but an epitrochoid. This is made 
clear in Fig. 3, where one circle BM rolls on another 
CM, half as large. The tracing point is at E. The 
centre of curvature of the path of E must lie on the 
line EM drawn through the pitch point M of the 
two rollers. If EB is not smal] in comparison with 
BM, the centre of curvature will move, and a single 
circular arc will not represent the path except for 
small motions. In the spring problem, however, 





BE is seldom greater than td and the con- 


struction of Fig. 2 gives ample accuracy. 

The results so far obtained are, that in a quarter- 
elliptic spring, the eye moves in a circular path of 
radius equal to three-quarters of the active length 
of the master-leaf, and the centre of this circular 
path is a point half as far as is the eye from the 
neutral axis, and on the side remote from the eye. 
One or two applications may be noticed. 

If it be desired to embody a torque device with 
quarter-elliptic springs, a wide choice is possible. 
In one well-known car two quarter-elliptics in super- 
position were used. This gives to the axle a motion 
of translation without angular movement, but it 
should be noted, though the fact is sometimes over- 
looked, that the motion of translation is along a 
circular path of radius three-fourths of the spring 
length. Therefore the power transmission elements 
must either swing with the same radius and have 
one or two flexible joints, or distortion, and wear 
will take place. 

If, instead of two quarter-elliptics in parallel, 
one quarter-elliptic and a rigid rod be used, then the 
length of the rod can, and should be, chosen to give 
the motion desired. If the rod be made three- 
fourths of the spring length, as in Fig. 4, the axle 
will not rotate provided that the rod be arranged 
parallel to the virtual arm of the spring. By using 
an inclined rod or a rod of different length, or both, 
the axle can be made to travel in a path of desired 
curvature, and to rotate by a desired amount. In 
this way the motion of a propeller shaft end could 
be imitated, and in the limiting case of small 
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motions a flexible joint could be eliminated. 
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By way of contrast, the ssaaieadinial iain 
to an axle may be noticed. This arrangement, 
though it avoids all shackles and wearing parts, 
has many disadvantages and therefore calls for 
careful design. Fig. 5 shows the kinematic diffi- 
culties of this system; a point such as E,, say a 
brake joint, swings about C,, and a point such as 
E, swings about C,. With this type of spring, 
calculation of the motion is almost impossible on 
account of the variations in the rigidity of the 
clamping at the butt, as well as on account of the 
yielding of the frame. The calculations form a 
rough guide for practice, and they indicate by their 
deviations from the experimentally determined 
path, how much yielding at the encastrement is 
taking place. : 

The Semi-Elliptic Spring is essentially two 
quarter-elliptics, and so the theorems already given 
find application. But whereas in the quarter- 
elliptic, the butt is fixed and the eye swings on an 
arc, in the semi-elliptic spring the eye at one end 
is fixed and the butt, usually clamped to an axle, 
swings on an arc. The movements in the two 
cases are relative, and one can be deduced from the 
other. 

In Fig. 6 a semi-elliptic spring is shown diagram- 
matically, the curved dotted line representing the 
neutral axis of the master leaf. If the eye E, be 
fixed and the spring be deflected, then from previous 
results on the quarter-elliptic, we know that the 
point C,, attached rigidly to the butt at A, will 
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swings on a circular arc of radius equal to the length 
of the shaft, and the end rotates through the same 
angle. Hence, apart from the axial sliding due to 
the unequal radii of the arcs, there may be a flexing 
due to the difference of angles. This may be 
alleviated by making the front part of the spring 
shorter than the rear part, as shown in Fig. 7. So 
that the spring seat rotates through an angle «. 
The axial motion would then be slightly increased, 
and a compromise might be desirable. As a basis 
for the consideration of such a compromise, the 
following simple calculations are useful :— 


L, = length of the propeller shaft. 

1; and /, are the spring segments. 

+1, =1. 

F; and F, are the loads at the eyes. 

81 and 8, are the cambers of the segments. 
8 is the camber of the spring at the axle. 
Fig. 7 shows how these are measured. 





swing on an are with centre E, and radius E,(,. 


Fig| 6. 








Eliminating 8; and 8, between (1) and (2) we have 


iiutet,-t). «. « @ 
Writing J: = 1, so that 
yo ai 
ae | 
and 
ce es 
substituting in (3), we have 
Al 
i ee 
leading to 
-.. 
Mot a +Jit = — oo 


If 1 = Ly an extreme case seldom seen in practice, 


4, 1-618. A more usual proportion would be 


Ig 
9 
L = ; L,, and then the ratio of the segments 


would be 1-44, 7.e., in a 48-in. spring the segments 
would be 19? in. and 28} in. 

In these calculations, and indeed in all work on 
the kinematics of laminated springs, the length of 
the spring is to be assessed with some judgment. 
The active length varies according to design and 
assembly, but in normal practice for semi-elliptic 
springs, it may be taken as the distance between 
eyes when the spring is flat, less three-fourths of the 
width of the clamping base or pad. 

The amount of axial sliding is easily computed. 
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If the spring is symmetrical, and if the shackle at | 
the floating end is long enough, the two eyes remain 
at the same level, and the butt of the spring remains | 

parallel to its original direction—usually horizontal. 
Since the butt has only parallel motion, all points | 
attached to it move along parallel paths, and since 
we have found the motion of one point C, the | 
motion of any other point is very simply derived. | 
For example, if the paths of such points as A or | 
S are required, lines AX and SYare drawn 
parallel and equal to C,E,. Then X and Y are 
the centres, respectively. about which A and S 
swing. 

It need hardly be added that the camber of the | 
spring in Fig. 6 is excessive in order to make the | 
diagram clear, but the effects of camber are thereby | 
shown very conspicuously. In the same diagram | 
the right-hand half of the spring is shown in the | 
flat position, AB, and it is easily seen how the paths 
of the various points attached to A are then more | 
nearly vertical. 

In Fig. 6, and in the discussion of it, the spring is 
assumed symmetrical with the floating eye moving 
in a horizontal path. The butt or spring pad is/| 
then always parallel to the line through the eye 
centres, and therefore suffers no rotation. But | 
since, for various reasons, asymmetrical springs are | 
often used, a brief discussion of some of the main | 
kinematic features in excentric springs may be 
given. 

In the Hotchkiss drive, the rear axle swings about | 
a centre which can be determined, with a radius | 
equal to about three-fourths of the forward part of | 
the spring. The angle through which the axle | 
rotates depends on the eccentricity of the axle on | 
the spring. If the spring is symmetrical and the | 
rear shackle is of adequate length, the axle has no | 
rotation—only translation. The propeller shaft end 
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Assuming the spring deflected to the straight 
| position, we have 
_ 8 _ibtdeh 4-8, 
sees alas i + 
writing 6; = c Fil: and 5, =c F, /,°, and noting 
that Fil; = F,/,, we have 


a ae 


°° %.0"% 
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Thus, if L, be the propeller shaft length and /, 
the forward part of the spring as before, and & the 
| camber of the spring, the sliding motion would be 

| 


1 
(ay a a, <P 
| whe L, = 72 in. and 1, = 24 in. we have 
62 





S= & 


| 

| and if 7, is reduced to 20 in. we have 
| 1-27 8 
| 





ieee te 


so that with the eccentric spring the sliding is 
increased by 27 per cent. 

The semi-elliptic spring is the only one to offer 
serious shackle problems, and these may be there- 
fore dealt with here. The chief shackle problems are 
concerned with the :— 

(1) Endwise displacement of the eye, to meet 
which is the primary function of the shackle. 

(2) The rotational motion at the eyes, which 
causes wear: and 

(3) The effects of the shackle on the master leaf 
qua imposed tensions and the limitation of rebound. 

‘rom Fig. 1, the end-wise motion of the eye is 
easily calculated. If the effective half length of 
each spring is L, then the eyes move virtually on 


circular paths of radius r = ‘* . If the deflection 


| from the straight position be y, then the horizontal 
displacement h of the eye at each end is given by 





simple Euclid thus, 7 =2rh=2=* , 
2y¥* 
ie rh ie 
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and the total lengthening of the spring is 
4y¥° 
2 = = aL" 
This is the horizontal motion of the loose end of the 
shackle. 

The relative rotation between the spring eye and 
the shackle is of importance because it governs 
shackle pin abrasion. The amount of rotation 
depends on the arrangement of the shackle and 
equals, as will be seen later, the algebraic sum of 
the spring rotation, and the shackle rotation. 

Shackles may be divided into two main types, 
standing and hanging. These are shown diagram- 
matically in Fig. 8. The dotted lines show the 
spring and shackle in the cambered position, and 
the full lines represent the positions when the spring 
is straight. In these two diagrams, the camber and 
size of the spring as well as the length of the shackle, 
are the same, and it will be seen that whereas with 
the standing shackle, the rotation between spring 
eye and shackle is about 90 deg., the rotation with 
the hanging shackle is practically zero. Before 
proceeding to the calculation of the rotation, it 
may be remarked that the hanging shackle is 
vertical when the spring is flat, whereas the standing 
shackle is vertical when the spring is excessively 
cambered. In the absence of shackle stops, this 
limiting position of the standing shackle, is very 
important on account of rebound effects. More- 
over, as the spring is flattened, the hanging shackle 
rotates clockwise (in Fig. 8), whereas the standing 
shackle rotates in the opposite direction. Since the 
spring eye rotates clockwise when the spring is 
flattened, it is clear that in the hanging arrange- 
ment the spring and eye turn together, whereas 
with the standing shackle the eye and shackle turn 
and rub against one another. 

Let the deflection of the spring from the straight 
position be y and the angle subtended by the spring 
in the bent position be g, as in Fig. 1. Let the 
shackles be vertical in the extremes shown in Fig. 8, 
and let their inclination to the vertical in the other 
extreme positions be x. Further, denote the length 
of the shackle by s and the length of the spring as in 
Fig. 1 by L. Thus, since the horizontal motion of 
the shackled eye, as already determined, is 








4y? 
“35 
we have 
sities cas 2h = 4y? 
’ 2? "3Le’ 
or the rotation of the shackle is 
_-h/j4ay? 
a=>sin (S25): 


The rotation of the eye of the spring is easily found 
by differentiating the expression for y. 
Thus 


y = R vers @, 
ne ($-¢ ) 
gee Fie EP 

so that 
y=L(5- 4 +a). 


Ignoring the higher powers we have the rotation 
of the eye as 
2y 
a= 5%, 
and therefore the total relative rotation between 
eye and shackle is 
oa ths ae (SE 
6 ie=7Z + sin (575) 
or for practical purposes with a maximum error of 


10 per cent. 
fete 2y, 4¥ 
a ai L + 3Ls 


From this may be deduced the length of a hanging 
shackle to give zero rotation. Thus 


or 


| fixed with reference to the butt of the spring, 


In the same way it can be shown that a standing 
shackle is at its best when the spring is anti- 
cambered. In short, cambered springs are better 
with hanging shackles and flat springs with standing 
shackles. 

The amount of relative rotation at the eye can 


be written 
@ta= (145! z), 


or if s = : y; a fair proportion, 

4y 

6+a= 7 

and 

@—a=0, 
so that with a standing shackle the rotation may 
be easily 100 times as great as with the hanging 
shackle. This aspect of the shackle problem is 
important in connection with elastic hinges— 
Silentbloc, Belflex-Hobson, &c.—which may be 
treated in a later paper. 
In connection with the shackle problem we 
may notice very briefly the effects of shackle posi- 
tion and slope on spring stress and general behaviour. 
The laminated spring is usually. made of thin 
plates and consequently is unsuitable for use as 
a strut, but by suitably arranging the shackles, 
tensile stresses can be imposed in the spring, suffi- 
cient to neutralise any undesirable compressive 
forces. This follows very simply from Fig. 8, in 
which the shackle in both arrangements is exerting 
a tension in the spring. If the vertical load at the 
shackle is F,, then in the position of extreme 
inclination «,, the horizontal component in the 
spring is F, tan «,, so that if a were 45 deg. and 
tan « = 1, the tension in the spring would be F,, 
and, since the wheel reaction consists of the weight 
of half the axle system A, plus F, and F,, the eye 
loads, the ratio of the tension imposed in the 

‘ NG: F, 
spring to the wheel reaction is (F,+F, Ay Now 
with a traction coefficient » the limiting thrust 
either for braking or driving is » (F, + F, + A), 
and when this exceeds F, tan « the spring is in 
Making F, = F, and A = +1, 
the limiting thrust is 9, 3; and the limiting 
traction that can be completely met by the inclined 
shackle imposing tension, is expressed by » = 
5/9 = 0-55. This is well below the adhesion or 
traction coefficients realised on modern roads, so 
that initial tensions in laminated springs have only 
a limited application. 

Cantilever Springs.—By this term is meant the 
semi-elliptic spring mounted on a trunnion near 
its centre. This type is comparatively little used 
except on high-grade cars, where it certainly finds 
its most appropriate application, but as a matter 
of general interest it may well be discussed here, 
since it affords a useful application of the roulette 
method already expounded and illustrated in Fig. 3. 
In Fig. 9 a cantilever spring is outlined in the 
straight position. The floating eye is denoted by 
E at the right-hand end. The line AB denotes the 
centre of the master leaf and the point C, is the 
virtual centre of the motion of the eye E with 
reference to the butt of the spring. The trunnion 
is indicated by T, and since both T and C, are 


compression. 


TC, is a line of constant length. Thus the motion 
of the eye E is simply compounded of a rotation of 
TC, about T and a rotation of C,E about C,. The 
two rotations are not usually of equal angular 
velocity, and therefore the path of E is a trochoidal 
curve generated by a circle of centre C, rolling on 
a circle with centre T, the rolling circle carrying 
a pointer or tracing arm C,E. 

All that is necessary to complete this solution is 
the determination of the diameters of the two circles. 
These depend on the lengths of the two parts of the 
spring as will now be shown. 


Let 1, and 1, be the lengths of the two parts 





Thus for a camber of 6 in. a shackle 4 in. long 
would give practically no rubbing at the spring) 
eye. It should be noted, however, that this anti- 
rubbing property of the hanging shackle is confined 
to the cambered spring. When the spring is bent 
beyond the straightest position, rubbing occurs. 





S, and 8, be the stiffnesses of the two parts 
F, and F, be the loads on the end eyes as 
indicated in Fig. 9. 


Let 8 be the rotation of the butt on the trunnion 
and @ the rotation of the virtual arm C,E with 


Then by moments F, 1, = F, J, and by usual 


spring formule 
8,13 = 3,15 
Therefore, since 


and 





61D 
| 


the ratio of the diameter of the moving to that of 
the fixed roller. Since the sum of the diameters 
is twice TC,, the rollers are completely determined. 

The radius and centre of curvature of the path 
of E are readily found by drawing lines from E 
through M, the pitch point of the rollers for two 
positions of E, or it can be calculated without 
difficulty by the methods of the text books. Savary’s 
equation is perhaps most convenient, namely :— 

1 1 1 1 
Sar ala i> 

where A = EM, R, and R, are the radii of the 
rollers, y is the angle between E M and T M, and 
p is the radius of curvature of the path of E. 

If R, be the fixed roller radius and T, the length 
of the trunnion arm TC, 





= 41, Ty 
as i 31, + 41, 
and 
on _31,T, 
oe" sr ak 


With these expressions there is no difficulty in 
solving all practical problems in the motion of 
cantilever springs, and a clear insight is given into 
the relative merits of the two positions of the 
trunnion, i.e., above or below the spring. The 
angular motion of the trunnion or butt is the same 
in both cases, the only difference lies in the size 
of the rolling circles, and in the position of the 
pitch point. The curvature of the path of E is 
not much affected by the trunnion position, but 
the inclination of the path is very much affected. 
With the trunnion below the spring, the path of 
E is more nearly at right angles to the spring than 
when the trunnion is above, and in most chassis 
designs the under trunnion would be preferable. 
Perhaps the best view of the problem is gained by 
writing Savary’s equation in the form :— 

r 
__ Ry Ry cos Yr 

~ A(R, + R,) 
which shows very clearly that the radius of curva- 
ture of the eye path is slightly greater than A, 
and, within the limits of practice, only a very small 
variation of \ can be produced by manipulation of 
R,R, and v. 

In conclusion, it may be emphasised that lamina- 
ted springs are usually black unmachined produc- 
tions, and therefore it is unreasonable to expect 
great accuracy of workmanship. Moreover, since 
in many springs the plates are graded in thickness, 
in order to utilise nip effects and to take account of 
location stresses, the basic theorems of Figs. 1 
and 2 are only approximately true. But an 
approximate calculation is usually better than none, 
for its serves to guide experiment, and it provides 
a measure by which deviations from sound practice 
can be judged. It may be added that in determin- 
ing the motions of springs, the direction in which 
the centre of curvature lies is much more important 
than an exact determination of the radius of curva- 
ture. For example, in a spring of 24-in. virtual 
length with + 3 in. of motion, an error of 10 per 
cent. in the radius of curvature is equivalent to an 
error of 0-5 deg. in the direction of the centre of 
curvature. 

The Author thanks the Council of the Research 
Association of British Motor and Allied Manu- 
facturers for permission to publish this paper. 
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Roap ConstTRucTION In LiTHUANIA.—A memorandum 
von road construction in Lithuania has been prepared 
by the Department of Overseas Trade, 35, Old Queen- 
street, London, 8.W.1, from information furnished by 
H.M. Consul at Kovno. British firms desirous of receiv- 
ing a copy of the memorandum should communicate 
with the gr ag - the above address, quoting 
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WATER-GAS AND PRODUCER-GAS | 
PLANT AT BILLINGHAM. | 
(Concluded from page 452.) 

Detatts of one of the main valves, viz., that | 
controlling the flow of blow gases from the generator | 
to the recuperator, are illustrated in Figs. 29 to 
35 on the opposite page, and the upper part of the 
same valve is visible on the left of Fig. 28, annexed. 
It is, perhaps, hardly necessary to point out that 
the conditions under which these valves have to 
operate are particularly arduous. They are opened 
and closed, on an average, about 15 times per hour, 
and have to pass hot dust-laden and corrosive 
gases at intervals, with intervening periods during 
which the temperature falls considerably ; they 
are also subjected to stresses arising from the 
expansion and contraction of the adjacent parts. 
In spite of these difficulties, it is essential that they 
should remain gas tight for long periods, since 
leakage might lead to a serious explosion if the 
failure of other safeguards provided should allow 
air to become mixed with the hot gases. The valves, 
however, have been designed to suit these conditions, 
and, we understand, have complied with them 
quite satisfactorily. 

Referring now to Figs. 29 to 35, it will be seen 
that the valve is of the double-seated, parallel- 
face type. The body is of cast steel, made in 
two parts connected by a flanged joint, as shown in 
Fig. 35, and provided with two doors giving access 
to the end of the valve spindle, as shown in Fig. 30. 
The top cover and the extension piece, in which the 
gland is formed, are of hematite iron, and the 
seatings in the valve body, which are renewable, 
are of non-corrodible and heat-resisting steel. The 
valve discs, and the yoke castings carrying them, 
are of cast steel, and the spindle, as well as the | 
connecting links and pins, are all of stainless steel. 
To ensure a gas-tight joint between the valve discs 
and the seatings, flanges are formed near the 
periphery of the discs opposite the seatings, as is | 
perhaps most clearly shown in Fig. 35, and the 
edges of these flanges are machined to a helical 
surface. The helical surfaces on the two discs 
are in contact, so that, in the closed position, the | 
discs can be forced into contact with the seating 
by rotating one disc relatively to the other. The | 
necessary rotary motion is imparted to the discs | 
by diagonal links, one of which is shown in Fig. 29, | 
the link being pivoted to the end of the spindle, | 
and to the disc, as there shown; the second link | 
is, of course, connected to the other disc on the | 
opposite side to that shown in Fig. 29. It will be | 
understood that, in closing the valve, the downward | 
movement of the yoke is arrested when the discs | 
come opposite to their seatings by the lugs on the | 
yoke, shown in Fig. 29, coming into contact with | 
the valve body. The spindle, however, continues | 
to move downwards, its lower end entering a recess 
in the yoke casting, and this downward movement 
causes the two links to rotate the valve discs in 
opposite directions, thus fercing them apart as 
explained above. The discs are kept central 
during their rotary motion by flanges fitting into 
corresponding recesses in the yoke casting, as 
clearly shown in Fig. 30. In opening the valve, 
the action described above will, of course, take 
place in the opposite direction, the first effect 
being to rotate the discs so as to release the pressure 
on the seatings. 

The opening and closing of the valve is 
eifected by the admission of oil under pressure 
to one side or the other of the piston in the 
hydraulic cylinder shown ir section in Figs. 29 | 








and 30, the admission being controlled by the! _ 


pilot valve on the automatic-control machine, as | 
already explained. A cushioning effect is ob- | 
tained at the end of each stroke to avoid shock as | 
the travel in either direction is completed. The | 
hand winch, shown in Figs. 30 and 34, is provided | 
to enable the valve to be operated by hand when 
the plant is shut down, and limit switches, shown 
in Figs. 29 and 33, operated by a rod connected 
to the upper end of the valve spindle, are used 
in connection with the automatic-control machine, 
to give warning if the valve fails to open or close 
completely. 


| valves are also provided to regulate the rate of flow 





In the case of the valve controlling the supply of 
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air for the blow, and that at the bottom of the 
generator controlling the gas produced in the down 
run, relief valves are fitted to allow any gas or air 
which may leak past the faces when the valves are 
closed to escape to the atmosphere; the relief 
valves also act as drains for the escape of any water 
of condensation from the steam. Hand-controlled 





WorkKING RESULTS OBTAINED WITH WaTER-GAs GENERATORS. 





| | Gas make in cub. ft. G 
rT ton of CG s 

| Gas make in cub. ft. per | __ bas sabe _ 

| diem, by each Generator. 


| 


Bar. 30 in. | 





No. | Bar. 30in. Temp. 60 
| deg. F. Temp N.T.P. COo 
60 deg. I 
1 | 1,534,000 75,000 69,800 6-0 
2 1,500,000 70,100 65,300 6-4 
3 | 1,382,000 65,600 61,100 | 7-1 
4 | 1,526,000 65,400 60,900 7-0 


of steam and air, and of the hydraulic-pressure 
oil, hand regulation being permissible for this 
purpose since the adjustment, once made, need 
only be altered at long intervals. In the case of 
the valve controlling the supply of secondary air 
to the recuperator, however, a device is fitted to 
increase the rate of flow of air as the blow proceeds, 





HYDRAULICALLY-OPERATED AUTOMATIC ConTROL VALVES. 


this being necessary since the proportion of com- 
bustible gases present in the blow gases increases 
in the later stages. In all cases, meters indicating 
the rate of flow of air, steam and gas are provided 
on the operating platform, where pyrometers 
indicating the temperature at all points, and 
pressure gauges, are also installed. 


Calorific Value in 











as Analysis, percentage by volume. | B.Th.U. per cub. ft. 
| | | | par 301 | Net at 
| | Bar. 30 in. et a 
co He. OHs | Ne |" ‘vemp. "| N-T.P. 
| | 60 deg. F. | 
— ———— ————EE 
39-5 | 48-5 | 1:0 | 5-0 | 291-1 285-3 
89-1 51-5 0:7 | 2-3 | 296-5 289-7 
39-3 50-1 0:7 2-8 | 293-6 286-4 
40-9 48-5 0-7 2-9 | 293-6 286-2 
| 





In addition to the interlocking gear provided on 
the automatic-control machine, as already explained, 
the safe working of the plant is further ensured by a 
system of direct interlocking between the main 
valves of each unit, hydraulically-operated locking 
wedges being used for this purpose. It is essential, 
for instance, that the blow-air valve and the gas- 
outlet valve at the bottom of the generator should 











L doc 196, ] 


APRI 


CONTROL VALVE FOR 


ENGINEERING. 


WATER GAS PLANT. 


MESSRS. THE POWER GAS CORPORATION, LIMITED, STOCKTON-ON-TEES. 




































A SECTION A. A. 
— 
‘o CL S17 
ee ee an _ aa) C1. Bracket. 
| +A j | At 
: | sas “~ 
I | RL 
i | Hk Fig. 31. 
| | aT ih 1! eee A. 
Fig. 29. || Fig.30. | i} i ; -1'3 Dice, 
a | i it i 11 Or8-- 1 I 
S| i al i di "4 
a if | ‘| aT i 
erating. i —| ff a — 7 
‘Arm. 7 fe; Yi\ Qin at 
| | ma i 
| | | 
7 ‘ 
7 | 
i | 
a ou 
ic | 
~ 4 i a 
a ¢ @ at 
as & | 
i 
rn, || 
4 | i Oil Intet. 








“++ 













































































































































t aa 
. i P ot 
Agbeatos r 
ew S| adble 
e,! ' Bs tee 
| 2% Floor | 
o H ; Level} } 
rho + 
| ~ by- 
at 4 3 1 
i + 
ol | sh i 
|| } ' Ds 
it. “At % 
i: 2 UP 
eei; ee | | | 
: er bt. i . Fig. 35. | 
4 of of fo? ESS : j SECTION EE. 
! Tit et TL didperador : 
! ii | i S31 bas Ouplt 
| RD | isl TE 
i ge tivili | 
! SETAE RaE || ! 
@ i fil | 
PT ie 
Pa t t : \ ok 
= cor t : Kk 9g 
’ | tt i} 
-1_- 
+4 N 
»S ' 
7 ati 
ignge ENGINEERING 





(105.«.) 


not be open at the same time. For this reason, 
these valves are each fitted with a three-way hydrau- 
lic deflecting valve and a wedge operated by a 
double-acting hydraulic piston and cylinder. When 
both valves are shut, the wedges will be out of 
action, butif one—say, the blow-air valve—is opened, 
the hydraulic deflecting valve on this valve will be 








opened so as to supply pressure oil to the hydraulic 
cylinder of the gas-outlet valve, and the piston will 
then move the wedge into position over the valve 
spindle and prevent it from opening. The gas 
valve cannot then be opened until the blow-air 
valve has been closed and the wedge withdrawn. 
The action would, of course, have been similar if 


the gas-outlet valve had been ‘opened first, the 
| blow-air valve then being locked in the closed 
position. 
| This system of interlocking is employed between 
the stack valve and the secondary-air valve, as well 
|as between the two valves previously mentioned. 
| A different interlocking system is, however, used 
between the bottom gas-outlet valve and the three- 
way valve controlling the supply of steam for the 
| up and down runs. Actually, the three-way valve 
is overbalanced by means of a weight, so that it 
| always tends to supply steam to the bottom of the 
| generator for the up run, and the balance-weight is 
| lifted and the valve reversed by the last part of the 
| movement of the bottom gas-outlet valve when the 
latter is opened for the down run. It has not been 
possible to refer in detail to the whole of the precau- 
tions taken to protect the plant against the effects 
of accidents or improper use, and to render its 
operation fully automatic, but the general character 
of the safeguards provided has been indicated, 
and the fact that the plant has been in continuous 
operation for over five years without any unforeseen 
contingency arising is sufficient evidence of their 
effectiveness and of the skill and experience exer- 
cised in their design. 

In the table on page 508, the results obtained in 
| tests of the water-gas plant, made at different times, 
| are given. Test No. 1 relates to the original installa- 
| tion of three units, and the data given were obtained 
| in 1923 during the contractors’ demonstration run. 
| Tests Nos. 2 to 4 were made some two years later. 

| It should, perhaps, be pointed out that, in water gas 
| for use in synthetic-ammonia manufacture, nitrogen 
F is not an undesirable constituent, and, in the normal 
operation of the plant for this purpose, a certain 
| amount of dilution of the blue water gas with the 
| blow gases is permissible. The later tests were, 
| however, made with an increased purging time, 
| corresponding more closely to the usual gas-works 
practice, and the proportion of nitrogen is conse- 
quently decreased. In the original units, waste- 
heat boilers were not employed, but they were 
subsequently fitted, and tests on one of these boilers, 
made in December, 1925, showed that, when the 
generator was producing about 1,000,000 cub. ft. 
of gas a day, the evaporation obtained from the 
boiler varied from 2,000 lb. to 4,000 lb. per hour, 
|the difference being due to the use or absence of 
| secondary air for burning the blow gases in the 
'recuperator. By slight modifications to the steam 
supply, the daily output from each of these gene- 
|rators has now been increased to about 1,900,000 
| cub. ft., with a 30-in. barometer and at a temperature 
| of 60 deg. F., this figure being the average obtained 
over a period of 28 days. Under these conditions, 
the gas yield is from €7,000 cub. ft. to 70,000 cub. ft., 
at the same temperature and pressure, per ton of 
coke containing 10 per cent. of ash and 5 per cent. 
of moisture, the carbon content of the ash not 
exceeding 10 per cent. The generators have been 
run continuously night and day for a period of 
five months without shutting down for overhaul. 

We may conclude our account of the installation 
by giving some particulars of the producer-gas 
plant which works in conjunction with the water-gas 
plant, as already stated, and has a daily production 
capacity of about 16,000,000 cub. ft. The location 
of the four producers is shown in the plan Fig. 1, on 
page 349 ante, and also in Fig. 2 on Plate XX XVII, 
while Fig. 36, on page 510, is a section through 











'one of the producers giving the main dimensions 


and illustrating its design and construction. Coke 


'is used as the fuel for the producers, since the hydro- 
| carbons from coal would necessarily be regarded as 


impurities in the ammonia process for which the 
gasis required. The production of producer gas is, 
of course, continuous, so that the plant is consider- 
ably simpler than that required for the intermittent 
production of water gas. Each of the four units 
comprises a water-jacketed producer with a mecha- 
nical grate, a Lymn washer, and an exhauster or a 
centrifugal cleaner. The necessary air and steam 
are supplied from mains common to all the units. 
As in the case of the water-gas generators, the 
producer body is suspended from brackets attached 
to the building structure. The lower portion of the 
shell, as shown in Fig. 36, is arranged to form a 





water jacket, the inner plate of which is extended 
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downwards and dips into the water contained in 
a revolving ash bowl, so as to form a seal to pre- 
vent the escape of gas. Attached to the extended 
plating is a steel ring, against which the clinker, 
which falls down past the sides of the revolving 
grate, is crushed to a convenient size. The water 
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It is provided with a hand-operated discharge door 
at the bottom, through which the ashes are dumped 
into a wagon at intervals. Air and steam together 
are admitted to the grate through a central inlet 
pipe provided with a water seal, as shown in Fig. 36, 
and the gas is delivered to the washer through a 
brick-lined outlet connected to a downcomer, as 





heated in the jacket is used as feed for the boiler 
plant. The upper portion of the side walls and the | 
top of the producer body are lined with firebrick, 
as shown, and poke holes, closed by cast-iron balls, 
are provided at the top. 

The revolving grate is of the Lymn-Rambush type, 
similar, in all respects, to that described in connec- 
tion with the water-gas generators. It is mounted | 
on the revolving ash bowl, which is supported and | 
guided on rollers attached to the floor beams of the 
building. Two adjustable ploughs, one of which is 
shown on the left in Fig. 36, are arranged to project 
inwards under the edge of the crushing ring, and | 


| from the coke chute and emptied into the producer. 
| The drum is supported for its whole length in water- 


is most clearly shown in Fig. 2. 

Coke is supplied from the overhead bunker to a 
weighing machine, from which it is delivered to the 
mechanical feeding gear on the producer through 
a long chute. The feeding mechanism is shown in 
Fig. 36, and is illustrated, in greater detail, in Figs. 
37 and 38. The gear comprises a rotating drum 
divided into two compartments, shown in section 
in Fig. 36, each compartment being filled in turn 





cooled seatings, and, at each end, by a heavy trun- 
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bed by the conical distributor shown in Fig. 36, 
which also shows the provision made externally for 
adjusting the position of the distributor. 

The Lymn washer, through which the gas is 
passed, is practically identical with that already 
described in connection with the water-gas units, but, 
as the production of producer gas is a continuous 
process, a dip pipe or seal on the inlet is not required. 
After being cleaned and cooled in the washer, the 
gas is drawn through a specially designed electrically- 
driven centrifugal fan, which delivers it to the main 
and also serves to remove the last traces of dust. 
Each fan is of sufficient capacity to deal with the 
gas from two producers, and the connections are 
arranged to enable this to be done if required. 
The working of the producers is automatically 
regulated by two sensitive governors, one of which 
is used to keep the pressure in the producer equal to, 
or slightly above, that of the atmosphere, any 
variation being corrected by adjusting the air 
supply. The second governor regulates the pro- 
portion of steam admitted with the air, the governor 
being operated by variations in the outlet tempera- 
ture of the gas. 

Finally, we should mention that the development 
of the whole installation has been carried out by 
the engineers and staff of Messrs. Synthetic Ammonia 


these deflect the ashes outwards towards the edge of | nion, as shown in Fig. 38. It is driven by anjand Nitrates, Limited, in consultation with the 


| 


the bowl asit rotates. In this position, the ashes are | 


eccentric from a countershaft, through a spring- | 


|designers and contractors, Messrs. The Power 


carried round to an inclined plate or shovel, shown | controlled connecting rod, which operates a pawl | Gas Corporation, Limited, who supplied the whole 
on the right of Fig. 36, and this guides them over the | engaging with the edge of a friction wheel, as will|of the equipment, with the exception of the 


edge of the bow! into a bunker. 


This bunker, which | be understood on reference to Fig. 37, the rate | blowers, coke-handling plant, weighing machines, 


is clearly shown in Fig. 2 on Plate XX XVII, ante, | of feed being regulated by varying the effective | and meters. Te both of these firms we must express 


as well as in Fig. 36, is a plain open-topped, hopper- | 
shaped receptacle, capable of holding about 3 tons, 


stroke of the pawl. 


The coke falling from the feed | our indebtedness for permission to publish the above 


drum is spread over the whole surface of the fuel |interesting particulars. 
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Fig.2.CROSS SECTION LOOKING IN DIRECTION OF ARROW ’Z’ 


Fig.1. VIEW LOOKING IN DIRECTION OF ARROW 'x" 
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PULVERISED FUEL INSTALLATION 
AT THE WALLASEY GENERATING 
STATION. 


WHEN, in any particular case, the choice between 
pulverised fuel and stoker firing has been determined 
in favour of the former, there remains the further 
question, which of the two main systems of coal prepara- 
tion should be used. The central, or bin-and-feeder 
system, in which, as is well known, the coal is stored 
in pulverised form, has the advantage of flexibility, 
and is specially adaptable to large boilers. On the 
other hand, the unit system, in which the coal after 
pulverisation is delivered straight to the burners, is 
simple and cheap, since driers, bunkers, storage bins 
and other equipment are unnecessary. The actual 
cost of pulverisation may, however, be higher. As is 
frequently the case it is, therefore, difficult to draw a 
strict line of demarcation between the two methods and 
some boilers, whose output is moderately high, if not 
excessively large, have recently been equipped on the 
latter system. An interesting example of such an 
installation is that which has been erected by Messrs. 
Simon-Carves, Limited, of Manchester, in the power 
station of the Wallasey Borough Council. This consists 
of two 50,000-Ib. boilers equipped with pulverised fuel 
firing on the unit system. These boilers form part of 
the latest extensions to the plant, the remainder 
consisting of a 12,500-kw. English Electric turbo- | 
alternator with the usual auxiliary apparatus. Apart | 
from its design and equipment, which we describe in | 
more detail below, this installation is interesting from 
the fact that it is first in which Messrs. Simon-Carves 
have employed pulverised fuel fired boilers, in combina- | 
tion with their automatic rotary ash-extractor gear. 

The coal for firing these boilers is delivered to two 
self-trimming bunkers by an extension of the bucket 
conveyor, which feeds the original boilers; each 
bunker has a capacity of 150 tons. From these bunkers, 
which are constructed of +,-in. steel plate and angles, | 
the coal falls by gravity through a rack-operated | 
damper on to a 10-ton Avery automatic coal weigher, | 
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and thence into a small hopper, which diverts the 
coal through three chutes into one of the unit type 
pulverisers, three of which are necessary to supply the 
coal required for each boiler. It will be seen in 
Figs. 12 and 13, on Plate XLIV, that the main coal 
bunkers have three outlets and are designed to be fitted 
with a top cover. This will enable them to be used 
as pulverised coal bunkers, should it be found desirable 
to change over to the bin-and-feeder system at a later 
date. For the time being, two of these outlets are 
blanked off, all the coal being fed to the weighing 
machine through one damper only. 

The pulverisers are of the Simon-Carves type, and are 
illustrated in Figs. 1 to 3, above and on page 512. 
Figs. 1 and 2 show details of their construction, and 
Fig. 3 their arrangement on the firing floor adjacent 
to the boilers they serve. Each pulveriser is of 
the horizontal swinging hammer type. The coal 
enters through a hopper, which is fixed on top of the 
unit and then descends on to a revolving distributing 
table, which is driven from the main shaft through a 
belt and worm gearing at a speed of 7-65 r.p.m. As 
the table rotates the coal, which is carried round with 
it, is scraped off by an adjustable plough. The regula- 
tion of the coal supply, which, of course depends on the 
boiler load, is effected either by raising or lowering a 
sleeve on the central tube, thus giving a coarse adjust- 
ment, or by advancing or withdrawing the plough, 
which gives finer regulation. On leaving the table, 
the coal falls through a chute, in which a magnetic 
separator is fixed, into the pulveriser proper, where it 
is broken up by four sets of eight beaters running at a 
constant speed of 1,450 r.p.m. These beaters, as well 
as the lining of the cylindrical chamber, are of man- 
ganese steel. The beaters are secured to steel hubs 
by nickel pins, upon which the pivots easily rotate. 
The hubs themselves are keyed to the main shaft, 
which is in turn mounted on roller bearings. As will 
be seen from Fig. 2, this shaft also carries the fan 
necessary for providing the primary air. This air is 
admitted through a sliding door just below the hopper, 
and is mixed with the coal at the bottom of the chute 
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leading from the latter. The quantity of air admitted, 
which is controlled by the amount the door is opened, 
determines the fineness of the pulverisation; the more 
the door is closed the finer being the product obtained. 
The same door gives access to the magnetic separator, 
so that any material adhering to the latter can be 
easily removed. The secondary air, which comprises 
some 75 per cent. of the total, is provided by the 
same fan, and is controlled by a sliding door, which 
is opened and closed by a handwheel and screw. It 
will be seen that the whole of the fuel regulation is 
effected by the feed table or sliding door adjustments, 
and not by altering the speed of the driving motor. 
The coal actually used at Wallasey has a moisture 
content of about 4 per cent., so that drying is unneces- 
sary; in fact, coal with a moisture content up to 15 
per cent. can, it is stated, be handled without driers. 
The motor has an output of 70 h.p., and is supplied 
with three-phase current at 440 volts. The output of 
each pulveriser is about 2 tons per hour. The mag- 
netic separators are fed with direct-current from 
a small motor-generator set with an output of 12 
amps. at 100 volts. The pulverisers are capable of 
dealing with all classes of coal up to 1}-in. diameter, 
and pulverising it to such a degree of fineness that 
95 per cent. will pass through a 100-mesh standard 
sieve, and 85 per cent. through a 180-mesh sieve. 
The fan delivers the fuel-air mixture to the burners 
through welded mild steel trunking. This trunking is 
3 in. thick, and is provided with welded flange con- 
nections. 

As has already been stated, the two boilers installed, 
the design of which is shown in Figs. 12, 13 and 14, 
on Plate XLIV, and in Figs. 5 and 6, on page 513, 
have a normal evaporative capacity of 53,500 Ib. 
per hour and an overload capacity of 70,000 lb. for two 
hours, the latter quantity being equal to 9-2 Ib. per 
square foot of heating surface. These capacities are 
attained with coal, whose calorific value on a dry 
basis, containing up to 10 per cent. total moisture as 
fired, is 8,500 B.Th.U. per pound. The temperature 
of the feed water at the economiser inlet is 120 deg. 
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F’., the specified steam pressure being 300 lb. per square | 
inch, and the final temperature 650 deg. F. At present | 
the boilers are being operated at 200 lb. per square | 
inch, which is the pressure used in the original station, 
but they have been designed to work at 300 Ib. per 
sq. inch should it be decided later to raise the | 
pressure. 

As shown in Fig. 12, the boilers are of the tri-drum, 
semi-vertical water-tube type with a large solid forged 
mud drum. All four walls are equipped with cooling 
tubes, 3} in. in diameter, which form part of the 
circulating system. The total effective heating surface 
of each steam-raising unit is 13,780 sq. ft., of which 
5,560 sq. ft. is in the boiler, 2,032 sq. ft. in the combus- 
tion chamber, 1,300 sq. ft. in the superheater, and | 
4,888 sq. ft. in the economiser. This part of the plant | 
was manufactured to Messrs. Simon-Carves’ designs, 
by Messrs. William Beardmore and Company, Limited, | 
of Glasgow. 

As regards construction, the boilers, combustion | 
chamber, economiser and superheater are all supported | 
on a steel girder framework, which, in turn, is carried | 
on steel columns from the foundations, independently of | 
the building. The steam drums are supported on the | 
main girders, which span the tops of these columns, but 
the water drums are borne by the tubes only, so that 
freedom for expansion is ensured. The mud drum is 
carried by the lower members of the steel structure. 
The entering feed water is conveyed from the main | 
steam drums to the mud drum by large diameter steel | 
downpipes, while rising mains take it from the latter | 
to the bottom headers in the water-cooled walls of the 
combustion chamber. The top headers in the side 
walls are also connected to she steam drums by ex- 
ternal rising mains. 

The roof of the combustion chamber is formed of | 
fireclay blocks, which are supported on a series of | 
tubes. These tubes, which serve to cool the roof, 
are expanded into the front top header and the front 
steam drum. The advantage claimed for this design 
is that it dispenses with the usual suspended arch and 
thus overcomes the difficulties that have been asso- | 
ciated with this portion oft he boiler. The roof tubes, | 
as will be seen from Fig. 12, also form part of the 
heating surface, as well as supporting the burners. 
In this way the roof is sufficiently cooled without 
ignition or combustion being interfered with. The 





GENERAL VIEW OF PULVERISERS. 


Engineering Engineering 





¥ 


Fie. 4. InpuceD DrauGut Fan anp Grit CoLLEcTorR. 


sloping back of the: combustion chamber floor is | wall tubes are supported by the steel frame and columns 
cooled in the same way, the tubes in this case | in such a way that they can expand without danger of 
being expanded into the mud drum and _ back/)leakage. Easy access to the caps is given through 
headers. It may be added that all the tubes in the | steel boxes fixed round the headers. 

main generating portion of the boiler are expanded| As is necessary when pulverised fuel is employed, 
direct into the drums, so that their full cross-section | special attention has been paid to the design of the 
is available for the passage of water and steam. In| combustion chamber, while to ensure efficient working 
this way quiescent conditions are maintained during | some new features have been introduced. As already 
operation. The circulation, both in the boiler proper | mentioned, water-cooling has been used for the com- 








velocity being sufficiently high to effect a rapid steam 
release. The confluence of the separate streams takes 


and reversal of circulation are prevented. 

The main steam drums are made of 1 ;4-in. mild steel 
plates and are 16 ft. long and 4 ft. 6 in. internal dia- 
meter. The plates forming them were rolled in one 


|and in the combustion chamber, is concurrent, its | bustion chamber walls, but the tubes themselves are 


| not directly exposed to the fire. The inner face of the 
walls is, in fact, covered with Nettle brand refractory 


| place in the steam drums only, so that steam locks | material, manufactured by Messrs. J. G. Stein and 


|Company, Limited, of Bonnybridge. This is fitted 
| closely round the tubes and keyed to them as shown in 
| Fig. 22, so that risk of loosening and falling away 
|is prevented. The joints between the eo 

is 


| usual machining operations having been effected on the | spalling, 
| cylindrical portion for the reception of the pressed | 


/drums, and so that the full diameter is maintained. | mixture from each of the three pulverisers. 


| bustion chambers, as well as the roof tubes, were solid | chamber, 


length and are double riveted to outward dished ends. | inclined to the plane of the wall and curved. 
The front steam and water drums are 16 ft. long and| enables expansion and contraction to take place 
4 ft. internal diameter, and are made up of 1}-in. and| without unduly stressing the blocks or tubes, and 
14,-in. plates respectively. The mud drum is2ft.6in.|at the same time bulging is prevented. In the 
in diameter and 17 ft. in length and is made up of | design the thickness of this material was arranged, 
f-in. plates. All the longitudinal seams throughout|so that the cooling effect obtained from the tubes 
the boiler are butt-jointed with double-butt straps, the | should be sufficient to prevent overheating and 
while at the same time permitting 
| the maximum economic absorption of the radiant 
ends. The mountings for the fittings and connections | heat. It was also arranged to give a steady red heat 
are of forged steel and after machining are double | on the inner surface of the walls, so as to ensure good 
riveted to the shell. The ends of all the tubes were | combustion with a minimum of excess air and ignition 
trued and cleaned up before being expanded with | troubles. The thickness chosen was 3 in., but experi- 
parallel expanding tools. They were afterwards bell- | ence shows that a certain level is reached automatically, 
mouthed. Each tube projects $ in. into the drum or being somewhat less in the hotter parts owing to 
header, except those in the top row of the crown of erosion, and somewhat more in the cooler parts owing 
the water and mud drums, which are beaded to prevent | to building up. 
air pocketing. All the tubes are of mild steel and were| The arrangement of the burners will be clear from 
solid drawn down to 3} in. external diameter. The | Figs. 12 and 14. As already stated, there are three of 
bends are arranged, so that there is radial entry to the | these on each boiler, one being fed with age 
n its 
The front two rows of generating tubes facing the com- | way the fuel-air mixture passes through a mixing 
| where an intimate mixture of the two 
cold drawn to a thickness equal to No. 7S.W.G. The|components is effected by abruptly changing the 
remaining tubes were hot finished to a thickness of | direction of the flow. This device also ensures that 
No. 8 S.W.G. The rectangular headers are of Siemens- | the mixture enters the combustion chamber in a 
Martin mild steel and measure 11 in. by 7} in. by {-in. | turbulent condition without the complications of 
thick. They are provided with hand holes and are fitted | fixed or movable vanes. It is interesting to note that 
with internal caps opposite the end of each tube for ex-| each burner is made of firebrick so that it is 
panding and examination purposes. The headers and! undamaged when not in action, without the passage 




















APRIL 26, 1929.] 


ING. 


ENGINEER 


PULVERISED FUEL INSTALLATION ; WALLASEY GENERATING STATION. 


MESSRS. SIMON-CARVES, LIMITED, ENGINEERS, MANCHESTER. 


CONSTRUCTED BY 





Fie. 5. 


of cold air through it. A roof tube passes across the 
middle of each burner and exerts a baffling effect on 
the flame. 

The whole of the boiler and combustion chamber is 
completely cased in steel plates, which are fixed by 
studs to a steel framework. This framework is in 
turn supported on the main columns and frame of 
the boiler. To guard against radiation losses insulating 
mattresses of asbestos-felt, reinforced on the outside 
with wire netting, are held in position against the tubes 
in the combustion chamber walls, and are supported 
by lugs and rollers, as shown in Figs. 15 to 21. 
In this way there is complete insulation of the metal 
exposed to heat from that forming the covering. 
[It will also be noted that the air space is between 
the insulation and the casing instead of, as is usual, 
between the insulation and the hot walls. It was 
specified that the temperature of the plating was not 
to exceed 120 deg. F. with a boiler-house temperature 
of 70 deg. F. This condition has, we understand, 
been easily complied with. The arrangement just 
described also ensures that no movement of the parts 
of the boiler under pressure is communicated to the 
steel casing, so that the latter remains dust- and air- 
tight under all conditions. 

As will be gathered from the figures, the gases 
leaving the combustion chamber are drawn over the 
tubes of the boiler proper and, after passing through 
the superheater, are led downwards through an 
economiser to the induced draught fans. These fans 
deliver them to grit collectors, made by Messrs. 
Davidson and Company, Limited, of Belfast, where 
the bulk of the fine ash is trapped, after which they 
escape to the atmosphere through a steel chamber, 
6 ft. in diameter. A view of a grit collector and fan 
casing is given in Fig. 4. The grit is delivered into sealed 
boxes, whence it is removed by the dust wagons or 
ash conveyor through chutes in the boiler-house floor. 
There are two induced-draught fans, one per boiler, 
each of which is driven by a two-speed 18/48-h.p. 
motor and is capable of delivering 45,000 cub. ft. of 
air per minute. 

The economiser, which is of the tri-tube type, was 
inanufactured by Messrs. E. Green and Son, Limited, 
f Wakefield, and, as shown in Fig. 12, is installed 
behind the boiler. It is provided with steel plate 
dust hoppers, which are fitted with sliding doors, 
so that their contents can be delivered into wagons 
running on the rail track below. It is capable of 
working up to a pressure of 360 Ib. per square inch. 

The superheaters, as will be clear from Figs. 12 and 13, 
wre integral with the boiler. Their headers are rect- 
angular and measure I1lin. by7}in. by fin. thick. They 
are carried by rolled steel channels across the tops of the 
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caps under each group of element tubes. The element 
tubes themselves are of 1}4-in. external diameter and 
are j# in. thick. The joints are made with finely 
corrugated nickel rings between machined faces, while 
the branches for the inlet and outlet of the steam are 
electrically welded to the headers. Solid drawn pipes, 
8 in. in diameter, are used for connecting the steam 
drums to the superheater and the superheater to the 
main stop valve. 

As regards fittings, the main steam drums are 
provided with internal feed troughs and distributing 
pipes, and with baffles to guide the circulation and to 
screen the steam outlets. Stefco anti-priming and steam- 
purifying separators are placed inside the main drums 
on the steam outlets to the superheaters, while the 
superheater headers are fitted with the usual drain 
and blow-off valves. A safety valve is also provided 
on the outlet header of each superheater. These valves 
were all supplied by Messrs. Hopkinsons, Limited, of 
Huddersfield. 

Each boiler is controlled from the ground floor of the 
boiler-house, where the starting motors, air and coal 
controls for the pulverisers and all the valve controls 
are placed in a convenient position. There is also a 
panel for each boiler, on which is placed the various 
instruments for indicating and recording the tempera- 
tures of the steam, water and gas at various points, 
together with the output, draughts and composition of 
the gases. These include a remote water-level indicator 
of the Pneumercator type, supplied by Messrs. Kelvin, 
Bottomley and Baird, Limited, of Glasgow. 

An interesting feature of the installation is the 
arrangement made for the disposal of the ashes. As 
will be seen from Figs. 7 to 11 on page 520, the 
bottom of the combustion chamber tapers to a large 
hoppered ashpit built of brickwork. The ashes are 
withdrawn from this pit by an automatic rotary water- 
cooled extractor. This consists essentially of a wheel, 
on which are four vanes, and is designed to deal with 
slag in either the solid or molten form, according to the 
class of coal that is being used and the conditions of 
operation. This wheel is cooled by the feed water 
on its way to the economiser, and it is stated that about 
4 per cent. extra efficiency is obtained in this way. 
The extractor delivers the ashes and clinker into steel 
hoppers, which are mounted on an extension of the 
ash conveyors or into ash trucks which run on rails laid 
beneath the boiler. Any clinkers which are too large 
to be handled by the extractor are evacuated through 
the hinged door shown in Fig. 7 without the possibility 
of breaking the extractor or tripping out the switch. 
Theash hoppers are sufficiently largeto store all theashes 
produced in four hours on normal load. Two 10-h.p. 
motors have been installed to drive the ash extractors, 


steam drums and are provided with machined internal | and clutches are arranged so that either motor can 
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drive both extractors. Experience has shown that 
less than 5 h.p. is needed to drive the two extractors. 

Oil burners and oil tanks, together with compressed 
air piping and a motor-driven air compressor, are 
provided for starting up each boiler. 

The Wallasey station has acquired an excellent 
reputation for low coal consumption and high thermal 
efficiency. Whereas in 1922 the fuel consumption was 
3-3 lb. per kw.-hour generated, this fell to 2-13 ib. in 
1927-28, and at the same time the thermal efficiency 
reached 16-21 per cent. In September, 1928, the 
consumption fell to 1-97 lb. In the same period the 
fuel cost has decreased from 0-88d. to 0-17d. The 
load factor is 30 -58 per cent., owing to the presence of 
a satisfactorily high day load. Though formal tests 
have not yet been made on the new boilers, it is likely 
that these results will be favourably affected by their 
use. An estimated efficiency of about 83 per cent. 
on the gross calorific value has been obtained on 
more than one weekly run, and the CO, content in 
the flue gases is consistently maintained in the 
neighbourhood of 15 per cent. The new plant will 
also enable a higher steam pressure to be used, while 
it will be possible to utilise lower grade fuel. The 
influence of these factors, both on the efficiency 
and the costs should be evident at no distant date. 

We have to thank Mr. B. T. Hawkins, A.M.I.E.E., 
boroughelectrical engineer and manager, of the Wallasey 
electricity undertaking for permission to publish the 
above information relating to this interesting plant. 








British WATERWORKS ASSOCIATION.—The programme 
of the eighteenth annual general meeting and conference 
of the British Waterworks Association, which, as stated 
on page 442 ante, is to be held at Portsmouth from July 
2 to 5, has now been drawn up. The meeting will 
commence at 2.15 p.m. on Tuesday, July 2, in the Guild- 
hall, Portsmouth, when, after the preliminary business. 
Mr. F. Blake will deliver his presidential address. T'wo 
papers will be read and discussed, namely, ‘‘ The Desir- 
ability of River Gaugings for Various Purposes,” by 
Mr. E. A. Sandford Fawcett ; and “ Extremos of Rainfall 
over the British Isles,” by Dr. J. Glasspoole. At 7.30 p.m. 
on July 2, the annual dinner will be held in main hall of 
the Guildhall. On the following day, July 3, at 10 a.m., 
the annual meeting will be continued and two papers 
will be read and discussed, namely, ‘‘ The Quality, and 
the Method and Results of Treatment, of the Portsmouth 


Water Supply,” by Mr. E. V. Suckling; and “ The 
Hydrology of the Portsmouth District,” by Mr. D. 
Halton Thomson. Wednesday afternoon, and _ the 


whole of Thursday and Friday, July 4 and 5, will be 
devoted to visits to the Farlington, Havant and Bed- 
hampton installations of the Portsmouth Waterworks 
Company, Portsmouth Dockyard, Southampton Water- 
works, and places of interest in the vicinity. The oltices 
of the Association are at 173, Rosebery-avenue, London, 
E.C.1. 
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NOTES ON NEW BOOKS. 


LONG-DISTANCE gas supply and transmission, one 
of the problems brought before the recent World 
Power Conference, is only part of the great German 
Landesplanung (land settlement) problem which dates 
back to pre-war time. The scheme aims at the general 
technical and economical development of the resources 
of the country in order to promote productivity and 
industry and to facilitate traffic. This meant, in the 
first instance, that it was necessary to make energy 
available everywhere, and not only near the great coal 
and lignite fields on the Ruhr, in Central Germany and 
in Silesia. The assignment to Poland of part of the 
Silesian mines put the Ruhr into a very prominent 
position, and one of the early projects embraces supply 
systems from Westphalia and the brown coal de- 
posits on the lower Rhine. The main arteries now 
extend in two branches, via Hanover and Berlin, and 
via Kassel, Leipzig and Dresden, both to Breslau 
in Silesia, whilst another artery goes via Frankfurt 
to Munich, which is to be joined via Niirnberg to 
Leipzig, Berlin and Stettin. Supply further north 
is also to start from Hanover to Bremen and Hamburg. 
The energy is to be distributed partly as electricity 
and partly as gas—coal gas from coal and lignite, 
and coke-oven gas. Oils from coal and from furnace 
gases, distributed from the Leuna works, as well as 
primary water power, also come into the scheme. 
Though the general project concerns the whole of 
Germany, special schemes are being worked out in 
the Rhineland, Bavaria, Wirttemberg, Saxony, &c. 
In a pamphlet on the Gasversorgung Westsachsens 
(Leipzig: Landesplanung Westsachsen; ‘price 1-50 
marks), Mr. L. Litinsky discusses the general features 
of the project for the north-western (Leipzig) district 
of the former kingdom of Saxony. The rich lignite 
deposits of these districts are the main source of 
energy. Mr. Litinsky limits himself to the genera] 
considerations without entering into technical details. 
The chief obstacles to concerted action are the special 
interests of private persons, firms, municipalities and 
states. In some parts, two or more concerns enjoy road 
and supply privileges, and in Thuringia the territories 
of the old kingdoms of Prussia and Saxony and of 
the several Saxon principalities are oddly intermixed, 
so that the fate of these enclaves, now a political 
problem, also affects these projects. 





Some works of reference have so established them- 
selves as part of our modern English life, that all 
that need be said, by way of review, when a new 
edition of one of these volumes has been issued, is that 
the book is now available and may be obtained from the 
publishers at the usual price. The annual biographical 
dictionary Who’s Who falls into this category. The 
1929 edition is similar in all respects to its predecessors, 
both as regards exterior and contents; indeed, we are 
told that although it contains 68 more pages, it is no 
thicker than the 1928 issue. There is, however, no 
apparent difference in the thickness of the paper used. 
The secret of the great value of the book as a work of 
reference lies in the fact that each of the 32,000 
biographies it contains, is submitted annually for 
revision to the person to whom it relates. The high 
standard attained by the work and its reputation for 
accuracy are thus maintained year by year. Although 
published early in the year, the printing of the 
book was commenced last August and, in many 
cases, occurrences of a later date are, perforce, not 
recorded ; deaths reported up till October, however, 
have been included in the obituary list given at the 
beginning of the volume. The work is now in its 
eighty-first year of publication. It is available in 
the familiar red-cloth binding at the price of 45s. net, 
or post free 46s. It is also supplied in a strong library 
binding, with leather back, at the price of 50s. net, or 
post free 51s. The publishers are Messrs. A. and C. 
Black, Limited, 4, 5, and 6, Soho-square, London, W.1. 





Any book treating of a branch of engineering is of 
double value when the author is intimately acquainted 
with both the theoretical and the practical side of the 
work he writes upon. An erample of this is evident 
in the volume of 220 pages by Mr. W. L. Scott, 
published by Messrs. Crosby Lockwood and Son at 
25s. net, on Reinforced Concrete Bridges. By omitting 
detailed information as to the design of reinforced- 
concrete work on ordinary principles, with which the 
reader is assumed to be already familiar, the author is 
able, by confining his attention to the particular difficul- 
ties of design in arched and in some other structures, to 
deal in a very useful manner with the special questions 
he treats in a book of a moderate number of pages. 
The textual explanations and descriptive matter are 
none the less adequate and convincing. The mathe- 
matical work is also well displayed—a feature of some 
importance. Some of the details shown of spiraled 


reinforcement are instructive, and the writer, in en- 
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larging upon these, gives specific information on a 
subject with which he is well qualified by experience 
to deal. The use of temporary hinges, carrying 
the dead-load thrusts of arched structures prepara- 
tory to filling in solid, before being subjected to live- 
load effects, is very fully explained. The application of 
the influence-line method is shown to be of much 
use in simplifying the evaluation of essential data 
required in the process of design. Tabulated formule 
and results to assist the designer in his labours are 
also given. A specification for reinforced-concrete 
construction is appended, and comments are made on 
the usual materials, with references also to the newer 
rapid- hardening cements, all of which will repay study. 
A number of photographs of executed works repro- 
duced show what may be done to meet esthetic de- 
mands; indeed, consideration of these plates makes it 
evident that whatever crudeness there may occasionally 
be in reinforced-concrete structures should not be 
attributed to unavoidable characteristics of the mate- 
rial, but is rather the result of faulty lines and unsuit- 
able surface treatment. 


The seventh edition of the handy little text book on 
Strength of Materials, written by the late Professor 
Merriman thirty years ago, has just been issued by 
Messrs. Chapman and Hall, Limited, price 8s. 6d. net. 
from which it may be inferred that the book continues 
to serve a distinctly useful purpose. The reviser of this 
edition has adhered to the original method of presenting 
the subject in such an elementary manner that it may 
be readily comprehended by those not acquainted with 
the calculus. The book, therefore, deals mainly with 
questions of strength, and as the deduction of elastic 
deformations and deflections is best made by the calcu- 
lus they are not here attempted. Nevertheless, the 
mechanical ideas involved, which constitute the most 
difficult part of the subject, are presented in a parti- 
cularly lucid manner, and are admirably illustrated 
by many practical numerical examples given at the 
end of each chapter. In the present edition, the 
original text has been revised and amplified, and new 
articles on Portland cement and concrete have been 
added. The work will undoubtedly prove suitable 
for junior students and those taking the subject as 
part of a systematic course of technical instruction, 
not only in engineering, but in building construction and 
other allied industries. 





Since 1924, the Akademische Verein Hiitte and the 
Verein Deutscher Ingenieure have been co-operating 
with the German Association of Engineers in Charge 
and the Committee on Economic Manufacture in 
providing the engineer in charge with information 
regarding his supervisory work in factory and work- 
shop. This book now appears in the third edition, 
under the title Hiitie, Taschenbuch fiir Betriebsingenieure 
(abbreviated Betriebshiitte) as a volume of 1,213 pages, 
and published by Messrs. Wilhelm Ernst und Sohn, 
of Berlin W.8, Wilhelmstr. 90, at 32 marks. The 
editor is Dr.-Ing. A. Stauch. The chief divisions 
are: Principles of interchangeability (measuring and 
standard fittings), machine gearing, balancing, foundry 
practice, welding and soldering, forging and stamp- 
ing, hardening and heat treatment, disintegrating 
and cutting, tools and machine tools, and poiishing 
by spraying processes. This list does not comprise 
some interposed chapters which, at first glance, do not 
appear to fit into the general scheme above indicated, 
such as plants, factory organisation, social politics 
and factory law. We do not think that the works 
engineer, in his routine duty, will need to concern 
himself much about the selection of sites, but the 
problems of roofing, light, ventilation, heating, drain- 
ing, &c., will always be before him, and questions of 
wages, leave of absence, working hours, arbitration, 
&c., will often arise. The chapter on organisation 
discusses other important questions, such as control, 
distribution of work, transport, storage, testing and 
time allowance. Perhaps greater uniformity would 
have been achieved if the sections of these chapters had 
not each been contributed by different authors, but 
something must be said in favour of an expert for 
every section. 





Both the authors of Ultra-Violet Radiation and 
Actinotherapy (Edinburgh: E. and S. Livingstone, 
16 and 17, Teviot-place ; price 21s. net] are connected 
with the Sun-Ray Clinic at Newcastle-on-Tyne—Dr. 
W. Kerr Russell as director, and Dr. Eleanor H. Russell 
as honorary physician. The book is evidently intended 
for the medical profession and the public generally. 
The two a, by Sir Oliver Lodge and by Mr. 
Sydney Walton, are recommendations, that by Sir 
Oliver Lodge being argued on the ground of the need 
of such studies and the experience of the authors. 
The latter express their indebtedness to the facilities 
offered to them when paying long visits to the Finsen 
Institute at Copenhagen, and to the various hospitals 
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at Berlin, Hamburg, Vienna, Paris, and Alton (Hants). 
The first chapters, on radiant energy, arc and mercury 
vapour lamps and properties of ultra-violet rays, are 
generally physical; they comprise a special chapter 
contributed by Mr. Thomas Carter on the production of 
direct current from alternating-current supplies. The 
further chapters—occupying more than half the book— 
deal with the biological effects of the rays and with patho- 
logy, and the technique of treatment of various diseases. 
The great dangers associated with unskilled administra- 
tion of the rays are duly emphasised, and one recent 
fatal case of exfoliative dermatitis is admitted. This 
fatality was caused by the joint application of X-rays 
and ultra-violet rays; but the authors add that ultra- 
violet rays should not be applied in certain diseases. 
X-ray ulcers, it is stated, are benefited by ultra-violet 
radiation when small; but little is said on X-rays in 
the volume, however, and those sections are strictly of 
medical interest. There is a good index to the 648 
pages which, with less lavish print, could have been 
reduced in number. 





A boo entitled Détermination et Etude des Minerais 
[Paris: Librairie A. Blanchard, 3 bis, Place de la 
Sorbonne ; price 110 francs], by A. Braby, is intended 
to enable the prospector and mining engineer to 
examine minerals on the spot by simple processes, blow- 
pipe analysis and physical and chemical tests in the wet 
and dry, with the aid of simple, portable apparatus. 
Many of the figures in the text have a rather familiar 
appearance. The volume does not claim to be a scientific 
treatise, and serves industrial interests. Points to be 
mentioned are that the little-known minerals from the 
Congo and other districts, only exploited within 
recent years, are duly noticed, and that in the fourth 
chapter, which takes up 100 out of a total of 300 pages, 
the characteristic properties of all the elements are 
given in alphabetical order of the elements. The sixth 
chapter shows, by numerous examples, how quickly 
and easily all the constituents of minerals can be 
ascertained. 





The importance of the paper-making industry is 
well brought out in the current issue of the Directory of 
Paper Makers, which is published by Messrs. Marchant, 
Singer and Company, 47, St. Mary Axe, London, E.C.3, 
at a price of 5s. net. It contains an alphabetical 
list, with information as to their activities, of all the 
paper and millboard makers in Great Britain. Paper 
enamellers, paper makers’ representatives, and .a list 
of mills, with their owners, are also given. The various 
papers in use are shown under their classified headings, 
while trade designations, used as watermarks or other- 
wise, are also published. Finally, some useful informa- 
tion regarding paper standardisation and trade customs 
is included. Printers and other large users of paper, 
as well as paper makers, will find this book a great 
assistance. 





In our issue of May 4, 1928, the 1927 triennial 
publication of the American Society for Testing 
Materials, known as the Book of A.S.T'.M. Standards, 
was reviewed. The standard specifications, it will be 
recalled, relate to metals and to non-metallic materials, 
are presented first in tentative form and, by amendment 
from time to time, finally reach the ultimate standard 
condition, the various steps of the process being de- 
termined by letter ballot of the society’s members. 
The resulting issues have, in consequence, considerable 
value and authority. Between the triennial publica- 
tions there appear intermediate supplements, to one 
of which, for 1928, we now direct attention. This 
volume of nearly 200 pages, issued by the Society at 
1-50 dols., gives 41 standards, adopted or revised by 
a recent ballot. Thirteen of these relate to metals, 
ferrous or non-ferrous, including carbon steels for forg- 
ings, tool steels, aluminium bronze and brass castings, 
and brazing solders, while 28 refer to non-metallic 
materials, as, for instance, cements, clay products, oils, 
pigments, &c. A few of the standards are simply 
strict definitions of terms used. For the convenience 
of those interested in the work of the Society there is 
also given a complete list of the standards now current, 
of which 364 are “standard” and 185 “ tentative 
standards,” making 549 in all. 








THe Late Mr. R. R. Woopcock.—We regret to 
announce the death, on April 18 last, of Mr. Rollo Robert 
Woodcock, chief engineer of Messrs. Lafarge Aluminous 
Cement Company, Limited, Fondu Works, West Thurrock, 
Grays, Essex. Mr. Woodcock, who had held this position 
since the inception of the company some years ago, served 
his apprenticeship with Messrs. Cammell Laird and 
Company, Limited, Birkenhead. He afterwards spent 
five years at sea with the Brocklebank Line, and subse- 
quently became assistant chief engineer to Messrs. The 
British Petroleum Company. Mr. Woodcock became 
a member of the Institution of Mechanical Engineers 
as recently as last year. He was also a member of the 
Institution of Structural Engineers. 
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THE CONSTRUCTION OF THE “ GRID ”’ 
TRANSMISSION SYSTEM IN GREAT 
BRITAIN.* 

By JounsTonre WricuT and C. W. Marsuatt, B.Sc. 


Atmost all high-power transmission systems are 
used for conveying large blocks of power from sources 
of energy to remote consuming points. In Great 
Britain, however, the sources of energy are compara- 
tively close to the users and to each other, and the 
functions of the “grid” are, therefore, to enable 
the most efficient stations to operate at the highest 
possible load factor and to raise the plant utilisation 
factors by reducing the amount of spare plant required 
in individual stations. Such inter-connection has 
already been effected on a comparatively large scale by 
many power companies. The novelties of the “grid” 
lie, therefore, in its size and in the voltage employed. 
The system of supply is three-phase, at a pressure of 
132 kv. between phases and a frequency of 50. The 
factors governing the choice of voltage were the load 
requirements, transmission distances, degree of security 
obtainable and cost. The general design adopted has 
been decided upon after an exhaustive examination of 
all possible methods of construction. It is unlikely 
that it will be changed, although detail improvements 
will probably be introduced. 

Overhead Lines.—The operating conditions are such 
that the variation from normal voltage will not usually 
exceed + 5 per cent. The voltage to earth is main- 
tained at a fixed maximum by directly earthing the 
neutral point of all transformers on the high-voltage 
side. The general design of the lines complies with 
the Regulations of the Electricity Commissioners, 
although the methods of satisfying these regulations 
differ from those prescribed for lower-voltage systems. 

The choice of conductor material rested largely on 
the mechanical properties of the available metals. The 
difficulties which existed in obtaining wayleaves, and, 
in the case of the sections of lines in towns, of getting 
tower sites, made it essential to be able to use spans 
of the maximum length. Steel-cored aluminium con- 
ductors are decidedly the best that are available in 
this respect. A further advantage is the protection 
afforded by the steel core against burning through in 
the event of a flash-over. The ability of aluminium 
and steel to maintain their mechanical strength and 
electrical conductivity is much more open to con- 
troversy than are their initial qualities, but extensive 
experience has shown that the steel core of an alu- 
minium-steel conductor is completely protected from 
the atmosphere, so long as the aluminiun remains 
sound, and the final deduction, which has been drawn 
from an examination of all the factors pertaining to 
aluminium corrosion, is that the useful life of the 
conductors will very considerably exceed the 25 years 
which are called for by financial requirements. 

Details of the standard line and earth conductors 
are given in Table I. The former has been chosen 
as the most economical one to satisfy the electrical 
and mechanical loads on the lines. The capacity of 
a single-circuit line is 50,000 kv.-a., the current corre- 
sponding to this, at 132 kv., being 219 amperes. The 


current-carrying capacity of the conductor, from a 


temperature-rise standpoint, is much in excess of this 
figure, but the corona-loss requirements made it necess- 
ary to have a comparatively great overall diameter. 
This consideration and mechanical requirements were 
prime factors in making the ultimate choice. The 
critical corona voltage for the conductor, under normal 
atmospheric conditions, is approximately 184 kv. and 
the corona power-losses are accordingly negligibly 
small. 

The number of joints is kept as low as possible. 
Wherever practicable, the joints are located at tension 
towers, but jointing in the spans is resorted to when 
required, and, in practice, nearly all joints will be in the 
spans. The mechanical strength of the joints is not 
less than 95 per cent. of the strength of the conductor 
itself, and their conductivity equals, or exceeds, that of 
the conductor. In jointing, the steel and aluminium 
are connected separately and the joints are sealed. 
The earth wire serves as an electrostatic screen, as 
well as to provide a low-resistance path for returning 
fault currents. Its characteristics are very different 
from those of the comparatively high-resistance steel 
wires which are usually employed on power lines, and, 
in view of the widely divergent opinions on the relative 
importance of the functions to be performed by earth 
wires, it will not be possible to demonstrate whether or 
not the extra expense has been justified until actual 
experience has been obtained. The protective value of 
aluminium stranding against corrosion of the steel is a 
further justification for its use. 

Towers.—An examination of existing transmission 
systems shows that there is nothing approaching 
uniformity of opinion as to what constitutes the best 
* Paper read before the Institution of Electrical 
Engineers on Thursday, January 24, 1929. Abridged. 








outline design to be adopted for towers. The choice 
of narrow-base or broad-base towers depends largely 
on wayleave considerations, although, for any given 
stress and height conditions, there is a corresponding 
most economical base area. Atsthetic considerations 
played a considerable part in the choice of wide-base 
towers for the grid, and this consideration was also 
instrumental in eliminating the horizontal arrangement 
of conductors. The standard tower types used have 
been designed with a view to meeting all requirements 
as to ground conditions and economics with the mini- 
mum number of types. 

TaBLeE I.—Data Regarding Line and Earth Conductors. 





Line Earth 





Conductor. | Conductor. 

Maximum working tension, Ib. PS 8,000 5,944 
Nominal section (copper equivalent), 

sq. in. aa ne a oy 0°175 | 
Number and diameter (in.) of alu- 

minium wires ‘ore a re 30/0. 11 12/-011 
Number and diameter (in.) of steel 

wires Be “a o« ee 7/0°11 7/011 
Overall diameter of conductor, in. 0°77 0°55 
Weight of conductor per 1,000 ft., Ib. 571 366 
Tensile breaking stress of Al. wires 

before stranding, Ib. per sq. in. .. 27,000 27,000 
Tensile breaking stress of steel wires 

before stranding, lb. persq.in. .. 180,000 180,000 


Ultimate strength of complete con- 


ductor, Ib. .. aa Ae we 17,722 13,100 
Elongation of length of 10 in. on 
breaking, per cent. :— 
Aluminium ee «s me 1°9 1°9 
Steel ey Pe és Ma 4 4 
Maximum number of twists in 6 in. 
length :— 
Aluminium ee rr es 25 25 
10 10 


Steel bay ga “s “ 
Elastic limit of steel as percentage 
of tensile strength Be ‘és 50-60 50-60 
Modulus of elasticity of conductor 
material, lb. per sq. in. :— 
Aluminium as oa : 9°6 x 106 
Steel “a a <s ee 30 x 106 
Equivalent modulus of elasticity of 
complete conductor, lb. persq.in. | 13°45 x 106)17°13 x 106 
Coefficient of linear expansion of 
conductor material, per deg. C. 


9°6 x 106 
30 x 106 


Aluminium 3% es .-| 22°7 x 10-6] 22°7 x 10-6 

Steel pe ae ws --| 11°5 xX 10-6} 11°5 x 10-6 
Equivalent coefficient of linear ex- 

pansion of complete conductor .. 18 x 10-6) 15°4 x 10-6 


Resistance of conductor per 1,000 ft. 


at 15 deg. C., ohm Ae 7 0°04793 0°119, 
Standard length of conductor on 
reel, ft. ee oe ae %e 5,280 5,280 











The standard types are tabulated below. In this 
tabulation, «S” denotes single-circuit tower and ‘“‘ D” 
denotes double-circuit tower. The numerical suffix 
shows the maximum allowable degree of deviation of 
the line at a particular tower. “E5” and “E 10” 
denote that the standard tower is extended by 5 and 
10 ft., respectively. ‘Transposition towers are included 
in the list, but, due to the shortness of the line sections, 
it is generally possible to make the transposition at the 
substations. 

STANDARD TYPES OF TOWERS. 
Designation. Description. 

S 2 deg. Single-circuit straight line. 

S 2 deg., E 5 Single-circuit straight line, 5 ft. higher 

than normal. 

S 2deg., E 10 Single-circuit straight line, 10 ft. higher 

than normal. 


S 10 deg. Single-circuit small angle (if required). 

S 30 deg. Single-circuit medium angle. 

S 60 deg. Single-circuit large angle. 

SX Single-circuit transposition (if not identi- 
cal with S 2 deg.). 

sT Single-circuit terminal. 

D 2 deg. Double-circuit straight line. 


D 2deg., E5 Double-circuit straight line, 5 ft. higher 
than normal. 
D 2 deg., E 10 Double-circuit straight line, 10 ft. higher 
than normal. 


D 10 deg. Double-circuit small angle. 

D 30 deg. Double-circuit medium angle. 
D 60 deg. Double-circuit large angle. 
DX Double-circuit transposition. 


DT Double-circuit +- rminal 

The normal span length is 900 ft., but all standard 
angle towers are so designed that, when used with 
corresponding maximum angles of deviation, the sum of 
two adjacent spans may total 2,000 ft. under favourable 
ground-contour conditions. The contour dimensions 
are determined broadly from the clearances which have 
been specified. The clearance of the lowest line con- 
ductor to earth, at a temperature of 50 deg. C., is 22 ft., 
while over buildings the minimum clearance is 8 ft. 
The vertical distance between conductors is 12 ft., and 
the projected horizontal distance is 3 ft. The minimum 
normal clearance between live metal and the tower 
steelwork is 3 ft. 6 in. under the worst conditions of 
line displacement. Provision has been made for 
adding to the number of insulator units without en- 
croaching on the main clearances. This allowance is 
made to cover any specially difficult atmospheric con- 
ditions which may be encountered. 
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concrete ball, and ordinary concrete are used, the type 
chosen depending on the nature of the subsoil in which 
the tower stands, and also on the relative costs. The 
concrete ball foundation is new to Great Britain, but it 
is widely used in America. It is made by drilling a 
cylindrical hole for each tower leg and expanding the 
lower end of the hole to a spherical form by exploding a 
charge of dynamite in it. The tower leg stubs are 
fitted into position by means of a template, and the 
cavities are filled in with concrete. The operation is 
simple, accurate and economical. 

Loadings.—The assumed working loadings on the 
towers are as follows :—The vertical load is made up of 
the weights of the conductors, together with a coating 
of ice of $ in. radial thickhess, and the weights of all 
insulators and fittings. The transverse load is that 
due to (1) a wind pressure of 8 Ib. per sq. ft. on the 
whole projected area of all conductors when coated with 
ice, (2) the horizontal resultant of the conductor ten- 
sions, and (3) a wind pressure of 25 lb. per sq. ft. on 
1} times the projected area of the members of one face 
of the towers. The longitudinal loadings are those 
impressed by the conductor tensions. These conditions 
are more severe than those called for in the recently 
revised regulations of the Electricity Commissioners. 
It is further assumed that the towers may be subjected 
to additional stress due to conductors breaking. The 
straight-line towers are capable of withstanding the 
additional stresses due to the breakage of any single 
conductor. The medium-angle and large-angle towers 
on single-circuit and double-circuit lines can with- 
stand the additional stresses caused by breakage of 
any two and any four conductors, respectively. The 
factor of safety against tower or foundation failure is 
2-5, when the stresses correspond to the maximum 
loading conditions with unbroken conductors, but under 
maximum loadings and broken-conductor conditions 
the factor of safety is 1-5. The tower material is mild 
steel to the requirements of British Standard Speci- 
fication No. 15. The minimum allowable thickness of 
main structural members is # in., and of other members 
fr in. The designs are such as to reduce to a minimum 
the number of different sections used, and care has been 
taken to ensure that the highest degree of accuracy in 
manufacture is attained. The steel is galvanised by 
the “ hot ” process, the zinc coating being 2 oz. of zinc 
per sq. ft. of surface. Other methods of protecting 
the steel from corrosion are also being investigated. 
Where concrete-ball or concrete-block foundations are 
used, the towers are earthed by means of galvanised- 
iron pipes 6 ft. long, 6 in. in diameter and 3 in. thick. 

The principal steps, which have been taken to provide 
a final check on the towers, are inspection of material 
during manufacture, tests of samples of steel and tests 
on the towers themselves. Tests on the actual towers 
are essential, because, although it is possible to determine 
the stresses in each member by analytical or graphical 
methods, the uncertainties introduced by slight manu- 
facturing inaccuracies and by incomplete rigidity of 
foundations, invalidate the results of calculations. The 
testing procedure, which has been adopted, is to apply 
static loads which accurately represent the loads due 
to wind, ice, conductor breakages or combinations of 
these conditions. The vertical loads are applied by 
direct loading. The horizontal loads are applied by 
means of hand winches, the magnitude of the horizontal 
forces being measured by dynamometers placed in the 
cables between the towers and the winches. The 
deflections and strains corresponding to each particular 
load are measured, and the readings of stress and 
strain so obtained give a good indication of accuracy of 
workmanship as well as of the adequacy, or otherwise, 
of the members of the structure. As a final precaution, 
sample towers are tested to destruction. The forces 
required to destroy the structures establish definitely the 
factors of safety which have been obtained. It is fully 
recognised that towers will, in practice, be subjected to 
varying stresses, and that the static load tests do not 
exactly represent working conditions. The relations 
between alternating and static stresses are, however, 
well known, and it is felt that the tests which have been 
carried out provide a sufficiently accurate guide to the 
behaviour of the towers in practice. 

Insulators and Fittings —An examination of the 
available types of suspension insulators led to the 
decision to use units of the cap-and-pin type with ball- 
and-socket fittings. The insulation specification calls 
for material which will be unaffected by the atmospheric 
conditions met with in Great Britain. These conditions 
are relatively easy, as far as range and rate of change of 
temperature are concerned, but are difficult in that 
atmospheric pollution, in some districts, is very bad. 
The specified temperature range is — 6 deg. C. to 
+ 50 deg. C. The strength of the insulators is such as 
to give a factor of safety of not less than 24 when the 
insulator is supporting its maximum working load and 
with full normal voltage applied toit. The construction 
of their different parts—porcelain, cement or other 
fixing material, and metal work—is such that there is no 
corrosive action between the constituent materials. 





Three types of foundations, viz., excavated earth, 
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The electrical requirements of the insulator chains 
are defined by relation to their wet flash-over value. 
In addition, it is specified that excessive or localised 
corona formation must not be exhibited by the insulator 
chains at voltages less than the flash-over voltage. 
Each insulator chain is provided with a guard ring at 
the conductor end and with arcing horns at the earthed 
end. The relative position of the arcing rings and 
horns, together with the number of units forming an 
insulator string, is such as to give a minimum wet 
flash-over voltage of 340 kv. The normal voltage to 
earth is 76 kv. and the factor of safety is therefore 
4-5. It should be noted that the mechanical strength 
of the rings and horns is much greater than that which 
was at one time considered to be adequate. Except for 
the fact that one additional unit per chain is used at 
tension points, the electrical insulation is uniform. 
The principal characteristics of the insulators are given 
in Table If. The tests applied to the insulators are 
generally in accordance with standard British require- 
ments. 

TABLE L.—Characteristics of Insulators and Fittings. 

(Actual figures obtained.) 








Suspension Tension 
Insulators. Insulators. 
| 
Maximum working load, Ib. eal 4,000 8,000 
Breaking load (mechanical), Ib. . .| 16,000 32,000 
Electro-mechanical type test | 
breaking load, Ib. os 10,000 20,000 
Outeide diameter of unit, in. 10 10 
Number of units in string aa 9 10 
= between centres of units, | 
n. = Bs oe oof 5 5 
Least distance between guard ring | 
and arcing horn,in. .. } 41 46 
Number of stringsin parallel .. One Two 
Weight of unit, Ib. = <i 9} 9% 
Weight of string complete with | 
all fittings, Ib... 3... | 1284 | 2784 
Electrostatic capacity of unit at 
50 periods, uF .. ae +f 0-000026 | 0-000026 
Minimum dry flash-over of unit, | 
kilovolts .. ae . ue 85 85 
Minimum wet flash-over of unit, | | 
kilovolts .. _ - oa 60 | 60 
Minimum puncture voltage of } 
unit, kilovolts .. os ‘ | 145 145 
Minimum dry flash-over voltage | 
of string complete with all | * 
fittings, kilovolts. . ai cal 420 455 
Minimum wet flash-over voltage | | 
of string complete with all 
fittings, kilovolts Ses oe! 340 370 
Minimum mist flash-over voltage | 
of string complete with all | 
fittings, kilovolts : 340 | 370 
Material of fittings _— ones and | 
malleable iron | — 
Method of attachment between | 
units —- on a ..| Ball and socket | 
Material of guard ring and arcing | 
horn se " a ..| Mild steel 
Upper temperature for tempera- | 
ture-cycle test ae a 93 deg. C. 93 deg. C. 


Mechanical Vibrations.—Experience in operating 
high-tension lines has revealed the fact that there is 
considerable danger of trouble arising from mechanical 
vibrations. The nature of the troubles so far experi- 
enced has been breakage of conductors at tension- 
clamps or suspension points. At one time, the trouble 
was attributed to the formation of oxides of nitrogen 
in the connectors, due to corona, thus causing corrosion 
of the conductors, but it has now been clearly established 
that the real cause is mechanical vibration. The cases 
of failure have always shown that, at points of breakage, 
the metal has become crystalline, and this is quite in 
keeping with well-recognised experience regarding the 
behaviour of metals under alternating stresses. High 
stresses can be developed in conductors when they are 
suddenly relieved of ice loadings, but continuous 
vibrations cannot be caused in this way. 

It is also unusual for resonance phenomena to be 
met with. The usual cause of vibration is the action 
of wind at right angles to the conductor, and although 
the amplitude of such vibrations is much smaller than 
those caused by release from ice loading, they are in 
reality much more dangerous. So far as has been 
practicable, the characteristics of the grid lines have been 
arranged to be outside the danger zone as determined by 
experience on troublesome lines. The joints on the 
conductors have been made as flexible as possible, so as 
to prevent them from absorbing the ensrgy of vibration. 
The tension clamps are so designed that the metal is 
not unduly stressed. Special anti-vibration devices 
will be fitted at danger points should such prove 
necessary. 

Protection.—Experience has shown that well-built 
high-voltage transmission lines are freer from operating 
troubles than lower-voltage lines. The reasons for 
this immunity from faults are the stronger mechanical 
construction and the very large spacing of the lines, 
which eliminates trouble due to birds, branches and 
(in some cases) lightning. It has been possible, in 


many cases, to give very satisfactory service without 
the use of protective gear, other than overload relays. 
Modern conditions, however, demand absolute con- 
tinuity of supply, and, in order to attain this, some 
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form of selective protective gear must be installed on all 
interconnected systems. The final result of the investi- 
gation of the various alternative schemes examined was 
that pilot-wire systems offer the best probability of 
obtaining rapid and sensitive discriminative protection, 
but that the cost of pilots is not justifiable on long lines, 
where other forms of protective gear can give almost 
as good results. Impedance or reactance relays are 
the only alternative at present available, and these are 
being used on the long sections of the Scottish lines. 

As regards the abnormal increases of potential which 
occur owing to lightning and abrupt load changes on 
overhead lines, it was finally decided to rely on a high- 
conductivity earth wire, provision of arcing rings and 
horns, reinforcement of transformer end-turn insula- 
tion, and earthing of the neutral] point for the protection 
of the grid against surges. No lightning arresters will 
be used in the first instance. 

The subject of inductive interference has been 
examined from every standpoint, and it has been 
decided that the earthed-neutral system is better than 
the insulated-neutral system. 
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“ENGINEERING” 
Substations and Switchgear—To meet the load 
requirements and to accommodate the gear to site 
conditions, six basic types of outdoor substations were 
designed. A diagram of connections giving the prin- 
cipal components of the stations is shown in Fig. 1. 
The types of stations are designated as follows :— 


L.N.E. 3 circuit-breaker, non-extensible. Low type. 
H.N.E. 3 circuit-breaker, non-extensible. High type. 
L.E. 3 circuit-breaker, extensible. Low type. 
H.E. 3 circuit-breaker, extensible High type. 
L.D.B. Double ’bus-bar Low type. 
H.D.B. Double ’bus-bar. High type. 
C. Connections only between transformers and 


feeders. 


The type L.N.E. station provides switching arrange- 
ments for two 132-kv. lines and two transformer banks, 
and it has a bypass connection to enable each trans- 
former bank to operate from either of the supply lines. 
The bypass connection is normally kept open, and one 
transformer switch and the section switch must open 
automatically in the event of a fault occurring in either 
a line or a transformer. This arrangement utilises the 
minimum of apparatus consistent with rapid resump- 
tion of service after a fault. It has been chosen in 
preference to the more usual lay-out, in which a circuit 
breaker is installed on each feeder (in addition to those 
included in the design under consideration), because of 
the saving in cost, the reduction of maintenance charges, 
and the decreased number of danger points brought 
about by the simplification. The L.N.E. type of 
station is used in situations where no provision for 
future extension is considered necessary. Designs 
L.E. and H.E. provide the same switching facilities as 
design L.N.E., but the lay-out of the apparatus is such 
as to make extension of the number of circuits com- 
paratively simple. Choice of design in any particular 
case depends entirely on site conditions. These types 
can be modified and extended to types L.D.B. and 
H.D.B. The extended substations include duplicate 
*busbars and oil switches on each of the feeders. The 
H.D.B. arrangement is so designed as to reduce to a 
minimum the floor area required. It involves a greater 
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amount of structural steel and increased height, so 


that inspection and maintenance are made somewhat 
more difficult. It is used only where the space neces- 
sary for the L.D.B. type cannot be obtained. The C- 
type station only makes provision for terminating the 
132-kv. feeders and for connecting them to the trans- 
formers. 

The substation structural work is so designed that 
the minimum spacing between conductors of different 
phases is 9 ft., and that between any live metal, other 
than arcing horns and rings, and earthed metal is 4 ft. 
6in. The distance between arcing horns and rings and 
earthed metal always determines the minimum spacing 
between live metal and earth. The clearances and 
relative positions of apparatus are such as to allow of 
safe maintenance of any part while the remainder of 
the conductors are alive. They also allow of removal 
or temporary covering of the circuit-breakers and 
power transformers without reducing the specified 
clearances. 

The assumed loading conditions of the structures 
are :—(a) A wind load of 25 lb. per square foot on 13 
times the projected area of the members of one face 
of each built-up column or beam, and on the projected 
area of each other portion of the structure and appara- 
tus carried by the structure. (6) Vertical loadings 
made up of the dead weights of all conductors and 
apparatus carried by the structure, including the weight 
of the structure itself. (c) Tension loadings due to 
pulls on the incoming transmission lines, not exceeding 
900 1b. in each line conductor and 750 Ib. in each earth 
conductor. These figures are ample, because in all 
cases the lines will end on suitable terminal towers 
situated close to the substations. These loads are 
assumed to operate simultaneously. The factor of 
safety of the complete structure is 24, based on the 
specified maximum working loadings. The structura] 
material is of the same quality as that used for the 
transmission-line towers. The *bus-bars consist of 
hollow copper tubes, 0-9 in. in diameter, with a copper 
cross-sectional area of 0:3sq. in. The insulators of the 
suspension type are identical with those used on the 
overhead lines. Post-type insulators are built up of 
standard units, which can be used as either compression 
or tension supports. The tests to which the substation 
insulators are subjected correspond to those for the 
line and transformer insulators. 

The main circuit-breakers are built up of single- 
phase units. Their rated rupturing capacity is 14 
million kv.-a. The tanks are mild-steel cylinders.with 
cast-steel covers of the same strength as the tanks. 
A manhole is provided on each tank cover to allow 
of easy inspection and repair of the contacts, which 
are of the explosion-pot or multiple-break type. 
Brackets, for jacking the breakers on to a transfer truck, 
and lifting lugs, are fitted for ease in handling the 
complete units. 

The switch oil used is grade B10, as defined in British 
Standard Specification No. 148. Each tank is fitted 
with valves and screwed caps for coupling it to the 
oil-filtering and storage plant. The circuit-breakers 
are normally operated from a 110-volt storage battery, 
and they can be controlled either locally or from a remote 
point, but not from both points simultaneously. Hand 
operation can be resorted to in the event of failure of 
the electrical gear. The isolating switches are of the 
rotating centre-pillar type. The three switches forming 
a three-phase unit are interconnected mechanically, 
so that they can be operated simultaneously. They 
are operated manually, but provision has been made 
for subsequent electrical control should this prove 
necessary. The isolating switches are interlocked 
with the main circuit-breakers, so that it is impossible 
to make or break current on an isolating switch. On 
double ’bus-barequipments, the switches are interlocked, 
so that it is impossible to make a connection to both 
*bus-bars at the same time. Further interlocks are 
provided to prevent a transmission-line earthing-switch 
from being opened or closed until the isolating switch on 
the line is open, or a bypass switch from being opened 
or closed unless the parallel circuit is complete. To 
safeguard the maintenance and operating engineers, 
the usual arrangements are made for locking all circuit- 
breakers, isolating, bypass and earthing switches in 
the open position. 

The current transformers are of the single-turn 
bushing type. They are fitted over the insulators of 
the primary conductors, and are so designed that 
the secondary windings can be left open-circuited on 
full primary load without being damaged. The volt- 
ampere capacity is in accordance with the requirements 
of the measuring instruments and relays which they 
supply. The standard full-load secondary current 
is 0-5 ampere. Potential transformers are connected 
to the lower-voltage side of the main transformers. 
The equivalent transformation ratio is 132,000/110 
and the secondary winding is tapped in steps of 1-43 
per cent., for a range of + 10 per cent., to correspond 
to the tappings on the main transformers. In addition, 
the potential transformers are compensated to allow 
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for the voltage drop in the main transformers, so that 
their secondary voltage is a true measure of line 
voltage. 

The substation auxiliary services are supplied from 
tertiary windings on the earthing transformers. The 
standard voltage is 400/230 volts. This supply is con- 
verted to 110-volt direct-current for battery charging. 
The batteries, the main function of which is to operate 
the circuit-breakers and to supply emergency lighting, 
are of the lead or alkaline type and are rated at 240 
ampere-hours on the 10-hour rating. Each battery 
has 55 lead cells or the equivalent number of alkaline 
cells. The batteries are charged by motor-generators 
of conventional design. 

A copper earth conductor of 0-25 sq. in. sectional 
area runs round each station. An earth plate is sunk 
at each corner of the earth-bar system. Each plate 
consists of 16 sq. ft. of cast iron or the equivalent in 
6-in. diameter cast-iron pipes. The depth to which 
the plates are sunk depends on the nature of the soil, 
but care is taken in all cases to ensure that the earth 
in the vicinity of the plates can be kept permanently 
damp. The plates themselves are surrounded by a 
layer of 6-in. of finely divided coke to give intimate 
electrical contact with the earth. The connections 
between the plates and the earth bars are made by 
0-25 sq. in. bar copper conductors, and connections 
of this area are used between all transformer switch 
tanks and the earthing system. Copper connections, 
of 0-1 sq. in. sectional area, are used for isolating- 
switch carriages, oil-piping steelwork, cable sheaths 
and minor parts of the apparatus. 

Operation.—One of the most important factors which 
comes into the complex problem of the construction 
of the grid, is the provision of adequate means for 
operating stations efficiently under all conditions of 
loading. In the earlier stages, each section will function 
as a separate unit. The district engineers will be in 
general control, and all operations will be done by local 
operating engineers in accordance with their decisions. 
There will be a central point in each district, from which 
all operations for that district will be carried out or 
supervised. Each district control engineer will be in 
telephonic communication with all power and trans- 
forming stations in his area. A special control room 
will be providedin each area, and in this all the apparatus 
necessary for guiding the engineers will be located. 
The indications which are considered to be essentiai 
to the control engineer in a particular district can be 
summarised briefly by giving the readings which are 
provided for him by all stations. They are as follows :— 
(1) The operating positions (whether open or closed) 
of all circuit-breakers, isolating switches and earthing 
switches. (2) The transformation ratio in use on 
each transformer bank. (3) The load which is being 
imported by, or exported from, each station, together 
with the current and power factor. (4) The current, 
voltage and power factor in each feeder circuit. (5) The 
plant in operation and available for operation. The 
operating positions of the 132-kv. line and sectioning 





circuit-breakers will be transmitted automatically to 
the central control room, but no automatic indica- 
tions of the isolating and earthing switches will be 
provided. The isolating switches will usually be 
operated only after communication with the control 
engineer, who will thereafter register their positions 
on his diagram. In: the event of a local engineer 
being forced to operate such switches on his own initia- 
tive, due to emergency conditions, he will notify 
the control engineer of the alterations made. 

The load-indication instruments will show the power 
and the wattless component of the power in each 
circuit. High precision is not aimed at in these, but 
the instruments will be sufficiently accurate and 
sensitive to show any important change in operating 
conditions. The transmission of automatic indications 
from remote points will be accomplished through tele- 
phone pilot wires on the sections of the grid which are 
at present being constructed; the possibilities of 
transmitting such indications by carrier-current systems 
are not being neglected. A standard control house 
has been designed for all district sections. No apparatus 
for actually controlling the power plant and equipment 
is housed in this building, as the function of the control 
engineer is to direct the operating engineers in the power 
stations and substations. The operating engineers 
will retain direct control of the plant, as at present. 
The operating records and statistics, as well as the meter 
readings, will also be kept at the control rooms. 

Transport.—The great weight and bulk of the trans- 
formers and oil switches made the problem of transport 
between the places of manufacture and the substation 
sites a matter of considerable difficulty. The difliculty 
was further increased by the fact that, in many cases 
the sites have no railway facilities. Through the good 
offices of the Railway Clearing House, the minimum 
clearances and maximum weights which can pass over 
bridges, and other limiting features on the whole of the 
British railway system, were defined. As a result of 
this investigation it was decided, for the time being 
to limit three-phase transformers to 30,000 kv.-a. 
capacity, as such transformers can be designed for 
transport on an existing type of wagon and comply 
with the railway companies’ requirements as to axle 
weight and loading gauge. Further, they can be easily 
handled on special trucks which are being designed 
for railway transport and for the short road journeys 
from railhead to substation sites. Some of the electri- 
cal undertakings on the Continent have studied this 
question of transport very fully when considering the 
lay-out of their schemes. Their methods have been 
carefully investigated, but British grid conditions, 
with the substation sites within limits practically 
predetermined, differ very considerably from those 
prevailing on the Continent, where it has always been 
possible to provide railway facilities at substation 
sites. Special wagons are being built to enable the 
railway and road journeys to be made expeditiously. 


(To be continued.) 





FOR CHINA. 


Onz of seven electric mine locomotives, which have 
been constructed for service in China by Messrs. 
Greenwood and Batley, Limited, of Leeds, is illustrated 
in the accompanying figure. The machine, which 
takes its current supply from an overhead trolley 
wire, is of 3 ft. 6 in. wheelbase and 18 in. gauge, and 
weighs 4 tons in running order. In addition, a ton 
of ballast can be carried in the two end compartments 
visible in the figure. The locomotive is designed to 
draw a 60-ton train consisting of some 40 tubs of 
coal and five tubs of stone. It can exert a normal 
drawbar pull of 2,000 Ib. at 6} miles an hour. On 
test, a maximum drawbar pull of 3,000 lb. was 
obtained. The external dimensions, which were 
determined by the size of the pit cages, are 10 ft. 3 in. 
long overall and 2 ft. 9 in. wide. 

The electric supply is direct-current at 550 volts to 
600 volts, and is collected from the trolley wire by 
a spring-loaded reversible pantograph, which is clearly 
shown in the figure. The circuit is made through 
a traction-type circuit-breaker to tramway-type con- 
trollers, which give seven running speeds in either 
direction and have two braking notches. The two 
motors, which are of Messrs. Greenwood and Batley’s 
own manufacture, give 20 h.p. on a one-hour rating. 
Each motor drives one of the axles through a nickel- 
steel worm and phosphor-bronze wormwheel, which 
give a speed reduction of 8 to 1. The casing of the 
gear forms a dustproof housing and the gear runs in 
an oil bath. 

The main frame of the locomotive is built up of 
plates and rolled sections, machined guides being 
provided for the axle boxes. Combined buffers and 
towing hooks are provided at each end. Ball and 
roller bearings. enclosed in dustproof housings, are 
fitted throughout. Cast-iron brake shoes are provided 
on all four wheels, and are operated by a balanced 
mechanism from a handle in the driver’s cab. This 
latter is centrally placed and arranged so that the 
driver can face in either direction and has an uninter- 
tupted view ahead. Headlights are fitted on the 
cab roof. 








Tue INstTITUTION OF AUTOMOBILE ENGINEERS.—The 
Council of the Institution of Automobile Engineers has 
awarded the Medal of the Institution to Captain J. 8S. 
Irving, in appreciation of his work in connection with 
the design of the Golden Arrow, the car driven by Major 
Segrave, resulting in the world’s speed record being 
once again held by Great Britain. The Medal was 
established in 1922 as a recognition of technical achieve- 
ment likely to have special influence on the advancement 
of automobile engineering. 





Contracts.—Messrs. Birmingham Electric Furnaces, 
Limited, 55, George-street-parade, Birmingham, have 
received an order for a reheating furnace from Messrs. 
Moss Gears Company, Limited, Tyburn, Birmingham, for 
a box-type carburising furnace and a reheating furnace 
from Messrs. Alvis Car and Engineering Company, 
Limited, Coventry, and for three reheating furnaces from 
Messrs. D. Brown and Sons, Limited, Park Works, 
Lockwood, Huddersfield.—The New South Wales Govern- 
ment Railways and Tramways, Sydney, have just ordered, 
from Messrs. British Brown-Boveri, Limited, Trafalgar 
House, Waterloo-place, London, S.W.1, three further 
high-power rectifier equipments, each of which is for 
an output of 1,500 kw., at 1,500 volts direct current. 
All three equipments will be arranged for completely 
automatic control, which has been provided for in the 
case of the four equipments already supplied.—Messrs. 
Royce, Limited, Trafford Park, Manchester, have secured 
orders for five electric overhead cranes of 5 and 10 tons 
capacity, from Messrs. Davey, Paxman and Company, 
Limited, Colchester. Other recent contracts include 
one 50-ton and two 5-ton overhead electric cranes for a 
railway company in Brazil, one 5-ton overhead crane 
for Buenos Ayres, one 10-ton overhead travelling grab 
crane for South Africa, and one electric capstan for 
India.—Messrs. The ‘‘ De Maas ” Shipbuilding Company, 
Slikkerveer, Holland, have received orders for the building 
of three motorships, the main dimensions of which are 
165 ft. by 28 ft. 8in., by 10 ft. The deadweight carrying 
capacity will be 400 tons. The propelling machinery of 
each vessel will comprise a 250-h.p. Sulzer- Diesel engine.— 
Messrs. Sir W. G. Armstrong, Whitworth and Company, 
Limited, Newcastle-on-Tyne, have secured a contract for 
the construction of an oil-tank motorship of 8,800 tons 
dead-weight for Mr. Per Gjerding, Bergen, Norway. The 
propelling machinery will consist of Armstrong-Sulzer 
Diesel engines. They have also secured a contract from 
the Companhia de Navegacgao Lloyd Brazileiro, Rio de 
Janeiro, for the extensive reconditioning of 8.8. Camamu 
and S.S. Iages. The work involves the supply and 
installation of new boilers and the conversion of the vessels 
to burn oil fuel.—Messrs. Vickers-Armstrongs, Limited. 
Elswick Works, Newcastle-on-Tyne, have been entrusted 
by Messrs. Lever Brothers, Limited, with the order for 
the hydraulic equipment for the entrance lock of their 
new dock at Bromborough. The lock gates are in course 
of manufacture at the Barrow works. Messrs. Vickers- 
Armstrongs have also recently received orders for six 
hydraulic and two electrical capstans for India, which 
will be constructed at the Elswick works. 
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ALEXANDER JOHN FORSYTH. 


THE modern small firearm is the outcome of the 
work of a large number of ingenious inventors and 
mechanics, commenced in the fourteenth and fifteenth 
centuries with the introduction on the Continent of 
such weapons as the arquebus and blunderbuss. Fired, 
at first, by the application of a slow-burning cord, a 
lighted stick, or some such match, the wheel-lock 
and snap-haunce were invented in Germany in the 
sixteenth century, and these, in turn, were superseded 
by the flint lock, which appeared in the seventeenth 
century and was used until long after the Napoleonic 
wars. Flint knapping, once a flourishing industry, is 
still carried on, to a small extent, at Brandon, on the 
border of Norfolk and Suffolk, and considerable 
quantities of gun flints are still sent to the West Coast 
of Africa and other places where it would be injudicious 
to permit a more modern weapon. It was the Rev. 
Alexander John Forsyth (1769-1843) who brought in 
the percussion lock, and thus revolutionised the design 
of firearms all over the world, and, in connection 
with his work, Professor Reid, of Aberdeen University, 
one of the few surviving relatives of Forsyth, has 
recently presented a collection of Early English 
firearms to the Armouries of the Tower of London, 
where Forsyth carried out some of his experiments. 
Like his father, a minister of the Church of Scotland, 
Forsyth was a graduate of Aberdeen University, 
and devoted much of his spare time to chemistry and 
mechanics. As a keen sportsman, he found that the 
flash of the flint-lock priming often scared the birds 
before the charge in the gun had time to explode, and 
this suggested the use of detonating compounds. Taking 
up the experiments of the Frenchmen, Rouelle (1703- 
1770), a well-known chemist and Berthelot (1718- 
1800), a mathematician and mechanician, he was led 
to the invention of the percussion lock and detona- 
tors, which were shown to Lord Moira, Master-General 
of Ordnance and Constable of the Tower, with the result 
that Forsyth, in 1806, was installed in the workshops 
within the precincts of the Tower. A change of 
appointment of Master of Ordnance the following year 
led to Forsyth leaving the Tower, but he was able 
to patent his lock and primer, which became popular 
among sportsmen, though the Army failed to take 
advantage of the new ideas. Forsyth is said to have 
refused an offer of 20,0001. from Napoleon to divulge 
his secret. A few years later, other inventors, among 
whom was Joshua Shaw, brought in the percussion 
cap, but it was not until 1834 that Woolwich made a 
trial of the percussion lock and approved it. The 
re-arming took place during the next ten or fifteen 
years. Like many other inventors, Forsyth reaped 
no pecuniary benefit from his work, but the same 
year that he died, viz., 1843, a sum of 1,000/. which the 
Government had granted to him was divided among his 
relatives. To do justice to his memory, a committee 
has been formed, with Lord Cottesloe as Chairman, 
with the object of placing a memorial to Forsyth 
in the Tower, and, if funds permit, of offering a Forsyth 
medal to the National Rifle Association. Forsyth’s 
death took place suddenly on June 11, 1843, at 
Belhelvie, Aberdeenshire, of which place both he and 
his father had been minister. 


HIGH-TEMPERATURE CARBONISA- 
TION IN SOUTH WALES. 


On page 456 ante, when concluding our descrip'ion 
of the Becker coke-oven plant for the Nunnery Colliery 
Company, Sheffield, mention was made of a further 
installation at Bedwas, South Wales, for Messrs. 
British Benzol and Coal Distillates, Limited, Bedwas. 
As a result of a recent inspection of this latter plant, 
some additional particulars msy now be given. Refer- 
ence to a map of the coal distribution of the South 
Wales mining area shows that the Bedwas colliery, 
which is close to Caerphilly, lies at the edge of the 
region of bituminous coals. It produces, therefore, 
coal of a quality well suited for conversion into coke, 
and the choice of it as a site for a high-temperature 
installation, having benzol as one of its chief products 
along with a coke suitable for metallurgical purposes, 
is justified. The plant is larger than that at Sheffield, 
as is indicated by the fact that the company has 
entered into a 15-year contract with the colliery com- 
pany to purchase 750 tons of coal a day. As it would 
appear that the Becker coke oven has passed out 
of the experimental stage, the installation may reason- 
ably be expected to result in the reduction of unemploy- 
ment in the area concerned, and to contribute to its 
prosperity from the utilisation of the small and fine 
coal for which there has been difficulty hitherto in 
finding a market. The site of the plant is adjacent 
to the colliery, but, being situated on a hill side, has 
presented some preblems. Nevertheless, the lay-out 
is such as to ensure a satisfactory progression of coal 
from the pit-head to the ovens. The benzol-recovery 
house is well isolated from the ovens, which have a 


brick stack, 250 ft. high. There are 35 ovens, each 


of a coking capacity of 18 tons, and of a mean width 
of 18 in., as compared with 14 in. in the Nunnery 
ovens, the other dimensions being identical in both 
cases. The increased- width is necessitated by the 
different composition of the coal from that of Yorkshire. 
The coal is cleaned by the dry process, and is crushed, 
prior to charging, as in the Sheffield plant. The 
installation is expected to coke nearly 700 tons of dry 
coal a day, which should result in an output of about 
140,000 tons of foundry coke, 42,000 tons of domestic 
coke, and over 14 million gallons of motor spirit and 
other oils a year. The gas output will be propor- 
tionate, but, again, owing to the difference in the 
class of coal, it is expected to have a calorific value of 
about 520 B.Th.U. per cubic foot, instead of the 
560 B.Th.U. realised at the Nunnery installation. Sul- 
phate of ammonia will, of course, be produced, as in 
this latter installation, but the new plant will embody 
further refinements in the treatment of the tar which 
should result in improved efficiency of this branch of 
by-product recovery. The installation at Bedwas is 
well advanced, and may be expected to commence 
production in October. It is being carried out by 
Messrs. Woodall-Duckham Vertical Retort and Oven 
Construction Company (1920), Limited, 136, Victoria- 
street, London, S.W.1. 








TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British Posses- 
sions and in foreign countries. The closing date of 
each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 


Distance Thermometer Outfit.—The supply and delivery 
of one distance thermometer outfit. The South African 
Railways and Harbours Board; June 6. (Ref. No. 
B.X. 5254.) 


Railway Material.—The supply of wheels and axles, 
wheel centres and tyres. The South African Railways 
and Harbours Board, Johannesburg ; May 30. (Ref. No. 
A.X. 7793.) 


Water Tower and Tank.—The supply and erection of 
a steel tank, with steel frame-work tower, complete 
with piping and fittings and an electric water-level 
indicator. The Egyptian Ministry of the Interior ; 
June l. (Ref. No. A.X. 7794.) 


Electric Crane.—The supply of one 120-ton four-motor 
overhead travelling crane and runway. The New Zea- 
land Public Works Department, Wellington ; August 6. 
(Ref. No. A.X. 7810.) 


Locomotive Boilers.—The supply of 40 class—8A loco- 
motive boilers, superheated and fitted with copper 
fireboxes. The South African Railways and Harbours 
Board, Johannesburg; May 10. (Ref. No. A.X. 7819.) 


Lorry Chassis.—The supply of one or more 4- and 6- 
wheeled type lorry chassis of 5 tons minimum capacity. 
The South African Railways and Harbours Board, 
Johannesburg; June 6. (Ref. No. A.X. 7820.) 


Structural Bridgework.—The supply of structural 
bridgework for strengthening the bridges on the Vryburg- 
Mafeking line. The South African Railways and Har- 
bours Board, Johannesburg; June 6. (Ref. No. A.X. 
7821.) 

Level Luffing Cranes.—The supply of one 10-ton and 
three 4-ton electric level-luffing cranes. The South 
African Railways and Harbours Board ; June 20. (Ref. 
No. A.X. 7828.) 


BOOKS RECEIVED. 


United States Bureau of Mines. Mineral Resources of the 
United States. 1: 8. Tin in 1927. By J. W. FurRNEss. 
I: 11. Gold, Silver, Copper, Lead and Zinc in California 
and Oregon in 1927. Mine Report. By J. M. Hit. 
[Price 10 cents each.] 1:12. Gold, Silver, Copper 
and Lead in South Dakota and Wyoming in 1927. 
Mine Report. By C. W. MHeEnpDERSON. II: 14. 
Natural Gas in 1927. By G. R. Hopxrins and H. 
Backus. II:18. Talc and Soapstone in 1927. II: 20. 
Natural Gasoline in 1927. By G. R. Horxtns. II: 24, 
Cement in 1927. By B. W. Bactry. [Price 5 cents 
each.] Washington : Government Printing Office. 

Mining Subsidence. By Henry Briaes. London: 














Edward Arnold and Company. [Price 14s. net.] 

L’ Alimentation en Eau Potable aux Pays-Bas. By 
W. F. J. M. Kruz and F. A. Lierrivck. The Hague: 
Rijksbureau von voor Drinkwatervoorziening. 

Shirley Institute Memoirs, Vol. VII—1928. Didsbury, 
Manchester: Shirley Institute. 

Oniversity of Michigan. Proceedings of the Second 
Annual Conference on Highway Transport. Octoher 
11-13, 1928. Ann Arbor, Mich. : University of Michi- 
an. 

Gant of Michigan. Proceedings of the Fourteenth 
Annual Conference on Highway Engineering. February 
14-17, 1928. Ann Arbor, Mich.: University of Michi- 


gan. 
United States Bureau of Standards. Miscellaneous Publi- 
cation No. 86. Tables of Spectral Energy Distribution 


and Luminosity for Use in Computing Light Transmis- 
sions and Relative Brightness from Spectrophotometric 





Data. By J. F. Skoctanp. Washington: Government 
Printing Office, 


[Price 10 cents. ] 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Inadequate supply of 
Cleveland pig iron is causing anxiety, particularly as the 
forthcoming enlargement of production will not nearly 
satisfy needs which are steadily increasing. Stocks have 
been virtually cleared, and output is promptly taken 
up as it becomes deliverable. Ironmasters are so well 
sold that they cannot accept orders for delivery before 
August, and purchases for earlier supply can be made 
only from merchants. The latter have not command of 
much iron, and their terms of contracts with makers 
preclude their selling to local consumers except in small 
parcels. For delivery during periods in the second half 
of next quarter, customers are paying 7ls. for No. 1 
grade of iron, 68s. 6d. for No. 3 g.m.b., 67s. 6d. for No. 4 
foundry, and 67s. for No. 4 forge. 

Hematite-—Values of East Coast hematite iron tend 
upward but are not quotably altered. Shortage of 
supply is almost as acute as is that of Cleveland pig, and 
parcels are not offered at all freely for forward delivery 
by makers or merchants. For June supply and onward, 
home and overseas consumers do not hesitate to pay 
70s., and upward, according to quality. 

Foreign Ore.—Imported ore quotations are strong, 
though buying is light. Merchants have good contracts 
arranged and do not need to seek new business. There 
is some fear that supplies may be short in the near future. 
Recognised market rates are ruled by best ratio at 
23s. c.i.f. Tees. 

Blast-Furnace Coke.—Prices of Durham blast-furnace 
coke are easing as scarcity becomes less acute. Values 
are, however, at still too high a level to meet the views 
of local users. Good medium qualities are on sale at 19s. 
delivered here. 

Manufactured Iron and Steel.—Finished-iron manu- 
facturers have good order books, and fresh work is coming 
in steadily ; semi-finished steel producers are running 
plant at high pressure to meet the demands of customers, 
and finished steel is selling fairly well to home firms, 
while there is more business passing with overseas 
customers. Messrs. Dorman, Long and Company, Limited, 
have secured an order for nearly 40,000 tons of steel rails 
for South Africa. Prices are very strong, but are not 
quotably altered. Common iron bars are 10. 15s. ; best 
bars, 11/. 5s.; double best bars, 11/. 15s.; treble best 
bars, 12/. 5s.; iron rivets, 111. 10s.; packing (parallel), 
8l.; packing (tapered), 10/.; steel billets (soft) 
6l. 17s. 6d.; steel billets (medium), 7/. 12s. 6d.; steel 
billets (hard), 87. 2s. 6d. ; steel rivets, 111. 5s. ; steel ship 
plates, 81. 7s. 6d. ; steel angles, 7/. 17s. 6d.; steel joists, 
7l. 178. 6d. ; heavy sections of steel rails, 82. 10s. ; black 
sheets (No. 24 gauge), 10/.; and galvanised corrugated 
sheets (No. 24 gauge), 13/7. 10s. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Though still operating under a 
deadweight of standing charges, coupled with keen 
competition from abroad, the local steel and engineering 
trades present several promising features. Output of 
the raw and semi-finished steel trades is steadily rising, 
and with home and foreign prices largely comparable, 
a steady influx of new business is anticipated, particularly 
from users who formerly bought Continental materials 
when prices were greatly below those ruling for British 
steel. Basic steel continues to make progress, but acid 
varieties are in an unsatisfactory state, largely as a 
result of the limited call for railway rolling stock. Busi- 
ness, however, in the latter class of product tends to 
open out. Among the numerous inquiries in circulation 
is one from the India Store Department for tenders for 
1,440 cast-steel axle boxes, 98 bogie trucks, 420 tons of 
rolled steel joists, and 5 vertical cross-tube boilers. In 
addition, the South India Railway requires five four-wheel 
petrol tank wagons and 25 bogie tank wagons, while 
the Bombay, Baroda and Central India Railway is asking 
for wheels and axles for carriages, and the Assam- Bengal 
Railway contemplates purchasing a turbo-alternator 
set, and four steam breakdown cranes. The demand for 
ship steel and forgings and castings has broadened. 
Departments producing all kinds of electrical apparatus 
are working at high pressure, and have sufficient work to 
keep plants employed at present capacity for some time 
ahead. Wire-rope production has assumed a wider basis, 
while makers of high-class tool steels are also doing better. 
Machine-tool manufacture is finding considerable employ- 
ment. There is a steady call for agricultural implements. 
Good business is being done in files with Australia, Spain, 
Argentina, China and India. India is also inquiring for 
platelayers’ tools, carriage fittings, plates, angles, and 
tees. The output of saws tends to improve, but mining 
requirements on home account are well below normal. 

South Yorkshire Coal Trade.—The market generally is 
not quite so firm, the demand having weakened in several 
directions. Industrial fuel is steady, and further 
improvement is anticipated now that the iron and steel 
trades are working on a broader basis. Domestic fuel 
shows little change, the demand being well maintained. 
Blast-furnace coke is strong on home account, while a 
fair tonnage is being shipped from Hull at 20s. 6d. to 
21s. 6d. f.o.b. Foundry sorts are well held at recent 
values, but gas coke shows an inclination to weaken. 
Quotations: Best branch handpicked, 27s. to 28s. 6d. ; 
Derbyshire best brights, 20s. to 23s.; Derbyshire best 
house, 19s. to 20s. 6d. ; screened house, 17s. 6d. to 18s. 6d.; 
screened house nuts, 16s. to 17s. 6d. ; Yorkshire hards, 
15s. 6d. to 16s. 6d. ; Derbyshire hards, 15s. 6d. to 16s. 6d. ; 
rough slacks, 8s. 6d. to 9s. 6d.; nutty slacks, 6s. to 7s. ; 





smalls, 2s. 6d. to 4s. 
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NOTES FROM THE NORTH. 


Guiascow, Wednesday. 

Scottish Steel Trade.—A good tone continues to prevail 
in the Scottish steel trade, and a tendency towards im- 
provement is in evidence. The announcement during 
the week of a large shipbuilding order—18 vessels—has 
given new hope to steelmakers, and the general outlook 
is better. New orders have been arriving a shade 
more regularly, but sections are perhaps in rather better 
request than plates. The export inquiry continues fair. 
In the black-sheet trade there has been no decided 
increase in demand yet, although there is a strong feeling 
that this cannot be very far off. Meantime all gauges 
are rather dull. Prices are unchanged, and are as 
follow :—Boiler plates, 107. 10s. per ton; ship plates, 
8l. 7s. 6d. per ton; sections, 7/. 17s. 6d. per ton; sheets, 
j-in., 81. 15s. per ton; galvanised corrugated sheets 
(No. 24 gauge), 13/7. 15s. per ton, all delivered Glasgow 
stations. 

Malleable-Iron Trade.—In the West of Scotland 
malleable-iron trade there has been little change in the 
position, but if anything, prospects are better. Accumu- 
lations of orders during the recent trouble has been 
fairly well worked off and fresh orders are again coming 
in. The re-rollers of steel bars report some slight 
improvement also, and the prospects seem rather more 
encouraging this week. Current prices are :—‘‘ Crown ” 
bars, 10/. 5s. per ton for home delivery, and 9/. 15s. per 
ton for export ; re-rolled steel bars, 8/. per ton for home 
delivery, and 7/. 15s. per ton for export. 


Scottish Pig-Iron Trade.—In the Scottish pig-iron 
trade the demand for hematite iron is still fairly good, 
and the output remains steady. There is a little more 
business passing in foundry grades, but there are ample 
stocks on hand to meet all calls. The following are the 
current market quotations :—Hematite, 75s. to 77s. per 
ton delivered at the steel works; foundry iron No. 1, 
75s. per ton, and No. 3, 72s. 6d. per ton, both on trucks 
at maker’s yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
Saturday last, April 20, amounted to 463 tons. Of that 
total, 351 tons went overseas and 112 tons coastwise. 
During the corresponding week of last year the figures 
were 442 tons overseas and 86 tons coastwise, making 
a total shipment of 528 tons. : 

Shipbuilding.—Contracts of considerable importance 
have been placed with Scottish shipbuilders by the Cia de 
Nav. Lloyd Brazileiro, of Rio de Janeiro. The orders 
are for eighteen large passenger and cargo steamships 
and are divided between Messrs. Scott’s Shipbuilding 
and Engineering Company, Limited, Greenock, and the 
Burntisland Shipbuilding Company, Limited, Burnt- 
island. The total cost of the order will be in the neigh- 
bourhood of 2,000,000/. The Greenock firm will supply 
the necessary machinery for the vessels they build, but 
it has not been disclosed who are to supply the machinery 
for the Burntisland vessels. 








INTERNATIONAL ASSOCIATION OF ROAD CONGRESSES.— 
An invitation to hold the sixth session of the Permanent 
International Association of Road Congresses in Washing- 
ton, U.S.A., during the second week of October, 1930, 
has been extended by the President of the United States 
to the Governments of Great Britain and Northern 
Ireland, the British Dominions and Colonial Possessions. 
The primary object of the Congress lies in the presentation 
and consideration of the results of research and experience 
upon all phases of highway development and use. It is 
anticipated that the attendance at Washington is likely 
to exceed that of any previous meeting organised by the 
Association, upon which the British Government is 
represented. Further particulars regarding the meeting, 
and information concerning membership may be obtained 
on application to the honorary secretary, British Organis- 
ing Committee, Permanent International Association of 
Road Congresses, 7, Whitehall Gardens, London, S.W.1. 





CoaL RESEARCH TERMINOLOGY.—An effort to clarify 
the meaning of various terms used in the study of the 
constitution of coal has been made by representatives 
of the British Safety in Mines Research Board and the 
United States Bureau of Mines. Messrs. R. Thiessen and 
W. Francis, the authors of Technical Paper No. 446, 
devoted to the subject, and recently published by the 
Bureau of Mines, give particular attention to the terms, 
vitrain, clarain, durain, and fusain, employed in England, 
and the words, anthraxylon and attritus, used in the 
United States. The conclusion is drawn that the term 
vitrain has the same significance as the word anthraxylon, 
each of which is applied to those portions of bituminous 
coal made up of brilliant bands having conchoidal 
fractures. These bright bands consist of the woody 
portions of the trees which were transformed into coal 
during the accumulation of vegetable matter in the 
woody swamps of the earlier coal-forming ages. The 
English term clarain is considered to have the same 
general meaning as the American term attritus. These 
terms are used to describe those portions of coal consist- 
ing of dull bands which had their origin in miscellaneous 
vegetable debris. The English term durain refers to a 
dull-band granular coal which is not common in the 
solid fuel of the United States. The English term fusain 
is more or less synonymous with the words mineral char- 
coal or “mother of coal,” which have been applied in 
America. The older German terms Glanzkohle and 
Mattkohle have been employed in various ways. Glanz- 
kohle may have been used when what is now termed 
vitrain or clarain, or a mixture of the two, was implied. 
Mattkohle is probably more nearly related to durain, 
although it may also have been used for the darker 
portions of clarain. 





NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—The improvement which has occurred 
in the Welsh coal trade is illustrated by the export 
returns for March, which show an increase of 764,506 tons 
over those of February, and represent the highest total 
for over a year. Shipments of coal were raised by 
747,802 tons to 2,613,174 tons, of which foreign cargo 
was raised by 612,225 tons to 2,119,579 tons, bunkers 
foreign by 83,800 tons to 334,773 tons and coastwise 
eargo by 41,777 tons to 158,822 tons. Exports of patent 
fuel were also increased by 27,206 tons to 85,979 tons, 
but those of coke reduced by 502 tons to 5,589 tons. 
The rate of shipments per working day at 108,190 tons 
compared with a maximum rate, for any month, of 101,226 
tonsin 1928. Anotherindication of the brisker conditions 
is the fact that shipments of coal and coke in the past 
week amounted to 626,791 tons, which total was only 
exceeded in three weeks during March this year, when 
special arrangements were made to clear the accumula- 
tion of supplies caused by the February frosts. Though 
the forward demand for coal has eased off, collieries 
usually have sufficient orders on their books to keep 
them busy for some time, and with the Whitsun holidays 
near at hand, causing a consequent diminution in output, 
salesmen anticipate maintaining prices at current levels. 
Prospective buyers, however, hold off in the hope of 
eventually securing their requirements on more favour- 
able terms, but for early loading are still compelled to 
pay 2ls. for best Admiralty large, and from 13s. to 
14s. 3d. for smalls. Colliery salesmen are preferring 
to await developments rather than accept lower prices 
for delivery ahead. 

Financial Losses.—The reports of seven Welsh colliery 
companies covering the whole of last year have now 
been issued, and in every case a loss has been sustained, 
while the ordinary dividend has also been passed, and 
in most cases no distribution has been made to prefer- 
ence shareholders. Messrs. D. Davis and Sons, Limited, 
sustained a loss of 17,029/., and carry forward a debit 
balance of 48,757/., Welsh Navigation Steam Coal Com- 
pany, Limited, a loss of 16,923/., carrying forward a debit 
of 97,744I., the Albion Steam Coal Company, Limited, a 
loss of 22,7611., carrying forward a debit of 81,7481., 
and North’s Navigation Collieries, Limited, a loss of 
80,584/., carrying forward a debit of 353,698]. The 
Newport-Abercorn Black Vein Steam Coal Company, 
Limited, though showing a loss of 35,346l., carry forward 
a profit of 51,379, the Cardiff Collieries, Limited, a credit 
of 8,959/., though sustaining a loss of 37,0197. in the 
past year, while the Penrikyber Steam Coal Company 
also carry forward a profit of 5,805l., despite a loss 
of 8,3241. in 1928. 








British Propuction oF Pic IRon anpD STEEL.—The 
number of blast furnaces in operation at the end of 
March was 145, a net increase of 5 since the beginning of 
the month. The production of pig iron during March 
amounted to 590,500 tons, compared with 519,600 tons 
during February, and 592,600 tons during March, 1928. 
The output of steel ingots and castings totalled 859,900 
tons during March, compared with 774,900 tons during 
February, 793,300 tons during March, 1928, and 638,600 
tons, the 1913 monthly average. The above figures 
have been supplied to us by The National Federation of 
Iron and Steel Manufacturers, Caxton House (East), 
Tothill-street, London, S.W.1. 





RiveTInG THIN WIRES THROUGH ALUMINIUM PLATE, 
—A method of fixing fine steel wires, 0-01-in. in diameter, 
through plates of aluminium or its alloys, in cases which 
do not admit of soldering, was described by Mr. S. 
Munday, of the Engineering Laboratory, of Oxford 
University, in the March issue of the Journal of Scientific 
Instruments. The idea is to make the wire sufficiently 
thick, by coiling copper wire round it, to be fixed like 
a rivet bolt. In carrying out the simple operation, the 
steel wire is held taut by clamping its ends across the 
fork of a spring of U-shape. The middle portion of the 
wire is tinned and wound with a close coil of fine copper 
wire which is soldered on. When the ends of the copper 
wire are nipped off close, and the surplus solder is removed 
with the aid of the hot iron, a fairly uniform cylindrical 
rivet is obtained, the length of which should be slightly 
greater than the thickness of the plate. The rivet is 
slipped into the hole, drilled into the plate, from which 
the ends of the rivet will project ; these ends are then 
riveted up by means of a hollow punch which should 
be a good fit on the steel wire. 


ELECTRICAL COOKING EQUIPMENT FOR AIRSHIP.—Par- 
ticulars have reached us of an interesting electrical 
cooking and water-heating installation, which has 
just been completed by Messrs. The Automatic Telephone 
Manufacturing Company, Limited, Strowger Works, 
Liverpool, to the order of the Air Ministry for use on the 
airship R101, now being completed at Cardington. 
The equipment, which is constructed largely of Duralumin, 
in order to reduce the weight, is capable of cooking 
food for 100 persons, and comprises five separate items : 
a cooking range with an oven and four boiling plates, 
a vegetable steamer, a hot cupboard, a hot-water 
storage tank with immersion heaters, and an electrically- 
heated urn. Owing to the proximity of hydrogen, all 
the heating elements are operated at a low-current 
density, so that their temperature is below that necessary 
to ignite any escaping gas; the control switches are also 
located in flame-proof enclosures for the same reason. 
The apparatus is supplied with alternating current at 
220 volts and a frequency of 100 cycles, and the total 
loading amounts to 15} kw., of which 8 kw., is absorbed 
by the cooking range. 





NOTICES OF MEETINGS. 


Puysica Soctety.—To-night, 5 p.m., 
College of Science, South Kensington, S.W.7. 
on “‘ The Teaching of Geometrical Optics.” 

InstiTuTION oF ELECTRICAL ENGINEERS.—London 
Students’ Section : To-night, 6.15 p.m., Victoria-embank- 
ment, W.C.2. Annual General Meeting. ‘‘ The Manu- 
facturing and Testing of Submarine Cables,” by Mr. V. E. 
Connor. Wednesday, May 1, 6 p.m., Wireless Section 
Meeting. ‘“‘A Portable Radio Intensity - Measuring 
Apparatus for High Frequencies,” by Dr. J. Holling- 
worth and Mr. R. Naismith. 

ILLUMINATING ENGINEERING Socrety.—Tuesday, April 
30, 6.30 p.m., Holophane, Limited, Elverton-street, 
Westminster, S.W.1. ‘‘Some Further Properties of 
Glass and Their Application in Illuminating Engineering,” 
by Dr. 8S. English. 

INstTITUTION oF SANITARY ENGINEERS.—Wednesday, 
May 1, 7.30 p.m., Caxton Hall, Westminster, S.W.1. 
“The Clearance of Slum Areas,” by Mr. F. Hunt. 

Royat Soctety or Arts.—Wednesday, May |, 
8 p.m., John-street, Adelphi, W.C.2. “‘ Building Models,” 
by Mr. P. M. Horder. 

Iron AND STEEL INstrtTuTE.—Annual Meeting, Thurs- 
day, May 2, and Friday, May 3, 10 a.m., Institution of 
Civil Engineers, Great George-street, S.W.1. Thursday, 
May 2, 10 a.m., Presentation of Bessemer Gold Medal 
to the Hon. Sir Charles Parsons. Presidential Address 
by Professor Henry Louis. “First Report on Blast 
Furnace Plant and Practice,” by a Committee of the 
Institute. ‘‘ Twenty Months’ Results of Dry Blast 
Operation,” by Mr. E. H. Lewis. ‘‘ The A.I.B. Sinter 
Plant at Messrs. Guest, Keen and Nettlefolds, Limited, 
Cardiff Works,” by Mr. W. E. Simons. At 2.30 p.m., ‘The 
Erosion of Guns,’”’ by Dr. R. H. Greaves, Mr. H. H. Abram 
and Mr. 8. H. Rees. ‘‘ The Influence of Pickling Opera- 
tions on the Properties of Steel,” by Mr. H. Sutton. “ The 
Mechanical and Metallurgical Properties of Spring Steels 
as Revealed by Laboratory Tests,’ by Dr. G. A. Hankins 
and Miss G. W. Ford. At 7.30 p.m., Annual Dinner, 
Connaught Rooms, Great Queen-street, W.C.2. Friday, 
May 3, 10 a.m. Presentation of the Carnegie Gold 
Medal to Dr. A. Bramley. ‘“‘ A New Method for the 
Production of Sound Steel,‘ by the Hon. Sir Charles 
Parsons and Mr. H. M. Duncan. “Third Report on 
Heterogeneity of Steel Ingots,” by a Committee of the 
Institute. ‘The Microstructure of Rapidly Cooled 
Steel,” by Dr. J. M. Robertson. “The Transformation 
of Austenite into Martensite in a 0-8 per cent. Carbon 
Steel,” by Mr. D. Lewis. ‘‘ Constitutional Diagrams for 
Cast Irons and Quenched Steels,” by Dr. A. L. Norbury. 
At 2.30 p.m., “ Brittleness in Mild Steel,” by Mr. G. R. 
Bolsover. ‘‘ The Oxidation of Iron and Steel at High 
Temperatures,” by Dr. L. B. Pfeil. ‘‘ The Differential 
Method for Measuring the Thickness of Hard Cases 
without Sectioning Them,” by Mr. E. G. Herbert and 
Mr. P. Whitaker. ‘“‘ A Method for the Estimation of 
Hydrogen in Steel,” by Mr. T. E. Rooney and Dr. G. 
Barr. 

INSTITUTION OF MECHANICAL ENGINEERS.—Friday, 
May 3, 7 p.m. Storey’s-gate, S.W.1. Informal Meeting. 
** London’s Water,” introduced by Mr. H. Berry. 

INSTITUTION OF AUTOMOBILE ENGINEERS.—Friday, 
May 3, 7.45 p.m., Royal Society of Arts, John-street, 
Adelphi, W.C.2. Joint Meeting with Institution of 
Production Engineers, ‘‘ The Production and Application 
of Ground Gears,”’ by Mr. H. F. L. Orcutt. 

INSTITUTION OF MUNICIPAL AND County ENGINEERS. 
—South Eastern District: Saturday, May 4, 2.15 p.m. 
Aerodrome Hotel, Croydon. ‘Town Planning and 
Municipal Airports,” by Mr. G. A. Ballard. 





Imperial 
Discussion 








Motor VEHICLES In SoutH Arrica.—According to 
statistics issued by the Director of Census and Statistics, 
Pretoria, and forwarded to the Department of Overseas 
Trade in London, the number of new motor vehicles 
licensed in the Union of South Africa during 1928 was 
33,557. This total comprises 23,489 motor cars, 2,831 
motor lorries, 241 omnibuses, and 6,996 motor cycles. 





THe Russert Mepat, AustRaLia.—The Peter Nicol 
Russell Memorial Medal is awarded annually by the 
Institution of Engineers, Australia, to a member who has 
made a notable contribution to the science and practice 
of engineering in the Commonwealth of Australia. The 
Medal for the present year has recently been presented 
to Professor R. W. Chapman, C.M.G., Dean of the 
Faculty of Engineering of the University of Adelaide. 


Personat.—Mr. F. Rowlinson, at present publicity 
manager to Messrs. Mather and Platt, Limited, Man- 
chester, is shortly to take over the establishment of a 
publicity department for the United Steel Companies, 
Limited, Sheffield.—Messrs. Sir W. G. Armstrong, 
Whitworth and Company, Limited, have removed from 
Kinnaird House, Pall Mall East, London, 8.W.1, to Park 
House, 22-26, Great Smith-street, London, S.W.1.— 
Owing to expansion of business, Messrs. Alloy Welding 
Processes, Limited, have moved from Islington, N.1, 
into larger premises, and their address will henceforth 
be Ferry-lane Works, Forest-road, London, E.17.—- 
Mr. A. J. Hancock has resigned the position of general 
works manager of Messrs. Vauxhall Motors, Limited, in 
order to take up the appointment of general manager 
to Messrs. De Lavaud Free Wheel Differential, Limited, 
a@ company formed recently.—Messrs. The Greenwich 
Cable Works, Limited, are now installed in new and 
larger premises in Mitcham-road, Croydon, to which 
address all communications should now be sent. 
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AT THE WALLASEY GENERATING STATION. 


MON-CaRygs, LIMITED, ENGINEERS, MANCHESTER. 
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ENGINEERING, HEALTH AND 
CIVILISATION. 


Tue relationship and interconnection between 
engineering and health and civilisation are matters 
to which some philosophical treatment may profit- 
ably be applied. At the very outset, however, of 
such consideration there arises the difficulty of 
definition. Is it to be assumed that engineering 
simply means more or less unskilled dealings with 
mechanical equipment, in the sense, that is, in which 
it is applied in the United States to the man who 
drives a train? Or, is the term to be given its 
broadest implications and made to include every 
exhibition of human ingenuity, in whatever field 
of knowledge that ingenuity may be displayed ? 
Is it to be taken to mean the influence of some 
unresting divine afflatus against the continuance 
of things as they are? If the former, our investiga- 
tions must perforce be limited to such mundane 
questions as hours of work and rates of wages. 
If the latter, then we must be prepared to 
range over the widest fields of knowledge, which 
have been opened out for us by such pioneers as 
Archimedes, Newton, Watt, Joule, Kelvin and 
J. J. Thomson. 

And similarly with the term health. Is this to 
be taken to connote merely mens sana in corpore 
sano, forgetting that by some dispensation of Provi- 
dence the most active brains have frequently been 
found in the weakest and most nervous bodies, and 
that the reverse is equally true ? 

When, thirdly, we come to civilisation the 
difficulties are even greater. Are we to regard this 
state as the attainment of wealth and luxury, 
to measure it by the standard of literary and 
artistic work achieved, to take it as meaning 
the enjoyment of universal peace, or to define it 
as a world where electricity supply is universally 
available, where everyone has a motor-car, and 
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where all enjoy the maximum leisure, and have to 
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perform the minimum of routine and uninteresting 
work? Again, it may be argued that civilisation 
in a nation should be gauged not only by the 


- standard of existence which has been reached by 


its members, but by the activity those members are 
displaying in actively extending these benefits to 
others. In other words, civilisation must embrace 
the idea of missionary effort. It is necessary to state 
these alternatives before we attempt to consider the 
relationship of engineering and civilisation, since 
ethnologists, in dealing historically with the latter 
subject, almost invariably take artistic and literary 
output as their standard of measurement. Yet the 
engineering accomplishments of the Egyptians and 
Romans, and to a less extent of the Assyrians and 
Greeks, were by no means contemptible. To go a 
step farther, it would not be too much to say that 
art and literature are rather products of civilisation 
than its real essence, as is engineering. 

Clearly, if the discussion of these questions is not 
to become diffuse and unmanageable, some reason- 
able limits must be accepted as a preliminary. 
This may be done by considering the term engineer- 
ing as a synonym for ingenuity and enquiring 
whether the exercise of that human faculty has on 
the balance increased the comfort and usefulness of 
mankind since the days of the cave dwellers; and 
whether, also, it is due to its influence that the 
appalling waste of material, of which the Black 
Death and the Great Plague may be taken as acute 
manifestations has been reduced. This was the 
course adopted by Mr. C. E. Stromeyer in the Chad- 
wick Lecture, which he delivered at the Institution 
of Mechanical Engineers, on Tuesday last, and 
though he did not fully work out his thesis, especially 


4! as regards its application to present-day conditions, 


hesaid enough to show that while engineers have done 
much to improve the conditions in which we live, 
there is a reverse side to the picture, which it is desir- 
able be turned to the light and closely scrutinised. 

For instance, while the labour-saving devices, 
which engineers have produced, should have given 
our working population more leisure, health and 
happiness than they possessed in the days of hand 
labour, in his opinion, the reverse was actually the 
case, so that even their womenfolk had now to help 
towards making a living. This, he considered, was 
due to the way in which we had conferred the 
** benefits of civilisation ’’ on others, with the result 
that in India, for example, the native races were 
now making for themselves the goods they formerly 
obtained from us, to the disadvantage of our indus- 
tries, and to the detriment of their own health. 
Or, to take another instance, while the increasing 
use of motor vehicles had greatly facilitated trans- 
port, it had brought with it a restlessness and noise, 
which must be harmfully affecting the nerves, and 
thus the general well-being, of the population. 

We confess that we regard the greater part 
of this indictment as unduly pessimistic, and part 
of it, indeed, is hardly based on fact. The general 
conditions of labour are certainly now superior to 
what they were in the Middle Ages or even during the 
industrial revolution, and before accepting the point 
of view for which Mr. Stromeyer’s indictment stands, 
it should be remembered also that we are living in a 
period of transition. The War brought about an 
economic upheaval, from which we are recovering 








at a rate, which can only be measured in micros- 
copical figures. In addition, changes are taking place 
in industry, which are affecting, and for a time must 
continue to affect, the conditions of the worker, no 
less profoundly than those which followed Ark- 
wright’s invention of the spinning jenny, though in 
the long run those changes will result in benefits 
at least equal to those which have followed upon 
the greater use of mechanical appliances in our 
factories. The same may be said of transport. In 
this field, as elsewhere, we have not come to the 
end of human ingenuity. The torches lighted by 
Faraday and Otto are still burning and are being 
faithfully handed on to others who, we are con- 
vinced, will worthily uphold the great traditions 
of inventiveness and foresight, both now and in the 
future. 

Nevertheless, it is true, as Mr. Stromeyer rightly 
pointed out, that these pioneers in their day received 
little encouragement from civilisation; and we 
fear that there is still some reluctance to welcome 





522 


those who, either by inspiration or training, could 
do much to accelerate the pace at which our present 
discontents are being overcome. If full advantage 
is to be taken of what engineers can do for civilisa- 
tion, the attitude of the layman towards their 
efforts must in many respects be modified, while, 
on the other hand, matters must be so arranged that 


engineers themselves shall direct their work on the | 


right lines and be protected as far as possible from 
the errors, which, since they are only human, they 
are at times prone to commit. 

In this connection the views propounded by Mr. 
Stromeyer on our present educational system are 
worthy of attention, not because we altogether 
agree with them, but because they may provide a 
stimulus to those concerned. Civilisation, he said, 
and we repeat, does little for those possessed of the 
inventive brain. 

The word education, originally meant to draw 
out, but by a curious inversion of ideas its practical 


effect is now-a-days to reduce everyone to one | 


dead level. He went on to say that though when a 
latent talent for singing or dancing was discovered, 
it was carefully cultivated by proper teaching, 
when that latent talent showed that a thinker might 
be produced it was as carefully, and even more 
vigorously, suppressed in an effort to convert the 
child into a memory machine. This system might 
be very well for Orientals, whose mentality was such 
that they could not in any circumstances forget 
anything. But the Occidental had to think before 
he could remember ; and the result was that the only 
justification for our present educational system was 
that it provided a convenient method for teachers to 
earn money grants. On the other hand, one of its 
many grave disadvantages, was that the child with 
a thinking brain, when he came to man’s estate, had 
to slough off most of what he had learnt at school, 
before he could begin to be of any use. We had, 
in fact, surpassed the system adopted in China, the 
results of which, after centuries of experience, 
were the petrifaction of all thinking power. 

Mr. Stromeyer is not, of course, alone in holding 
that much is wrong with our educational system. 
The theme has been developed by Mr. C. E. 
Montague in Rough Justice, and by other novelists 
and essayists in numerous indictments of our 
public schools. Unfortunately for them the fact 
remains that from these seats of learning we continue 
to turn out men. The question, therefore, arises, 
though it must be left unanswered here, whether 
that is or is not a desirable object, even if in its 
attainment the flowering of some genius is a little 
delayed. For genius, it must be remembered, 
cannot be suppressed ; and, like murder, will out. 
The whole forces of Eton and Harrow will fail to 
prevent its emergence. 

As regards the training of those who do not, for 
one reason or another, find their way into public 
school life we are even more optimistic. The 
arrangements are, it is true, not perfect, but they 
are being improved. Lord Eustace Percy, the 
Minister of Education, speaking on the Board of 
Education Vote in the House of Commons, on 
Tuesday, was able to say that a new and clearer 
conception of a really national and universal 
education was developing, in which the technical 
college would occupy an essential position with 
the university. 

He also added that as soon as the position 
of the technical college was focussed the whole 
structure became coherent, since it would enable 
a continuous course of education to be devised for 
dealing with pupils who left school not later than 
the age of 16. Again, on another page of this issue 
we publish details of a scheme which has been 
prepared by the Electrical Contractors’ Association, 
in consultation with certain educational authorities, 
with a view to ensuring the vocational training both 
of boys and older youths in an important branch 
of engineering work. A study of the syllabuses of 
the various courses that are to be inaugurated will, 
we think, indicate that they will not have the effect 
of rendering any budding Kelvin mute or inglorious 
for long. It need hardly be added that the great 


engineering Institutions are also using their influ- 
ence to ensure that young engineers shal] be trained 
on the right lines. 


In spite of a welter of definitions, perhaps we may 
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be forgiven for suggesting that the highest civilisa- 
tion, after all, is to make the best of one’s chances, 
| individual and corporate, and that that nation is 
| most civilised in which that task is most successfully 
;accomplished. The term civilisation is only relative, 
| and it is not vainglorious to point out that the ameni- 
| ties of the modern world far exceed those enjoyed by 
the Greeks and Romans, nor dangerous to prophesy 
| that these amenities will be surpassed by those 
'who follow us. But the real test is whether the 
| percentage of those now living who are making the 
| best use of their talents, is as high as it was in the 
| time of Homer or Virgil. We believe that it is higher. 
| The proof is that, in spite of an enormous rise in 


| ae emagener with all the potential ills that growth 


brings with it, there has been an increase both in 
the health and the virility of the nations. That result 
is, we think, not a little due to the efforts of engineers, 
using the word in its broadest possible sense. 








BREEZE AND CLINKER 
AGGREGATES. 

WHETHER because it is poorer or because it is 
wiser, industry in these days shows an increasing 
tendency to pay closer attention to the raw 
materials it uses. This disposition is seen notably 
in its attitude in regard to waste products. When 
they are bulky and of little value waste products are 
a nuisance in themselves, and their mere existence 
may be costly. Moreover, in a healthy industry 
they ought to create disquieting doubts about 
whether they are necessarily waste, or are merely 
treated as such because those who carry on the 
industry do not know how to use them. The 
provision of aggregates in making concrete gives 
good occasion for such doubt. Primarily and 
normally stone aggregate is used in concrete jn order 
to provide cheaply an inert skeleton of sufficient 
strength, which may be bound together by the 
more costly cement. Though cheap, however, it 
is not usually as cheap as a suitable waste product, 
and the supplier of the waste product has the 
benefit not only of its price, but also of getting rid 
of a nuisance. It may turn out, moreover, that 
the waste product has virtues of its own, and 
that in concrete, for example, it does something 
more than replace an inert material. When these 
virtues are recognised sufficiently, and any precau- 
tions necessary for obtaining them are brought under 
control, the material may be on its way to rank as 
something better than a waste product, and will 
attain that promotion as soon as the demand for 
it is equal to the supply. It will then become not 
merely an alternative to the material it is super- 
seding, but a superior article, giving the ‘user an 
improved value, for which it is worth his while 
to pay a higher price. 

The building trades are always on the look-out 
for such waste products, and among those for which 
conspicuous use has been found in recent practice 
are slag, breeze, and clinker. Slags, indeed, have 
already become so useful in a variety of ways that 
in most localities where they are produced the 
demand for them is greater than the supply, and 
they can no longer be considered waste products. 
Clinker and breeze, on the other hand, though they 
are being used largely as aggregates, are not yet 
in demand on the same scale as they are being 
produced, and remain, therefore, cheap materials. 

Whether by boiler furnaces, destructor furnaces, 
coke ovens or gas-works retorts, they are produced 
in most parts of the country, and cost, therefore, 
little in transport. Through their structure they 
yield concretes that are lighter than those made 





| with ordinary aggregates, and better insulators of 
|heat. Some of them, too, possess pozzuolanic 
|properties, so that concrete made with them 
|gains a strength not to be obtained with 
|ordinary aggregates, and they are being used with 
cement or lime in plaster, in poured concrete, and 
in the manufacture of bricks and walling blocks. 
| For some time past, however, they have given rise 
to a good deal of trouble in building work. Leaving 
out of account the corrosion of steel in reinforced 
concrete when made with such materials, the cause 
of which has not yet been investigated experi- 
mentally, these concretes have repeatedly been found 
to give rise to excessive expansion and to cracking 











[APRIL 26, 1929. 


and disintegration of walls, floors, and ceilings. 
For some time past the matter has engaged the 
attention of the Building Research Station, and 
in its Special Report No. 10 it has published 
a summary of existing information, and in 
its Bulletin No. 5 has given an outline of the 
circumstances in the composition of breeze and 
clinker aggregates which appear to make them liable 
to such failures. A report has now been published 
giving particulars of the investigations made at the 
Station on which the previous publications were 
based.* It should be mentioned that in these 
reports the term breeze is used in the sense customary 
in the building trade of any sort of small furnace 
residue, and not of small coke. 

The particulars thus published throw considerable 
light on the manner in which breeze and clinker 
aggregates become dangerous, and, without com- 
pletely explaining all the phenomena that occur, 
indicate criteria by which these materials can be 
used in aggregates with practical safety. Prior to 
the Station’s investigations, the most likely source 
of the defect was thought to be the presence of 
sulphur compounds in some form, and possibly also 
of minor impurities, such as soot or flue-dust. The 
present report details the results of examining a 
variety of clinkers and coals, considered to be 
sufficiently large to cover all that are likely to be 
found in practice, and concretes made with them, in 
conjunction usually with rapid-hardening Portland 
cement, but also in some experiments with normal 
Portland cement, Portland blast-furnace cement, 
aluminous cement, and a hydrated lime. The mixes 
and methods of treatment were also varied. Apart 
from the examination of these experimental mate- 
rials, investigations were made of a number of 
instances in which concrete made with breeze or 
clinker had failed in practice, and others in which 
it has remained sound. It became evident that the 
behaviour of the concrete stood in some relation to 
the unburnt coal left in the clinker, and accordingly 
some 35 coals were examined, drawn from the chief 
coal-fields of Great Britain. 

The practical results of the investigations may be 
stated shortly. So far as concerns sulphur, the 
examination alike of the many varieties of breeze 
and clinker collected, and of the concretes which 
had proved sound or unsound in practice, failed to 
confirm the suspicions that had been entertained. 
No clear instance was found in which it had been 
the cause of failure, and on the evidence it would 
seem that the influence of sulphur compounds had 
been greatly overrated. Experimentally it was 
shown to be a possible source of danger when 
present in quantities above certain limits, varying 
with its chemical and physical form. These limits, 
however, are seldom likely to be attained in prac- 
tice, and the preponderating weight of evidence 
suggests that, though the presence of sulphur in 
these aggregates cannot be excluded altogether as 
a possible cause of failure, it must be recognised as 
only a rare one. It is, indeed, only where the most 
rigid precautions are necessary that it seems worth 
while to analyse the material for its sulphur contents, 
so as to assure that they fall within the limits 
which have been found to be safe, and in such cireum- 
stances it is questioned whether it would not be 
preferable to exclude the material altogether. The 
influence of soot or flue dust could be verified still 
less, unless it was present, not as an impurity, but 
in a high percentage as an essential ingredient. 

The selective effect of different coals, on the other 
hand, had been demonstrated, and although the 
mechanism of the phenomena to which the dangerous 
character of some coals must be attributed has 
not yet been fully made out, enough has been learnt 
of them to enable the coals to be distinguished 
readily from each other. The dangerous coals when 
powdered absorb much more oxygen and moisture 
than the others and expand much more on being 
wetted, the expansion being greater still in the 
presence of a setting cement. It is to the expansions 
thus produced in the concrete while it is setting and 
during its early life that the danger of the coal 
is due. They have also a very high adsorptive 
power for certain dyes. These facts have enabled 








* Department of Scientific and Industrial Research. 
Building Research: Technical Paper No. 7. Investiga- 
tions on Breeze and Clinker Aggregates. By F. M. Lee, 
M.Sc., A.1.C. H.M. Stationery Office, 2s. net. 
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both laboratory and field tests to be devised by 
which dangerous material can be detected. What- 
ever the coal, its dangerous properties disappear 
wholly, or almost wholly, when it is heated above 
500 deg. C. Whatever may be the combustible, its 
presence in proportions above 10 per cent. will 
increase the extent of expansion, and a limit of 40 per 
cent. is necessary for any but the lowest grade. 
Below 10 per cent. the aggregate, if made of non- 
dangerous material, gives a thoroughly sound con- 
crete with low expansion. The effect of the materials 
investigated was substantially the same with all 
the cements tried. In general, breeze and clinker 
concretes require the use of a somewhat higher 
water : cement ratio than is otherwise usual, but 
though it may retard the setting, the concrete will 
ultimately both set and harden satisfactorily if 
sound material has been used. With dangerous 
coal, on the other hand, satisfactory setting may 
never occur. 








NOTE. 
‘TRAINING IN ELEcTRICAL INSTALLATION WorRK. 


Mucu attention has recently been given in the 
electrical industry to the problem of raising the 
standard of installation work—that is, what is com- 
monly known as wiring. A practical outcome of 
these endeavours has been the establishment of a 
National Register of Electrical Contractors, admis- 
sion to which is dependent on the candidate’s ability 
to prove that he is capable of producing results of a 
certain quality. This movement is one which is 
worthy of support, but a necessary concomitant of its 
success is, obviously, the recruitment of properly 
trained workmen. We are, therefore, glad to see that 
as the result of the deliberations of an Advisory Com- 
mittee, which was formed last year by the Electrical 
Contractors’ Association and the City and Guilds 
of London Institute, on which a number of educa- 
tional bodies were represented, three well-thought- 
out courses in electrical installation work have been 
arranged and will form the basis of the City and 
Guild examinations in this subject, which will take 
place at the end of the 1929-30 session. The first 
course is intended for boys aged from 14 to 
16 years, and will cover two years of two even- 
ings per week. It will be specially directed to 
develop such qualities as observation, initiative 
and accuracy, as well as ability to devise and 
carry out simple experiments and to make simple 
calculations. Facility in description, both orally 
and in writing and by means of drawings, will 
be encouraged, and the student will also be familiar- 
ised with the properties of the materials and the 
tools used in electrical installation work. The sub- 
ject-matter of the first year’s work will be general, 
while that of the second will be more definitely 
electrical in character. The second course is intended 
for students of 16 years or over and will lead to 
the City and Guilds Electricians’ Certificate. This 
course will last for three years of two evenings per 
week, or an equivalent period in the daytime, and 
will cover both the theoretical and practical side 
of installation work, as well as instruction in mathe- 
matics and drawing. Success in this course will be 
accompanied by the issue of an Interim Certificate, 
but to obtain the Electrician’s Certificate of the 
City and Guilds Institute it will be necessary 
for the candidate to forward a statement of his 
practical training and work, for approval. The 
third course, which is designed for those who desire 
to qualify for such positions as foreman or super- 
visor, will last for two years of three evenings per 
week, and will lead to the City and Guilds Extra 
Certificate. It will cover more advanced work than 
the second course, and again an approved statement 
of practical training will be a necessary preliminary to 
the grant of the Final Certificate. Full details of these 
three courses are given in pamphlets, which may be 
obtained on application to the Department of 
Technology of the City and Guilds of London 
Institute, 29, Roland-gardens, London, S.W.7. 
It may be added that the Electrical Contractors’ 
Association’s interest in this matter has taken the 
practical forms of providing assistance in connection 
with the supply of laboratory material, and of offer- 
ing a gold medal and 201., a silver medal and 201., 
and a bronze medal and 101., as well as five prizes 





of 51. each, to students who most successfully 
pass the second and third courses. We hope that 
the results will before long justify the enterprise 
that has been shown. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


AN ordinary general meeting of the Institution 
of Mechanical Engineers was held on Friday last, 
the 19th inst., at Storey’s-gate, Westminster, the 
President, Mr. Daniel Adamson being in the chair. 
The President referred to the loss to the Institution 
from the death of Mr. R. W. Reid, a member of 
Council, and also to the death of Lord Montagu of 
Beaulieu, who was a Companion of the Institution. 


Krys AND Kryways. 


The ordinary formal business having been 
disposed of Mr. William Reavell then read, in 
abstract, a paper entitled “The Standardisation 
of Keys and Keyways.” This paper is reprinted 
on page 529 of the present issue. 

The President, in proposing a vote of thanks to 
Mr. Reavell, remarked that though a large amount 
of standardisation had been carried out during the 
past thirty years, much still remained to be done. 
Thus the heights and centres of plummer blocks and 
pedestals for line shafting might easily be standard- 
ised, and it might also be applied to the analogous 
dimensions of motors. Steam valves ought to be 
standardised in their main features, apart from their 
flanges. The British Engineering Standards Asso- 
ciation had standardised structural sections, but 
there was room for the standardisation of the 
connections between those sections and between 
joists and stanchions. He hoped the discussion 
would: bring out the results of the members’ 
experience with the several kinds of keys dealt 
with in the paper. 

Mr. C. le Maistre opened the discussion, and 
expressed the hope that the standards recommended 
in the paper would be widely accepted by the 
engineering industry. He thought Mr. Reavell’s 
suggestion in his letter of 1905 that standard bars 
for keys should be adopted, which suggestion had 
been embodied in the paper, had an important 
bearing on workshop economy. It was to be 
deplored, however, that other standard specifi- 
cations, received originally with much appreciation 
of their utility, had not been made use of to the 
extent that they might have been. He considered 
that the industry as a whole did not recognise 
the extent of the indebtedness of the British 
Engineering Standards Association to the National 
Physical Laboratory, an institution which was the 
authority with regard to the experimental work. 
Mr. Reavell had pointed out that a user of the 
keyway standard specification would have a certain 
degree of choice. This, he thought, was a wise 
attitude, as in some of the specifications issued 
by the Association the purpose for which the 
standard was recommended had been indicated 
a little too closely. This policy was now, however, 
being departed from. The question of standardisa- 
tion in the engineering industry had been little 
more than touched upon. In Germany and the 
Continent generally, and in the United States, 
component parts had been  standardised—for 
example, plummer blocks. At the same time, the 
standardisation of small parts introduced the 
question of interchangeability which was a difficult 
subject. It was interesting to learn that Mr. Reavell 
had accepted the chairmanship of the newly-formed 
Mechanical Industry Committee, of which the 
Institution was a sponsor. 

Mr. H. G. Burford, speaking of past experience, 
said he had always felt that the success of the auto- 
mobile industry in the United States was founded 
on standardisation and simplification. Our own 
attitude seemed to be that standardisation meant 
the copying of one another’s practice, and did 
not afford room for development. This did not 
follow, and a broader view would put us again in 
the forefront of the engineering industry. The 
automobile industry was interested chiefly in the 
splined, multi-splined, and serrated methods of 
keying, and on these the author had done good 
pioneer work. Adoption of standards of this kind 
in the automobile industry would give benefits 





parallel to those obtained by the standardisation 
of bolts and nuts, a return to the practice of only 
ten years ago in which would involve a loss in 
production of many thousands of pounds yearly. 

Engineer Vice-Admiral R. W. Skelton thought 
the standardisation of keys and keyways had an 
importance other than the strictly commercial view, 
as it would tend to prevent individuals from designing 
machines with unnecessarily large or otherwise 
unsuitable keys, which might be a source of danger. 
Keys and keyways weakened the parts in which 
they were used, and in recognition of this, it was 
the practice in high-speed naval machinery to have 
the keys machined solid with the shaft, a form of 
key now becoming known as the spline. He agreed 
with the recommendation that keys should have 
rounded corners ; a sharp corner was a weak point. 
In naval practice, the largest keyed connection 
was in the propeller hub. The width of key there 
was usually based on the mean diameter of the 
cone of the tail shaft, and not on the largest 
diameter. He believed that, generally, these cones 
were of a 1 in 12 taper. For standardisation, 
however, it was logical and advantageous to base 
the key size on the diameter of the large end of 
the cone. As regards the Woodruff key, it might 
be said that it had hardly been used at all in the 
Navy. He thought the work done on splined 
shafts was of special value, as these, or multi-keyed 
shafts, would come into increasing use with high 
speeds of rotation. In such cases, the employment 
of a single key might, from inertia effects, be very 
undesirable. He was glad to observe a tendency 
to fit several keys instead of a single one, and, as 
a matter of practical detail, noted with satisfaction 
that the grooves in the splined shaft recommended 
in the paper, did not end abruptly, but shallowed 
comparatively gradually, so that the full diameter 
of the shaft was restored without a sudden change 
of section. 

Mr. R. G. C. Batson desired to clear up one or 
two apparent inconsistencies in the paper. Part 
of the early work was carried out in 1913, when the 
Brinell hardness test was not always recorded in 
the same manner. One of the methods then in 
use yielded the figures which were given in the 
paper under the heading “ Ball Hardness Test.” 
These figures should be divided by 1-375, when they 
would be comparable with present-day practice, 
and with the numbers given in Table I of the paper. 
Again, under the heading “ Tensile Test,”’ the foot- 
note, indicated by an asterisk, referred only to the 
key steel. In the tests on mild-steel bars, the elonga- 
tion was measured on an extension equal to four 
times the square root of the area, and not on a 
length of 6 in. as for the key steel. These modifica- 
tions did not detract from the conclusions of 
these particular tests, namely, that with the mild 
steel there was an indication that the depth of 
the keyway was slightly on the small side; that 
objection had been overcome by making the immer- 
sion half the key depth on the sides instead of on 
the centre line. 

Mr. R. C. Macdonald thought the proposed stan- 
dards would be of undoubted service, particularly to 
those responsible for the maintenance of machinery 
kept continuously running. Standardisation of 
keys and key material would enable such users 
to keep smaller stocks than hitherto. He could 
not wholly commend the view in the paper that 
standard key bars could be ordered “with the 
knowledge that a few strokes of a file would be 
sufficient to produce a standard key to fit a standard 
keyway.” He thought this would lead to slipshod 
work. In automobile practice, and other work 
where replace parts were wanted, it was necessary 
to have certain clearances, but in millwright 
work it was very essential that the key should be 
well fitted, particularly on the taper side. His 
view was that the object of a tapered key was to 
draw the boss, or crank, or other part, up to 
the shaft, and so take advantage of the resulting 
friction to relieve some of the shear on the key. 
The corners of keys should certainly be rounded ; 
square corners had resulted in a great deal of 
damage in the past. 

Mr. E. R. Briggs, referring to the question of 
immersion, said that some years ago he had fitted 
British standard keys, as they then were,<to some 





524 
shafts subjected to torque in certain machinery. 
These keys gave out by rolling in the keyway, 
thus indicating that their depth in the shaft was 
insufficient. This experience had been corroborated 
by the statement in the paper that the experiments 
at the National Physical Laboratory had showed 
that, in all cases, the failure was in the keyway of 
the shaft. The keys in question were re-fitted, bear- 


ing hard on the top and bottom, but again failed. | 
Woodruff keys were then fitted, which proved suc- | 


cessful. Other causes, however, made them think 
that the Woodruff key was not wholly a satisfactory 
solution, and square keys had been considered and 


adopted, the depth of immersion being approxi- | 
mately half and half. With regard to fitting, he | 


thought this depended on the particular purpose 
for which the key was used. Thus, in the case of 
a steam-turbine disc running at, perhaps, 3,000 
r.p.m., it was important that there should be 
nothing tending to throw the shaft out of balance. 
In this instance, the keys should be fitted with side 
tightness, and should be two in number at 180 deg. 
on the circumference. When a crank, for example, 
which’ only oscillated and did not rotate, was 
considered, no question of balance arose, and one 
key should be fitted with top and bottom tightness, 
so that the hub might be tightly drawn to the shaft, 
possibly at the expense of slight distortion. 

Mr. Charles Wicksteed recalled the practice of 
fitting keys a considerable time ago, when top 
and bottom tightness was generally adopted. He 
hardly agreed with the suggestion given in the 
paper that there should be only a small amount of 
fitting, and the fit of the boss on the shaft had not 
been referred to in it. In his opinion, the boss or 
hub must be a very close fit on the shaft, and the 
key should have top and bottom tightness. He had 
seen keys fitted with side tightness which rapidly 
became loose and they should only be used where 
there was no reciprocating action of the prime mover. 

Mr. L. E. Legros expressed regret at the general 
absence of systematised nomenclature in engi- 
neering practice and standards. He thought the 
term “simplification ”’ was generally understood 
to mean the elimination of useless features. 
“ Rationalisation ’’ meant the elimination of useless 
sizes, and “standardisation” the fixing of limits 
to tolerances and allowances. It was _ vital, 
especially to chairmen of committees on stan- 
dardisation, to have a definite agreement as_ to 
nomenclature. He agreed with Mr. Wicksteed 
about the importance of top and bottom tightness. 
It must not be forgotten that the question of 
evolution was bound up with that of standardisation, 
which must not be too inelastic. Thus, the Whit- 
worth thread was excellently suited, both as 
to form of thread and pitch, for wrought iron, 
but now that steels, some of which had peculiar 
properties, were coming to the front, the Whitworth 
thread was really out of date. In connection with 
this matter of new steels it was regrettable that the 
forms of keys with rounded ends should have had 
to be included in the standards recommended. 
With high-tensile steels subject to high stress and 
reversals, cracking was liable to occur with such 
keys at the point where the tangent left the curve. 
The key defined as a feather key in the paper, 
which permitted longitudinal movement of a clutch 
or other part along it, was shown attached to the 
shaft by screws. This he considered bad practice. 
A case of a collision between two vessels had 
occurred through a screw in such a key working loose, 
and preventing part of the reversing gear of the 
engines from sliding along the shaft when reversing. 

Mr. Reavell, in a brie‘ reply, observed that the 
Committee would duly consider the several points 
raised. He appreciated the kind way in which 
the paper had been received, but wished to emphasise 
that he was only presenting a report of the Com- 
mittee’s work. In order that there might be some 
permanent record of the Committee as a whole, 
a complete list of its members had been given in an 
appendix to the paper and would ultimately appear 
in the Transactions. 

The President then announced that an informal 
meeting would be held on Friday, May 3, at 7 p.m., 
the subject of which was “ London’s Water,” and 
was to be introduced by Mr. Henry Berry. A 
special general meeting for consideration of the 
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proposed Royal Charter would be held on Friday, 
May 10, at 6 p.m. It was also announced that 
the summer meeting would be held in the last 
week in June at Manchester. During the summer 
months, commencing from May 6, the library 
and reading room would be closed at 5.30 p.m., 
with the exception of Saturdays, when it would 
close at 1 p.m. 


FRENCH RAILWAY LOCOMOTIVE 
PERFORMANCE. 
By Lorp MonxkKswELL. 
(Concluded from page 484.) 

Tue Paris-Lyon-Méditerrannée Railway has lately 
acquired 96 large passenger engines of the 4-8-2 type. 
This railway has on its main lines a number of moun- 
tainous sections where engines of great power are 
required. The best known of these sections is that 
between Laroche and Dijon, on the principal main- 
line from Paris to Marseilles. Laroche, 96} miles 
(155 km.) from Paris, is 284 ft. above sea-level. 
For 60 miles there is a gentle rise averaging 
about 1 in 750, but in the next 23 miles the line 
rises some 600 ft. to a summit’ 1,328 ft. above sea- 
level, which is reached at Blaisy-Bas (288 km. from 
Paris). The ascent for the last 23 km. (14 miles) 
before reaching Blaisy-Bas averages 1 in 167, and 
tends to steepen till the final 6} km. (4 miles) to the 
summit rise at 1 in 126. Soon after this, the line 
passes through the Blaisy-Bas tunnel, more than 
2 miles long and perfectly straight, and thence falls 
nearly all the way to Dijon, 99 miles from Laroche, 
at 1 in 125. 

The 4-8-2 engines, which are illustrated by Fig. 5, 
have a grate area of 54 sq. ft.; firebox heating 
surface (including combustion chamber in the boiler- 
barrel) 253 sq. ft.; 40 large tubes (5} in. in dia- 
meter), and 145 small tubes (2} in. in diameter), 
19 ft. 7 in. between tube-plates, with a heating 
surface of 2,480 sq. ft., and 1,130 sq. ft. of heating 
surface in the superheater. The greatest external 
diameter of the boiler-barrel is 6 ft. 64 in. The 
centre line is 9 ft. 6in. above the rails. Steam blows 
off at 227 Ib. per square inch. 

The driving and coupled wheels are 5 ft. 11 in. in 
diameter. The weight on each coupled axle is 
18} tons, and all are connected through equalising 
levers. The bogie has about 2} in. side play, and 
the trailing axle about 3} in., in either direction. 

The low-pressure cylinders are 28} in. in dia- 
meter, with a stroke of 27}in. They are outside 
the frames on account of their size, and drive on to 
the first pair of coupled wheels by means of con- 
necting rods only 5 ft. 9in. long. The high-pressure 
cylinders, 20 in. by 25 in., are inclined to clear the 
first coupled axle, and drive on to the second with 
connecting rods only 5 ft. 5in. long. This arrange- 
ment has the advantage of avoiding cranks in the 
first coupled axle. 

These engines, unlike most French four-cylinder 
compounds, have a single reversing-gear controlling 
both high and low-pressure valves. Each valve 
spindle has its own cross-head connection, giving the 
same lead for both high and low-pressure valves, but 
there is only one eccentric for each pair of cylinders. 
A rocking lever transmitting the motion of the 
eccentric through arms of unequal length makes 
it possible to give the low-pressure valve a cut-off 
in all positions of the reversing-gear, some 12 per 
cent. later than that of the high-pressure valve. 

The variable blast-pipes of these engines consist 
of a fixed orifice of large diameter fitted with a 
slightly coned casting of complicated shape which 
can be raised so as to increase the section available 
for the passage of the escaping steam or lowered to 
constrictit. The casting is so arranged as to afford, 
when in its lowest position, three openings equally 
spaced round its periphery, through which the escap- 
ing steam may pass. If the casting is raised so that 
it is no longer in contact with the fixed orifice, the 
section offered by these openings is increased by 
the free space which is thus developed all round it. 
The success of this form of blast-pipe appears to be 
due to powerful eddies, the formation of which is 
favoured by the division of the escaping steam into 
three widely-separated jets. This form of blast- 
pipe is also claimed to have a tendency to raise the 








exhaust steam well clear of the engine. 





The original weight of the first engine of this class 
was 115 tons. Since it came out feed-water heaters 
have been added, which have presumably increased 
the weight to about 117 tons. 

The tenders are of the ordinary double-bogie 
pattern, weighing about 64 tons, with 30 tons of 
water and 7 tons of coal. 

I travelled on engine 241-A-3 from Laroche 
to Dijon. The train consisted of 11 vehicles and 
weighed 486 tons behind the tender. After getting 
into speed about 56 m.p.h. was maintained for 
20 miles on slightly rising gradients till adverse 
signals were met with. The train was eventu- 
ally stopped just before Lézinnes and again in 
that station, losing in this way 5} min. A 
further 2 min. were lost on account of repairs 
to the permanent way which were proceeding near 
Aisy, and so the train was well behind time when 
the steeper gradients were begun. Twenty-two 
km. from post 265 up gradients averaging 1 in 
167 were run in 17 min. 2} sec. (48 m.p.h.), and the 
last three of these, where the ascent is all at 1 in 
125 to 1 in 128, were run, respectively, in 49? sec., 
492 sec., and 49? sec. (45 m.p.h.). The 287th km. 
is the last which is wholly on rising gradients, the 
288th being partly on the level. 

Steam was usually kept between 215 Ib. and 
227 lb. per square inch, and the cut-off was for 
most of the distance 40 per cent., with a pressure 
of about 170 Ib. in the high-pressure steam chests. 
The fire was raked a few miles before the summit 
was reached, and at the latter the cut-off was 45 
per cent. and the gauges were showing pressures of 
227 Ib., 200 lb., and 42 lb. in the boiler and high- 
and low-pressure steam chests, respectively. After 
passing the summit the drop down the hill to Dijon 
was made at 56 m.p.h., or a little over, and, after 
a further permanent-way slack on the way down, we 
drew up at Dijon in 124 min. 59 sec. from the start, 
125 min. being the booked time. At least 8 min. 
which had been lost through the various delays had 
thus been regained. 

On the return journey another engine of the 
same type, with 440 tons behind the tender, reached 
a speed of 44 m.p.h. up 1 in 125, but was then so 
badly slowed that it was impossible to get going 
again before the tunnel. The downhill run thence 
to Laroche was, of course, so easy as to be of little 
interest except for the extreme punctuality of the 
arrival at Laroche, which took place 126 min. 40 sec. 
from the start. The allowance is 127 min. 

Last summer the Est timed its early morning 
express to run the 103} miles from Paris to Troyes 
in 106 min. The 172 miles thence to Belfort were 
performed without a stop in 199 min. In the 
autumn the latter run was accelerated by no less 
than a quarter of an hour. This, with a 4-min. 
stop at Troyes, reduced the time allowed for reaching 
Belfort from Paris to 4 hr. 55 min., which works out 
at exactly 56 m.p.h., stop included. So far as I 
know, this train is now the fastest in Europe that 
covers a distance over 250 miles. It must also be 
noted that Belfort lies at an altitude quite 1,000 ft. 
higher than that of the Gare de I’Est in Paris. 

After a fairly level start from Paris there are 
from post 17, 8 km. which rise at 1 in 210 (average), 
after which the line undulates with a falling tendency 
as far as post 49, thence rising to post 77, the last 
3 km. being on 1 in 230. Hence to post 95, there 
is a descent averaging 1 in 200. A long gentle rise 
to post 205 is succeeded by a descent at 1 in 230, 
10 km. in length, and a further gentle rise to post 
239. From this point to the summit at Chaumont, 
with an altitude of 1,025 ft., near post 261, the 
gradients average 1 in 200 against the train, much 
being 1 in 165 or thereabouts. Between Chaumont 
and post 270 there are nearly 7 km. downgrade at 
1 in 170, and then there follow an ascent averaging 
lin 400 to a summit (1,170 ft. above sea) at post 
303, and a similar descent to post 362. A rise to 
post 371 and a descent to post 377 are succeeded 
by 25 km. averaging about 1 in 280 up to a summit 
of 1,010 ft. at post 402; and between posts 410 and 
430 a stiff climb averaging 1 in 200, and containing 
a good deal of 1 in 165, leads to the highest summit 
of all (1,312 ft.). There is then a descent into 
Belfort (1,172 ft.). 

The Est, like the Nord and P.L.M., has since the 


war acquired a number of express engines larger 
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than those previously in use. These engines are 
of the 4-6-2 type and are illustrated by Fig. 6. 
They are built to a design which was intended 
by the Government to be standard for all the 
large railways in France, and are powerful ma- 
chines weighing 95 tons in working order. Not 
only did the Nord and P.L.M. refuse to adopt 
these engines, but they do not seem to be par- 





ENGINEERING. 


are 6 ft. 10 in. in diameter. The engine weighs 
78 tons in working order. Those that are used for 
working the principal non-stop trains have 8-wheel 
tenders carrying 32 metric tons of water and weigh- 
ing (full) 69 tons. The experiment has lately been 
made of increasing the boiler pressure of one of 
these engines to 284 lb. per squareinch. One of 
these engines is shown in Fig. 7. 
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ticularly successful on those railways that have 
adopted them on a larger or smaller scale. They 
are seldom seen on the best trains of the Est, 
which for these trains normally uses its pre-war 
design of 4-6-0 express engine. The Est possesses 
large numbers of these machines, which have 
34 sq. ft. of grate area and a boiler barrel with a 
mean diameter of 5 ft. lin. The total heating sur- 
face is about 1,950 sq. ft., and steam blows off at 
227 Ib. per square inch, as is usually the case 
With four-cylinder compounds. The high-pressure 
cylinders are 16 in. by 263 in., and the low-pressure 
cylinders 23} in. by 263 in. The driving wheels 
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For the'last five years the Est has been trying 
a large 4-8-2 engine, with driving and coupled 
wheels 6 ft. 5 in. in diameter, which weighs 
110 tons in working order. The trials do*not so 
far appear to have led to any very definite con- 
clusions. 

Most of my experiences on the Est were with 
the engines working the early morning train to 
Troyes or to Belfort. On one occasion, with engine 
No. 3251, and 380 tons behind the tender, a slow 
start was made for the first fifteen miles, severe 
slacks occurring then for permanent way operations. 
No less than 38 min. were, therefore, spent in run- 
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ning the first 27 miles. After this, 107 km. were 
covered in 60 min. 15 sec. (66} m.p.h.). Speed did 
not fall below 60 m.p.h. at the summit near post 
77. Further serious delays were encountered in 
the last ten miles to Troyes, and the train arrived 
nearly eleven minutes late. The delays accounted 
for the loss of about 12 minutes, so, in spite of the 
unnecessarily slow start, the engine had lost no 
time. 

No. 3240, the engine which was experimentally 
worked with increased boiler-pressure, performed the 
same run with 392 tons in 110 minutes 7 seconds. 
In this case the delays met with accounted for the 
loss of 5 minutes 50 seconds, so here again none 
of the time lost was due to the engine. The best 
piece of this run was between posts 21 and 253, 
where the ascent averages 1 in 165. Speed was 
about 55 m.p.h. at post 21, and did not anywhere 
fall below 50 m.p.h. 

On a third run engine No. 3244 had 279 tons 
behind the tender. This run took place in winter in 
very cold weather. The first 27 miles were run in 
31 minutes. Then 52} miles between Villepatour 
and Romilly were run in 47 minutes 20 seconds 
(663 m.p.h.), and the latter station, which is 79} 
miles from Paris, was passed in 78 minutes 40 
seconds from the start. At the next station a slack 
brought the speed down to 20 m.p.h., and another 
slack occurred outside Troyes, so that the whole 
run of 103} miles occupied 104 minutes 18 seconds. 
If the speed attained before Romilly had been 
maintained, the train would have arrived at Troyes 
in about 101 minutes from Paris. At Troyes No. 
3244 was replaced by No. 3259. This engine is 
fitted with a completely automatic Davies and 
Metcalfe exhaust-steam injector, of which the Est 
authorities appear to have a high opinion. Soon 
after the start there was a stop for signals, and 
5 min. were lost in this way; the first 10 miles 
took 18 min. As nearly as possible 60 m.p.h. was 
then kept up for somewhat more than 30 miles on 
gently rising gradients, and then the 10} km. of 
1 in 190 between Maranville and Bricon were 
traversed at an average speed of 52 m.p.h., and 
Chaumont (593 miles from Troyes) was passed in 
71 min. A bad permanent-way slack soon after 
this lost 3 more minutes, and by the time we ran 
slowly past Culmont-Chalindrey (88 miles from 
Troyes), where there is a service slack, eight of the 
104 min. we had taken had been lost by extraordinary 
delays. After this 27 miles of easy down-hill line 
were covered at 70 m.p.h. A bad permanent-way 
slack on the rising gradients after Vesoul lost another 
2 min., and then the final climb from Lure to the 
summit of 1,312 ft. near post 430 was faced. The 
distance of 16-2 km. between Lure and Champagney, 
up 1 in 170, was run in 11} min. (53-7 m.p.h.). 
Belfort was eventually reached in 188 min. 33 sec. 
from Troyes instead of the 184 min. allowed. But 
the stop and the two severe slacks for repairs to 
the permanent way had involved a loss of 10 min., 
so the engine had gained fully 5 min. on booked 
time. Both engines had steamed admirably all the 
time. 

I had one very interesting run in the opposite 
direction, returning from Troyes on No. 3251 with 
the 12.22 p.m. train. This train was composed of 
12 vehicles and weighed 420 tons behind the tender. 
After getting into speed we ran 40 km. from 
post 156 in 21 min. 36} sec. (69 m.p.h.) and passed 
post 116, slightly over 31 miles from the start, in 
30 min. 40 sec. We were then stopped by signals, 
losing, as nearly as I can calculate, 54 min. Starting 
again, we passed Flamboin (post 95) at about the 
authorised speed of 110 km. per hour—there is at 
this station a slight service slack, presumably due 
to the presence of a crossing on a curve—and then 
ran the next 5 km. up 1 in 185 in 34: sec., 35. sec., 
37 sec., 38! sec., and 39? sec. respectively. The 
last is equal to 57 m.p.h. After this we were slacked 
preparatory to an extremely long and tiresome 
crawl past a spot where the road had shifted : 
86-85 km. occupied no less than 3 min. 40 sec., 
and then, though steam was admitted to the high 
and low-pressure cylinders for 70 per cent. and 
75 per cent. of the stroke and pressure in the 
receiver was increased to 6 kg. (85 lb. per square 
inch) by the direct admission of steam from the 





boiler, speed barely rose over 36 m.p.h. before the 
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summit of the incline was reached about post 78. 
Here the last 12 km. had occupied 15 min. 35 see. 
and a loss of at least 6} min. had been incurred. 
After this speed soon rose, and from post 69 
averaged 67 m.p.h. for more than half an hour ; 
a maximum speed of 74-5 m.p.h. was reached for 
km. 51-50 at the bottom of the dip. The last 
10 km. took 10 min., about 1 min. of which was 
due to our being very nearly stopped just outside 
the terminus. We came to a stand 115 min. 25 sec. 
after starting from Troyes. At least 13 min. had 
been lost by the various delays we had suffered. 
The run was equal to an unhindered run at 60 m.p.h. 
start to stop. The booked time was 118 min., 
so the engine had made up fully a quarter of an 
hour. 

The tons given are throughout British tons of 
2,240 lb., except where otherwise stated. 

I am deeply indebted to the authorities on the 
Nord, P.L.M., and Est lines for the facilities for 
observing the work described which they were so 
kind as to give me. 





THE STABILITY OF OCEAN - GOING 
PASSENGER SHIPS. 

By Professor Wrtt1aM Hoveaarp. 
(Concluded from page 476.) 
APPENDIX. 

METHODS OF CALCULATION. 

It is proposed, and strongly recommended, to 
use the lost-buoyancy method, which applies to all 
cases of flooding.* It excels by its simplicity and 
by the fact that the metacentric height so obtained 
is always proportional to the righting moment at 
small angles of inclination, and is thus a true measure 
of the stability, whether the ship is intact. or 
damaged. This is not the case by the added- 
weight method, where the weight of the flooding 
water enters into the expression for the righting 
moment. 


A. To Determine the Loss in Metacentric Height 
Caused by Flooding. 


It is supposed that the flooding extends for a 
length of one or two of the largest compartments. 
Referring to Figs. 1 and 2, let WL be the original 
water line, and W,L, the water line after flooding. 
We use the following notation for the various 
quantities corresponding to WL : 
W Displacement of the ship. 
V_ Displacement volume of the ship. 
w Weight of flooding water up to WL if 
permeability is equal to unity. 
Volume of flooded compartment up to WL. 
Permeability of flooded compartment. 
Reduction factor, analogous to the per- 
meability, applied to the area of the 
free surface of the water in the flooded 





v 


Pp 


s 


compartment. 

A Area of water line of ship. 

a Area of free surface in flooded compartment 
when s = 1. 

I Transverse moment of inertia of the area A 


about the centre line. 
t ‘Transverse moment of inertia of the area a 
about a longitudinal axis through its 
centre of gravity. 
D_ Draught of ship. 

QD Sinkage. 

After bilging, when the ships floats on W,L, 
the above-mentioned symbols are given the suffix, 1, 
in so far as there is any change in their value. 

The buoyancy pw lost below WL is exactly com- 
pensated for by the buoyancy of the layer added 
above that water line. Approximately 

pe = (A — sa) aD (1) 
which at once gives an approximate value of AD 
and then a more accurate value can be determined 
from : 

2 pu 


aD = A+ A, — s(a + a,) 


While the total buoyant volume of the ship | | the same value as in the light saalialias so that MM, 





(1?) and perhaps also 4 
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remains unaltered, the centre of insimeiue moves 
up and the metacentre changes position. Since 
the centre of gravity G of the ship remains in the 
same position relative to the ship as before bilging, 
the change in metacentric height is simply equal to 
the distance which the metacentre moves up or 
down. 
MM, = GM, — GM (2) 

So long as the remaining or “ residual ’’ metacentric 
height is positive, the ship will remain upright. 

The change in metacentric height, by this method, 
is equal to the algebraic sum of the vertical 
shift of buoyancy which is always positive, and the 
change in metacentric age which is usually 


negative, and is equal to + = where AI = I,—I. 
We have, therefore 
T Si 
MM, = BB, + i -F: (3) 





The vertical shift of the cl of buoyancy BB, 
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is either negative and relatively small, or, in some 
cases, even positive. 

Hence, in general, as far as loss in metacentric 
height is concerned, the light condition is more 
unfavourable than the full-load condition. 

When MM, is determined and the minimum resi- 
dual metacentric height GM, is specified by the 
rules, the designer can find the metacentric height 
GM in the intact condition from (2) : 

GM = GM, — MM, (2) 


If then MM, is negative (downwards), as is 
generally the case in the light condition, GM will be 
greater than GM). 


B. Calculation of List Due to Flooding of Wing 
Compartments. 

We assume that not only longitudinal compart- 
ments on one side are flooded, but also adjacent 
central compartments, such as boiler and engine 
rooms, but not the corresponding side compartments 
on the opposite side, see Fig. 3. Thus the flooded 
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is found by equating the vertical change of moment 
V x BB, of the whole displacement volume to 
that of the flooded volume pv,. The buoyancy 
of the flooded volume is transferred from its centre 
of gravity g,, which is at a distance Z, below W,L, 
to the centre of gravity f of the whole buoyancy 
layer between WL and W,L, which point is at a 


below W,L,. 


strong flare or tumble home above the water line, 
this height should be determined more accurately 
by usual methods. Hence, we find : 


Pry (: a) 
es | 


¥ ae 
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height of about ‘2 In ships with 


BB, = (4) 


Thus (3) takes the form : 
1 : 
= 7) PY (:, -=> AI — si, | (5) 

Since we know the new draught D, = D + AD 
from (1) or (’), we can readily determine v,, AI, Z, 
and i, by usual methods.* 

So long as there is no considerable change of«trim, 
the accuracy of this formula is believed to be at 


least as good as that with which the factors of 
permeability are determined. 


When a ship is in the light condition, BB, and a 


are relatively small, because the water does not rise 


MM, 


to a great height inside the ship, but 7 which 
represents the effect of the free surface of water in 
the compartment, will have approximately its full 
value. The loss in metacentric height is, therefore, 
in this case a maximum. 

In the full-load on on the other hand, BB,, 


1 has about 





at , are great, while 











* The development of the formulas given in the 


following is described in more detail in the author’s book | bility of these formulas, it may here be mentioned that 
Gencai Besien 
Limited, 1920. 


of Warships. London: E. and F. N. Spon, they apply also to swimmin 


* In order to illustrate the general nature and applica- 





tanks, where Z, is to be 


given a negative sign and BB, becomes negative. 
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volume v, comprises certain side compartments on 
one side and adjacent central compartments 
extending to the longitudinal bulkheads on the 
opposite side, all reckoned up to the water line W,L, 
for parallel sinkage. 

The distance of the centre of gravity of the 
volume v, from the centre-line plane is denoted by 
r, and its distance from water line W,L, by z, 

Let A, be the area of the intact water line W,L,, 
and a, the area of the free surface of the flooded part 
of the ship, then the change in metacentric height 
is approximately : 

V 3] (6) 


V | PY (= a 
The first two terms inside brackets are the same as 
those in (5), corresponding to MM, for the trans- 
versely subdivided ship by parallel sinkage. The 
last term is due to the asymmetry of flooding. 
and provides for the effect of the water in the 
flooded compartment reaching and maintaining 
sea-level when the ship is inclined. 

Let the permissible angle of list be 6, then the 
approximate residual metacentric height corres- 
ponding to this angle is found from : 


Pr»; 


= V tan 8, sec A, 


—_ 


MM,= “y) + AI — si, — 


1 —8@ 


GM, (7) 
The required metacentric height in the intact 
condition can now be found from (2!). 


C. Period of Roll and Metacentric Height. 


The period of roll and the metacentric height 
are related by the approximate formula* 
KB? 

T? 

where B is the beam of the ship, T is the period of 
roll, and K is a coefficient which is fairly constant 
for a given ship. A reliable value of K is best 
obtained by observing the period of roll at the time 
of the inclining experiment, so as to obtain exactly 


GM 


(8) 





* See General Design of Warships, page 82. 
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correlated values of GM and T. It is recommended 
that such combined inclining and rolling experi- 
ments be carried out for all new passenger ships. 

When K is known, a good estimate of the meta- 
centric height can be obtained at any time at sea 
by simply observing the period of roll and applying 
formula (8). 


LETTERS TO THE EDITOR. 
BLENKINSOP ENGINE RELICS. 


To THE Eptror oF ENGINEERING. 


Srr,—With reference to the article in ENGINEERING 
of April 12 (page 453 ante), relating to the supposed 
Blenkinsop rack-rail relics recently removed from 
Newburn Steel Works by Messrs. T. W. Ward, Limited, 
and presented to the Railway Museum at York, so 
many inaccurate statements have appeared in the 
Press that it appears desirable to counteract them by 
giving the true history of these “ relics.” 

In 1886, Messrs. John Spencer and Sons, of Newburn 
Steel Works, exhibited the “‘ relics” at the Liverpool 
Exhibition, but stated clearly that they had been cast 
from original patterns which were in their possession. 
They had, however, the incorrect Wylam tradition 
attached to them. 

From statements made in letters written in 1893 
by the Tyne Hematite Iron Works Company, who had 
been lessees of the works of the original Tyne Iron Com- 
pany since about 1870, it appears that, on taking over 
these works, they found some old patterns of rack-rails, 
cogged wheels, &c. About 1877, new castings were 
made from these old patterns, and sets consisting of 
two rails and a cogged wheel are said to have been 
distributed to various Institutions in the country. 
Such a set was sent to the South Kensington Museum in 
1893. There is thus little doubt but that the material 
now found at Newburn Steel Works is part of that 
cast by the Tyne Hematite Iron Works about 1877, 
and preserved at Newburn after being exhibited at 
Liverpool in 1886. 

What became of the old patterns is not known, and 
it seems strange that someone at the late Newburn 
Steel Works should not know the history of the relics. 

I am, yours faithfully, 
E. A. Forwarp. 

The Science Museum, South Kensington, 

London, 8.W., April 18, 1929. 














WELDED-BLADE MILLING CUTTERS. 
To THE EpiTor oF ENGINEERING. 

Srr,—On page 470 of your April 12 issue, you describe, 
under the heading ‘‘ Welded Blade Milling Cutters,” 
a type of cutter which, I believe, forms the subject of a 
provisional patent taken out by Messrs. The Brooke 
Tool Manufacturing Company, Limited, Warwick Road, 
Greet, Birmingham. 

It will probably be known to your readers that the 
practice of recessing the back of the blades used in a 
built-up milling cutter so that a shoulder is left on each 
side for the purpose of definitely locating the blade 
sideways, is by no means a novelty, such cutters having 
been in use for several years. 

In your article you state that “‘ the blades of cutting 
steel are welded in such manner that the finished cutter 
is virtually solid.”’ Further particulars of the method 
used would be of interest. 

Yours truly, 
J. H. BarBer. 

Norfolk Works, Sheffield, April 17, 1929. 








TORPEDO-BOAT DESTROYERS AND 
FLOTILLA LEADERS. 
To THE Epitor oF ENGINEERING. 

Stmr,—We are grateful to the Editor of ENGINEERING 
for publishing, in his issue of March 1, our comment 
relative to the article ‘“‘ Torpedo-Boat Destroyers and 
Flotilla Leaders,” which appeared in the January 11, 
1929, issue of ENGINEERING. 

We understood that the data contained in this article 
were taken from Fleets (The British Empire and Foreign 
Countries), but, at the time of writing you, did not 
know that this is a year-old publication. Had we 
known this, we should have questioned the reason for 
using data that were possibly long out of date. 

Our figures concerning both destroyers and flotilla 
leaders came directly from our Navy Department, 
and therefore are correct. Furthermore, 7'he Arma- 
ments Year-Book of the League of Nations—Fourth 
Year, 1927-1928, shows possession by the United 
States of the same number of destroyers as quoted in 
our letter to ENGINEERING—a total of 270 instead of 
the 309 mentioned in the article in question. 

Our arithmetic in arriving at the average trial speed 
of United States destroyers was very simple and easily 
acceptable to any who, like ourselves, could refer to 
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official figures. Once trial speeds are available, 
designed speeds are of no particular value in a tabula- 
tion such as that published by ENGINEERING, and not 
only may be, but are, misleading. 

Be assured that it is not our desire to start a con- 
troversy. We simply wish to do our share in seeing 
that the truth is told. Nor do we wish to question 
the good faith of ENGINEERING in presenting naval 
data. The principle behind our comment is that of 
fairness—fairness, above all, in being accurate and up 
to date in all details. 

Very truly yours, 
F. D. McHvex, 
Associate Editor. 
Scientific American, 24, West 40th-street, 
New York, March 27, 1929. 

[Our comment on Mr. McHugh’s previous letter 
sufficiently covers any points in this to which we would 
desire to reply.—Eb. E.] 








THE PACOIMA ARCH DAM IN 
CALIFORNIA. 


To THE EprTor or ENGINEERING. 

Str,—Permit me to call attention to some inaccur- 
acies in Mr. Noetzli’s article on the Pacoima Dam in 
your issue of January 18, 1929, page 70. 

The dam, which is a constant-angle arch dam, was 
originally designed by the Constant Angle Arch Com- 
pany, of San Francisco. In October, 1924, I was 
engaged jointly by the Constant Angle Arch Company 
and the Los Angeles County Flood Control District as 
engineer-in-charge. The excavation, originally esti- 
mated at 22,000 cub. yards, ran to about 100,000 cub. 
yards. Also some 65,000 dols. of reinforcing steel 
had been incorporated into the design. I redesigned 
the dam, eliminating the reinforcing steel, which, in 
my opinion, was of no use. It was designed on the 
assumption that the arches carry all the water load, 
and the method of design and construction of the 
dam was set forth in a paper “‘ Stresses in Thick Arches 
of Dams,” in the Transactions of the American Society 
of Civil Engineers, vol. 90 (1927), page 475. For this 
paper I was awarded the Norman Medal by the 
American Society of Civil Engineers. 

Therefore, the method of design used by Mr. Noetzli 
in connection with the small Stevenson Creek Test Dam 
was not used in connection with the Pacoima Dam, 
and Mr. Noetzli had no connection with this work until 
after I left, at which time the design was completed 
and thestructure itself more than 50 per cent. completed. 

In a discussion of the Stevenson Creek Test Dam 
results, which will appear in the Proceedings of the 
American Society of Civil Engineers, I have compared 
the results obtained by Mr. Noetzli by his method 
with the actual test results. The correlation is so 
small as to justify the rejection of the method for 
practical design. On the other hand, the test results 
agree closely with Professor Cain’s formulas for arch 
stresses. At elevation 30, for which the test result is 
particularly complete, I find the Cain formulas agree 
with the stresses calculated from the measured strains 
with a probable error of only 7-6 per cent. for a single 
measurement. In this calculation the yielding of the 
foundation was taken into account. 

Yours very truly, 
B. F. JAKOBSEN, 
of La Rue and Jakobsen, 
Consulting Engineers. 
Central Building, 
Los Angeles, Cal., U.S.A., March 23, 1929. 








ENGINEERING TRAINING AND 
EDUCATION. 


Busk Studentship in Aeronautics —A vacancy has 
arisen for the Busk Studentship in Aeronautics for the 
year 1929-30. The studentship is of the value of about 
150/., and is tenable for one year from October 1. It 
is open to any man or woman, being a British subject 
and of British descent, who has not attained the age 
of 25 years on October 1 next. Established in memory 
of Edward Teshmaker Busk, who lost his life in 1914 
while flying an experimental aeroplane, the object of 
the studentship is to enable the holder to engage in 
research in aeronautics, dealing specially with such 
subjects as stability problems, meteorological questions 
bearing on flight, and the investigation of gusts. Further 
particulars and forms of application for the studentship, 
which must be returned not later than May 12 next, 
may be obtained from Professor B. Melvill Jones, 
Engineering Laboratory, Cambridge. 








NATIONAL FEDERATION oF IRON AND STEEL MANv- 
FACTURERS.—At the annual general meeting of the 
National Federation of Iron and Steel Manufacturers, 
held in London on April 18 last, under the presidency of 
Mr. E. J. Fox, Sir Peter Rylands was elected President 
for 1930, and the Hon. R. D. Kitson, and Messrs. A. J. 
Grant and E. J. George were elected vice-presidents. 
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THE FLOW OF GASES THROUGH 
BEDS OF SOLID PARTICLES. 


In connection with attempts to formulate a quanti- 
tative theory of the working of the blast furnace, Mr. 
C. C. Furnas, of the United States Bureau of Mines, has 
been investigating the flow of gases through beds of 
broken solids (Reports of Investigations, Serial No. 
2904) in the North Central Experiment Station of the 
Bureau at Minneapolis, Minnesota. The report quoted 
is a summary of the research, particulars of which 
are to be published in a Bulletin, and is based upon 
hundreds of experiments made with different materials, 
such as coal, coke, stone, ore, &c., and with air and 
mixtures of hydrogen, nitrogen and carbon monoxide, 
such as would pass through the charge of a blast 
furnace. The rate of gas flow used ranged from 
0-005 to 0-15 litre per second per square centimetre 
(0-16 to 5 cub. ft. per square foot). 

When air is forced through a layer of broken solids, 
the rate of flow will depend upon 15 or more variables, 
the most important of which are: density of the gas 
and its molecular weight, viscosity and composition and 
temperature effects upon these factors ; size of container; 
size and shape of particles; degree of packing; and 
size composition of beds of mixed sizes. The general 
formula is A P = A R®, where 4 P is the pressure drop 
per unit length, R the rate of flow, and A and B are con- 
stants. The paper deals mainly with the effect of the 
variables upon these constants, which are expressed 
by a large number of sheaves of curves. More correctly 
the formula, on the metric system, is, 
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where B; 3°78 — 0-78 log,, T, and d is the 
average size of the particles. The full formula, 
allowing also for the height of the layer or column, 
would extend right across our page, but several 
examples show that the formidable formule can be 
applied. As the particles become larger, B approaches 
the value 2, which corresponds to particles of 0-5 cm. 
diameter. The constant A represents the resistance of 
the system independent of the rate of flow. There is 
a wall effect, the packing near the wall of the container 
being relatively less dense than in the bed, and mixed 
sizes of particles complicate matters ; fine particles of 
less than 14 mesh will, however, be lifted up by the 
gas and may be disregarded. 
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LAUNCHES AND TRIAL TRIPS. 


‘** ALGONQUINS.”—Single-screw Canadian lakes and 
canals cargo steamer; triple-expansion engine. ‘Trial 
trip, April 15. Main dimensions, 259 ft. by 43 ft. 4 in., 
by 20 ft. Built by Messrs. Barclay, Curle and Company, 
Limited, Scotstoun, for Messrs. St. Lawrence Steamships, 
Limited, Welland, Ontario, Canada. 


CANADIAN LAKES STEAMERS.—Three  single-screw 
Canadian lakes and canals cargo steamers;  triple- 
expansion engines. Main dimensions, 260 ft. by 42 ft. 
4 in. by 20 ft. All three vessels built by Messrs. Swan, 
Hunter and Wigham Richardson, Limited, of Wallsend- 
on-Tyne, and Southwick, Sunderland. The 8.8. Lockwell, 
launched on April 15, for Messrs. Welland Steamship 
Company, Limited, Welland, Ontario ; the S.S. Prescodoc, 
launched on April 16, for Messrs. Paterson Steamships, 
Limited, Fort William, Ontario; and the 8.8. Damia, 
launched on April 17, for Messrs. Inland Steamships 
Company, Limited, Winnipeg. 

“ TaRPoN.’’—Twin-screw steamer for passenger service 
in British Guiana. Trial trip, April 17. Main dimen- 
sions, 150 ft. by 30 ft. by 9 ft. Built to the order of the 
Crown Agents for the Colonies, by Messrs. Ferguson 
Brothers (Port Glasgow), Limited, Port Glasgow. 


‘** FarRLAKE.”—Single-deck, single-serew Canadian 
lakes and canals cargo steamer ; triple-expansion engine. 
Launch, April 22. Main dimensions, 259 ft. by 43 ft. 2 in, 
by 20 ft. Built by Messrs. Barclay, Curle and Company. 
Limited, Scotstoun, for Messrs. The Fairport Steamship 
Company, Limited. 

“ TaMARE.”’—Twin-screw shallow-draught oil-tank 
steamer; triple expansion engines. Launch, April 23. 
Main dimensions, length 335 ft., beam 55 ft., gross 
tonnage 3,240. Built by Messrs. Harland and Wolff, 
Limited, Belfast, for Messrs. The Lago Shipping Company, 
Limited, London. 

“MetRosE ABBEY.’—Single-screw passenger and 
cargo steamer; triple-expansion engine. Trial trip, 
April 23. Main dimensions, 280 ft. by 38 ft. by 18 ft. 3 in. 
Built for Messrs. The Hull and Netherlands Steamship 
Company, Limited, Hull, by Messrs. Earle’s Ship- 
building and Engineering Company, Limited, Hull. 








SLECTRIcCITY SUPPLY IN LiNcomNsHIRE.—It_ is 
announced that the Electricity Commissioners have 
granted a Special Order to Mr. R. Borlase Matthews 
for the supply of electricity to an area of 1,281 sq. miles 
in Lincolnshire. This district covers the whole of the 
county, except those parts which are already within 
the area of an authorised undertaking, and is mainly 
rural in character, so that its development will be watched 
with interest from both the technical and the economic 
points of view. 
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LABOUR NOTES. 


THE conference of the Trades Union Congress 


General Council, the National Confederation of 
Employers’ Organisations, and the Federation of 


British Industries, arising out of the joint invitation 
of the Confederation and the Federation of February 13 
last, took place in the Hotel Metropole, London, on 
Tuesday afternoon. The chair was occupied by 
Lord Gainford. Following on a statement of the 
position of the Confederation by Sir Ralph Wedgwood 
(President) and of the position of the Federation of 
British Industries by Mr. Lennox Lee (President-Elect), 
Mr. Ben Tillett (Chairman of the Trades Union General 
Council) spoke on behalf of the General Council. 
Thereafter a general and comprehensive discussion 
took place, and at the close of the conference the 
following resolution was unanimously adopted: 
“That this conference, representing the Trades Union 
Congress General Council, the National Confederation 
of Employers’ Organisations, and the Federation of 
British Industries, stands adjourned to consider the 
appointment of representatives from each organisation 
to be a committee to examine the best methods for 
consultation and co-operation between the three 
organisations and to report to a further meeting of 
the conference.” ae, 

At a meeting in Manchester on Tuesday, the 
Emergency Committee of the Federation of Master 
Cotton Spinners decided to recommend a _ lock-out 
at all the federated mills on May 18, unless the card- 
room operatives who are on strike at the Alma Mill, 
Oldham, return to work. Nearly 200,000 operatives 
are prospectively involved. The stoppage at the 
Alma Mill, it is claimed, was a breach of agreement, 
and the workers have persisted in it, despite recom- 
mendations by the Cardroom Operatives’ Amalgamation 
to end it. hess 

The London branch of the National Federated 
Electrical Association have agreed that the rate for 
a journeyman in the London area shall be increased 
by 5 per cent., such increase to be based on the rate 
fixed in accordance with the National Standardised 
Wages Agreement, and to remain in operation for 
six months. The new rate will, therefore, be 1s. 103d. 
per hour, against the existing rate of ls. 9}d., and it 
will take effect on the first pay-day in May for the 
pay period covered by that pay-day. The rate for 
mates will be increased proportionately, i.e., from 
ls. 54d. per hour to 1s. 6}d. per hour. 


On April 15, 1929, the number of unemployed 
persons on the registers of Employment Exchanges 
in Great Britain was 1,153,500. Of these 849,800 
were wholly unemployed, 226,100 were temporarily 
stopped and 77,600 were persons normally in casual 
employment; 891,800 were men, 38,700 boys, 
188,100 women, and 34,900 girls. Of 1,178,067 on 
the registers on April 8, 1929, 862,204 were wholly 
unemployed, 239,713 were temporarily stopped, and 
76,150 were persons normally in casual employment ; 
912,297 were men, 38,834 boys, 192,144 women, 
and 34,792 girls. The number of unemployed persons 
on April 16, 1928, was 1,083,774, of whom 872,934 
were men, 36,143 boys, 142,643 women, and 32,054 
girls. 


At Aberdeen, on Friday last week, the Scottish 
Trades Union Congress unanimously adopted a 
resolution calling upon the Government to set up 
a Royal Commission to inquire into the present 
unsatisfactory position of the iron and steel industry. 
The inquiry should have regard, it was stated, to 
whether the organisation of the industry, its technical 
and mechanical equipment, and its financial policy 
were such as to enable it, other things being equal, 
to justify its position in the economic life of the 
country and in world trade; to the factors of compe- 
tition arising from trade restrictions and barriers on 
the part of its competitors, from lower standards of 
wages, hours, and labour condi‘ions in competing 
countries, and from subsidies direct or indirect, or 
other similar measures in competing countries in 
relation to their exports; and to the cost of unem- 
ployment, not only in actual expenditure for the 
maintenance of the unemployed, but in the waste 
of skill and loss of morale, and the possibilities of 
the capitalised value of this or its equivalent being 
applied productively as a part of an organised scheme 
of dealing with industry. 


In the House of Lords, Lord Parmoor has called atten- 
tion to statements made at Geneva on the subject of 
the Washington Eight Hours’ Convention and moved : 
‘That in the opinion of this House there should be 
no further delay in ratification.” 


Viscount Cecil of 
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Chelwood said that he could not help feeling that 
the attitude of the Government had produced in 
this country and abroad, rightly or wrongly, a feeling 
that they were not genuinely anxious to put the 
policy of the Convention into force. By the 
action the Government had taken they had seriously 
injured the system of settling international questions 
by international agreement. The Marquis of London- 
derry, First Commissioner of Works, replying, expressed 
disbelief that Labour generally in this country was 
in favour of the rdtification of the Washington Con- 
vention as it stood. Indeed, the proposal of Mr. Shaw 
(Minister of Labour in the Labour-Socialist Govern- 
ment) to ratify the Convention ‘‘ without modification, 
but with explanation,” really meant agreement with 
the view of the present Government, and was a 
confession that Labour was not satisfied with the 
Convention as it stands. The position of His Majesty’s 
Government was clearly expressed by the Committee 
on Industry and Trade, appointed by Mr. Ramsay 
MacDonald himself, namely, that the ratification of 
the existing Washington Convention would be a 
hazardous step, and that the attempt to secure a 
more satisfactory agreement ought to be made. He 
claimed that there was unanimity on this important 
question of industrial agreement. It was clear that 
if there was a measure of division of opinion as to the 
exact form of the instrument, the whole country, His 
Majesty’s Government and both parties in Opposition, 
the employers’ organisations and organised labour alike, 
was unanimous in the support which, in accordance 
with our pledges under the Versailles Treaty, we gave 
to the principle of the eight-hour day, or forty-eight 
hour week, enshrined in the Washington Convention. 
The motion was rejected by 18 votes to 6. 





Mr. G. Harroway, the General President of the 
National Union of Printing, Bookbinding, and Paper 
Workers, addressing the tenth annual convention of 
the Joint Industrial Council of the Printing and 
Allied Trades of Great Britain and Ireland at Olympia, 
said that voluntary conciliation was becoming so 
well established as a habit within the industry that 
the possibility of any serious stoppage was exceedingly 
remote. Greater impetus would be given to the 
principles the Council stood for if it paid more con- 
sideration to securing complete organization of em- 
ployers and employed. It was only by complete 
organisation that many evils which occurred in the 
industry could be removed, and complete effect given 
to joint decisions reached. The results achieved 
during the ten years of the Council’s existence had 
more than justified the hopes and aspiration of those 
who assisted in its formation. 


The fifty-seventh annual report of the United 
Pattern Makers’ Association states that in 1928 the 
membership decreased from 11,055 to 10,946. The 
gross income was 87,857]. 17s. 1ld. as compared 
with 94,5271. 13s. 4d. in 1927, and the gross expenditure, 
78,1361. 6s. 5d. as compared with 84,604/. Os. 11d. 
The Trade Union figures show increases in income and 
expenditure of 999/. 9s. 3d. and 9551. 7s. 10d. res- 
pectively, the net addition to the funds being 
9,8281. 3s. 6d., bringing the total up to 70,2621. 4s. 1d. 
‘* But,” Mr. Findlay, the General Secretary goes on 
to say, “‘we are not yet straight with our various 
accounts as brought forward from previous years. ... 
During the very bad years, 1921 and 1922, and, to a 
lesser extent, 1926, we transferred the money standing 
to the credit of the various Funds on loan to the 
General Fund to enable us to pay benefits to our 
more unfortunate members. A reference to past 
yearly reports will show a gradual repayment of the 
amount so used. Our indebtedness, which amounted 
to 38,5181. in 1922, is now reduced to 7,962/., and by 
another year should be wiped out, especially if we 
are fortunate in having good trade.” 





The official weekly organ of the International 
Labour Office states that the Committee on Public 
Works and Communications of the French Chamber 
of Deputies has unanimously approved, on the basis 
of a report submitted by Mr. Jules Moch, a Bill origin- 
ally introduced in 1924 by Mr. P. Aubriot, providing 
for the introduction of automatic couplings through- 
out the French railway systems. This Bill provides 
that after a period of ten years from the date on 
which the Joint Committee proposed by the Inter- 
national Labour Conference at its Eleventh Session 
submits its report, and in any case after January 1, 
1942, it shall be illegal to cause to circulate on the 
French railway systems, vehicles not fitted at both 
ends with automatic couplers. The International 
Labour Conference, at its 1928 session, adopted a 
resolution, it may be explained, calling on the Inter- 
national Railway Union to continue as actively as 








possible its research in connection with automatic 
couplings, and to inform the International Labour Office 
of its results as soon as possible, and in any case within 
two years. lal 

The resolution also requested the Governing Body 
of the International Labour Office to set up a Joint 
Committee of 21 persons representing Governments. 
employers and workers, to study the question as a 
whole. At its Forty-Second Session, held in Warsaw 
in October, 1928, the Governing Body decided that 
the International Railway Union should be requested 
to give effect to the resolution adopted by the Con- 
ference. The Governing Body also decided that the 
Joint Committee should be set up not later than the 
end of 1929. Mr. Moch, who reported to the French 
Chamber of Deputies on the Bill introduced by Mr. 
Aubriot, calculated that a period of two years would 
be sufficient to enable the Committee to submit its 
conclusions, and adopted January 1, 1932, as the 
beginning of the period of 10 years allowed for the 
general introduction of automatic couplings in France. 
If the Bill now under consideration in France becomes 
law, automatic couplings will have to be in use 
throughout the railways of that country by January 1. 
1942, whether any international decision is arrived at 
or not. 





According to The Ministry of Labour Gazette, rates 
of wages generally showed little movement in 1928, 
the great majority of workpeople being unaffected 
by any changes during the year. In all the industries 
and services for which statistics are available the 
changes in rates of wages reported to the Department 
as operating in 1928 resulted in an aggregate net 
decrease of 163,800]. in the weekly full-time rates of 
wages of 1,615,000 workpeople, and a net increase of 
21,8001. in those of 217,000 workpeople. The net result 
of all the changes reported was, therefore, a decrease 
of 142,000/. in the weekly full-time wages of the work- 
people in the industries covered by the statistics. As, 
however, the rates of wages of the great majority of 
workpeople remained unchanged throughout the 
year, the effect of this reduction on the general level 
of wages was relatively small, the average decrease 
for all industries combined being equivalent to less 
than 1 per cent. of the wage-rates in operation at the 
beginning of the year. When account is taken of all 
the information in the possession of the Department, 
it is estimated that the average increase between July, 
1914, and the end of 1928, in the weekly full-time rates 
of wages of those classes of workpeople for whom 
particulars are available, was between 70 and 75 per 
cent. 





The wages of workpeople engaged in the manu- 
facture of pig-iron and finished iron and steel, which 
fluctuate in nearly all the principal districts under 
sliding scales dependent on the selling price of pig-iron 
or of manufactured iron and steel, were reduced in most 
districts in 1928, the principal exception being steel 
smelters in various districts, who received an increase, 
and Siemens steel workers in South West Wales, whose 
wages, though varied, were at the same level at the 
end as at the beginning of the year. In the case of 
blastfurnace workers in South Staffordshire, Notting- 
hamshire and Derbyshire and Northamptonshire, of 
blastfurnace workers and iron and steel workers in 
South Wales and Monmouthshire, and of steel workers 
at Sheffield, there were no changes in wages during 
the year. In the districts in which reductions occurred, 
the lower-paid workers were in many cases excluded 
from the effects of the changes. 





In the shipbuilding industry, the bonus paid to 
adult plain time-workers in federated shipyards was 
restored, by two instalments, to 10s. a week, involving 
an increase of 3s. a week for most classes of skilled men, 
and increases varying up to that amount for many semi- 
skilled and unskilled men. Railway shopmen, who 
are classified for the purpose of these statistics in 
the engineering industry, sustained a reduction of 
24 per cent. on gross earnings. There were also 
reductions in the wages of tinplate workers in South 
Wales and Monmouthshire, light castings workers, and 
electric cable makers. In the metallic bedstead 
industry, and in the bobbin and shuttle trades, there 
were changes which resulted in wages being at the 
same level at the end as at the beginning of the year, 
but in most of the other metal industries, including 
engineering, there were no changes recorded. 





The total number of workpeople whose normal 
hours of labour were changed in 1928, so far as reported 
to the Department, was 3,400. Of these, 1,400 had 
their hours increased by an average of about 33 hours 
per head per week, and 2,000 had their working time 
reduced by about 2} hours per week. 
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THE STANDARDISATION OF KEYS 
AND KEYWAYS.* 
By Wittiam REAvVELL. 

THE decision to appoint a committee to deal with the 
standardisation of keys and keyways by the Engineer- 
ing Standards Committee, now known as the British 
Engineering Standards Association, was arrived at 
as a result of a letter, written by the author nearly 
twenty-four years ago. It touched only the fringe 
of the subject, but its results have been far-reaching. 
The main committee of the old Engineering Stan- 
dards Committee considered that standardisation was 
desirable, and appointed a sub-committee in 1906, 
with power to add to their number. The importance 
of obtaining the views of the industries of marine 
engineering, motor manufacturing and electrical 
engineering, &c., led to the inclusion of representatives 
of such industries. 

The range of work then contemplated only comprised 
parallel and taper headless keys. A questionnaire 
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was drawn up for submission to a large number of 
users and makers of keys, covering the following 
matters :—(1) The forms of keys most generally used. 
(2) The range of shaft sizes manufactured. (3) The 
proportions for the keys and keyways. (4) The 
number of key sizes to be standardised. (5) The types 


FACING PROVIDED FOR FIXING DEFLEXION MEASURING APPARATUS 






(2) That the depth of the key should be two-thirds of 
the width. (3) That the immersion of the key in the 
shaft should be half the depth of the key, measured on 
the centre-line. Thereupon the sub-committee com- 
pleted, and the Engineering Standards Committee 
published, the first British Standard Specification for 
Keys and Keyways, No. 46, in September, 1909. This 
specification for the first time standardised keys of 
definite sizes suitable for shafts from 1} in. up to 12 in. 
diameter, and accurately finished key bars from which 
keys could be cut off, the key bars being manufactured 
within a tolerance varying from 0-002 in. for the key 
for the smallest shaft, to 0-005-in. for the largest key 
for the 12-in. shaft. The tolerances for the keyways 
were also determined. Keybars could then be ordered 
in considerable lengths, and the keys could be cut off 
to any required length, a few strokes of a file being 
sufficient to produce a standard key to fit a standard 
keyway. 

After the publication of this specification it became 
clear that there was still some doubt that the Com- 


REVERSAL STRESSING. 
Length of Lever—20 inchies. 


Diameter of Cylinder—7 inches. 
Area of Cylinder—38-5 sq. inches. 
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mittee’s standard key satisfied all conditions in prac- 
tice, particularly in the case of reversing stresses thrown 
upon a key. Furthermore, the question of standar- 
dising other forms of keys demanded consideration. 
The problem was referred to the main committee in a 
report, and the sub-committee was authorised to 





TABLE I.—Resvutts or Tests witH STEEL SHarrs oF HIGHER TENSILE STRENGTH. 


























Angular Movement of Lever in Radians at End 
Material Brinell Dimen- of Period, at Torque of 
Test No of Shaft, Hardness sions of 
P tons per Number Kev in 
square inch. of Shaft. eo —_ 
5,000 Ib.-in. 10,000 Ib.-in. | 15,000 Ib.-in. | 20,000 Ib.-in. 
re) 32 142 § X55 0-00015 0-0003 0-0006 0-0031 
10 32 142 § x, Nil — — Nil or 0:0044 
(Unsatisfactory 
test) 
13 32 142 gx Less than 0-0009 0-0016 0-0020 
(Repeat of 0-0001 
No. 10) 
11 44 206 &X Ys 0-00015 0-0010 0-0016 0-0023 
12 44 202 § x Nil Nil Nil 0-0028 
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of keys to be standardised. (6) The margins of manu- 
facture to be specified on the steel bars from which the 
keys were to be cut. From the replies received from 
the questionnaire a tentative proposal for standard 
key"sections was drawn up and submitted to a number 
of firms for criticism. At this stage a considerable 
difference of opinion among the members of the sub- 
committee, and of practice in the country, was manifest 
on two important points :—(a) The depth of the key 
in relation to its width ; and (b) the depth of immersion 
of the key in the shaft. 

Experiments were then carried out by the late Mr. 
Ransom at the works of the Unbreakable Pulley and 
Millgearing Company, with the collaboration of 
Dr. Unwin and Professor Larard, which resulted in the 
following decisions :—(1) That the width of the key 
should be one-quarter of the diameter of the shaft. 





* Paper read before the Institution of Mechanical 
Engineers, on Friday, April 19, 1929. Abridged. 





Norge.—-A movement of 0-01 inch at the surface of the shaft is equal to an angular movement of 0-008 radians. 


investigate more fully the work thrown upon a key 
when subjected to alternating stresses. Various 
designs of machines were considered, and, finally, the 
design of a pneumatic testing machine was approved, 
and this machine was manufactured by Messrs. Reavell 
and Company in readiness for tests to be carried out 
at the National Physical Laboratory. 

Figs. 1 to 3 show the construction of this machine. 
The specimen shafts used for carrying the keys were 
2} in. diameter. To ensure perfectly sound material they 
were. forged down and turned from a 4-in. diameter 
shaft. They were securely clamped between the cap 
and base of the machine, as shown. The hub to carry 
the key was formed of a cast-iron ring having a flange 
by which it was bolted to a long cast-iron arm pro- 
vided with a jaw at its other extremity. In this jaw 
a crosshead was fitted, and secured to the arm by a 
pin. The ends of the crosshead were faced to bear 
against two pistons arranged to supply pressure alter- 
nately to each side of the crosshead. The two pistons 


2 


were linked together by a pair of springs. In the base 
of the machine was a shaft with a stepped cone pulley, 
so designed that speeds up to 500 r.p.m. could be 
obtained. On this shaft were keyed two eccentrics 
operating piston valves, one at each end of the cylinder, 
so that air pressure could be applied to one piston or 
the other alternately at any required speed up to the 
maximum, which would give 1,000 reversals of stress 
on the key per minute. 

At this stage it was determined to test the relative 
values of square keys and rectangular keys. Following 
the rule that the key should have a width one-quarter 
of that of the shaft diameter, the keys were -in. 
wide, the rectangular keys being 7 in. deep, and the 
square keys § in. deep. The alternating torque, 
which could be applied to the key, was very simply 
regulated by varying the air pressure, and the maximum 
torque attainable was as high as 65,000 Ib.-in. Figs. 4 
and 5 show the machine as arranged for the tests, and 
it will be seen that a recording gear was fitted to it in 
order (1) to measure the relative movement between 
the hub and the free end of the shaft; (2) to draw a 
record giving the movement of the top end of the 
rocking lever; and (3) to give a record of the air 
pressure on the piston attached to the lever on the 
crosshead. During 1913 and 1914 tests were carried out 
at the National Physical Laboratory. The mechanical 
tests on the materials gave the following results :— 


Tensile Test. 








Mild Steel Key 
Shaft. Steel. 
Yield stress, tons per square 
inch aes ee aa 11-8 24-9 
Ultimate stress, tons per 
square inch aaa Pee 25-6 33-6 
44-2 21-3 


Extension, per cent.* : 

Ball{ Hardness Test.—10 mm. Ball, 3,000 kg. 

Hardness Ne 

Cast-iron oe F 344 
Mild-steel shafts 

Forged-steel shafts 

Compression Test. 

Crushing stress of cast iron= 58-4 tons per sq. in. 


In making a test, the cylinder air pressure was regu- 
lated to give an alternating torque on the shaft of 
given amount. After 5,000 or more alternations, the 
torque was increased by a definite quantity and the 
process repeated. It was found that, except with 
torques of 45,000 lb.-in. and over, there was very 
little alteration of the movement recorded after the 
first 100 alternations. The combination ultimately 
failed by the shaft heating and seizing in the hub 
and consequent shearing of the shaft. The results 
appeared to indicate that with the mild steel the deep 
key was preferable, whilst on the forged steel the results 
were reversed. It was apparent that the smaller of 
the two keys was amply strong with mild or forged 
steel when used on an overhung shaft. Careful measure- 
ments of the keys and keyways: before and after the 
test showed that practically all the deformation took 
place in the keyway in the shaft, and further that, as 
would be expected, the greater part of this deformation 
took place near the fixed end of the shaft, where the 
elastic displacement was necessarily least. 

On the outbreak of the war no further meetings of the 
sub-committee were held, but the work was resumed 
in November, 1922, the Engineering Standards Com- 
mittee having, in the meantime, become the British 
Engineering Standards Association, and the sub- 
committee was reconstituted to include every interest 
concerned. The previous work of the earlier sub- 
committee was reviewed, and, as the information given 
by the first series of tests was not considered conclu- 
sive, a further series was carried out at the National 
Physical Laboratory with the same pneumatic testing 
machine, on steel shafts of higher tensile strength. 
The material used for the purpose of these tests was : 
(1) a bar of steel having an ultimate tensile strength 
of 32 tons per square inch, and (2) a bar of steel having 
an ultimate tensile strength of 44 tons per square in. 
The sizes of the keys used were the same as those in the 
first series of-tests, namely § inch wide by 7-inch deep, 
and -inch wide by $-inch deep. The method of keying 
the hub to the shaft and of carrying out the tests was 
precisely the same as that adopted in the first series, 
with the exception that as the maximum torque to 
which shafts of this size are supposed to be liable was of 
the order of 20,000 Ib.-in., it was thought advisable 
to confine the torques applied during the test to values 
within this limit, and to repeat them for a much greater 
number of times. The programme on each combination 
of shaft hub, and key has accordingly been as follows :— 


161-186 
192-265 





Alternating Number of Alternations per 
Torque, Ib.-in. Alternations. Minute. 
5,000 500,000 100 
10,000 100,000 100 
15,000 100,000 100 
20,000 500,000 100 


The results of the tests are summarised in Table I. 








* Test-piece 0-625 in. x 0-438 in., gauge length 6 in. 
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It will be seen that the material of the shafts from the 
same bars gives hardness numbers in very good agree- 
ment. The results of tests Nos. 9, 10, 11, and 12 show 
that up to a torque of 15,000 lb.-in. the larger key 
(test No. 12) is superior to the smaller one, in that no 
movement could be detected, but at torques of 20,000 
lb.-in. the behaviour of the two keys was much the 
same. This conclusion is not borne out by the results of 
test No. 13, which was a repetition of test No. 10. 
An examination of the dimensions of the hub, shaft, 
key and keyway, before the test, appeared to indicate 
that it was the slight taper of the hub (0-002 in.) in 
the direction most favourable to the movement which 
was probably responsible for the movement at low 
torques which was observed. The fact that in test 
No. 10 no movement at low torques was recorded can 
also be ascribed to the good fit of the shaft and hub 

















immersion of the key half its depth at the sides of the 
key instead of on the centre-line. The amended table 
of plain rectangular keys, and the new table of plain 
square keys, were published in 1924 as British Standard 
Specification, No. 46, Part I. Taper keys, however, 
will appear for the first time in the British Standard 
Specification No. 46, 1929. 

Gib-Headed Keys.—The next work undertaken was 
to standardise gib-heads for rectangular and square 
taper keys. The key itself is the same in section and 
taper as the corresponding plain taper keys, so as to 
ensure similarity in keyways. These keys will appear 
in specification No. 46, 1929. In determining the 
dimensions of the gib-heads the sub-committee had to 
take into consideration (1) whether the heads should 
have a bevel or a radius; (2) whether the inner face 
of the head should make a right angle with the lower 
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the fixed or sliding member, a suitable increase in the 
length of the peg must be provided. 

Coned and Keyed Shaft Ends.—Three points arose 
in considering these, namely (1) the standard taper 
to be adopted; (2) the relation the key should bear 
to the standard rectangular and square keys for a 
given shaft diameter; and (3) whether the key should 
be fitted parallel to the axis of the shaft or parallel 
to the side of the cone. As regards the taper, existing 
practice showed that, whilst 1 in 10 on the diameter 
was more common for general engineering practice, 1 in 
12 was the usual marine practice. Ground samples were 
made having tapers of 1 in 10 and 1 in 12, and the 
amount of effort required to force the hubs off the 
shaft ends tested. The sample shafts were 6 in. dia- 
meter, and the length of the hubs was 1} times the 
diameter of the shaft. The shaft ends were of mild 
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at the small end of the key. The results confirm the | face of the key or whether it should make an acute | steel, and the hubs of cast iron, and were forced on*at 
conclusions from the first series, that the %-in. by | angle, and (3) whether the line of contact of the head 


%-in. key is amply strong for a 2}-in. shaft, when | 
using shaft material of an ultimate strength up to| 


44 tons per square inch. | 

The specification No. 46 was reviewed in the light of | 
the experience gained since its issue in 1909, and it was 
decided that the issue as to the rectangular versus the | 
square key would best be solved by issuing separate 
tables for each, so that users would have the choice of | 
two standardised keys for any shaft diameter. Tables | 
were, therefore, prepared for the following :—Rect- | 
angular parallel keys, square parallel keys, rectangular | 
taper keys, square taper keys. The tolerances for | 
standard key bars for these were also determined, 
and the taper keys of each class were so proportioned 
that the same key bar would serve. Keys for shafts 
from ¥-in. up to 12 in. diameter were provided for. 
In every case the key can,be cut off from the finished 
bar, and by a few strokes of the file can be fitted into | 
the standard keyway. Th rectangular key has still a | 
width nominally one-quarter of that of the shaft | 
diameter, and a depth two-thirds of its width. | 
Regarding immersion of the key in the shaft, it has been | 
found more convenient for shop practice to make the | 


with the upper face of the key should have a radius. 
It was decided that the heads should have a 45-deg. 
bevel; that the inner face of the head should be at 
right-angles to the lower face of the key, and that a 
small radius should be shown at the junction of the 
gib-head with the key. The dimensions for the gib- 
heads were based on the following proportions :— 





Width of head = width of key plus 4,-in. 


Projection | 


of head above upper face of key = half width of | 


key plus y,-in. The length of the key is measured 
from the end of the key to the inner face of the 
gib-head. 


ordinary shop temperature. The result of these tests 
showed that there was very little difference between 
the two tapers as regards the pressure required to remove 
the hubs after being drawn on to the shafts by means 
of an equal and known leverage applied to the nuts 
on the screwed ends of the shafts. It was recom- 
mended (1) that the standard taper be 1 in 10 on the 
diameter; (2) that the key be parallel to the side of 
the cone; (3) that the keys should conform to the 
dimensions of the standard rectangular or square keys, 
the size of the key corresponding with the shaft dia- 
meter equivalent to the larger end of the cone ; fand 


| (4) that the key should not be shorter than 1} times 


Peg Feather Keys.—This type of key is of square | 
section and is largely used in the construction of | 
machine-tools, and permits relative axial movement | 


between the shaft and a hub or other member of the 
pair. The peg can be round or square and may be 


the diameter of the shaft at the large end of the cone. 
Tangential Keys.—This form of keying is chiefly 
used for heavy electrical machinery, rolling mills, &c., 
where the load is intermittent and periodically reversed. 
It appeared that there was no common basis for the 


placed at the centre or at one end of the key. The | standard dimensions for these keys, but it was felt that 
peg feather key sections correspond with the standard | this was a very useful type of key, which was likely to 


square parallel keys, enabling the same keyways to be 
used for both types of key. The standard depth of the 
peg has been made equal to the thickness of the key. 
In cases where it is desired to rivet the peg of the key to 


come into more general use if a table of standard 
dimensions were available. Proposals for two types of 


| tangential keys were then drawn up as shown in Fig. 6. 


In each type the keyways are machined parallel with 
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the axis of the shaft both in the shaft and in the hub. 
The keys are also parallel on three sides, but the 
sides of the key which come into contact with each 
other have a taper amounting to 1 in 100, thus forming 
a pair of folding keys. The wedge action of this taper 
tends to tighten the parallel sides of the key against 
both the hub and shaft, thus ensuring a very tight 
fit on the driving edges of both keys, which is a matter 
of great importance in cases where, owing to heavy 
reversing drives, it is found necessary to fit two keys in 
one shaft. 

It will further be noted that in type A design the 
widths and the thicknesses of the keys are mathemati- 
cally fixed in relation to each other. The width W 
of the two parts forming the key is three-tenths the 
diameter of the shaft, and the thickness T necessarily 
follows as one-tenth of the diameter of the shaft. 
The alternative type of tangent keying, type B, which 

ives the same wedging action when driven tight, may 
preferred as regards the machining, as both keyways 

in the shaft or hub can be cut at one operation. In the 
case of type A, it will be obvious that, owing to the fact 
that diagonally opposite points of the key section must 
be on the circumference of the shaft, a key of different 
width and thickness would theoretically be necessary 
for every change in shaft diameter, however small. 
In type B, on the other hand, a key of given width 
and thickness is used for any intermediate shaft dia- 
meters between defined ranges. The length of the 
keys is determined by the length of the hole in the part 
to be keyed on the shaft. The extra length for driving 
should not be less than the width of the pair of keys. 
Gib-heads should be used when the keys can only be 


Fig. 6. 





essential that the fit should be on the minor diameter 
of the shaft so that the hardened gear can be readily 
ground to fit after hardening. The splines are, therefore, 
bottom fitting, t.e., the fit takes place on the minor 
diameter of the shaft. 

Multiple Splines.—As the increasing use of splines 
is likely to lead to their being generally adopted for 
large-diameter shafts, and in view of the fact that the 
use of a large number of splines gives a greater relative 
strength compared with a solid shaft than the use of 
fewer but deeper splines, a tentative table of multiple 
splines, based on eight splines per inch of diameter, 
covering the same range of shaft diameters and fits 
as in the case of the four- and six-spline standard, has 
been prepared. The fit in this case takes place on the 
major diameter of the shaft. The multiple splines are 
not intended for work which has to be subsequently 
hardened, and it is probable that their use will be 
limited to hollow shafts with thin walls and to cases 
where hubs are of large diameter and at the same time 
relatively short. The indexing of all spline shafts and 
broached holes should be within such limits that the 
shaft will enter either end of the hole in any possible 
engaging position. 

Serrations.—Serrated shafts and holes are intended 
for such purposes as the attachment of levers to shafts 
where the angular position of the lever may require 
fine adjustment, and for the attachment of thin hubs 
to shafts. The standard B.E.S.A. table covers shaft 
diameters from }-in. to 3 in. in the same four classes 
of fit as those for the standard splines. The fit takes 
place on the sides of the serrations, a clearance being 
provided at the crests and roots of the teeth, as in Fig. 7. 


TYPE A. TANGENTIAL KEYS. TYPE B. TANGENTIAL KEYS. 
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driven from one end. If both ends are accessible, 
gib-heads are not necessary. When gib-heads are 
used the length of the keys should be measured to the 
inside of the heads. 

Woodruff Keys and Keyways.—In 1920, the British 
Engineering Standards Association issued a standard 
specification for milling cutters, which included a table 
of dimensions for cutters producing Woodruff keyways, 
but no authoritative table of dimensions for the keys 
and keyways has been available in this country. The 
operations of cutting a key-seat for Woodruff keys and 
fitting the key do not require highly-skilled labour. 
The Woodruff key reaching deeper into the shaft than 
one of ordinary construction, it is more firmly embedded 
and hence is capable of standing a much greater stress. 
It is impossible for a Woodruff key to roll over in its 
seat as is sometimes the case with an ordinary key. 
The projection of the key above the shaft is equal to 
one-half its thickness. The standard table which has 
been drawn up by the sub-committee covers key-sizes 
from }-in. to 1}-in. diameter in various thicknesses, 
the widths and depths of the keyways in the shaft 
and hubs, and the manufacturing tolerances thereon. 
The corresponding Woodruff key cutter numbers, 
as listed in Table XXXI of the British Standard 
Specification for milling cutters, are also given. 

Splines.—Post-war years have seen a rapid growth 
in the use of splines, or castellated shafts, and the sub- 
committee investigated current practice thoroughly. 
It was found that variations existed in regard to the 
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Taper Pins.—The standard taper pins (solid and 
split) have been designated by their fractional sizes 
and not by Morse numbers, and the size of the pin is 
measured by its diameter at the large end. The 
standard taper is 1 in 48 on the diameter, which is 
equivalent to }-in. per foot on the diameter. The 
standard table contains sizes from j;-in. to %-in. 
diameter, in lengths varying from }-in. to 6 in. These 
diameters and lengths are those which makers in 
general are prepared to supply from stock. Intermediate 
and larger diameters and pins of greater length, such 
as those used for locomotive work, are not regarded 
as stock sizes. Split taper pins are required to be split 
and not sawn, and the length of the split portion must 
not be less than 20 per cent. of the length of the pin. 
Standards for hand and machine taper pin reamers 
were issued by the British Engineering Standards 
Association in 1920. A standard specification for the 
material and tests for solid and split taper pins has 
also been drawn up. The chemical composition has 
been defined. The finished pins have to show a tensile 
breaking strength between the limits of 28 and 32 tons 
per square inch, with an elongation of not less than 
25 per cent. measured on a gauge length equal to four 
times the square root of the area of the test-piece. 
Solid taper pins must permit of being bent cold through 
an angle of 180 deg. round a circle of diameter equal to 
the mean diameter of the pin without showing signs 
of fracture. Split taper pins must permit of being 
opened up for two-thirds the length of the split and 


number of splines and the amount by which each spline | the wings bent backwards through an angle of 180 deg. 


stood out on the shaft. 


the practice was growing of using a large number of | 
small splines on a shaft, and the investigation of this | 


led to the use of still smaller splines of a V-shaped | 
| standards which have been dealt with in this Paper, 


form, known as serrations. 


It was further observed that | and closed upon the pin without showing signs of 


fracture. 
Standard Nomenclature for Keys and Keyways.—In 
conjunction with the steady work on the new tables of 


Four and Six Splines.—Standards for four and six | the reconstituted committee has also been investigating 
spline-shafts and holes, both shallow and deep, have | the question of nomenclature, because of the diverse 


been drawn up, covering shaft diameters from }-in. 


names given in various parts of the country to the 


to 6 in. Four classes of fits have been provided, corres- | same form of key. 


9 «66 


ponding to “easy sliding, 


close sliding,” “light | 


In conclusion, the author ventures to suggest that 


driving,” and “‘ force ” fits. In machine-tool and other | the completed specifications when issued will form an 
classes of work, a hardened gear is frequently fitted to | excellent illustration of the advantages of standardisa- 
an unhardened spline-shaft, and in such cases it is! tion for an engineering component so universally used, 


and it is a matter of some pride to this country that 
the British Engineering Standards Association should 
be the first to arrive at and publish such a compre- 
hensive series of standards. For the first time technical 
schools and technical colleges and the engineering works 
of the country will have an agreed standard, and a 
definite nomenclature which should be of advantage to 
engineering development. 








THE TESTING OF ELECTRO-DEPOSITS 
ON ALUMINIUM.* 
By G. B. Brook, F.I.C., and Grorce H. Srort, B.Sc., 
A.I.C. 


THE electroplating of aluminium since its potential 
value was early recognized by industry, has claimed 
the attention of electroplaters, both practical and 
theoretical, for the last thirty-five years. The inherent 
difficulties, by no means entirely removed to-day, 
have hitherto delayed the publication of any really 
successful method of plating this metal. With the 
enormous growth in production of aluminium, the 
need for a successful method of plating has become 
imperative ; to produce a final finish of gold, silver, 
or metal colouring would extend the use of aluminium 
into many fields in which at present its use is restricted 
or non-existent. Scattered throughout the general 
technical publications are innumerable references 
(very often of doubtful value) to the electro-plating of 
aluminium, and, so far as the authors are aware, 
practically no definite reference is made to the testing 
of the stability of the deposit. When the work 
represented by this paper was first presented as an 
internal report to the British Aluminium Company, 
Limited, with which the authors are connected, the 
paper by Harold K. Workf was not published, but 
the authors’ attention has since been drawn to it. 
It certainly contains references to an adhesion test 
and a corrosion resistance test, but it is to be regretted 
that these tests were not standardised, and even in 
the case of the corrosion test the details are very 
scanty. 

It may be of interest here to refer to the general 
features of, and the reasons put forward to account 
for, unsuccessful deposits on aluminium. Given 
good conditions, it is not difficult to obtain a smooth, 
continuous coating of the usual deposited metals on 
aluminium. Close examination discloses no surface 
defect even after months. In course of time, however, 
a microscopical blister makes its appearance, favoured 
by a shape which is concave, and in the centre of 
which it usually develops, e.g., the bowl of a spoon. 
These blisters grow in size and number, small blisters 
coalesce to form larger ones, until a few months later 
the whole deposit can be stripped away with the 
finger-nail. This hitherto inherent difficulty has 
been ascribed to one of two causes, perhaps operating 
together: (a) The inability to ensure an oxide-free 
surface when the first film of deposited metal was 
** struck,” or (6) porosity of deposit, leading to under- 
mining and loosening of the metallic film. The 
evidence, then, of blister on any plated aluminium sheet 
must always entail its rejection. 

In the course of years, deposits of an apparently 
satisfactory nature have been put upon the market 
by various commercial concerns, but, as already 
stated, no test for deposits of the ordinary thickness 
have been published which would show, even relatively, 
the merits of such electroplating, and, in particular, 
the behaviour and durability after long-time exposure. 
In the case of very thick deposits, where the probable 
raison d’étre has been rather the “ building up” of 
the article than the protection of it against corrosion, 
it is comparatively easy to determine the adhesion 
strength of such a deposit. We believe tests have 
been carried out by the National Physical Laboratory, 
similar to those described by C. H. Faris.{ 

It appeared then to the authors, who were required 
to report upon the protective value of certain com- 
mercial deposits on aluminium, that the following 
would specifically, or relatively, show the protective 
quality of the respective deposits: (a) The actual 
weighed and measured thickness of the deposit. 
(6) The non-porosity of the deposit as shown when 
examined microscopically. (c) The measure of ad- 
hesion as shown by a standardised twisting test, in 
which the metal was preferably compressed and 
extended in the same operation, and (d) A corrosion 
test of a drastic character. It was decided that such 
test (d) would not only disclose inherent weakness 
(porosity of the deposit), but where penetration 
was actually met with, would also be a measure of 
the strength of adhesion in permitting, or otherwise, 
corrosion to proceed between the deposit and the 


* Paper read before the Institute of Metals, London, 
on Wednesday, March 13, 1929. Abridged. 

+t Trans. Amer. Electrochem. Soc., vol. liii, 364 (1928). 

t Trans. Inst. Eng. Ship. Scotland, vol. \xxi, page 209 
(1927-28). 
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basis metal, as represented by the size and number of | sheets, the deposits on four were markedly unsound, | fortunately, the authors had no means of discovering 


the blisters produced. 


piece of the original sheet. 


| whereas as a whole the polished deposits were prac-| whether the deposits shown in Fig. 1 were made on 
(a) The Character and Thickness of the Deposits.—-| tically immune from this defect. 
This was determined by dissolving the basis metal | point of considerable interest, which, unfortunately, | 
(generally with caustic soda solution) from a measured | the authors cannot settle, except by inference. 


This raises another | polished or roughened surfaces. 
In one instance, however, No. 9, owing to the 
It | fact that the deposit flaked away from the surface 


This left the films of| has always been the experience of practical platers| of the aluminium almost immediately, not requiring, 


deposited metal, which were insoluble, and these | that the higher the polish on the basis metal the greater | as in other cases, the whole of the aluminium to be 
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1 2 3 4. 5. 6. cz 9. 
=" iis laa | | | | | | Polished One 
Finish. Dull. | Polished. | Polished. | Dull. Dull. Dull. | Polished. | Side; Dull | Dull. 
| | | | | the Other. | 
| Gannenmace | Chromium on | | ; 
Deposit. Nickel. Nickel. | Nickel. Nickel. | Nickel. | Lf hae | Copperon | Nickel. Nickel. 
| | on Nickel. Nicke 
| | Nickel. | 
Grms. Deposit | | | | Cu Ni |e Cu Ni} 
Per 1,000 sq. in.} 20°6 | 9°6 | 96-1 | 163°8 | 118-7 52°3 24-6 |2°38 71°3 32-0) 21°5 | 17°6 
Thickness of | | A Cae ee ee pe een eee Pe mi sie | | 
» iti | | | | 
a_i 2r C 1-7 | 16-7 =| 28-7 | = 20-7 Ql 4:3 [0-6 12-7 5-6 nn eS 
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The above figures are based on total weigbt of plating from the two sides of each sheet. 
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PHYSICAL CHARACTERS, THICKNESS AND WEIGHTS OF ELECTRO-DEposits oF VARIOUS METALS 
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| NO 4 


NO 8 DULL 


Porous CHARACTERS OF DEPOSITS AS SHOWN BY TRANSMITTED LIGHT. 


films when care was exercised, remained intact in | the liability to strip; this is borne out by a definite | dissolved away before the film should be obtained, 
most cases, as shown by specimens Nos. 3, 4, 6 and 7, | €Xpression by Work in his paper, in which he states | it was noticed that the basis metal of this specimen 


in Fig. 1. 
It will be observed, however, that in some | 
cases these films are very fragile, e.g., No. 1, whereas | _ 
in others, Nos. 5 and 9, they tend to disintegrate | 
almost entirely. For ease of comparison, the finish, | 

character weight and thickness of deposit are placed | 
in vertical columns in Fig. 1, corresponding to the | 
actual photographs of the films removed. What 

is noticeable at once about the figures here recorded is | 
the enormous difference in tke actual thickness of 
the deposit, varying as it does from 1-7 units (thou- 
sandths of a millimetre) to 2€ units, although one 
has to admit, as was also pointed out by Work, that 
the thickness of the deposit is not necessarily an 
insurance against corrosion. Nevertheless, a reasonable | 
thickness of plate may be expected to afford immunity 
from corrosion and resistance to wear in general use. 
This point will be considered later. 

(6) Soundness of Deposit.—The porosity of the 
deposit, however, as disclosed by the microscope, 
leaves, in some cases, much to be desired. In two} _ 
cases at least the film is absolutely porous, whilst in | 
other two there is a considerable measure of perforation. 
Taking these collectively, it is rather curious to find 
that, out of five dull-finished nickel-plated aluminium 
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96 per cent. aluminium 
4 per cent. copper 

4 per cent. copper 

99 per cent. aluminium 
1 per cent. manganese 
Aluminium 
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Brass 


| that both he and other workers (Canac, Guillet and! had quite manifestly been deeply etched before plating. 











TABLE I. 
Basis Metal. Deposit. 
Silicon. Tron. Copper. | Manganese. | Zinc Thickness. 
J eons (ra —_ | ora = 
Per cent. Per cent. Per cent. Per cent. | Percent. | Inch. 
0-21 0-40 4-0 0-004 | Nil 0-048 
0-20 0:37 3-91 0-002 -" 0-048 
0-20 0-24 0-09 1-05 » 0-055 
0-22 0-37 Nil 0-006 » 0-031 
0-22 0-37 a 0-006 - 0-031 
0-19 0-30 ra 0-004 +3 0-042 
0-19 0-30 wf 0-004 ‘ 0-042 
0-21 0°31 * Trace a 0-038 
0-21 0-31 an 9 0-040 
0-41 0-40 Trace 0-005 ” 0-023 
0-41 0-40 7 0-005 ” 0-023 
= pina <= a — 0-049 





| Gasnier) preferred a roughened surface—either by | 
|etching or by sand-blasting—to a smooth one, 
|order to ensure the stability of the deposit. 


| By inference, it is hardly conceivable, on the other 
in | hand, that polished deposits, as in the case of No. 2. 
Un-| could possibly be produced on an originally etched 











_ APRIL 26, 1929.] ENGINEERING. 











TESTS 


OF ELECTRO-DEPOSITS 





ON 


cab hace TARY Sa 


; 


b 





—N°3_ 
Fia. 6. 


surface, where the deposit was shown to be less than | exhibits an open, lattice-like structure even to the 
visa Of a millimetre thick. Further examination of | naked eye, and micrographically some 30 per cent. 
the test sheets submitted showed that in specimens 4| of pore spaces. Fig. 2 (b) shows the deposit from 
and 5 the unplated surface above the line of the deposit | No. 9, Fig. 1, and this is almost equally porous to (a). 


was quite bright and smooth, affording substantial |The photograph suggests that some of the lighter 
TABLE II.—Twistine Tests. 























No Deposit on Aluminium Base. | Surface. | Observations. 
: ———EE —————————————————————— [-——————————_ | —— eee 
1%. . | Nickel --| Dull a ..| Plating stripping. Base metal cracked, but not fractured. 
+. on an rai --| Polished ..| Plating badly stripped. Base metal brittle—broken. 
3. ae om a on ae ..| No cracking, no peeling. 
at... - is oe ..| Rough ..| Plating stripping. Base metal cracked, but not fractured. 
Bs. Ete a a ae as ” é ..| Plating peeling in places. Base metal not cracked. 
Pe ea .. | Copper (on nickel) - ..| Dull ee ..| No cracking, no peeling. 
7 ..| Chromium (on nickel or copper) | Polished. . .| Very fine hair-cracks on plating. Original blisters accen- 
| _tuated by compression. 
3(a) e .. | Nickel --| Dull... .. | No cracks, no peeling. 
8(b) Ae cet) a ee ae ee ..| Polished.. .- | No cracks, no peeling. 
ee ae al eee aed aie re ..| Dull , ..| No cracks, no peeling. 
A rs ..| 95 (on copper) wa <a an ..| Plating seriously peeling. Curious tendency to fracture of 
| basis metal. This is peculiar in that it is ordinary 
aluminium, 99-2 per cent., and further there is no 
evidence of such incipient fracture in B, which is part 
| | | Of the actual same sheet. 
oo] 9 as ..| No cracking, no peeling. 
..| Polished .. | No cracking, no peeling. 


Bs. me ..+ | Copper Pe . 
S (standard test | Nickel (on brass) .. 


strip) | 





* Base metal in these instances is an alloy. + See special reference (5) in the general conclusions below. 


proof that the plating had been carried out, in these; portions of the deposit are due to light reflected from 
two cases, without any preparatory mechanical or| the specimen, but this is not the case; it may be 
chemical deadening of the surface. taken that the photograph is a definite silhouette, and 

Coming now to the specific and definitely porous| that any light portion represents porosity. Fig. 2 
deposits, these are shown in Fig. 2. The worst and|(c) representing the deposit from No. 8 (dull), Fig. 1, 
most porous deposit (see Fig. 2 a, and also Fig. 1, No. 5)|as well as (d), which corresponds to deposit No. 4, 
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Fig. 9. MANDREL FOR TWISTING TEST. 
(ELECTRO-DEPOSITS ON ALUMINIUM.) 
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Fig. 1, show definite and marked perforation, but 
not the open structure exhibited by (a) and (8). 

(c) Test for Soundness of Adhesion—Simple work- 
shop tests as a rule leave much to be desired; such 
a “‘ bending test’ is adopted by Work. Others, in 
which the material is sheared in an endeavour to 
promote the fracture of the deposit from the under- 
lying metal, and abrasion tests, are all, by their 
very nature, unsatisfactory, in that they are not 
carried out under controlled conditions, and hence 
are not truly comparable. The authors sought to 
evolve a test in which each part was standardised, 
namely, the length and width of the strip, the rate 
at which the bending was carried out, absence of 
irregularity in the bending movement; and, at the 
same time, a test sufficiently drastic to disclose the 
weakness or poor adhesion of the deposit. One 
factor, which could not be controlled, has to be admitted 
although this was not a serious one in the particular 
specimens on which the test was done. Manifestly, 
for the same diameter rod around which the test-piece 
was twisted, the same gauge of sheet should be used 
for the test-pieces. This certainly should apply to 
substantially thicker material than that which was 
represented by these particular samples, but we do 
not think that such variations in thickness as obtain 
would materially affect the results. 

The test consists in twisting at a uniform rate a 
standard strip 8 in. by 4 in. around a }-in. bar, the 
bar (B), Fig. 9, being held in the chuck of a precision 
lathe rotating at 20 r.p.m. The test strip is inserted 
in the slot (A), which was so cut as to allow the strip to 
emerge at an angle of 60 deg., the edge of the slot being 
rounded off to prevent fracture of the test strip; the 
other end of the strip (C) is held firmly in pliers, 
and the lathe started, the resulting strip being bent 
into the form shown. On the whole, the test worked 
excellently, but should it be adopted as a standard 
method further investigation is required, and standards 
set up for pure aluminium and alloys of different kinds. 
It would also be desirable to bring all materials, 
before testing, to one temper, always provided the 
temperature employed was not such as would tend to 
promote blistering or peeling of the deposit. 

We notice, in conjunction with this, the information 
published since this paper was prepared (Work, loc. 
cit.) that temperatures up to 430 deg. C. are used, but 
with the specific object of developing an intermediate 
alloy between the deposit and the basis metal. This 
process may or may not have been effected on such 
specimens as are referred to in this paper, at which 
time the paper by Work was, as already indicated, 
not known. Table I shows the thickness and the 
analysis of the basis metals and Table II gives in detail 
the result of the twisting tests. The results show that 
out of 12 plated test strips 6 showed no failure from 
cracking or peeling, 1 developed fine hair-cracks, and 5 
showed marked indication of rupture of the plated film. 
The failures, as a rule, were confined to single metal 
deposits, as, for example, nickel direct on aluminium 
base, Nos. 1, 2, 4, 5, but the single deposits on Nos. 8 
and 9 showed no sign of stripping. Multiple deposits, 
as, for example, Nos. 6 and 7, were almost perfect, 
except for the small blisters initially present on the 
latter, which were not increased by the test. 

It may be interesting here to call attention to 
various references in the technical Press to the use of 
multiple and often “ built-up” alternate deposits 
of nickel and copper, not only on aluminium, but also 
on steel, in order to ensure a better protection and a 
freedom from stripping ; particularly is this used prior 
to finishing in chromium. The authors desire to make 
special reference to the sample marked A and B. 
These samples have been in the Company’s laboratory 
for at least ten years, and show no evident signs of 
blistering. Actually, they are different deposits on 
the same sheet, and it is curious that they show an 
opposite result in the twisting test. ‘The single deposit 
of copper on aluminium stood up perfectly, whilst the 
multiple deposit of nickel-copper on aluminium showed 
a separation under the test, the parting taking place 
at the copper-aluminium face. 

(d) Corrosion Tests.—It was quite evident that 
the soundness of an electro-deposit would be reflected 
by its resistance to corrosion. In the absence of any 
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means of developing the standard sea-water spray test, | 
we adopted one which we have previously applied, | 
with success, to metals protected by other means, | 
namely, the immersion of the specimens in brackish | 
water at half-tide level for a period of three months. | 
It is generally admitted that brackish water, with a| 
salt-water content varying with every tide, and the | 
wetting and drying conditions obtaining at half-tide | 
mark in the presence of air, are as drastic as could be | 
conceived as a test for corrosion. | 

The plates were suspended in the slots of wooden | 
frames in a horizontal position. No metal connections 
were used to secure them, but from the results obtained 
it is obvious that the black varnish with which the | 
cut edges were covered prior to immersion did not | 
resist the action of the sea-water, and this explains | 
the development of the edge-corrosion seen in the | 
photographs reproduced in Fig. 6. This corrosion | 
must be ignored, as arising from unsatisfactory protec- | 
tion of the cut edges of the specimens. The real 
corrosion, which resulted in the perforation of the | 
electro-deposit, cannot be mistaken. The general 
results are tabulated for convenience of comparison 
in Table IIT. In view of the drastic character of the 


TaBLe IIl.—Corrosion Tests. 


on Aluminium 


No. | Deposit cats Surface. Observations. 
1 Nickel ..| Dull .. | Badly corroded. 
2 | > . Polished..| Badly corroded. Nickel 

loose, better than 1. | 

3 | in ee + .-| No corrosion. 
4 | os Se .| Rough ..) One spot corroded 
5 eS es + » ..| Badly corroded. | 
6 | Copper (on nickel) ..) Dull .| Two spots corroded. 
7 | Chromium/ 0 Bickel \ polished | Badly corroded. 


Lon copper { 
Nickel (on copper) ..| »” 
me --| Dull 


” .* oe ” 


| No corrosion. | 
..| Slight corrosion. 


— 


8(a) 
8(b) ” 


test, since two specimens exhibit no indication of 
corrosion and five only slight corrosion, the efficiency 
of the protective electro-deposited film shows that a 
large measure of success has been attained in the 
electroplating of aluminium. 

General Conclusions.—It will be observed that 
there is a considerable variation in the behaviour of 
the products when subjected to the tests. Some of 
the specimens withstood all the tests well, while others 
failed completely. An examination of the films them- 
selves showed that there is not only a difference in 
thickness (representing commercial plating), but they 
vary in soundness and in crystalline structure. These 
variations call for the standardisation of the thickness 
of deposits, and investigation to ensure close-textured 
continuous plating. 

To summarise, of the specimens tested :—({1) No. 3 
is by far the best submitted, having withstood most 
satisfactorily both the twisting and sea-water tests. 
(2) The polished nickel deposit No. 8 (a) showed 
excellent results by both tests. (3) Generally, Nos. 6,7 
8 (6) and 9 can be said to be fairly satisfactory when 
both tests are considered. (4) In view of the increasing 
importance attaching to the electro-deposition of 
chromium, it was unfortunate that this particular 
sample (No. 7) showed evident poor adhesion of the 
chromium initially, and the fine hair-cracks developed 
in bending may have been due to the same cause. 
The authors would welcome the assistance of any 
practical plater who would prepare test strips for 
further investigation on the lines indicated. (5) Speci- 
men No. 4 calls for comment, since the corrosion 
resistance of this sample was almost perfect. Under | 
the twisting test, however, fracture of the basis metal 
resulted, with consequent fracture of the deposit. 
The failure is manifestly related to the basis metal, and 
up till the present the authors have not been able to 
trace the cause of failure of what analysis shows to be 
good quality aluminium. (6) Nos. 1, 2, and 5 failed | 
under both tests, and stand as exhibits of very un. | 
satisfactory plating. (7) It is evident from the 
results obtained that whilst any electro-deposit should 
be of such a reasonable thickness as to afford wear, 
its resistivity to corrosion and its strength of adhesion 
are dependent upon the physical character of the 
coating equally with the thickness of the deposit. 











SALVAGE OPERATIONS aT Scarpa FLow.—Messrs. Cox 
and Danks, Limited, Ulster Chambers, 168, Regent- 
street, London, W’.1, who are engaged on the salvage | 
of the scuttled ex-German fleet at Scapa Flow, recently 
succeeded in raising the 24,500-ton battleship Kaiser. | 
This vessel has lain keel uppermost with a list of | 
84 ceg., in 72 ft. of water, since she was sunk on 
June 21, 1919. The Kaiser will be towed to Lyness | 
depot, where she will lie alongside the Seydlitz, the | 
25,000-ton battle-cruiser raised some time ago. Both 





ships will be prepared for their final voyage, a tow of 
250 miles to Rosyth, in completely upside-down positions. 
The ships will be dry-docked at Rosyth and subsequently 
dismantled and broken up. 


| the rate of feed is automatically reduced to prevent 


| the lower edges of the holes in brittle material. 


The feed is controlled by a variable delivery oil pump 


| tion round the table, or securing them in jigs, the 
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DRILLING MACHINE WITH HYDRAULIC FEED. 


CONSTRUCTED BY MESSRS. WANDERER 





MULTIPLE-SPINDLE DRILLING 
MACHINE WITH HYDRAULIC FEED. 


Tue annexed figure illustrates an interesting multi- 
spindle drilling machine built by Messrs. Wanderer- 
Werke A.-G., of Schénau, near Chemnitz, Germany. 
The special feature of the machine is the hydraulic 
feed of the moving drill head and its automatic control. 
As will be seen from the figure, this head is attached 
to the rams of two cylinders carried on the front of the 
upper part of the column. An automatic control is 
arranged so that, on starting, the drill head is moved 
rapidly downward until the drills come in contact with 
the work, when the appropriate feed is automatically 
tripped in. A trip can also be arranged so that just 
before the drills emerge from the lower side of the work 





breakage by the drills or possibly breaking away of 
This | 
should be a useful feature in the type of high-speed 
repetition work for which the machine is designed. 
When the drills are through the work, the cylinders 
raise the drill head rapidly to its upper position again. 


and the actual drilling feed may be regulated from zero 
to 20 in. per minute. The circular table of the machine 
is also arranged to facilitate a high output. In the 
working position it beds down on a flat surface, but | 
when it is to be rotated, the weight is taken by a ball | 
bearing which is lifted into position by a foot pedal. | 
The table may then be swung round with ease. It is | 
arranged with two, three, four or six fixed positions, | 
and for repetition work by clamping the pieces in posi- | 





finished piece may be removed and a further one fixed 
in place, while another is being operated on. By this 
regime a continuous output is secured, and as the 
hydraulic rapid return reduces lost time to a minimum, 
high production figures may be obtained. 

The general lay-out of the machine will be clear 
from the illustration. The main drive, either by belt 
or motor, is from the back of the column, the motor, 
when one is used, being mounted on the gearbox as 





WERKE, A.-G., CHEMNITZ, GERMANY. 


shown. The gearbox gives twenty different drill 
speeds, while in addition, the immediate drive of each 
individual drill in the drill head is arranged to give 
two speeds in the ratio of 1 to 1-5. This individual 
variation is of considerable advantage, enabling 
large and small holes to be drilled simultaneously, 
or holes to be drilled and others to be reamered. The 
machine is built in three types, with twelve, sixteen 
and twenty-four spindles. The spindle head has a 
maximum travel of 21 in., and the adjustment of the 
spindles in a horizontal plane allows them to be brought 
within 1} in. one from the next. The drill head is 
balanced by a weight inside the column. The variable 
delivery oil pump is driven from the gearbox and is 
controlled by a hand wheel at the right hand side 
of the column and within easy reach from the 
operating position. This is only used for adjusting 
the drilling feed, the rapid return and slowing down of 
the drills as they leave the work being thrown in auto- 
matically by stops on the drill head. These cannot be 


| seen in the figure, being on the other side of the machine. 


The quick return can be thrown in at any time by a hand 
lever, as might be necessary for instance, in case of a 
drill breakage. The machine is fitted with a cooling- 
water gear pump, and has a table 33 in. in diameter. 








University oF Lonpon, UNIVERSITY COLLEGE.— 
The report of the Committee of University of London, 
University College, Gower-street, W.C.1, which consti- 
tutes the annual record of the work of the College, for 
the year ending February 28, 1929, has lately been issued. 
The number of students on the books of the College was 
3,054. Of these 2,717 were British, 204 came’ from 
various European countries and 41 came from the 
United States of America. The fund inaugurated in 
connection with the celebration of the centenary of the 
college had two main objects, to provide, on the one hand. 
about 200,000/. for the completion of buildings and the 
improvement of equipment, and on the other hand about 
300,0007. for endowment. The fund now amounts to 
212,242/. and the Centenary Fund Committee, of which 
H.R.H. Prince Arthur of Connaught is President, is 
anxious to raise the remainder of the sum of 500,000/. 
as speedily as possible, in order to meet the urgent needs 
of the College. 
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INTERNALLY-DRIVEN PETROL-ENGINE ROLLER. 


CONSTRUCTED BY MESSRS. WM. KNOTT AND SON, LIMITED, ENGINEERS, MANCHESTER. 
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THE ‘“MANUMIT’’ MOTOR ROLLER. 


‘THE roller which we illustrate in the above figure is 
of decidedly unconventional design, in that the whole 
of the power unit is inside the roll, a form of construc- 
tion which renders the implement exceptionally easy 
to handle. It is manufactured by Messrs. Wm. Knott 
and Son, Limited, Fairfield-street, Manchester, and 
is made in two sizes, the respective weights being 
18 cwt. and 10 cwt. The illustration shows the larger 
model, with a roll 2 ft. 9 in. in diameter and 2 ft. 11 in. 
wide. The shell of the roll is of 3-in. mild steel, fitted 
with cast-iron ends, machined and bolted into position. 
The engine, reduction gear, and driving mechanism 
are all mounted on a cast-iron base plate suspended 
from the axle. A two-stroke Villiers’ petrol engine, 
of 34-h.p., is employed, the power being transmitted 
through a flexible coupling to a worm reduction gear. 
From this gear the drive is taken to a plain friction 
wheel by a short shaft. A pivoted bracket, attached 
to the roller handle, carries a loose wheel at each 
end, and to set the roller in motion in one direction, 
the handle is pressed down so that one of the wheels 
is interposed between the friction wheel and the interior 
surface of the roll. In order that the roller may travel 
in the reverse direction when the handle is swung over, 
an idler wheel is fitted on the other side, the wheel 
carried on the handle bracket making contact with this 
idler instead of directly with the friction wheel. In the 
vertical position of the handle, both the wheels on the 
bracket are clear of the roll surface, so that in this posi- 
tion the implement is stationary. The drive can be en- 
gaged very gently, and the rollercan be inched if required. 

The engine is fitted with a fan, from which the air 
blast is directed to the cylinder fins by an aluminium 
cowl. The carburettor is of the central-float type, so 
that it will work at an angle without danger of flooding. 
Petroil lubrication is employed, and the engine is 
started up by a pedal housed in the suspension bracket 
and fitted with a quadrant gear. The worm reduction 
gear is totally enclosed in a cast-iron casing, the worm 
being of hardened steel and the wheel of phosphor- 
bronze with a mild-steel centre. The worm and wheel 
shafts are carried on double-purpose ball bearings. 
Apart from swinging down the handle, the only control 
is that for the carburettor. The lever for this purpose 
is fitted in a convenient position on the handle as shown, 
and its movement enables the speed to be varied between 
$and3m.p.h. The cylinder head can be removed for 
decarbonising without taking the engine out of the 
roller, but should the latter operation be necessary for 
any reason, it can be performed in a few minutes. 

When it is required to transport the roller from one 
place to another by towing, one of the friction wheels 
may be removed by taking out a pin, when the handle 
can be swung down to the horizontal position without 
engaging the drive. The roller is equally suitable for 
light contractors’ work, or for cricket pitches and so 
on. The capacity of the petrol tank is 8 pints, which 
is sufficient for a full day’s work. 
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CATALOGUES. 


Tools.—Messrs. Lehmann, Archer and Company, 
Limited, 5, Farringdon-road, London, E.C.1, have issued 
a new list of small broaches, and of metal-slitting circular 
saws, manufactured in Switzerland. 


Drilling Machines.—A circular describing the details 
of the Braun radial drilling machines is to hand from 
Messrs. The United Machine Tool Company, Limited, 
Holborn Hall, Gray’s Inn-road, London, W.C.1. 


Valves.—We have received from Messrs. Gummers, 
Limited, Rotherham, a list of forged-steel valves of the 
globe and angle patterns, from 4 in. to 14 in. bore, and 
suitable for pressures up to 500 lb. per square inch. 


Petrol and Oil Engines.—A recent number of the 
monthly ‘‘ News” issued by Messrs. Petters, Limited, 
Westland, Yeovil, gives particulars of nine types of 
petrol and oil engines ranging from 1} h.p. to 600 h.p. 


Electric Motors.—We have received from Messrs. 
J. H. Holmes and Company, Limited, Portland-road, 
Newcastle-on-Tyne, two leaf catalogues illustrating a 
duplex motor for driving printing presses and a motor- 
generator for electro-plating. 

Machinery.—Messrs. Tangyes, Limited, Birmingham, 
have issued a new edition of their pamphlet illustrating 
examples of the tools, machine tools, presses, engines, 

umps, machines and complete power plants, which they 
ave installed at home and abroad. 


Electric-Light Fittings.—Messrs. Purit Specialties, 
Limited, Sherbourne-street, Ladywood, Birmingham, 
have sent us illustrations of a flexible arm with one, 
two, three or four links for carrying an electric lamp 
and locating it exactly as required. 


Belt Mounter.—Circulars are to hand describing a 
safety belt mounter made by Mr. O. N. Beck, 11, Queen 
Victoria-street, London, E.C.4. It is suitable for 
mounting belts up to 4} in. wide, and is approved by the 
Home Office Inspectors of Factories. 


Railway Supplies.—We have received from the Buda 
Company, Harvey, Chicago, U.S.A., a catalogue of rail- 
way tools and supplies which they manufacture, includ- 
ing several track cars for inspection and repairs, lifting 
jacks, jim-crows, drills, lights, crossings, &c. 


Steel Forgings.—Messrs. Hadfields, Limited, Sheffield, 
have sent us an illustrated list of steel forgings, including 
rolls up to 15 tons in weight, marine shafts, locomotive 
cranked axles, stone-crusher parts, &c. They are 
supplied in the rough, rough-machined or finished state, 
as required. 


Pneumatic Pick for Coal_—We have received a catalogue 
of a new pneumatic pick for coal getting, weighing 19} lb., 
and measuring 18 in. in length, without the tool. It is 
made at the Fraserburgh Works of the Consolidated 
Pneumatic Tool Company, Limited, 170, Piccadilly, 
London, W.1. 


Road Trailers.—Messrs. R. A. Dyson and Company, 
Limited, 80, Grafton-street, Liverpool, have sent us 
illustrations of a number of trailing wegons on two or 
four wheels for attachment to motor units. They include 
general lorries and vans, as well as special tipping trucks, 
cable-reel carriers, tanks, &c. 


Lighting _Plants.—Messrs. Ruston and Hornsby, 
Limited, Lincoln, have issued a leaflet giving data 


|comparing the cost of electric current supplied from 
; the mains and generated by their oil-engine sets. In 
many cases, the latter produce current at one-half to 
one-sixth the cost at which it is supplied from the mains. 

Valves—The Chrome Company, whose London 
address is 51, Leman-street, E.1, have sent us a copy 
| of their house journal ‘‘ The Valve World,” showing an 


| illustration of a forged-steel valve for high pressures, 


and giving a paper by Mr. W. D. Shannon comparing the 
costs of producing current by hydraulic turbines and 
steam turbines, 


Electrical Machinery.—The A.E.G. Electric Company, 
Limited, 131, Victoria-street, London, S.W.1, in the 
January issue of their journal ‘“ Progress,” describe 
some of their products, including an automatic convertor 
station for the Tokio underground railways, a large 
two-cylinder condensing turbine, automatic fire-alarm 
installations, &c. 


Welding and Soldering.—Messrs. British Insulated 
Cables, Limited, Prescot, Lancs., have sent us circulars 
illustrating their spot-welding machine and describing 
the applications of their butt-welding machine. A circu- 
lar with particulars of their “‘ Coraline ’’ paste or flux for 
soldering brass, copper, tin, lead and iron, has also 
come to hand. 


Clutches.—A description of the Benn patent friction 
clutch, with a coloured sectional drawing, is to hand from 
the makers of the clutch, Messrs. The Unbreakable Pulley 
and Mill Gearing Company, Limited, West Gorton, Man- 
chester. These clutches are made in four types, viz., 
for ordinary conditions, for very high powers, for high 
speeds, and for very frequent changes of engagement. 


Heat-Insulating Material—We have received from 
Messrs. The Celite Products Company, of New York, 
a catalogue describing the a ge of their insulating 
materials to smelting and refining plant for non-ferrous 
metals, and another dealing with a product for improving 
the strength and plasticity of concrete. The London 
office of the company is at 46, Victoria-street, West- 
minster, S.W.1. 


Electric Generating Sets.—Messrs. Blackstone and Com- 
pany, Limited, Stamford, have issued a catalogue of 
small generating sets of 1, 14, 24 and 34 kw. capacity. 
They are driven by petrol engines, and supply current 
for power and lighting either directly from the generator 
or through storage batteries. Specifications, dimen- 
sions and petrol consumptions are given, and prices are 
stated. 


Electrical Machinery.—Messrs. British Brown Boveri, 
Limited, Trafalgar House, Waterloo-place, London, 
8.W.1, give, in a recent issue of their ‘ Review,” 
a series of notes on the improvements made in their 
designs during the past year, including those for genera- 
tors, motors, transformers, switchgear, electric traction, 
steam turbines, toothed gearing, &c. A list of high- 
power rectifiers supplied to various countries has also 
come to hand. 


Railway Signals.—A description of the double-wire 
operation of points and signals is given in a special 
catalogue issued by Messrs. The Westinghouse Brake and 
Saxby Signal Company, Limited, 82, York-road, King’s 
Cross, London, N.1l. The essential feature of the system 
is a direct pull on and off, in comparison with the single- 
wire gravity return method, but this difference leads to 
many advantages, including those making for safety, 
which are explained in full detail in the catalogue. 


Ropes.—We have received from Messrs. Crofts (Engi- 
neers), Limited, Thornbury, Bradford, particulars and a 
sample of their Sure-Grip endless V-ropes for pulley 
drives. ‘The ropes are covered with rubber, and are 
supplied in five different cross sections, each of which is 
made in a number of lengths ranging from 35 in. to 40 ft. 
The ropes run in single or multiple vee grooves on the 
pulleys, and, the makers state, will work efficiently 
with short distances between the centres of the pulleys. 


Oil Valves.—Messrs. Alley and MacLellan, Limited, 
Worcester, have issued a catalogue of special valves for 
fuel oil, benzene, petrol, refined spirits, crude oil, &c., 
and suitable for use on tank steamers, storage tanks and 
transformers. The valves for high-temperature trans- 
former oil, those for refined spirits, and the wedge valves 
with quick-closing action are of special interest. A full 
range of sizes in cast-iron, bronze and cast-steel, is shown, 
and various auxiliary fittings, such as pillars, spindle 
extensions, gear operation, locks, by-passes, &c., are 
dealt with. 


Water Purification.—Messrs. The Paterson Engineer- 
ing Company, Limited, Windsor House, Kingsway, 
W.C.2, have issued a fifth edition of their catalogue of 
plant for water sterilisation by means of gaseous chlorine. 
The catalogue takes the form of a handbook, with full 
explanatory matter and illustrations of instruments and 
appliances, describing the process as applied to general 
water supply, swimming-bath water, condenser-circu- 
lating water, and the disinfection of sewage. A list of 
installations supplied by the company indicates that 
they are in operation in many parts of the world. 


High-Tensile Non-Ferrous Alloys.—We have received 
from Mr. FE. C. Brooks-Vos, Nelson House, 2, Moor-street, 
Birmingham, agent in the United Kingdom for Messrs. 
Admos, manufacturers of Rubel bronze and Admos alloys, 
an illustrated brochure dealing with the physical 
properties and applications in modern engineering of 
these materials. Particulars ard lists of :echanical 
tests of a series of 19 alloys, which vary in colour from 
dark bronze and golden, to white and silvery, are given. 
Other tables and data are included to indicate the high 
resistance offered by the alloys to acids, alkalies, steam, 
and sea water. 
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**ENGINEERING’’ ILLUSTRATED 
PATENT RECORD. 

SELECTED ABSTRACTS OF RECENT PUBLISHED 

SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 

The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned, the Specification is not 
tlustrated. 

Where inventions are communicated from abroad, the Names, &¢., 
of the communicators are given in italics. 

Copies o, a may be obtained at the Patent Office Sales 

ranch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 

the uniform “sty of 18. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given ey the abstract, unless the 

Patent has been sealed, when the word ‘‘ Sealed’ is ap 


nded. 
——- may, at any time within two months from the date of 
advertisement of the pt of a Ci lete Specification, 





give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 

304,162. D. F. Campbell, Westminster, London. 
Electric Furnaces. (2 Figs.) September 16, 1927.— 
The flat roof of an electrical furnace is formed of sets of 
similar flat slabs of firebrick suspended by wires or 
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bars E from girders D supported outside the heating 
zone of the furnace, each of the wires or bars being 
directly attached to a small casting, forging or bar B, 
preferably of nickel-chrome or other heat-resisting alloy, 
inserted in aligned recesses or holes a provided in 
adjacent firebricks A. (Accepted January 30, 1929.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


303,592. W. A. Whatmough, Finchley, and 
S. McC. Findlater, Highgate. Combustion Cham- 
bers. (7 Figs.) October 21, 1927.—The invention 
relates to an internal-combustion engine having a com- 
bustion head in which the combustion chamber is formed 
by a domed cavity. The exhaust and inlet valves 
3 and 4, respectively, are arranged side by side, and the 
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combustion chamber 6 is domed or rounded at 7 over the 
exhaust valve, while over theinle! valve 4 it isnot domed 
and has a smaller clearance, as indicated at 8. The 
combustion chamber 6, in a longitudinal plane through 
the piston 2, decreases gradually in depth from the 
exhaust valve towards the cylinder, as shown at 8a. 
The combustion chamber also decreases in width, as 
shown at 9, 9 in Fig. 2. The sparking plug 10 is placed 
towards the side of the exhaust valve 3 remote from the 
piston, so that the flame travels over and away from the 
exhaust valve 3 towards the piston 2. (Sealed.) 


302,802. Richardsons, Westgarth and Company, 
Limited, Hartlepool, and W. S. Burn, Hartlepool. 
Internal-Combustion Engines. (2 Figs.) December 
19, 1927.—The invention relates to joints for the cylinder 
covers of internal-combustion engines. According to the 
invention, the joint comprises an annular packing 4 
located in contact with the cylinder liner 1, with the 
eylinder cover 3 and with a ring 7 urged by a spring in an 





axial direction, the arrangement being such that the 
spring pressure holds the packing closely against the 
cylinder cover and the liner end at all times, irrespective 
of expansions or contractions of the cylinder parts. 





The packing 4is approximately triangular in cross section, 
and is composed of a yielding material such as lead, or 
other acid-resisting metal or alloy, in solid or fibrous form. 
(Sealed.) 


MINING, METALLURGY, AND METAL 
WORKING 


303,334. Richard Nevill and Company, Limited, 
Llanelly, and R. T. Nevill, Lilanelly. Annealing 
Covers. (6 Figs.) June 28, 1928.—The invention 
relates to annealing covers of the kind adapted to be used 
for the annealing of mild-steel sheets. The sides and 
ends of the annealing cover are formed from a single 
plate which is bent to a rectangular shape and has its 
contiguous edges secured by joints. A slot is formed 


Fig. | 2 





d 




















centrally in, and at the top of, each side and end of the 
cover. Each slot extends for a certain distance verti- 
cally from the top of the cover. The lid 2 of the cover 
is also formed from a single plate, and is made to fit 
accurately within the sides and ends of the cover, the 
lid being slightly domed at its central part. A projec- 
tion 6 is left, or provided by welding, centrally on each 
of the sides and ends of the lid, each projection being 
adapted to fit in the cover. (Accepted January 9, 1929.) 


304,015. Centrifugal Castings, Limited, Kil- 
marnock. J. E. Hurst, Sheffield, and E. B. Ball, 
Kilmarnock. Casting Metal Pipes. 
ary 4, 1928.—Apparatus for inserting socket cores in 
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4 A 

moulds employed in the centrifugal casting of metal 
pipes and for removing the core rings therefrom consists 
of a table E pivotally mounted on a truck or carriage 
A, and carrying a detachable carrier or kellet ring. 





(7 Figs.) Janu- | 


The core ring H! is locked to the kellet ring, and the 
latter is locked to the table, which is then turned 
first about its pivot, to bring the core into alignment 
with the mould C, and is then moved longitudinally 
so that the core is inserted into the mould. The 
kellet ring, and the core it supports, is then 
by keys or wedges in the socket end of the mould and is 
unlocked from the table, thus permitting the table to be 
withdrawn before the mould is rotated and the casting 
operation carried out. When this has been done, the 
table, still in its vertical position, is again advanced 
and locked to the kellet ring, whereupon the keys or 
wedges are removed, the kellet and core rings withdrawn, 
the table returned into its horizontal position and the 
carriage moved back along its rails to the loading bench. 
Here the empty core (from which the sand core 
been burnt off by the casting operation) is removed, 
leaving the kellet ring clear to receive a new core and its 
supporting ring, whereupon the cycle of operations is 
repeated. (Sealed.) 


MOTOR ROAD VEHICLES. 


301,170. C. F. Cleaver, Westminster, and The 
Four-Wheel Drive Lorry Company, Limited, 
Westminster. Motor Road Vehicles. (2 Figs.) 
October 19, 1927.—The invention relates to four-wheel 
drive motor road vehicles. It is found that certain types 
of vehicles running on hard roads do not require @ front- 
wheel drive, but such drive is useful on rough ground. 
According to the invention, means to disengage the drive 
on one axle, independently of the drive on the other 
axle of a motor road vehicle having a drive on both the 
front and rear axles, comprises a gear-box 1, 8 having an 
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| auxiliary shaft 7 from which the front axle is driven, 
| driving means for the shaft including a first gear member 
| 5 on the main shaft 2 in the gear-box 1, and means to 
| disconnect the drive to the auxiliary shaft 7 comprising 
|a gear member 12 movable into and out of engagement 
| with the gear member 5. (Accepted December 5, 1928.) 


MISCELLANEOUS 


302,783. Liquid Measurements, Limited, London, 
|and F. Hammond, London. Lubricating-Oil Dis- 
|pensing Apparatus. (1 Fig.) November 15, 1927.— 
The invention relates to lubricating-oil dispensing appara- 
tus of the kind in which the oil is conducted through a 
glass cylinder. The object of the invention is to provide 
means for the separation from the oil of heavier foreign 
matter, which may be either solid or liquid, such as 
water. In the oil-dispensing apparatus, an outer trans- 
parent tubular member 13 has a connection towards 
its lower end with an oil-supply pipe 2. Co-axial with 


iT] rt 
413 





6 























‘(02 7a3) | 


| the outer tubular member 13 is an inner tube 9, which is 
| in communication, at its upper end, tarough apertures 11 
| with the outer tubular member 13 and has an outlet 
| 26 at its lower end. A sump 8, forming part of the 
|outer tubular member 13, is located below the con- 
| nection with the oil-supply pipe 2. In use, when oil 
| is required, pressure is applied to a knob 25, whereby @ 
| valve 20 is opened, and oil is supplied under pressure to 
| the glass vessel 13. Any foreign heavier matter in the 
| oil falls into the sump 8, the oil passing up the vessel 
13 and through the apertures 11 into the inner tube 9, 
whence it is delivered through the nozzle 26, a valve 
29 opening under the pressure. When the valve 20 is 
allowed to close under the action of the spring 16, the 
| flow of oil from the nozzle 26 ceases, and the valve 29 
|returns to its seat, thus preventing the oil remaining 
in the tube 9 from flowing out. (Sealed.) 
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THE WELLAND SHIP CANAL. 
III.*—(continued.) 


THE excavation of the canal prism between 
Locks Nos. 1 and 2 presented no unusual features, 
but a few remarks may be fittingly made here 
regarding the water-tight embankments, which have 
been required at various parts on this and other 
sections on either side of the prism itself, or enclosing 
pondage area. The sites of all water-tight embank- 
ments were prepared by excavating at least 1 ft. 
into impervious material, or where pervious material 





was encountered for considerable depths by driving 


before the next layer was placed. The triple-lap 
piling consisted of 2-in. or 3-in. planking, three 
planks being fastened together with the centre one 
offset to form a 2-in. tongue on one side and 2-in. 
groove on the other. 

Two typical sections of the prism are given in 
Figs. 36 and 37, on Plate XLVI. These show con- 
ditions actually at Stations Nos. 240 and 280, 
respectively. Both these are on the stretch between 
Lock No. 2 and Bridge No. 4. The former gives 
a section at a point where pervious material was 
met with, and the latter where the conditions were 
more favourable to the construction of the water- 
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note; we may therefore pass to the next large 
structure, which is Lock No. 2. This lock was well 
advanced when the work was shut down in 1916. 
In February, 1919, the area was unwatered and 
the old concrete examined. Owing to the un- 
finished state in which the work was unavoidably 
left, some of the concrete, as in Lock No. 1, had 
deteriorated and had to be cut out and renewed. 
Concreting was resumed in June of that year, but 
suspended again on account of labour troubles in 
September. It was then estimated that 236,000 
c. yds. had been placed, equivalent to 71 per cent. 
of the lock walls, 36 per cent. of the lower entrance 
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ELEVATING GRADER OUTFIT WORKING ON EMBANKMENTS 
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Fig. 32. Sueet Pirinc ror Breast WALL at Lock No. 2. 


one or more rows of triple-lap sheet piling to a 
satisfactory depth, the excavated material being 
used at the back of the banks. The banks were 
built up in layers by means of teams and dump 
wagons. The wagons were loaded by an elevating 
grader. One of these outfits is shown in Fig. 31. 
The layers when placed were consolidated by the 
team and wagon traffic. It was provided that 
heavy steam rollers should be used for this purpose, 
but where the work was expertly done this was not 
found necessary. Only selected clay was employed, 
all stones over 20 lb. in weight being rejected. 
When a bank stood for any length of time without 
material being added to it, it was roughened by 
ploughing or disc-harrowing, and well watered 

* The first part of Article III appeared on page 476, 
ante, 





tight embankments. In Fig. 36, it will be seen that 
on the right (west) bank of the prism, the surface 
was stripped, and a line of triple-sheet piling driven 
where necessary down to impervious material. On 
the east bank, the impervious material was nearer 
the surface, and it was only necessary to cut two 
puddle trenches into it as shown. In Fig. 37, the 
banks are a good deal lower. That at the extreme 
left is the embankment of the pond. The construc- 
tion railway bank is shown on the right. In the 
centre of the prism is shown the ditch used for 
drainage purposes during construction. The normal 
cross-section gives a bottom width of 200 ft., and 
side slopes of 2:1. At 5 ft. below normal water 
level there is a 5-ft. berm on each side. 

The sub-structure for Bridge No. 2 was completed 





during the pre-war work without any incident of 





on Section No. 2. 


walls, and 81 per cent. of the upper entrance walls. 
Some further work was done in the summer of 
1921, but when work was inaugurated under the 
last contract in the autumn of that year, Lock No. 2 
became one of the chief points of activity. The 
bulk of the remaining concrete was placed by the end 
of 1922, but the work was not completed till 1926. 

A point of interest in connection with the con- 
struction of Lock No. 2 is brought out by Fig. 32, 
annexed, and Fig. 33, on Plate XLV. For Locks 
Nos. 1, 2 and 3 the excavation was entirely in clay, 
and, before starting on the excavation of the lock 
proper, the contractor was required in these cases 
to construct the breast wall at the south end. This 
was accomplished by driving sheet piling from the 
level of the upper entrance down to the underlying 
rock, and thus forming an enclosure, which was then 
excavated and the concrete of the breast wall placed 
therein. The breast wall thus acted as a retaining 
wall for the upper level. Fig. 32 shows the lower 
side of the sheet piling driven for the breast wall at 
the head of Lock No. 2. Fig. 33 shows the breast 
wall exposed and the excavation of the lock pit 
proceeding. 

The back filling of the east wall of Lock No. 2 
overlaid a bed of soft blue clay. The backfill was 
placed by means of teams and wagons, being con- 
solidated in the process, assisted by watering. 
When the backfill had nearly reached full height 
a good deal of settlement occurred and the clay was 
squeezed out and upward in the adjacent raceway. 
This movement developed into a definite slide in 
1924, and necessitated the removal of a considerable 
amount of material and the construction of a heavy 
concrete toe wall along the west side of the waste 
weir channel at the base of the back-fill slope. 
| Extending from this up the slope, which was made 
| flatter than was at first planned, heavy concrete 
| slab protection was laid. This work was done 
| during the season of 1925. 

Bridge No. 3 is at the upper end of Lock No, 2. 
In addition to the span across the lock itself, it has 
an approach on the east side of six reinforced concrete 
spans, over the north end of the pondage. This 
part was finished in December, 1920. The erection 
of the main span was begun in November, 1926, 
and completed in February, 1927, except for the 
machinery. Before the erection of this span, the 
road, after the completion of the watertight embank- 
ments, was carried across the lock on a temporary 
wooden trestle alongside the final site. 


| 
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The main piers for Bridge No. 4, between Locks | 
Nos. 2 and 3, were built before the war. This | 
bridge carries the Niagara Highway over the canal. | 
While the work was shut down, in July, 


10 ft., throwing the piles on which it rested about 
15 degrees out of the vertical. In 1919, excavation 
was begun on the material which had given trouble. 
The normal slope of the prism sides is 2:1, but at 
this point it was found advisable to flatten out the 
slope to 3:1. The displaced abutment was broken 
up by dynamite, and removed in 1919-1920. 

As the piles had been thrown out of the vertical 


to such an extent, new ones were driven, in 1920, to 


take all the load, and steps taken to prevent the 
old ones carrying any. The new pier was then built, 
being completed to the canal bottom level in 1920, 
further work being deferred until final plans for the 


bridges were further advanced. In the following year | 


the road traffic was diverted over a new temporary 
trestle bridge at this point, so that work could be 
carried out on the prism. Early in 1926, a decision 
having been reached to install at this crossing a 
double-leaf bascule bridge, the concrete abutments 
had to be prepared for the additional loads involved. 
To meet the conditions, additional piles were driven 
in rear of the original foundations and additional 
concrete was placed. The work was put in hand in 
February, 1926. The piles were driven and concrete 
placed ‘by the end of March. However, while 
this work was proceeding signs of movement 
developed, this time at the west main pier. 


by excavation the existing bearing piles of the 
centre monolith of this pier, and to jack them down 
to refusal. Additional vertical and batter piles 
were also driven in a deep trench along the toe of 
the monolith. 

This was in November, 1926. The front half of 
the centre monolith was divided into eight sections, 
and alternate sections worked simultaneously. The 


piles were exposed and lengths of about 2 ft. below | 


the concrete cut off them. Hydraulic jacks were 
then inserted, and each pile was jacked down until 
a pressure of 100 tons or better was indicated. 
Bulkheads were next placed, and the sections and 
the parts of the trench in front of them were filled 
in solid with concrete up to the original work. To 
secure good contact with the underside of the old 
work, the last of the concrete was placed under 
several feet of pressure. The batter piles in the 


new toe consisted of steel shells filled with concrete | 


after jacking down to refusal. The work was com- 


pleted in February, 1927, for the centre monolith. | 


The rear anchorages of the west main pier were then 
dealt with in a similar manner, working in from the 
north and south sides of the pier. This was com- 
pleted in May of the same year. 

Erection work on the bridge itself was begun in 
November, 1927, and was completed by June, 1928. 
Fig. 52, on Plate XLVII, illustrates the site at an 
early stage. The view is taken facing the west pier, 
which was afterwards reconditioned as described 
above, while that in the foreground is the one 
which had to be rebuilt. Fig. 53, Plate X LVIT, illus- 
trates the operation of jacking down the batter piles 
in front of the west abutment toe. The pump for 
the jack is being worked by the man in the fore- 
ground, and the jack itself is below the inclined 
pile of packing blocks. The view shows the depth 
of the eight sections excavated under the monolith 
for this operation. 

The deep cutting immediately south of this bridge 
gave a good deal of trouble owing to the presence 
of soft clay. This resulted in numerous movements 
as the excavation of the prism proceeded. In the 
autumn of 1921, excavation was commenced on this 
reach with an 85-ton shovel. 
for a couple of months on the upper west slope 
removing overburden, the shovel was moved to a 
point near Bridge No. 4, where a slide occurred 
shortly after, partly burying the shovel. A drag- 


line was brought in to dig the big machine out, and | 


the latter was removed for repairs. In 1922, a 
large dragline, converted into a shovel, 
caught in a slide in the vicinity of Station No. 331. 


This slide was 165 ft. long, and extended 245 ft. 


1917, a} 
large slide occurred at this point on the east side | 
of the prism, and carried the east main abutment | 
of the bridge forward into the canal, no less than | 


To! 
deal with the situation, it was decided to uncover | 


After working on this | 


was also | 
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back from the centre line of the canal. The shovel 
was pushed into the east bank and suffered minor 
| damage. It was turned round and worked for a 
time on the east side of the cut. Some 357,000 
c. yds. were removed under considerable difficulties 
from the cut in the year. In 1923, chief attention 
was paid to the lock pit area No. 3. During this 
year a further slide occurred, which, although 
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Section No. 4, further south, brought in and aioe 
in its place, settled and trimmed to the final slope. 
Small slides occurred also below the towpath level, 
after the concrete slab protection to the banks had 
been laid. The slopes where this had occurred 
were also treated with rock. 

At the site of Lock No.3 a great deal of trouble 
was encountered. A plan of this area is shown in 
Fig. 56, below, and on it will be seen marked 





entirely within the lines of the prism, was of a 
Fig. 56. : 
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Fie. 57. AERIAL View, Lock No. 
very serious nature and involved a radical change 
of plans. This slide was practically opposite that 
of 1922. In 1924, a good deal of work was done 
on the east side, and here also delay was caused 
by a slide. In 1925, it was decided to widen the 
prism considerably above the towpath level on 
this stretch, on the west side, so as to reduce the 
load on the treacherous blue clay. This widen- 
ing was accomplished in 1925 and 1926. The 
whole excavation work was completed in 1926, the 
greater part of the material which had shown signs 
of movement having been taken out, and rock from 
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3, PONDAGE AND PRESENT CANAL CROSSING. 


the areas involved in slides which occurred on 
June 20, 1917, July 10, 1917, May 2, 1919, and 
October 10, 1922. Another slide, as has been 
remarked, occurred in 1924, on the east side of 
the lock pit. 

In anticipation of trouble arising in connection 
with the construction of the west wall of the lock 
chamber, the usual method of construction in the 
open lock pit was abandoned for this wall in favour 
of construction inside a trench, in such a way 
that the lower and back portion of the wall, built 
as a first stage, might serve as a retaining wall. The 
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plan adopted is illustrated in Figs. 38 to 44, on 
Plate XLVI, although the first part to be built on 
this principle consisted of two monoliths at the 
southern end of the piece to which these figures 
actually refer. These two monoliths had been 
built under the cost-plus-percentage contract early 
in 1921. 

Two rows of Lackawanna steel-sheet arch-web 
piling, 14 in. by 2in., or by 40-83 lb., and 40 ft. 
long, were driven, one just at the back, and the 
other just in front of the back 30 ft. thickness of the 
standard lock wall, which has a greatest thickness, 
when completed, of 47 ft. This piling went down 
nearly to rock. The area inside the trench 
thus formed was excavated by clam-shell grabs, 


Fig. 58. 
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|acting as a temporary retaining wall. 
| necessary, 


ENGINEERING. 


|two series of recesses, 4 ft. high, 3 ft. wide, 


and each 1 ft. deep. These were provided 
to ensure good interlocking between the wall then 
built and the part added later, and shown dotted in 
Fig. 41, and in Fig. 40. Further, to ensure good 
bond between the two sections of the concrete work, 
reinforcing rods, 14 in. in diameter and 22 ft. and 
16 ft. long, were embedded in the concrete at 45 deg. 
inclination. These bars were spaced about 12 in. 
apart centre to centre and were embedded alter- 
nately up to lengths of 5ft. and 10 ft., so that they 
projected different lengths, alternately, into the 
work added later. The part of the wall, forming 
the floor and face of the filling tunnel, were given a 
finished surface. As the concreting proceeded the 
timbering was withdrawn, and finally the front row 
of piling was also withdrawn. Fig. 44, is a stress 
diagram showing the forces on the wall when 
Where 
in the foundation rock excavation, 
grouting was applied under a pressure of 60 Ib. per 


|square inch. Under the final contract the sheet 


piling was begun in December, 1922. The con- 


| tractor began placing concrete in July, 1923, and 


the retaining wall was completed in October of that 
year. The sheet piling was pulled early in the 
following year. A view of this work is given in Fig. 
34, Plate XLV, taken in April, 1923. This shows 
the braced trench extending towards the breast wall 
at the south end of the lock, while Fig. 35, a view 
taken in July, 1924, looking in the opposite direction 
and from the other side of the lock, shows this 
part of the wall completed and acting as a retaining 
wall. The key recesses and the projecting rein- 
forcing bars will be noticed in the inner wall face. 
Excavation at the Lock-pit No. 3 was completed 
in July, 1924, and concreting was carried on that 
season in continuous double shifts until October, 
after which a single shift continued till December, 
136,000 c. yds. being poured in this time. Con- 
creting recommenced in April, 1925, again with 


Fig. 59. X" PILE. 
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and the interior timbered as shown, the wales being 
16 in. by 18 in. and in lengths of 24 ft., and struts of 
10-in. by 10-in. timber. 

Excavation was continued below the piling down 
to sound rock, as necessary, the trench floor being 
divided into two shelves, that nearer the canal 
centre line being 3 ft. 6in. above the outer. Details 
of the timbering are given in Figs. 39 and 41. A 
small plan is shown in Fig. 38. A section for the 
normal length of main wall is shown in Fig. 42, 
this being taken at AA, in Fig. 38. At the north 
end of this length the work was modified to the 
section shown in Fig. 43, and at DD in Fig. 38, 
the lock wall proper ending at Station No. 330 + 30, 
and the approach wall, of lower final height, 
commencing at this point. 

For the main part of the lock, the wall was 
concreted in the trench up to the floor level of the 
filling tunnel, as shown in Fig. 42, and was then 
stepped back to a line coinciding with the outer 
wall of this tunnel. Concreting was then continued 
in steps, as shown in detail in Fig. 41. On the 
east face of the wall there were arranged 
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double shifts at first and afterwards single, the work 
being 89-5 per cent. finished at the end of the 
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Nos. 10 and 11. We have also stated that the final 
closure here will be left till the last season, i.e., 
according to present programme the winter of 
1929-30. In order to advance the work and leave 
as little as possible to be done in the last season, 
the lower parts of the south entrance walls have 
already been run under the present canal. This 
was accomplished in the manner illustrated in 
Figs. 45 to 51 Plate XLVI, Figs. 54 and 55, 
Plate XLVII, and Figs. 58 to 61, annexed. Some 
twelve monoliths were involved in the west wall, 
as shown in Fig. 45, and eight in the east wall. 
The end of the east wall falls in the middle of 
the prism of the present canal (Fig. 47). In 
December, 1925, the contractor commenced driving 
piling round the site of the east wall, the reach of 
the present canal having been drained after the 
close of navigation. Lackawana arch web 14 in. 
by 3-in. sheet piling was employed in lengths of 
40 ft. and 25 ft. The 40-ft. lengths were required 
where the cofferdam passed through the canal 
banks ; the 25-ft. piling was employed in the canal 
prism, and outside the banks. The piles were all 
driven by the end of January, 1926, and excavation 
was at once commenced, the trench being timbered 
as shown in the Figs. 50 and 51 as work proceeded. 
The timbering consisted of wales 14 in. by 18 in. 
and up to 24 ft. long. Struts were 12 in. by 12 in. 
The cofferdam was 24 ft. 10 in. wide inside the piling. 
When the foundation of the wall was un- 
covered, bearing piles were driven, concreting 
beginning in February. By the end of March the 
four monoliths at the south end of the east wall 
had been completed up to the level of the present 
canal bottom. The fifth monolith across the 
present canal bank was completed to coping level, 
and one lift of concrete placed in the remaining 
monoliths of this wall. Sheet pile and concrete 
cut-offs were also driven across the cofferdam 
piling on both sides extending into the existing 
canal bank, as shown in Fig. 45. This completed 
the possible work on this wall until the final closure 
for the permanent diversion of traffic to the Ship 
Canal. In February and March, 1926, piles were 
driven for the cofferdam for the west wall (see Fig. 46), 
but this for the moment was confined to the parts on 
the outsides of the present banks. This work was 
carried as far as was deemed safe, in view of the 
approach of the navigation season, and the necessity 
of not risking disturbance to the present canal banks. 
Excavation in these sections was carried on in April, 
bearing piles were driven, and these parts of the 
wall built. The intervening part of the wall, up 
to the level of the bottom of the present canal, was 
built in the winter 1926-27. When navigation 
closed, this reach was again drained and the piles 
for the cofferdam driven, the work proceeding as 
already described for the east wall. The timbering of 
the west wall cofferdam is shown in Figs. 48 and 49. 
Bearing piles were driven by March, 1927, and the 
six monoliths concreted up to within 3 ft. of the 
present canal bottom, thus forming 210 ft. of wall 
across the present canal, but underneath it. When 
concreting was completed the sheet piling was 
drawn, and the present canal made good in all 
respects for navigation till the final closure. 
Details of the cut-offs extending into the banks 
are shown in Figs. 58 to 61, on this page. They 
consisted, as shown, of interlocking steel piling, 
joined to the sides of the cofferdam sheeting by 











season. The lock and waste weir were finished in 
TABLE III.—PERcENTAGES COMPLETED. 
ar ccancengontens ; —s ERENT MEMES _ 
Years. 1921-22 1922-23 | 1923-24 1924-25 1925-26 1926-27 | 1927-28 
Section No. I.— 
Rock excavation 8: 94 99 93* 974 100 —_— 
Earth excavation .. oy 77 86 89 924 95 100 _ 
Watertight embankments .. 35 67 85 96 97 100 — 
Concrete ie ap 68 82 90 944 954 | 100 _— 
Section No. II.— | | 
Rock excavation oF — 57 69 78 98 98 | 100 
Earth excavation .. ae —_ 76 84 91 97 96 100 
Watertight embankments .. _~ 75 81 844 93 97 | 100 
Concrete es - — 49 56 734 91 98 100 





1926, thus virtually completing this structure 
except for the south approach walls. 

Attention has already been drawn to the fact 
that at the south end of Lock No. 3 the new canal 
crosses the present canal, between the present locks 





* The smaller figure shown for this year is accounted for by the decision made to deepen the harbour and entrance. 





crosses formed by four angles. On the outside of 
the cofferdam the cut-offs consisted of piling driven 
into the existing bank. On the inside, the cut-offs 
were continued into slots in the concrete of the 
wall. The innermost sheet pile in each case was 
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embedded in the mass concrete of the wall, the | material of this class had mostly been reconditioned | The different aspects of costing are considered 

remainder being puddled. When the cofferdam|by the time this contract was awarded. The | under various heads, such as methods linking up with 

piling was drawn, these cut-offs remained in position. | contractor and his sub-contractors collected during | the annual accounts, coding, classes of expenditure, 
Two views of this work are shown in Figs. 54 | the course of the work further plant, in some instance | the costing of material, &c. 


and 55, on Plate XLVII. The first shows the east 


entrance-wall trench carried into the present canal | 
prism in the winter of 1926. The second shows 


was being constructed. 
The aerial view reproduced in Fig. 57, on page 538, 


of much higher capacity. 


To wages there are devoted about 44 pages in 


The contractor had the use of the Department’s | which theory and practice, time wages, piece rates, 


| construction railway, laid before the war and relaid | bonus systems, the relation of wages to the cost 
the work in the winter of 1927, when the west wall | soon afterwards. This line connected up with what | of living, and methods of payment are discussed. 


is now the 


Canadian National system. Under the) This section is a useful one and gives generally 
terms of the contract the Department undertook | quite a fair review of things. It might be suggested 


shows the canals crossing at Lock No. 3. The new | to supply gravel required for the concrete in the| perhaps that the references to the Priestman 


lock structure will be seen on the right, while the 
new prism extends away to the left. The present 
canal crosses this view diagonally, and to the left 
and bottom of the view are shown the lower locks 
and ponds of the rise to Thorold. On the lower 
right hand is the pondage for Lock No. 3, enclosed 
by a prominent embankment. 

South of Lock No. 3 the prism continues on a 
straight alignment to the end of section No. 2, 
just before which point is Bridge No. 5. This is a 
road bridge, for which the sub-structure was 
completed, without special incident, by the autumn 
of 1926. The excavation of this length of prism 
was carried out by shovels, but was interfered 
with to some extent by quicksand being encoun- 
tered, in one section. It was further discovered, 
after work had proceeded for some time that 
the rock surface rose rather unexpectedly on one 
side of the centre line, south of Station No. 368. 
This part of the prism was finished in 1926. During 
construction, drainage from this part, and also 
from the next section inland, was led to a point 
near the present canal crossing, where it was 
handled by electrically-driven pumps and disposed 
of in that waterway. The rock from this section 
was mainly used in back-filling at Lock No. 3, but 
the earth was disposed of on land purchased just 
south of the crossing of the new and present 
canals. 

Table III, on page 539, summarises the state of 
the work in the several years since the last contracts 
were entered into. 

The totals involved have been approximately as 
follows :—In rock some 300,000 c. yds. had to 
be removed, of which almost 60 per cent. was 
handled under the earlier contracts. Earth excava- 
tion to the extent of about 13,500,000 c. yds. has 
been involved; of this the earlier contracts took 
care of about two-thirds. Water-tight embank- 
ments and specially consolidated back-fills required 
approximately 1,850,000 c. yds. of earthwork. 
Concrete placed has amounted to about 1,150,000 
c. yds. 

The contract given in 1921 for Sections Nos. 1 and 
2, on the unit-price basis, with which the foregoing 
account is mainly concerned, was awarded to Mr. 
J. P. Porter, of St. Catherines. This contractor 
employed at one time and another numerous sub- 
contractors on various parts of the work, some 
of them operating on a very small and others on 
a considerable scale. The following are some 
of the more important rates for work under the 
contract :— 


Class I excavation (rock) harbour 


division oe ice --- 10-00 dols, per c. yd. 
Class II excavation (all but rock) 

harbour division -—- O85 ,, 
Class I excavation land division 2-75 ,, 
Class Ilexcavation landdivision 0-645 ,, 
Watertight embankment mater- 

ial in place nas -. «=—0-60 ; 
Crib filling 0-75 
Mass concrete ... eas w= 25 
Reinforced concrete in cribs ... 7:00 ,, = 
Concrete in weirs and fixed 

bridges co oan oss EOD, a 
Concrete protection to banks... 7-50 ,, * 
Stone protection to banks 2-00 ,, - 
Sodding ... ose oes ---  0-50dols, persq. yd. 
Round piles in foundations of 

structures, &c. ... . 0-80 dols. per lin. ft. 
Sheet piling si = ---» 0-06 dols. per Ib. 
Handling, towing and sinking 

cribs each * = -.- 1,500 dols. 


The contract did not include the installation of 
machinery, and the preparation of certain parts of 
the lock structures and bridge foundations for the 
reception of metal parts, this being done by a force 
of the Department of Railways and Canals. The 
contractor took over for a lump sum a large amount 


| harbour cribs, crushed stone for the bulk concrete | 
| work, and cement in sacks. Certain other materials | 
| were supplied to the contractor, such as steps and 
| stairways for lock walls, cable ducts, metal cut-offs, 
&e. 
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Pitman’s Dictionary of Industrial Administration. Vol. I. 
and II. By Joun Ler, C.B.E., M.A., M.Com.Se. 
London: Sir Isaac Pitman & Son, Limited. [Price 
63s. net, two volumes. } 

| Most branches of industry have their own particular 
| text-book without which references and formule 
| would often be variously rendered and interpreted. 
| Strangely enough, in- some respects, until recent 
| years, that function of industry which is most 
|common and junior to none—its administration, 
| has been largely neglected in this respect, and there 
was no common language through which those 
concerned could express themselves. The terms 
used in works engaged in the same _ business 
often to-day lack definitiveness ; they are used to 
mean different things and have often caused serious 
misunderstandings. 

An attempt to remedy this has been made by Mr. 
John Lee in his Dictionary of Industrial Adminis- 
tration, which promises to fill a long-felt need, the 
depth of which perhaps the book itself will help 
to plumb. The book is in its first edition and, as 
such, will ‘probably be found to have faults, the 
almost inevitable fate of all such first efforts. 
Some readers may feel that the work is more a 
text-book than a dictionary but, if this be so, it 
will still be valuable, while later editions will enable 
such revision and addition to be made as time and 
use prove desirable. 

The references given are many and _ varied. 
Thus taking “‘ factory buildings,” one finds different 
types and classes of construction described ; 
materials, foundations, floors, roofs, walls, stair- 
cases, heating, lighting, ventilation; building 
contracts, quantities, specifications ; maintenance 
and depreciation. Fire insurance and prevention 
are given several pages. Fire alarms, fire escapes, 
chemical extinguishers, hand pumps, hydrants, 
engines, special appliances, night watchmen, the 
common aspect of free insurance, surveyor’s 
inspection, amounts for insurance policies, loss of 
rent, and of profit are dealt with. 

If the reader wishes to learn something of costing 
| he will find many pages of information under various 
|heads, such as ‘Cost Factors and Foremen ” ; 
| ‘* Functions of Costing”; ‘ Principles of Costing.” 
The last two are given greatest prominence. Under 
“ Functions of Costing ” the discussion is given under 
three heads, the first being ‘‘ Differential Cost,” 
the second “The Measurement of Profit Earning 
Capacity,” and the third “The Measurement of 
Relative Efficiency.” These headings indicate the 
treatment, the burden being the need for accurate 
statistics. Under “ differential costing, the true 
and interesting point is made that, during a slump 
in trade,” the lowest price at which a single order 
may be accepted is measured not, as is commonly 
supposed, by the prime cost, but by the difference 
between the cost of producing and the cost of 
not producing. This is true, and is what is meant 
| by the author as “ differential cost.” 
| Under “ Principles of Costing” it is stated that 
ithe object of costing should be the assistance of | 
/management :—(1) In surveying the results of | 
former periods with a view to eliminating wastage | 
|whether of labour, material or administration. | 
(2) By serving as a guide for estimating and price | 
| fixing for future contracts orsales. (3) By indicating | 

















system of Collective Bonus, both under the headings 
of Wages and Co-operative Production, appear to 
be rather more detailed and less disinterested 
than a work of reference of this kind warrants, 
reflecting perhaps the interests of the writer of 
the particular articles. Mass Production, Planning, 
Progress, Profit-Sharing, Purchasing, and all works 
functions, are treated not unworthily. 

Of the less prominent subjects, under Traffic 
Department, is noted particulars of “standard 
packing regulations,” ‘“‘ making a contract for 
railway conveyances,” “ filling up the consignments 
note,” “claiming for loss or damage in transit,” 
and how to prepare claims. There are also useful 
references to standard railway rates and charges, 
while a large number of pages are devoted to 
staff matters ; life assurance schemes ; selection ; 
records ; recreation, &c. 

Enough has been said perhaps to indicate the 
general scope of the work, and when it is remembered 
that its two volumes cover 1,150 large pages, 
which include a useful index, it will be clear that, 
as a first edition, it is a very creditable attempt 
to provide a basis of reference for what is fast 
becoming recognised as one of the more important 
functions of industry. 





Practical Designing in Reinforced Concrete, Part I. By 
M. CaNTELL. London: E. and F. N. Spon, 
Limited. [Price 15s. net.] 


THE author of this volume has had considerable 
experience of reinforced concrete structures both 
in this country and in the United States and Canada, 
as well as teaching experience at the Brighton 
Municipal Technical College. He is, therefore, 
specially qualified to deal with the subject from 
both the practical and theoretical sides. 

The first portion of the book is devoted to practical 
considerations, and after a general review of the 
suitability of reinforced concrete for the construction 
of various structures with special reference to those 
likely to be subjected to earthquake shocks, hurri- 
canes and fires, the author briefly deals with the 
various materials used and the precautions neces- 
sary in mixing and depositing the concrete and the 
placing of the reinforcements. Special attention is 
given to the effects of sea water, alkalis, and sewage 
on finished structures and the precautions to be 
taken to prevent disintegration. <A special reference 
is also made to the methods recommended to secure 
impermeability in structures subjected to fluid 
pressure. 

The remainder of the volume is devoted to the 
design of the more simple reinforced concrete 
structures, such as floors, beams, columns, footings 
and piles, the treatment of more complicated struc- 
tures being reserved for Part II. 

The author’s treatment of the theoretical con- 
siderations of the design is reduced to as simple 
a form as possible, and is very clearly set out with 
numerous worked-out examples which very materi- 
ally add to the usefulness of the book, especially 
for the purpose of technical instruction. 

The book includes a short section devoted to the 
design of flat slab floors, which, while clearly and 
simply setting out the essential principles involved, 
gives sufficient information to allow of structures 
of this nature being designed of safe proportions. 
Worked-out examples of the necessary calculations 
give additional assistance to those contemplating 
the design of this very useful and efficient form 
of flooring. 

At the end of the book, the author has recapitu- 
lated the essential formule under the heads of the 
various structures, and included a table giving 
particulars with respect to round and square bars ; 


of plant which had been collected on the work under | the extent to which the various sections of the|a table of squares, cubes, square roots and cube 
pre-war and early post-war conditions. The old 


business are remunerative or otherwise. | 


roots; and a table of logarithms. 
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There are, at the present time, a large number of 
excellent books dealing with the design of rein- 
forced concrete , and the essential features of the 
design of the structures dealt with by the author 
are to a considerable extent stabilised, causing the 
treatment of the subject to show much similarity in 
all books of this character. It is consequently diffi- 
cult to differentiate between the merits of the various 
books, but it is evident that the author has produced 
a work which can be readily assimilated, and may 
be specially recommended for an initial study of the 
subject by students and for those who wish to design 
and construct the more simple structures in rein- 
forced concrete, without requiring an extensive 
knowledge of the advanced problems arising out of 
its extended use for more complicated construction. 





An Introduction to the Metallurgy of Iron and Steel. 
By H. M. Boytuston, B.S., A.M., Met.E., Professor 
of Metallurgy, Case School of Applied Science, and 
Consulting Engineer. New York: John Wiley and 
Sons, Inc. London: Chapman and Hall, Limited. 
[ Price 25s. net.] 

Amone the technical books of recent publication. 

those dealing with the metallurgy of iron and steel | 

are particularly numerous in all manufacturing 
countries. They generally commence with a descrip- 
tion of the very early processes for extracting the 
iron from the ores, proceeding to details concerning | 
the blastfurnace and the reactions that take place 
within it. The Bessemer, open-hearth, and basic 
processes are then reviewed, their exposition being 
followed by a description of the manufacture of 
steel in the electric furnace, the books closing with 
data on the subsequent treatment of the metal in 
the solid state for the different purposes it has to 
fulfil. Metallurgists and students of every country 
have therefore at their disposal very complete 
treatises published at home, and, speaking in a 
general way, they can only be interested in similar 
books published abroad in that these latter give 
also statistical information covering their own par- 
ticular country. The blastfurnace reactions, the 
behaviour of steel in the ingot mould and all other 
phenomena surrounding manufacture are evidently 
the same all over the world. Special steel alloys, 
their casting and especially their subsequent treat- 
ment, form a comparatively new departure in steel 
metallurgy, one also which is wrapped in much 
unnecessary mystery by certain steel makers. 

Most steelworks are now able to supply steel to 

meet practically any given specification ; most of 

them own an admirably equipped laboratory, and 
in every manufacturing country there are also! 





independent laboratories which contribute an impor- 
tant quota to the work of research. 

If the actual manufacture of iron and steel be 
considered from the purely practical standpoint, 
quite apart from what one may term the theoretical 
side, involving metallography and X-ray examina- 
tion of metals, no very great step forward seems 
to have been taken for several years past. Very 
many of the processes now followed have been in 
operation for a very long time; some of them 
which have been re-introduced at a comparatively 
recent date were known and put in operation by 
our forefathers. As an example we may quote 
bottom-casting. We thought this was a compara- 
tively late improvement until we came across a 
statement in a History of France to the following 
effect: ‘“... During the reign of Louis XV 
(1715-1774), a novel method of casting cannon was 
invented, which rendered them less liable to bursting ; 
not only were they cast solid and bored out after- 
wards, but they were bottom-cast in the mould, 
instead of being top-cast as in the older process . . .” 
(‘‘ Histoire de France.” Extrait de l’Histoire de 
PAbbé Millot, par M. des Carriéres, London, 1837.) 

The book by Professor Boylston is well written ; 
it is a book one can pick up at any time and com- 
mence reading with interest at any page. After 
general historical data, particulars upon the chemical 


}and physical principles involved in converting 


the different classes of iron ores into metal, and 
information upon mining and the treatment of the 
materials used, it gives in natural sequence descrip- 
tions of iron and steel making plant and processes, 
and for the major part from the point of view of 
present-day American practice. Two closing chap- 
ters contain brief data upon metallography and the 
physical properties of iron and steel, and upon the 
heat treatment of steel. 

The data show that in 1924 the United States pro- 
duced pig iron to the total value of 665,078,972 dols., 
a value far in excess of that of all other American 
metallurgical products together. An __ historical 
fact to which the author calls attention is to the 
effect that when the Treaty of Paris was drawn up, 
in 1783, Benjamin Franklin, who was interested 
in copper on account of his experiments in electricity, 
learning that copper had been found in Isle Royale 
on the north-west shore of Lake Superior, 
insisted that the international boundary line should 
leave the lake at the Pigeon River, so as to give the 
United States Isle Royale, instead of leaving it at 
the St. Louis River, on which Duluth is located 
at the south-west end of the lake. This gave the 


United States not ons Isle aman but one of the 
greatest iron deposits of the world, the Mesabi 
field, which otherwise would have gone, at least in 
part, to Canada. 

According to Professor Boylston, the first run of 
coke iron produced in America was made at Bear 
Furnace, Armstrong County, Pa., in 1819, about 
86 years after the introduction of coke in England. 
He adds that coke has assumed a really important 
place in the manufacture of pig-iron in the United 
States, only within the last 50 or 60 years. In 1854, 
there were in the country only four plants for 
making coke. By 1880, there were 182 plants, 
with a total of 12,372 ovens; in 1906 the plants 
numbered 532, comprising 93,901 ovens, whilst in 
1917, there were 68,687 bee-hive ovens alone, which 
produced 59-3 per cent. of the total United States 
output that year. The first by-product oven coke 
made in the United States was produced in 1893, 
in 12 ovens. In 1925, that country produced 
51,266,943 net tons of coke, exclusive of screenings 
and breeze, of which 77-8 per cent. was made by 
the by-product process. 

The book reviews the composition of the blast- 
furnace charges and the various composition of 
pig-iron; then follow the chapters on the foundry, 
the puddling processes, and various processes for 
steel making. In the United States, we are told, 
the tendency in new open-hearth furnace plants is 
to standardise on a rated capacity of 100 tons, 
but in these furnaces, 120 tons of metal are often 
made in one heat. Fuel oil is extensively used, 
adds the author, but as its price fluctuates, many 
furnaces are equipped with the necessary apparatus 
for gas and for oil, so that either gas or oil may be 
resorted to which ever is cheaper, at a given period. 
Tar and coke-oven gas are being employed more and 
more extensively, often in combination. Powdered 
coal has also been used to some extent, but has not 
been found as desirable as was expected. In Amer- 
ica, the term “‘ Duplex Process ” for steel making is 
employed solely to mean a combination of the acid 
Bessemer and basic open-hearth processes. Molten 
basic pig-iron is blown in the acid Bessemer converter 
until the silicon and manganese, with part of the 
carbon, have been oxidised. The semi-finished 
molten metal is then transferred to the basic open- 
hearth furnace for continuing its treatment. 

The data we have briefly sketched above, and 
numerous other given by the author, will prove 
of value to students and of interest to metallurgists. 
The book is written, as the author states, “in 
simple English,” the orthography being that in use 
on this side of the Atlantic ; it is carefully printed 
and illustrated. 








THE TRANSPYRENEAN RAILWAY VIA 
CANFRANC. 
By Tueopore Rica. 

IF one examines the map of Western Europe, it is 
remarkable to note that, until recently, Spain has 
been joined to France by two railway links over 
250 miles apart, one at Irun, along the shores 
of the Bay of Biscay, opened in 1864, and the other, 
along the Mediterranean, at Port Bou, opened in 
1878. On the wide stretch in between there has 
been no railway connection at all, the obstacle 
being the Pyrenees mountains. This range is of old 
geological formation, very rugged and picturesque 
in character, the highest mountain, Maladeta, rising 
to 11,426 ft. From the railway point of view, 
especially on the French side, the problem of trans- 
Pyrenean railway communication is none too easy. 

As far as the western section is concerned, there 
are very strong links between the peoples on the 
north and south side of the mountains, a material 
part of the population being of the Basques race ; 
for a long period, the kingdom of Navarre stretched 
on both sides of the mountains, and many social 
and other links connected the people of the Béarn 
with those of Arragon. Ever since 1865, the question 
of further railway communication between France 
and Spain has been studied and discussed, and a 
dozen different routes have been examined. Finally, 
in spite of many difficulties of a political, social and 
physical character, more than one project was put 
in hand, and the first of several new links was 





opened in July last, via the Somport tunnel. It 
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15 miles are in operation on the Spanish side ; of the | isshown in Fig.3. The line, whichis single, starting | Portalet, first passing through two short tunnels 


remainder, 10 miles are under construction on the | at 406-5 m. above datum, after leaving the station | and then through the tunnel of Portalet, 940 m. 


French side, and 31 miles on the Spanish side. 


of Bedous, first passes through a widening out 


long, which curves into the face of the rock on a 


The third line on the programme is from Ax-les- | between the mountains known as the Bedous plain, | gradient of 1 in 31, passing, when in the tunnel, an 


Thermes, in the Ariége Valley, to Ripoll. 


This will | rising 1 in 50, 1 in 80, and 1 in 30 to the halt at | old picturesque fortress situated on the other side 


give direct connection from Toulouse to Barcelona. | Accous. (In the profile, Fig. 3, the distances are | of the river. In parts of this tunnel, the roof was 
The French section, which passes close to the frontier | measured from Jaca, and the gradients, expressed | lined with the aid of a cement gun. On emerging 
of the little republic of Andorra, rises up the valley | as percentages, are given as rising or falling for a | from this tunnel, the river is re-crossed by a fine 
with the aid of a helicoidal tunnel, 1,750 m. long,! train travelling from Jaca to Bedous.) From | bridge of 480 ft. total length, made up of four masonry 





and passes into the French part of the upper water- 
shed of the Spanish river, the Segré, by a tunnel 
3°3 km. long, at an altitude of 5,171 ft. It has 
recently been decided to carry the European 


Docks, to enable that port to compete for traffic | 


from South-Western France. It is expected that 
this line, which will be electrically operated on 
the French side, will be opened this year. Fig. 1, 
on page 541, shows the position of the three 
railways. 

The Canfranc line, with which this article is 
concerned and which was opened last year, begins 
at the Midi Railway station at Bedous, in the Aspe 
Valley, to which point the line was extended in 
1914; it passes the frontier in the Somport tunnel, 
and descends on the Spanish side to Jaca, where it 
joins a branch of the Spanish Norte Railway from 
Tardienta, near Saragossa. In accordance with 
convention, the maximum gradient is arranged not 
to exceed 1 in 30-3 on lines to be worked by steam 
locomotives and 1 in 23-2 with electric traction, 
with curves of 260 m. radius on the French side, 
and 300 m. on the Spanish, with steam traction, 
and 200 m. on the French side with electric traction. 
A good deal of delay took place when the scheme 
was first under discussion, owing to the steepness 


of the Aspe Valley and the difficulty of climbing it | 


without a series of loops. This was before electric 
traction had become a practicable method of haul- 
ing standard-gauge trains. 

A general map of the line from Belous to Jaca 


is given in Fig. 2, on the opposite page, and a profile | 


| passing below. The entrance to one of these! 


standard gauge, by means of this line, into Barcelona | river again by a lattice-girder bridge, of 50 m. 


Accous, the line crosses the Aspe River on the 
skew, by a steel bridge of 37 m. (88 ft. 7 in.) span, 
passes into a tunnel 457 m. (500 yds.) long, and 
after traversing two short tunnels, recrosses the 


(164 ft.) span. At this part it runs between the 
river and road, and after a continuous rise, reaches 
the station of Lescun, at altitude 498 m., and 
km. 50-7, measured from Jaca, the average | 
gradient being 1 in 63. | 

On leaving Lescun station, the line enters a tunnel 
621 m. long, forming an S curve, and after a series 
of curves, some of 200 m. radius, traverses two spurs 
in the valley, by two short tunnels, then crosses the | 
main road on the skew, with a culvert for a torrent 





tunnels, that at Sens, is illustrated in Fig. 9, on page 
544, and an elevation of the entrance is given in 
Fig. 10 on the same page. The road and river cross- | 
ing is illustrated in Fig. 16 on page 552. The line | 
then crosses a masonry bridge of 20 m. span, passes | 
through two further short tunnels, crosses the main | 
road by a lattice bridge of 37 m. (121 ft.) span, and 
reaches Etsaut station at 46-30 km. 

Leaving Etsaut, the line crosses a torrent by a| 
20-m. (75 ft.) girder bridge, follows the bank of the | 
River Aspe, and then, rising for 1,800 m. at 1 in 28, | 
crosses the river by a bridge 120 m. (394 ft.) long, | 
with four masonry approach arches of 7:97 m. | 
(26 ft.) span, a central steel deck span of 60 m.| 





(197 ft.), and an arch over a footpath, of 8 m. (26 ft.) | 


span. It then, after crossing a torrent by a masonry 
bridge of 20 m. span, enters the narrow gorge of 


arches, of 8 m. (26 ft.) span, a central top-deck 
span of 60 m. (187 ft.), and two further masonry 
arches of 8 m. span on the far side. This bridge is 
illustrated in Fig. 11 on page 552, while Figs. 12 to 14, 
on the same page, show the means used for erection. 
This bridge, besides crossing the river, crosses the 
tail race of one of a series of power stations of the 
Forces Motrices de la Vallé D’Aspe Company in the 
valley. This undertaking supplies power in bulk 
for the operation of the French section of the 
railway through the tunnel, and for the sections of 
the Canfranc yard which have been electrified. On 
passing the bridge, the line arrives at the station of 
Urdos at 42°4 km., the average rise in this section, 
station to station, being 1 in 34. 

On leaving the station of Urdos, the line begins 
to rise with a gradient of 1 in 23-25, and, except 
in three tunnels, it is continued on this grade 
until Forges D’Abel station is reached. This 
station is at the French entrance of the Som- 
port International Tunnel at the summit of the 
railway. The gradient is materially eased in the 
longer approach tunnels and in the main tunnel, 
because the presence of so much percolating water, 
coupled with peculiar atmospheric conditions, at 
times makes the condition of the rails very slippery. 

Leaving Urdos, the line, after a kilometre of 
rock-fill embankment, passes through the tunnel of 
Lagaube, 160 m. long, on the south side of which 
is a covered way carrying a torrent over the railway 
|in a concrete trough. The arrangements of the 
tunnel and torrent bed are shown in Figs. 4 to 7 
| on this page. For protection, the end of the covered 
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way is extended out of the cutting on the river side | 
for 30 m. 


TRANSPYRENEAN RAILWAY 


VIEW OF 





ENGINEERING. 


VIA 


OF: 4s iM 
a 





ENTRANCE TO TUNNEL AT SENS. 


enters a helicoidal tunnel, 1,803 m. (1,972 yards) 


To allow for the amount of water met | long, the upper end being farther back in the valley 


with, a layer of dry rubble was packed behind the | than the lower, and the rise being 167 ft., or 1 in 29-4. 


walls and in the roof. 

After 800 yards of rock embankment, the railway 
enters the tunnel of Larry, 294 m. long, in which | 
the schists were so difficult and water-logged that | 
an invert was put in and drainage packing above the 
waterproofed arch and down the walls. The north | 
and south faces of this tunnel are illustrated in| 
Figs. 17 and 18 on page 552. 

The line continues on embankment for km. 
and then curves into the eastern valley wall and 
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| This tunnel, which is largely in schists, was originally 


started from both ends, but the amount of water 
met with at the upper end was so great that work 
was stopped until the heading from below could 
act asadrain. In parts, the roof was concrete lined, 
and in parts was grouted under pressure. 

In some sections of this tunnel so much pressure 
and treacherous material was met with that the 
walls had to be made about 4 ft. thick, with a 
correspondingly strong invert. The arrangement 
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is shown in Fig. 15 on page 552. The lower end of 
the tunnel is at 300 m. radius, and after 206 m. of 
straight, the upper end is at 270 m. radius; the 
position of the entrance and exit of this helicoidal 
tunnel can be seen in the general view given in 
Fig. 8 on this page. From the upper end of the 
tunnel a remarkable view can be seen down the valley. 


(To be continued.) 








Unitrep Srates CoLurery AccipeNts.—According to 
figures issued recently by the United States Bureau ot 
Mines, accidentsin coal mines in that country, during the 
calendar year 1928, were responsible for 2,171 deaths. 
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GATERMAN PNEUMATIC OSCILLAT- 
ING TAPPING MACHINE. 


ANYONE who has done much tapping by hand, an 
experience probably most widely undergone by the 
older generation of engineers, will recollect the some- 
what unaccountable behaviour of the tap in occasionally 
seizing in the hole whilst being withdrawn, apart from 
its more understandable siezing when cutting. They 
will also be familiar with the method of release adopted 
in either case, namely, that of running back the tap 
slightly and then proceeding as before, thus taking 
as it were a running start. The latest model, No. 10 
size, of the pneumatic tapping machine made by 
Messrs. W. Gaterman Manufacturing Company, 
Manitowoc, Wisconsin, U.S.A., possesses the advantage 
not embodied in the earlier patterns, of providing for 
this backing movement on the withdrawal, as well as 
during the forward motion. We recently inspected an 
example of this machine in the shops of Messrs. Alfred 
Herbert, Limited, Coventry, which firm has the 
agency for it in this country. The machine is illus- 
trated in the accompanying figure. 

As will have been already gathered from the use 
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the tap is automatically backed, freeing itself in the 
process. It is then sent forward again. The action 
is very rapid; in fact, it can scarcely be discerned. 
If the pre-determined resistance is not met with, the 
tap does not oscillate, but goes forward only until the 
proper depth of hole is reached, at which point it 
reverses and backs out of the work, also without 
oscillation, unless the limiting resistance should 
develop during withdrawal. 

As will have also been inferred from the name of 
the machine, the control of the mechanism is pneu- 
matic. The clutches for forward and reverse drive 


with recesses in the cast-iron gears, which combination 
provides a high degree of friction. The clutches do 
not slip when the limiting torque has been reached, 
this taking place in the drive itself, which is of the 
spring and ball type, regulated by the dial setting. 
An air cylinder is placed directly on top of the clutch 
spindle, the valve of which cylinder is tripped by the 
depth stop when the tap has reached its proper depth. 





| the reverse clutch being engaged by a compression 
| spring, which also withdraws the forward clutch as 


are of the cone type, of an aluminium alloy, and engage | 


The cylinder holds the forward clutch, only, in place, | 





of the term “ oscillating,” the Gaterman machine soon as the air pressure is released. The problem of 
embodies the principle of imitating the backing motion | adjustment for cone wear consequent upon the use of 
of hand tapping when the torque becomes so heavy | mechanical engagement devices, is eliminated, as both 
that there is a risk of breaking the tap. It is under-| the piston of the cylinder and the compression spring 
stood, of course, that the margin before reaching | cause the cones to follow up to the gripping point 
excessive torque is a large one, so that tap breakage is 
avoided, and it is not merely to avoid this risk that | 
the machine has been developed. On the contrary, the | 
guiding feature in the design has been that of increas-| The machine illustrated is fitted with a hand-lever 
ing the production rate very considerably, as the tap| feed to the tap spindle. The feed mechanism is 
thus protected can be run at higher speeds without) provided with a device for reversing at any point 
stripping the threads of the tapped hole or breaking | immediately the operator releases his hold on the feed 
the tap. The action is different from those of machines | lever, or, alternatively, not until the tap has gone to 
having a positive drive, and from those making use | a set depth, whether he releases his hold or not. This 
of friction slipping devices. In the Gaterman machine, | feature of providing for the reversal of the spindle 
the limiting degree of torque, or load, on the tap, is at any desired point is an advantage when tapping 
determined beforehand to suit the tap used, and is| step work, or blind holes which are not drilled to a 
set on a dial. The effect on the spindle mechanism | uniform depth. The machine, if desired, however, can 


control valve is operated from the spindle feed lever, 
and requires no attention on the part of the operator. 


whatever the state of wear may be. The pneumatic | 
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| trip, an arrangement which leaves the operator with 
| both hands free, thus still further conducing towards 
rapid production. A pneumatic feed has also the 
| advantage of providing a rapid advance to and with- 
| drawal from the work, and when this is reached the 
| rate is slowed up according to the lead and speed of 
the tap. The pressure in the feed cylinder is only 
| sufficient to feed the tap into the work, and is not 
enough to cause any harm either to the tap or the 
work, should the hole to be tapped not be in alignment 
with the tap when the spindle feed is tripped. The 
air pressure required, both for the clutch control and 
the spindle feed, is 30 Ib. per square inch. A reducing 
valve is fitted to the air control valve, so that the 
machine can be connected to any compressed-air supply 
above this pressure. In shops without an air pipe 
| line a compressor having a cylinder diameter of 3 in. 
and a stroke of 34 in. will be sufficient for operation. 
The general construction of the machine will be 
sufficiently clear from the figure, so that a detailed 
description is unnecessary, but it may be remarked that 
the mechanism is completely enclosed, an arrangement 
which permits all the gears to be run in oil baths, 
| and, incidentally, makes the machine an easy one to 
keep clean. At the same time, it does not imply in- 
accessibility, as both the power transmission gears and 
the forward and reverse motions are complete units, 
which are assembled and inserted as a whole into 
| the machine head. Power is obtained from a constant- 
speed motor running at 1,750 r.p.m. This is either of 
14 h.p. or 3 h.p., according to the capacity of the ma- 
chine, which is manufactured with three different gear 
| ratios between the clutch shaft and the tapping spindle, 
to tap holes } in. to ? in., § in. to 1} in., and 1 in. to 
14 in. in diameter, respectively. The driving pulley 
is 12 in. in diameter, and runs at a speed of 900 r.p.m. 
The power transmission gear is of the sliding type, 
without clutches or loose sleeves, and six speeds 
| are provided, which are obtained by the movement 
|of the lever seen in the figure near the driving 
pulley. The sector in the machine illustrated is 
| graduated to give spindle speeds of 160, 210, 290, 390, 
| 530 and 700 r.p.m. If other ratios are adopted, to 
give the larger capacities above mentioned, the 
| spindle speeds range from 80 to 350 r.p.m., or 40 to 
175 r.p.m., as the,case may be. The change from 
right-hand to left-hand tapping is effected by reversing 
| the direction of rotation of the driving pulley. 

The capacity of the machine, as regards size of work, 
is indicated by the dimensions of the table, &c. The 
distance from the spindle centre to the column is 
13 in., while the table has a faced surface of 26 in. by 

| 18 in., and a vertical adjustment, obtained by means 
| of a triple-screw, of 22 in. This gives a range of 


| height of table from 16 in. to 38 in. above the floor. 
| The standard maximum tapping depth is 3} in., but 
| adjustments can be made to give a depth of 5 in. 
when required. The cutting fluid is returned from 
the table trough by a pipe discharging into the recess 
seen between the table ways, and is stored in a reser- 
voir at the base of the column, whence it is lifted 
by a pump driven from a small pulley on the driving 
shaft. When flooding of the work is not desirable, a 
pneumatic arrangement can be fitted which discharges 
an atomised spray of oil to the tap at each downward 
movement of the tap spindle. Lubrication is effected 
by another pump, as regards the bearings, which are 


| of the Timken tapered-roller type, and the gears, as 


| previously stated, run in oil baths. 


CuHILEAN Moror-VEHICLE Imports.—<According to 
information received by the Department of Overseas 
Trade recently, the number of motor vehicles of all kinds 
imported into Chile increased from 1,500 during 1927 
to some 5,000 during 1928, The reduction of the Customs 
import duties on motor-vehicles in February, 1928, gave 
a strong impetus to the sale of cars. Unfortunately, 
European manufacturers have not, up till the present, 
shared in this increase in the sales of motor vehicles ; prac- 
tically the whole of the market is in the hands of United 
States exporters. 

British STANDARD SPECIFICATION FOR STEEL-WIRE 
Ropes.—A new specification for round-strand steel-wire 
ropes for colliery haulage purposes, and designated 
No. 330—1929, has just been published by the British 
| Engineering Standards Association. As was the case 
| with the colliery winding rope specification (No. 300), 
|the new specification contains clauses regulating the 
| acceptance tests carried out in connection with the 
purchase of colliery haulage ropes. Three grades of 
material are specified, both basic and acid open-hearth 
steel being included. In addition to the usual general 
technical clauses, tensile and torsion tests are specified 
to be made, both on the wire before it is made up into 
the rope, and on wire taken from the completed rope. 
The more difficult question of flattened-strand ropes is 
now being dealt with, and it is hoped that specifications 
will be available shortly for both winding and haulage 
ropes of flattened-strand construction. Copies of the 
new specification may be obtained from the B.E.S.A. 
Publications Department, 28, Victoria-street, London, 
S.W.1, price 2s. 2d. post free. 





is such that when the set resistance has been reached, | be supplied with a pneumatic spindle feed and foot 
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EXTENDED STEAM TABLES.* 
By Professor H. L. Cattenpar, M.A., LL.D., F.R.S. 


Wits the assistance of the British Electrical and 
Allied Industries Research Association, it recently 
became possible to make direct measurements of the 
total heat of both water and steam at pressures up to 
4,000 lb. per sq. in., and temperatures up to 750 deg. F. | 
These included the whole of the critical region, in which 
no heat measurements had previously been made, and 
proved that the objection to the Joule-Thomson equa- 
tion (namely, that it was incapable of representing the 
complex phenomena of the critical state) had no founda- 
tion in fact. The new experimental data proved to be 
quite inconsistent with the van der Waals theory, 
which had been universally accepted for more than | 
fifty years, but fell naturally into line with the funda- | 
mental basis of the Joule-Thomson equation, as first | 
applied to steam by the author in 1900. | 

This fatal objection having been removed, a general | 
account of the theory and equations, as applied to the | 
critical state, was communicated to the Royal Society | 
in 1928,7 and a set of skeleton Steam Tables, calculated 





from the modified equation, was forwarded to the | 
These tables | 
are now published with some additional details and | 


Research Association at the same time. 


explanations. They are not intended to be final, but 
are reproduced as a basis of discussion and comparison, 
with the object of inviting criticisms and suggestions 
from other workers. 

It sufficed for this purpose to calculate the numerical 
values of the two constants required from the observed 
values of H and V at the critical point without making 
an elaborate analysis of all the available data. If the 
equation was of the right type, this simple process 
ought to give a good fit over the whole range. The 
value of the small constant ) was found directly in this 
way from the fundamental relation between H and V, 


namely 
13 : 
H—B (5 ar b) + abP (1) 
with 
H 997-6 
Vv 0 -0607 
P 3,222 
B = 835-2 


in British units, Fahrenheit, at the critical point for dry 
saturated steam. This gave 
b 000280 cub. ft. per Ib. 

which was about six times smaller than the value 
0-0160 previously assumed on the basis of the van der 
Waals theory. 

The Joule-Thomson equation was modified by using 
the geometrical progression 


( . 72 r 4 = ‘ 
dl 72) c(l Z Z . ete. to w ) 

to include the higher degrees of co-aggregation required 
by theory. Retaining the original value of c, namely, 
04213 cub. ft. per Ib. at 212 deg. F., the only new 
constant required was the value of / in the co-aggrega- 


tion ratio 


keP 
Z E 
T 
This was obtained by substituting V 6 — 0-0635 in 
the equation 
RT c 
\ b — ? 
aP (1 7?) (=) 
at the point 
P = 3,222 
t 705-2 deg. F. 
Tt 1,164-8 


and gave 
4-012 deg. F. 

This value of / was found to give such good agree- 
ment with all the observations at high pressures that 
any further changes were unnecessary. 

Additional confirmation of the theory was obtained | 
by deducing the theoretical equation of saturation 
pressure from (1) and (2) with the aid of the original 
equation} for the total heat h of the liquid at satura- 
tion, namely 

vuL 


- v) 


k= s(t — 32) + (3) 
which had already been verified by direct observations 
of h. The resulting equation fo p agreed within 0-5 
deg. F. on the average, over the whole range from 
32 deg. to 717 deg. F., with the observed values of the 
saturation pressures, and was regarded as a satis- 
factory verification for the immediate purpose. 
Equations (1) and (2), when interpreted in accord- | 
ance with the laws of thermodynamics, completely 
define the properties of dry steam, while equation (3) 
gives all that is required in the wet region. From these 


* Being Report Ref. J/T 40 received from the British 
Electrical and Allied Industries Research Association, 
and published in the Proceedings of the Institution of 
Mechanical Engineers. 

t Proc. Roy. Soc., 1928, vol. exx, page 460. 

t Phil. Trans. Roy. Soc., Series A, 1902, vol. 199, page 
55. 


incites sic 


three basic relations, any other equation that may be 
required is easily deduced by purely mathematical 
manipulation. Thus to find the expression for H in 
terms of P and T, we have merely to substitute in (1) 
the expression for V — 6 from (2), 


13\ acP 


So is the specific heat at zero pressure, and is taken 
as being equal to ue which appears to be as nearly 


as possible the mean value of Sg over the range 32 deg. 
to 717 deg. F. The variation of Sg with temperature 
is about 400 times less than the variation of S with 
pressure over this range, and is still so uncertain that it 
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boiler and superheater. The methods were all based 
on the principle of steady flow, which greatly facili- 
tated the reduction and determination of the heat loss, 
and made it unnecessary to measure the thermal 
capacity of the apparatus, which is always a serious 
source of uncertainty in static experiments at high 
temperatures. 

Three principal types of apparatus were employed, 
as follows :— 

(1) A differential electric calorimeter for measuring 
the specific heat of steam at atmospheric pressure as 
required for the reduction of experiments by the throttl- 
ing method at high superheats. 

(2) A differential throttling calorimeter for measur- 
ing the total heat of steam at any temperature and 





EFFECT OF AIR IN STEAM BEYOND CRITICAL POINT. 
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was considered undesirable to take any account of it in 
a preliminary reduction, though it may have to be con- 
sidered when the observations at high pressures and 
superheats are finally reduced. 

The expression for the entropy of the liquid remains 
the same as in the original equations. That for the 
vapour is deduced from (1) and (2). The equation of 
saturation pressure follows immediately, as explained 
in the Proceedings of the Royal Society,* where the 
numerical values of the coefficients are given. Reference 
should be made to this paper for any further details 
with regard to the theory. Additional references with 
regard to the methods and apparatus employed are 
appended. By special request some figures and tables 
of observations have been added, illustrating points of 
special interest and difficulty. 

Methods and Apparatus.—The methods employed for 
measuring the total heat were described and illustrated 
in 1925. A similar description was communicated 
by request to an American journal.t Further details 
of the electric boilers and other accessory apparatus 
were given in the Howard Lectures before the Royal 
Society of Arts in 1926.§ The apparatus was specially 
designed to eliminate trouble from leakage at high 
pressures, and to prevent, as far as possible, any con- 
tamination of the water in its passage through the 


* Loc. cit. 
World Power, 1925, vol. iii, page 302. 
Power, 1925, vol. Ixii, page 134. 


§ 


245 et seq. 


Journal Roy. Soc. of Arts, 1926, vol. Ixxv, pages | 


pressure within certain limits, by throttling to atmos- 
pheric pressure and observing the temperature. 

(3) A jacketed condenser, with high-pressure pocket 
and throttle, for directly measuring the total heat of 
water or steam at any pressure and temperature, by 
throttling to atmospheric pressure and measuring the 
rise of temperature of a steady flow of cooling water 
in the condenser. 

Methods (1) and (2) had the advantage that the 
external heat loss could be determined at each observa- 
tion. They could not be employed if either the initial 
or final steam was wet, and were liable to systematic 
errors in the neighbourhood of saturation. Method (3) 
had the advantage of being equally applicable to water 
and wet steam, and of being independent of any assump- 
tion with regard to the specific heat of steam. It re- 
quired, however, a very exact knowledge of the varia- 
tion of the specific heat of water at ordinary tempera- 
tures, which had previously been determined with this 
object by two independent methods.* 

Methods of Taking and Reducing Observations.—The 
methods of taking and reducing observations were fully 
described, with several examples, in 1926, and the 
probable limits of accuracy were discussed. The obser- 
vations had not at that time been extended beyond 
1,000 Ib. per sq. in. pressure with the first electric boiler. 
| Upwards of fifty results for the total heat, between 
| 800 Ib. and 1,000 Ib. per square inch, from saturation 








* Phil. Trans. Roy. Soc., Series A, 1902, vol. excix, 
page 55; and 1912, vol. cexii, page 1. 
+ World Power, 1926, vol. vi, pages 67 and 147. 
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up to 250 deg. F. superheat, were plotted on a large- 
scale diagram by a difference method, and showed good 
agreement between the throttling and condenser 
methods over the whole range. The results at high 
superheats, such as would necessarily be employed in 
practice, also agreed remarkably well with the Enlarged 
Tables representing the original equations of 1902. It 
appeared, however, that the results in the neighbourhood 
of saturation were liable to vary with the purity and 
quality of the steam, and with the rate at which it was 
heated or cooled before entering the apparatus. These 
effects required a good deal of investigation before the 
equations could be extended to higher pressures, but 
explained many of the difficulties encountered by 
previous observers in the critical region, and indicated 
the manner in which such sources of error in the 
experiments might be avoided. In investigating 
complicated effects of this kind, it is necessary to 
compare experiments made under different conditions, 
which should be varied as widely as the method of 
measurement will allow. 

Each observation by itself must possess a high order 
of accuracy, and be free from accidental or instrumental 


errors, if any success is to be achieved in the interpre- | 


tation of the results. It will readily be understood that 
it would be impossible, within any reasonable compass, 
to give a complete analysis of the observations under- 
taken with this object. It must, therefore, suffice for 
the present to give a few examples illustrating the 
results obtained in investigating one of the most 
difficult points, namely, the effect of air and other 
impurities on the equilibrium between steam and water 
in the region beyond the critical point, where the effect 
of small impurities is most pronounced and most diffi- 
cult to determine. The observed effects are probably 
due to the formation by the impurity of complex mole- 
cules with the steam, and have been interpreted on 
these lines by the Author in a Paper ‘‘ On the Vapour- 
Pressure of Solutions.”’* 

Similar anomalies were observed in measuring the 
specific heat of steam near saturation.t These pheno- 
mena may give rise to systematic errors near the critical 
point, where they are much too large to neglect owing 
to the smallness of the latent heat. 


Effect of Air and Other Impurities in the Steam.— 
Fig. 1 illustrates the procedure employed in tracing the 
isothermals on the H—P diagram, and shows the first 
two isothermals plotted beyond the critical point at 
705-2 deg. F., with steam of a sufficiently high and 
uniform degree of purity for the purpose. Each point 
is labelled with the initial temperature at which it was 
taken, and the other details of the observations are 
given in Table I (to be reproduced Jater.) The diagram 
is exactly similiar to that in the Proceedings of the 
Royal Society, 1928,t except that the pressure scale 
is increased five times to allow room for the insertion 
of the actual points of observation, and for a comparison 
with the air-free isothermals given by the theoretical 
formula for the saturation pressure. 

The observations indicated by small circles were all 
taken within a fortnight of each other, during which 
time the purity of the steam remained nearly constant. 
Those indicated by crosses were taken a month or two 
later, when the conditions as to purity had been im- 
proved. The scale of temperature is indicated in the 
wet region by the interval of 1 deg. C. between the 
isothermals of 374 deg. and 375 deg. C., or by the 
interval of 3 deg. F. between the isothermals of 707 deg. 
and 710 deg. F., or 710 deg. and 713 deg. F., where the 
scale is nearly 1 deg. F. to 30 lb. per square inch. 

Starting with the isothermal of 709-6 deg. F. 
at the top left-hand corner of the diagram, the first 
point, marked 709-6, at P = 3181, H = 1041, 
falls above § the air-free isothermal of 710 deg., but 
the isothermals with and without air become nearly 
parallel to each other at lower pressures, as was veri- 
fied by observations beyond the limits of the diagram. 
The nearest + points at 709-6 and 711-2, containing 
much less air, are very nearly in their correct positions 
with reference to the air-free line of 710 deg. Following 
the isothermal of 709-6 with air, the next point, marked 
709-7, falls well below the air-free line, showing that 
the effect of impurities is to make the isothermal bend 
down more steeply on approaching saturation, as was 
also found to be the case at much lower pressures. The 
point of crossing the ‘‘ steam saturation line ” was veri- 
fied by tracing the same isothermal in the wet region, 
as indicated by the points marked 709-8, 709-6, 708-9 
and 709-4. These do not all lie exactly on the line, 
owing to the difficulty of keeping the temperature 
constant, but are near enough to show that the iso- 
thermal in this region is a straight line, slightly inclined 
to the vertical, or that the pressure increases uniformly 
during condensation, instead of remaining constant as 





* Proc. Roy. Soc., 1908, vol. 1xxx, page 466. 

{ Phil. Trans. Roy. Soc., Series A, 1915, vol. cexv, 
page 383. 

t Vol. cxx, page 466, 

§ This appears to be the usual effect of gas or air above 
& certain degree of superheat. 





discovered by Andrews (1869) in the condensation line 
of carbon dioxide containing a small impurity of air. 

The isothermal of 711-5 was traced in the same way 
a week later. The commencement of the line at the 
top of the diagram is fixed by the two observations 
marked 710-5 and 712-0, which are seen to be con- 
sistent with the previous isothermal of 709-6, showing 
that the purity of the steam had not altered appreci- 
ably. The next point, near the saturation line at 711-2, 
shows that the isothermal had already crossed the air- 
free line of 710 deg., whereas the comparison + point 
at 711-4, containing less air, is still above the 710 deg. 
line. The straight line representing the isothermal 
in the wet region was fixed by the two points 711-5 and 
711-8 near the saturation lines at either end. The 
whole isothermal is very similar to that of 709-6. Both 
lines confirmed the conclusion, previously drawn from 
the experiments on the saturation volumes of water 
and steam in sealed tubes of quartz glass, namely, 
that the latent heat and the saturation lines could be 
traced beyond the critical point, though it was necessary 
to use steam of a high degree of purity, and a very 
accurate method of measuring the total heat, in order 
to be able to observe them. It soon became evident, 
as the purity was improved, that the small deviations 
from the theoretical equations were not simply due to 
errors of observation, as at first assumed, but to defec- 
tive purity of the steam, corresponding roughly with 
variations in the air content. 

The points marked with crosses illustrate the second 
stage in the purification, and are selected from a number 
of others to correspond as nearly as possible in tempera- 
ture and total heat with some of the points previously 
obtained and shown by small circles. It will be seen 
on comparing corresponding points, e.g., in the wet 
region, 708-7 + with 708-9, or 713-1 + with 713-0, 
that the observed pressure is lowered as the impurity 
increases. This lowering of the vapour pressure is the 
most familiar effect of the presence of impurities in 
solution, and has been studied most widely at ordinary 
temperatures and pressures. According to Raoult’s law, 
the ‘‘ relative lowering.of the vapour pressure ” denoted 
by dp/p, is equal to the ratio of the number of molecules 
n of solute to the number of molecules N of solvent in 
the solution. This effect is most commonly measured 
in practice by observing the corresponding rise of the 
boiling-point at atmospheric pressure, which, accord- 
ing to Van’t Hoff’s approximate formula, should be 
directly proportional to the partial pressure of the 
impurity, to the volume of the liquid, and to the abso- 
lute temperature, but should vary inversely as the 
latent heat. No experiments had previously been 
made beyond the critical point, but since both v and T 
increase considerably, while L diminishes to zero, it 
was easy to see that the effect of a small impurity might 
become very important under these conditions. The 
rise of the boiling-point is readily estimated from some 
of the points on the diagram. The point 711-8 near 
the water saturation line happens to fall almost exactly 
on the isothermal of 710 deg. for the pure solvent, 
showing that the rise of the boiling-point is here 1-8 
deg. F. This effect cannot ordinarily be observed on 
the steam saturation line, where it is more marked, but 
is clearly shown on the diagram. The isothermal of 
709-6 with air, crosses the steam saturation line at 
707-2, showing a rise of boiling-point at this pressure 
amounting to 2-4 deg. F. These deviations diminish 
as the purity is improved. The condensation line for the 
+ points at 706-2 is easily drawn by joining the two 
points near the saturation lines, and is much more 
nearly vertical than those with 0-003 per cent. air. 
The + points at 706-8 and 707-3 agree with the 706-2 
line, but are obviously still about 0-5 deg. F. too low 
as compared with the theoretical line at 707 deg. F. The 
points at 706-5 and 709-8 in the water region appear 
to be very nearly right; that at 713-8 is still too low, 
and may have been less pure than was supposed, but 
the possible accuracy of measurement diminishes 
rapidly with the latent heat. 


(To be continued.) 











ELectriciry GENERATION IN CANADA.—The Dominion 
Bureau of Statistics, Ottawa, states that the output 
of Canadian electric power stations, during February 
last, was 1,340,475,000 kw.-hrs., as compared with 
1,282,030,000 kw.-hrs. in February, 1928. Of the 
February, 1929, total, 1,315,670,000 kw.-hrs. were gene. 
rated by water power. 


CONSTRUCTIONAL ACTIVITIES ON THE CANADIAN 
Paciric Coast.—The High Commissioner for Canada in 
London informs us that, in order to meet the needs 
engendered by the development of construction on the 
Pacific Coast, Messrs. The Dominion Bridge Company, 
Limited, have purchased a large area of land adjoining the 
Great Northern Railway and the British Columbia Rail- 
way sidings near Boundary-road, Vancouver. The site 
has an area of 40 acres, and upon it will shortly be built 
the first unit of a modern steel erecting plant. The 
installation will be extended gradually as the demands 
made upon it increase. 








547 © 


THE HUDSON AVENUE POWER 
STATION, NEW YORK. 


THE borough of Brooklyn, which as is well known 
forms part of the city of New York, is situated at the 
west end of Long Island and is separated from Man- 
hattan by the East River. At present it extends from 
this river across the island to the south coast and covers 
an area of 80 square miles. Facilities for obtaining an 
electricity supply have been provided for the greater 
part of its inhabitants since the early days of electrical 
development in the United States by the Brooklyn 
Edison Company and its constituent organisations. 
This company now forms part of the Consolidated 
Gas Company, a concern which has absorbed all the 
public electricity supply undertakings operating in 
the city. This has meant that new methods have, from 
time to time, been superimposed on the old, and have, 
in turn, given place to something more modern still. To 
begin with, a number of isolated direct-current stations 
were operated. As far as the urban portion of the area 
is concerned, these were gradually replaced by alternat- 
ing current generation at 25 cycles, a supply being given 
to consumers through converter substations, while in 
outlying districts a 62-5 cycle two-phase supply was 
provided through frequency converters. More recently, 
one of the original 25-cycle stations was converted to 
62-5 cycles, with the result that, at the beginning of 
1922, Brooklyn was served by two generating stations, 
one of which, that in 66th Street, was built as a 
25-cycle station in 1897 and converted to 62-5 cycles 
in 1918, while the other, the Gold-street station, is 
still operating at 25 cycles. 

At this time, seven years ago, the problem facing 
the engineers of the Brooklyn Edison Company was to 
provide increased generating plant to supply the 
needs of a community of 2,000,000, on the basis of 
the then existing load of 140,000 kw., which was, 
however, doubling every five years. More than half 
this load was supplied as direct-current from the 
65,000 kw. of 62-5 cycle plant in the 66th Street 
station, the remainder being dealt with by the 
125,000 kw. of 25 cycle plant in the Gold-street power- 
house. In addition, a bulk supply was obtained 
from the United Electric Light and Power Company. 
A choice had therefore to be made between the con- 
tinuance or modification of the then existing practice. 
After careful study, it was decided to make all future 
extensions of the generating plant on the 62-5-cycle 
system and to limit the direct-current supply to the 
safe operating capacity of the existing substations. 
The latter system was also to be converted to alter- 
nating current as occasion offered. This necessitated 
transferring a number of consumers from direct to 
62-5-cycle alternating-current, so as to limit over- 
loads and to provide for the growth of demand from 
consumers who remained on the older system. In 
addition to this remodelling it was also decided to 
build a third generating station and to replace the 
original system of radial feeders by ring mains, so ag 
to reduce the risk of interruption of supply. 

The new station just mentioned is located in Hudson- 
avenue on the south bank of the East River, immedi- 
ately adjacent the United States Navy Yard. The site 
offered reasonably good condensing water facilities, and 
there was also easy access, both for barges and ships. 
Of the alternative sites available, it was, moreover, the 
nearest to the centre of the load. On the other hand, 
it only covered 5-3 acres, and sufficient space for the 
egress of the large numbers of feeders which would have 
been required had the standard voltage of 13,200 been 
employed was exceptionally difficult to obtain. This 
objection was overcome by raising the transmitting 
voltage to 27,600 volts. Even so, only six banks of 
conduits could be installed, the capacity of each of 
which, with a proper allowance for reserves and 
diversity, is 100,000 kv.-a. 

The group of buildings forming the Hudson-avenue 
station is divided into two by Marshall-street. One 
section comprises the boiler-house, turbine room and 
service building, the first of which is nearest to the 
river. The turbine room lie’ to the south of the 
boiler-house and is separated from it by a dividing 
wall, while the service building, which is triangular in 
plan, is to the east of the turbine room. The coal- 
handling equipment, ash bunkers and screen house are 
on the river wall. The electrical building is on the 
south-side of Marshall-street and is connected to the 
turbine room by a series of bridges, one of which is 
placed opposite each main generating unit. These 
bridges carry ducts in which the high-tension and 
control cables are laid, and also serve as a means of 
communication between one set of buildings and the 
other. The electrical building is divided longitudinally 
into two parts, the southern section being the switch- 
house and the northern the control house. The latter 
also contains the main auto-transformers, electrical 
auxiliaries, and the auxiliary *bus-bars and switches. 
,. The station was originally designed for an ultimate 
capacity of eight 50,000-kw. units, and three sets of 
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THE HUDSON 
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this output are in use. The fourth set, however, 
is made up of two separate turbines and generators 
which are operated as one machine, and has an output 
of 80,000 kw. The fifth set, which is described more 
particularly below, has an output of 110,000 kw. 
The first three machines run at 1,200 r.p.m. and the 
other two at 1,800 r.p.m. They all generate three- 
phase current at 13,800 volts and a frequency of 62°5. 
Special attention has been paid to the question of 
protection so as to ensure continuity of supply. On the 
steam side, overspeed is guarded against by a governor, 


while on the alternators internal short-circuits and | 


earths are prevented by two sets of differential relays, 


which trip the machine circuit-breaker and isolate the | 


set. Ordinary overload protection is provided on 
the feeder and’ bus-bar selector breakers only. The 
station was at first arranged so that each pair of 
main units could be operated independently of the 
others, each group having its own auxiliaries and boiler 
plant. This plan, however, was only followed in the 
case of the first two units, for by the time the fourth 
unit was ordered, experience had shown that a higher 
admission steam pressure would be more economical 
than the original 375 Ib. ; a pressure of 475 lb. per square 
inch was therefore chosen. This alteration led to the 
abandonment of the double-unit system, though the 
two banks of boilers are connected through a de- 
superheater, so that the lower pressure turbines can, 
in case of need, be supplied from the higher pressure 
boilers. This difference in pressure, as well as the 
increased output of the more recent sets, has led to the 
decision to lay out future extensions on the single-unit 
system. 

The generators of all the sets are connected solidly 
to auto-transformers, which step the voltage up to 
27,600 volts. 
basement of the electrical building, and from them 
power is transmitted to the switch house. In the 
latter, the phases are separated vertically, phases A, B 
aad C being located on the second, third and fourth 
floors, respectively, while the operating mechanism is 
housed on the fifth floor. On the ground floor, the 
three phases are combined into a three-core cable to 
form the outgoing feeders, the cross section of each 
core being 350,000 circ. mils. On the first floor there 





These transformers are placed in the | 
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are hospital and earthing bars, to which any feeder 
can be connected through a non-automatic oil-switch, 
so that no temporary connections need be made for 
| testing or earthing purposes. The main ‘bus-bars are 
divided into four sections, to which any generator can 
be connected without passing through a reactance, 
while connection to a synchronising *bus-bar can be 
made through a reactance and circuit-breaker. The 
latter *bus-bar acts an interconnector between the 
various sections of the main ’bus-bar. It is important 
to notice, however, that no two generators can 

connected to the same ’bus-bar section, except through 
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a reactance. The outgoing feeders are connected in 
groups of four to a ’bus-bar section, selector switches 
being placed at the end>of_each section. A group of 
feeders can only be"fed from its own set of *bus-bars, 
and each outgoing feeder is equipped with a reactance. 
These reactances, as well as those on the generators, 
are only accessible when the feeders or machines are 
earthed. , 

It will be of interest to describe next the latest exten- 
sion to this station which, as already mentioned, com- 
prises a 110,000-kw. turbo-generator, with the necessary 
steam raising and auxiliary equipment. In designing 











MAY 3, 1929.] 


this portion of the plant, the principal object was to 
decrease the capital cost per kilowatt. It was realised 
that this could best be done by installing a large unit, 
and as three out of the four boilers forming the 80,000- 
kw. unit had been found sufficient to deal with the load 
on that machine under peak conditions, it was con- 
sidered a reasonable deduction that four similar boilers 
could supply sufficient steam for a 100,000-kw. unit, 
thus leaving one boiler as a spare for the two sets. 
It was therefore decided to specify a machine for 
an output of 100,000 kw. with a limiting maximum- 
load heat rate of 12,000 B.Th.U., a figure corre- 
sponding with the low summer vacuum of 27-5 in. 
One of the manufacturers, however, offered to build a 
machine with an output exceeding 100,000 kw., but 
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with a heat rate no greater than the maximum 
specified above. Accordingly, a premium was offered 
for outputs above 100,000 kw. at the specified heat 
rate, and a Westinghouse cross-compound machine 
with an output of 108,600 kw. and consuming 1,200,000 
B.Th.U. with a 27-5-in. vacuum was finally selected. 
The makers decided to rate this machine at 110,000 kw. 
Its general appearance will be gathered from the 
illustrations we publish in Figs. 1 and 2. 

The layout of the boiler house plant also gave rise 
to some interesting problems. To begin with, a careful 
comparison was made between economisers and two- 
stage feed heating on the one hand, and air preheaters 
and four-stage feed heating on the other. Air pre- 
heating had been used on the 80,000-kw. unit with 
satisfactory results as regards the stokers, but owing 
to this equipment not having been contemplated in 
the original design of the building, adequate space was 
not available round the boilers to enable individual 
ducts to be used. One main duct had therefore to be 
tun the full length of the boiler house, at the level of 
the top of the boilers, with distributing ducts below 
the operating floor. This led to considerable conges- 
tion and, combined with the thermal conditions and 
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economisers, while the layout is, as a result, greatly 
simplified. 
It may be added that, in inviting tenders for the 


able latitude was allowed, the specification consisting 
mainly of a set of layout drawings, indicating the space 
available, and of a statement of the conditions under 
which the equipment would be expected to operate. 
Asa result, a contract was placed with*Messrs. The 
Babcock and Wilcox Company for four boilers, each 
with a heating surface of 23,830 sq. ft., an economiser 
surface of 14,960 sq. ft., and a grate area of 524 
sq. ft. A dust catcher is installed between the boiler 
and economiser, the dust being removed by suction 





induced by a steam jet. These boilers supply steam 
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| at a pressure of 500 Ib. per square inch, and a final 
temperature of 700 deg. F., and are equipped with 
a combination of Underfeed and rocking chain-grate 
|stokers. The first portion of this stoker is of ordi- 
| hary Underfeed design, and air is admitted ‘to it 
| through 33 tuyeres. It deposits the fuel on to a short 
| length of rocking grate, 6 ft. wide, which thus 
forms a connection between the stoker proper and 
the ash pocket. This section is made up of frame 
castings, into which links, similar to those used on 
ordinary chain-grate stokers, are inserted, and is caused 
to move up and down with a wave-like motion by a 
system of supporting arms, carried on fixed pivots, and 
rocker arms. By this means the clinker is broken up 
before it reaches the ash pocket. The Underfeed and 
rocking grate portions of the stoker are driven by two 
separate motors, as it was uncertain what the exact 
power requirements of the latter would be. Both these 
motors are controlled through resistances, interlocking 
devices being provided, so that their speeds always 
bear a definite relationship to each other. The speed 
of the rocking grate can also be adjusted through a 
two-speed gear box, while a variation of the stroke of 
the supporting arms is possible in addition. Another 
novelty in the stoker installation is that the front 
wall of the ashpit is constructed of hard-burnt paving 
brick, over which a shallow stream of water is continu- 
ously maintained for cooling purposes. In this way, 
an important item in the maintenance costs is reduced. 

The first series of boilers was equipped with a 
continuous hydraulic system of ash quenching and 
removal. With this arrangement, however, the ash- 
chute was open, with the result that when operating on 
full load the air admitted to the clinker pocket, for 
burning out the combustibles in the ash, short-circuited 
across the grinder instead of passing into the furnace. 
There was therefore considerable risk of the grinder 
burning, a condition which was aggravated by the fact 
that the coke blown over into the ash pocket from the 
fuel bed tended to prevent air entering the furnace. 
The result was that this coke remained unburnt and 
accumulated to a depth sufficient to impede the move- 
ment of the fuel on the stoker. These difficulties were 
overcome on the more recent boilers by installing the 
Allen-Sherman-Hoff Hydrojit system of ash handling, 
in which the ash pocket is sealed, except when 
quenching and removal are actually taking place. 
The grinder is also under pressure. In addition, the 
ash ducts between the boilers were sectionalised and 
sealed so as to allow a pressure to be maintained in them. 

The side walls and arch in the later boiler furnaces 
are of the Bailey water-wall type, while the front wall, 
in the case of three of the boilers, is made of carborun- 
dum brick, and in the fourth of Babcock and Willcox 
No. 80 brick. Great care was taken to secure gas 
tightness in the furnace and settings, the Johns- 





|Mauville type water-wall casing being used for this 


boilers, economisers, water walls and stokers, consider- | 
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lower half and then flows upwards. This arrangement 
was adopted to prevent the formation of steam in the 
economiser at low loads, and the effect on the efficiency 
has been found to be negligible. 

Both the forced- and induced-draught fans are of 
the Sturtevant vane-controlled type, in which the air 
pressure and flow are regulated by movable dampers in 
the fan inlets. This has the advantage that a con- 
tinuous variation can be obtained, since the fan propeller 
always runs at the same speed and the step-by-step 
variation, which is the result of altering the motor 
speed, is thus avoided. Less power is also consumed 
than when dampers are fitted in the outlets, as will be 
seen from the results given in the accompanying dia- 
gram, Fig.4. These vanes are operated automatically 


| by arms connected to hydraulic rams, the pressure on 


which is varied by the combustion conditions. The 
forced-draught fans deliver into a trunk, which is 
common to all the boilers, the requirements of each boiler 
being met by adjusting the vanes on each individual air 
inlet. Inthe case of the induced-draught fans, regulation 
is entirely effected by altering the vanes, those connected 
with each pair of boilers being interlocked. The forced- 
draught fans are driven by constant-speed squirrel- 
cage motors, but, for the sake of economy, the induced- 
draught fans are equipped with two-speed motors. 

The turbine which this steam-raising plant supplies, 
like the 80,000-kw. unit which preceded it, consists of a 
cross-compound machine of the combined impulse and 
reaction type, and, as already stated, is illustrated 
in Figs. 1 and 2. The high-pressure and low-pressure 
portions are arranged on two separate shafts, and 
each drives a 55,000-kw. alternator, which generates 
three-phase current at 13,500 volts and a frequency 
of 62°5 when running at 1,500 r.p.m., the power 
factor being 0-8. The high-pressure shaft carries a 
300-kw. exciter. Both portions of the turbine are 
arranged so that steam for feed heating can be extracted 
in four stages. Steam is supplied at an admission 
pressure of 475 Ib. per square inch and a temperature 
of 700 deg. F. The steam, after passing through the 
throttle valve and nozzle chambers, flows through two 
impulse wheels and then through thirteen sets of high- 
pressure reaction blading. It is thence exhausted into 
the low-pressure turbine, which is a double-flow machine 
and consists of two groups of nine pairs of rows each. 
The high standard of efficiency demanded led to the 
adoption of the speed of 1,800 r.p.m., and a com- 
pound turbine was chosen owing to the structural 
limitations of the station. Had a speed of 1,200 
r.p.m. been adopted, as in the case of the earlier sets. 
a single-cylinder turbine could have been used, but 
any advantages thus obtained was more than offset 
by the fact that the higher speed rotors could be 
completely finished and balanced at the makers’ works, 
that their operating characteristics are better, starting is 
more rapid, and greater latitude is possible in the selec- 
tion of the blade dimensions and shaft diameters. 
Clearances are also more easily controlled, the final 
result being an improved overall efficiency. As will 
be seen from Fig. 2, the high-pressure and low-pressure 
turbines are placed side by side. This has the advantage 
that no mechanical disturbance is transmitted from one 
spindle to the other. 

The principal duty of the high-pressure cylinder is 
to act as an envelope, the stationary blading being 
supported by the nozzle chambers, which also direct 
the flow of steam, and by two blade rings which are 
made in halves and bolted together. These blade 
rings are secured to the outer cylinder, and are sup- 
ported so that they expand at a more rapid fate than 
the cylinder wall. There are three nozzle chambers, 
which are maintained in the correct axial position 
on the cylinder by circular keys, the radial position 
being fixed by cylindrical ribs, which are secured 
by radial bolts placed on each side of the steam 
inlet and in the same plane as the circular keys. The 
high-pressure exhaust chamber has been carefully 
designed, so as to maintain the residual energy in 
the steam leaving the last row of blades. 

At the low-pressure end, the exhaust opening ex- 
tends over the whole of the lower half of the cylinder, 
and special supports are used to counteract the differ- 
ential expansion between the blade ring and the outer 
cylinder, so as to avoid overstressing and distortion. 
The exhaust casing is carefully braced to withstand 
atmospheric pressure. For this purpose, a series of 
vertical ribs, extending from one end wall of the cylinder 
to the other, is used. These ribs are also employed 
to direct the steam into the condenser, so that con- 
centration in a comparatively small part of the exhaust 
area is prevented. The interior of the cylinder is 
conical, so as to eliminate eddy spaces. The maximum 
length of blade used is 234 in. 

The main body of the high-pressure rotor is a 





single solid forging of annealed carbon steel, to 
which a short extension shaft is attached at the 
governor end by means of a taper and nut. This 
extension is of comparatively small diameter, and 
it carries the thrust-bearing journal, the worm for 


the difficulties of isolating the shut-down boilers and | 
fans from the main duct, caused the use of preheaters | 
to be abandoned on the new boilers, in spite of their | water flow in opposite directions and in the bottom half 
lower capital cost. In practice, it has been found that | in the same direction. The water on leaving the upper 
a somewhat greater output is being obtained by using! half of the economiser is led into the bottom of the 


purpose. 
In the upper half of the economiser. the gases and 
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operating the governor and the emergency governor. 
In the case of the low-pressure rotor, the dimensions 
were so large that it was made in two parts, which 
are bolted together. The inlet chamber to the low- 
pressure blade ring is of gradually-decreasing cross- 
section, and contains several guiding ribs, so as to 
eliminate eddies and reduce to a minimum the pres- 
sure drop necessary to carry the steam to the first 
two rows of stationary blades. The low-pressure 
casing is in two parts, comprising an outer cylinder, 
which forms the exhaust casing, and an inner blade 
ring, which forms the steam-inlet passage. The outer 
cylinder is made in six pieces, with two vertical joints, 
and the inner ring in four pieces. Cast-iron is used 
throughout, since the temperatures and stresses are 
low. The rotating blading is of stainless steel, and, as 
a result, longer blades and the use of higher tip speeds 
than was possible in the other sets could be employed. 
The oil pumps on this machine are of the single-stage 
centrifugal type, and, for the first time on the Brooklyn 
Edison system, barring gear has been fitted for rotating 
the shaft when the turbine is shut down. In this 
way distortion is prevented. This gear is thrown in 
when the set slows down below a certain speed, and is 
disengaged when the machine is again started up. 

The condenser specification was unusual in that it 
consisted of a description of the operating conditions, 
and of the methods by which the tenders would be 
examined, but contained no details as to size of tubes, 
number of passes, &c., required. As a result, a single- 
pass condenser with a surface of 85,000 sq. ft. was 
chosen, and a departure from the company’s usual 
practice was thus made. It must not, however, be 
assumed that this change is permanent, since the 
circulating-water culverts were built for an ultimate 
plant capacity of 400,000 kw., and it is therefore 
impossible to allot more than 135,000 gallons of water 
per minute to this unit. Approximately the same 
quantity of water will be allotted to future sets, 
which will mean that if turbines of greater output are 
installed, double-pass condensers will again have to 
be used. The air-extraction plant consists of three 
three-stage jet extractors, one of which is normally 
connected to each of the three longitudinal steam 
space compartments into which the condenser is divided. 
The circulating water is supplied by two pumps, 
which are driven by two-speed squirrel-cage motors, 
and have an output of 67,500 gallons per minute. The 
heat-balance diagram for the 110,000 kw. turbo- 
generator is given in Fig. 3, on page 549. 


THE LATE MR. ROBERT SKELTON. 


WE note, with regret, the death of Mr. Robert Skelton, 
after a very brief illness, on April 27 last, at his home 
at Harrow, Middlesex. Mr. Skelton, who was engineer 
to the Municipal Council of Colombo, Ceylon, for 
nearly thirty years, was the second son of the late 
Mr. Samuel Skelton, and was born in London on 
September 15, 1863. He received his technical educa- 
tion in the Applied Sciences Department of King’s 
College, Strand, London, which he attended during 
the period from 1880 to 1883, and, on passing out, 
was elected an Associate of King’s College with 
“high distinction.” In 1884, he was articled to 
his teacher, Professor Henry Robinson, M.Inst.C.E., 
and on the completion of his articles, two years 
later, he was retained as an assistant by his chief. 
During the period which followed, he was engaged 
upon the carrying out of surveys and drawings for 
the Petersfield Sewerage and Sewage Disposal Works, 
the Petersfield Waterworks, the Birmingham Com- 
pressed-Air Works, the Hawarden and District Water- 
works, and the Wimbledor and West Metropolitan 
Junction Railway. He was employed on work con- 
nected with various Parliamentary and Local Govern- 
ment Board inquiries, and, in July, 1888, was 
appointed an assistant engineer in the Ceylon Public 
Works Department. Shortly after his arrival in the 
East, he became Municipal Engineer at Colombo 
and, with characteristic energy, began carrying out a 
number of important improvement works. 

Mr. Skelton foresaw the rapid expansion of the City 
and comprehended the growing need for better sanita- 
tion and a more extensive water supply system. When 
he was first appointed at Colombo, the Municipal | 
Engineer’s Department was of quite small proportions. | 
During his tenure of office, however, he was responsible 
for the formation of the City Sanitation Department | 
and the Waterworks Department, and did much 
towards the complete reorganisation of the public | 
utility services of the City. He also took a keen 
interest in town planning and road construction, and | 





it is interesting to note that, in 1927, one of the great | Jowa State College. 


thoroughfares which he had planned was named | 
Skelton-road in his honour. Mr. Skelton retired from | 
his position at Colombo in 1915. Latterly he had | 
devoted much of his time to the study of Egyptology. 
A former student of the Institution of Civil Engineers, 
Mr. Skelton was elected an associate member on 
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December 4, 1888. He became a member of the 
Institution of Municipal and County Engineers in 
October, 1895, but resigned his membership some two 
or three years ago. He was elected a fellow of the 
Royal Society of Arts in 1903. 








TENDERS. 


We have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British Posses- 
sions and in foreign countries. The closing date of 
each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Compressor for Cooling Plant.—The supply of one 
compressor for cooling plant in the ammonia system, 
with corresponding cooling coils for air cooling, and 
one alternating-current electric motor and condenser, 
required in connection with extension of the cold-storage 
installation at Cluj slaughter house. The Municipality 
of Cluj, Roumania ; May 30. (Reference No. A.X. 7838.) 

Slaughterhouse and Refrigerating Equipment.—The 
building of a slaughterhouse and the erection of the 
refrigerating installation and ice-making plant. The 
Municipality of Braila, Roumania; May 30. (Ref. No. 
A.X. 7844.) 

Air-Brake Equipment.—The supply of air-brake equip- 
ment. Melbourne and Metropolitan Tramways Board, 
Australia; May 9. (Ref. No. A.X. 7862.) 

Traction Motors and Control Equipment.—The supply 
and delivery of traction motors (Ref. No. B.X. 5269), 
and four-motor control equipments (Ref. No. B.X. 5268). 
The Melbourne and Metropolitan Tramways Board, 
Australia ; May 9. 

Bending Rolls.—The supply of bending rolls for retain- 
ing rings for railway rolling-stock wheel tyres. The 
Victorian Government Railways Commissioners, Aus- 
tralia ; closing date originally May 1, now extended to 
May 22. (Ref. No. A. 7860.) 

Steel Barge-—The supply and free delivery afloat 
of one steel barge driven by a crude-oil engine and com- 
plete with all accessories. The Indian Store Department, 
Engineering Branch, Simla; May 16. (Ref. No. A.X. 
7880.) 


Sack-Type Grain Conveyors.—The supply of three in- 
cline sack-type grain conveyors. The South African 
Railways and Harbours, Johannesburg; June 13. (Ref. 
No. A.X. 7868.) 

Water Mains.—The supply and installation of a system 
of water mains, the principal materials being 15,350 
metres of double-wrapped steel piping, 127 sluice valves, 
49 hydrants, 16 columns and 9 drinking fountains. The 
Egyptian Ministry of the Interior; June 1. (Ref. No. 
A.X. 7871.) 





BOOKS RECEIVED. 

United States Bureau of Labor Statistics. Bulletin No. 483. 
Conditions in the Shoe Industry in Haverhill, Mass., 
1928. [Price 20 cents.] Washington : Government 
Printing Office. 

Aeronautical Research Committee. Reports and Memo- 
randa. No. 1172. The Effect of Wind, Weight and 
Atmospheric Conditions, Including Semi-Tropical Con- 
ditions, on the Distance to Take-off and Land an Aircraft. 
By Flight-Sergeant B. H. Rolles and H. L. Stevens. 
[Price 9d. net.] No. 1189. Notes on Longitudinal 
Stability at Stalling in Gliding Flight. By S. B. 
Gates. [Price 6d. net.] No. 1191. Full-Scale Tests 
of a Standard Bristol Fighter Aeroplane Fitted with 
** Pilot Planes” at the Wing Tips. By W. G. Jennings. 
{Price 6d. net.} London: His Majesty’s Stationery 
Office. 

Memorandum on Traffic Surveys. By R. N. Nico.ts. 
Technical Paper No.2 64. [Price As. 6 or 8d.] Technical 
Paper No. 267. Flood-Lighting. By H. J. MoLLENEUX. 
[Price Rs. 1-9 or 2s. 9d.] Technical Paper No. 270. 
Note on Miscellaneous Indigenous Timbers Considered 
Suitable for Railway Carriage Building with Details 
Concerning the Storing and Seasoning of Timber. By 
W. A. Battery. [Price As. 8 or 6d.] Calcutta: Govern- 
ment of India, Central Publication Branch. 

The Journal of the Iron and Steel Institute. Vol. CXVIIT., 
1928. Edited by GEorce C. Luoyp. London: Offices 
of the Institute. 

Canada. Department of the Interior. Topographical 
Survey. Bulletin No. 60. A Study of the Dominion 
Standard Yard and other Standards of Length. By 
R. H. Fretp. Ottawa: Topographical Survey of 
Canada. 

Board of Education. Educational Pamphlet No. 68. 
Report on Instruction in Stone Working in and ahout 
Quarries. London: His Majesty’s Stationery Office. 
[Price 2d. net.] 

Commonwealth of Australia. Council for Scientific and 
Industrial Research. Pamphlet No. 10. The Health 
and Nutrition of Animals. Reports. By Sm ARNoLpD 
SHEILER and J. B. Orr. Bulletin No. 40. Observations 
on the Hydatid Parasite and the Control of Hydatid 
Disease in Australia. By J. C. Ross. Melbourne: 
Council for Scientific and Industrial Research. 
Engineering Erperiment Station. 

Tractive Resistance of Automobiles 


Bulletin No. 88. 
By 


and Coefficients of Friction of Pneumatic Tyres. 
R. Agg. Ames, Iowa: Iowa State College. 


Department of Scientific and Industrial Research. Engineer- 
ing Research. Special Report No. 12. Lanoline Rust 
Preventers. By C. JAKEMAN. London: His Majesty’s 
Stationery Office. 


{Price ls. net.] 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Continued acute scarcity 
of Cleveland pig-iron is causing much inconvenience and 
considerable anxiety, particularly as there seems no 
likelihood of early relief of the stringent situation. 
Ironmasters are not in a position to sell for delivery 
before August, and merchants have not a free hand as 
to the disposal of their holdings. The latter, under 
their terms of contract with makers, are precluded from 
selling to local consumers, except in small parcels, but they 
report a few transactions with customers abroad. Their 
difficulty is in obtaining full deliveries as they fall due 
under running contracts. Increase of production is 
very welcome. Messrs. Bolekow, Vaughan and Company, 
Limited, have just re-kindled an idle furnace to produce 
Cleveland pig, and the same firm are re-starting a ferro- 
manganese furnace. This will make the total number of 
blast-furnaces in operation on the North-East Coast 41. 
For August-September delivery, No. 1 Cleveland pig is 
7ls.; No. 3, g.m.b., 68s. 6d.; No. 4 foundry, 67s. 6d. ; 
and No. 4 forge, 67s. 

Hematite-—Producers of East Coast hematite are 
unable to meet fully the combined demand of home and 
Continental consumers. Merchants are fairly well 
bought, but expect prices to rise and are not disposed 
to undersell makers to any extent. Makers have disposed 
of their output for the next six weeks, and, for delivery 
in late June and onward, business is reported at 74s. and 
upward, according to quality of iron. 

Foreign Ore.—Transactions in imported ore are not 
numerous or large. Consumers are reluctant to pay the 
prices asked, but merchants continue to take a very 
firm stand, in the expectation of supply being somewhat 
short as Continental users take up deliveries that are 
becoming due. Recognised market rates are ruled by 
fully 23s. c.i.f. Tees for best rubio. 

Blast-Furnace Coke.-—Resumption of the export buying 
of coke is curtailing quantities available for sale to local 
users. Durham goods, medium kinds, continue to realise 
round about 19s., delivered here, though consumers 
endeavour to buy at less. 

Manufactured Iron and Steel.—Manufactured iron firms 
are busy, and sales are on quite a good scale. There is 
continued activity in semi-finished steel, and the output 
of several descriptions is heavy. Most kinds of finished 
steel are well taken up, and a rise in prices is anti- 
cipated. Among the principal market quotations are : 
Common iron bars, 101. 15s. ; best bars, 111. 5s. ; double 
best bars, 11/. 15s. ; treble best bars, 12/. 5s. ; iron rivets, 
1ll. 10s.; packing (parallel), 87.; packing (tapered), 
101. ; steel billets (soft), 6/. 17s. 6d. ; steel billets (medium), 
71. 12s. 6d. ; steel billets (hard), 8/. 2s. 6d. ; steel rivets, 
1ll. 5s.; steel ship plates, 8/. 7s. 6d.; steel angles, 
7l. 17s. 6d.; steel joists, 71. 17s. 6d.; heavy sections of 
steel rails, 87. 10s.; black sheets (No. 24 gauge), 101. ; 
and galvanised corrugated sheets (No. 24 gauge), 13/. 10s. 








NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—New business for Welsh coal is 
hanging fire. Prospective purchasers are holding back 
orders in the hope of eventually securing their require- 
ments on more favourable terms. At the same time, 
colliery salesmen report that they are well placed for 
shipment up till Whitsun, but some admit that business 
is not coming along for later loading. The increased 
output of coal is being disposed of without much diffi- 
culty up till the present, and salesmen are resisting efforts 
to secure a reduction in prices on the grounds that the 
loss in output sustained as a result of the May Day 
stoppage of work and the Whitsun holidays will, to a 
large extent, compensate for the lack of new orders. 
That shipment operations are still active is illustrated 
by the fact that, in the past week, coal and coke exports 
amounted to 612,400 tons, compared with 626,791 tons 
in the previous week and 604,358 tons a fortnight ago. 
For best Admiralty large coal, 20s. to 21s. 3d. is realised, 
with ordinaries from 19s. 6d. to 20s., Monmouthshires 
from 19s. 3d. to 20s. 6d., and drys from 19s. 9d. to 21s., 
while smalls vary from 12s. 6d. to 14s. 6d., according to 
quality. Whether shippers will succeed in lowering these 
prices to any appreciable extent remains to be seen. 

Docks Traffic.—The sea-borne traftic of the docks owned 
by the Great Western Railway Company in the four 
weeks ending April 14 suffered by the intervention of the 
Good Friday and Easter holidays, but was up to the 
levels of. previous months. The total amounted to 
2,783,045 tons, which was 353,000 tons less than in the 
preceding four weeks, but 243,000 tons more than was 
dealt with in the corresponding period of last year. 
Exports fell from 2,720,895 tons to 2,461,291 tons. 
Shipments of coal and coke were reduced from 2,441,824 
tons to 2,183,624 tons, against 1,899,384 tons a year ago. 
Clearances of patent fuel were, however, raised from 
63,897 tons to 80,894 tons, and of iron and steel from 
54,551 tons in the four weeks ending March 17 to 54,572 
tons in the four weeks ending April 14. Tinplate ship- 
ments fell from 50,921 tons to 49,324 tons, and oil from 
68,326 tons to 65,980 tons. Imports were reduced from 
416,040 tons to 321,754 tons, arrivals of oil falling from 
134,808 tons to only 33,481 tons, and of grain and flour 
from 43,055 tons to 16,843 tons, but that of pitwood and 
mining timber was increased from 73,798 tons to 79,923 
tons. In the first fourteen and a half weeks of this year, 
the sea-borne traffic of the Welsh docks, at 10,610,273 tons, 
was 578,000 tons more than in the corresponding period of 
last year, advances being shown at each of the ports, 
with the exception of Cardiff, where a reduction of 119,000 
tons to 2,631,853 tons was registered. 
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NOTES FROM THE NORTH. 
: Guascow, Wednesday. 

Scottish Steel Trade.—In the steel trade of Scotland 
there is still a fair amount of business passing, although 
it is not so evenly distributed as might be desired. Sec- 
tions are in quite good demand and the output is very 
satisfactory, but, on the other hand, consumers of ship 
plates are not in a position to send in specifications any- 
thing like equal to the possible tonnage output. This 
may improve later, but it is a disturbing factor at the 
moment. In this connection the placing of some more 
contracts with Clyde shipbuilders has improved the 
prospects, and it is also thought that the material for all 
the vessels now on hand has not yet been ordered. Prices 
have not been changed, but if the raw material continues 
to advance much higher producers state that to-day’s 
quotations will require to be increased. In the black- 
sheet trade, a dull tone prevails and some of the works 
are getting very short of orders. Competition from Con- 
tinental makers is becoming keener than ever. The follow- 
ing are the current market quotations :—Boiler plates, 
101. 10s. per ton; ship plates, 81. 7s. 6d. per ton; sec- 
tions, 7/. 17s. 6d. per ton; black sheets, }-in., 81. 15s. per 
ton ; galvanised corrugated sheets (No. 24 gauge), 13/. 15s. 
per ton, all delivered at Glasgow stations. 

Malleable-Iron Trade.—In the West of Scotland 
malleable-iron trade, a dull tone is still very general, and 
makers have not been booking too freely recently. 
Prices are unaltered yet, although producers in the South 
have lately advanced their quotations. In the re-rolled 
steel bar departments, a fair amount of business is going 
through, but prices are far from satisfactory owing to the 
high level to which raw material has soared. Intimation 
of an advance in prices may be made at any time. 
The current market quotations are :—Crown bars, 
101. 5s. per ton for home delivery, and 9/. 15s. per ton 
for export; re-rolled steel bars, 8l. per ton for home 
delivery and 7/. 15s. per ton for export. 

Scottish Pig-Iron Trade.—The demand for Scottish 
pig-iron is just fair at the moment, with hematite in 
better request than foundry qualities. The number of 
furnaces at present in blast is twenty-four. Prices current 
are as follow: Hematite, 75s. per ton, delivered at the 
steel works ; foundry iron, No. 1, 75s. per ton., andjNo. 3, 
72s. 6d. per ton, both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scot- 
tish pig-iron from Glasgow Harbour for the week ending 
last Saturday, April 27, amounted to 1,170 tons. Of that 
total, 995 tons went overseas and 175 tons coastwise. For 
the corresponding week of last year, the figures were 75 
tons overseas and 100 tons coastwise, making a total 
shipment of 175 tons. 

Shipbuilding.—The shipbuilding industry continues to 
move along in a fairly satisfactory manner and the output 
figures are being maintained. New work has been scarce, 
but during the month of April contracts for no fewer 
than 28 vessels were intimated. These should help 
employment to some extent, but a much larger number 
of contracts is necessary to maintain the current output, 
which for the past month amounted to 30 vessels of 
46,914 tons. The details are as follow :— 


Vessels. Tons. 

The Clyde... Rahs ore 22 44,423 
The Forth ... we a 3 2,052 
The Tay sas aa saa 1 365 
The Dee and Moray Firth ... 4 74 
Total oe 30 46,914 


The Clyde total for the year, to date, is now 64 vessels, 
of 192,034 tons, which is some 700 tons higher than for 
the same period of last year, and ranks fourth highest 
on the output records for the first four months of any 
year. 








PULVERISED-FUEL PLANT AT WALLASEY.—In connec- 
tion with the description of the pulverised-fuel installa- 
tion at the Wallasey Generating Station, which appeared 
in our issue of April 26, on page 511, Messrs. Crosby Valve 
and Engineering Company, Limited, of 41-42, Foley- 
street, London, W.1, ask us to state that the boilers of 
this plant are fitted with Crosby feed-water regulators. 





THE Late Mr. Joun~n Newron.—lIt is with regret 
that we record the death, on April 19 last, at his home at 
Wolstanton, Stoke-on-Trent, of Mr. John Newton, 
chairman and senior partner of Messrs. Billington and 
Newton, Limited, manganese-bronze propeller manu- 
facturers, Longport, Stoke-on-Trent. Mr. Newton, who 
was born in 1843, served his engineering apprenticeship 
with the firm of Messrs. John Petrie and Company, 
Rochdale. In 1864, he entered the works of the North 
Staffordshire Engineering Company, Fenton, then known 
as Messrs. Hancock’s Foundry. His work at the foundry 
attracted the attention of the owner of the Ravensdale 
Ironworks, and he was subsequently offered, and accepted, 
a situation as engineer at these works. Some four years 
later, he met the late Mr. C. Billington, who was then in 
business as an engineerin Hanley. Eventually a partner- 
ship was formed, and the firm of Messrs. Billington and 
Newton came into being in 1870. From quite small 
beginnings the undertaking grew and prospered, and the 
works now occupy one and a half acres and the employees 
number 200. Mr. Newton was the oldest member, 
and past president, of the North Staffordshire Institute 
of Mining and Mechanical Engineers. He had also 
been, for many years, a member of the parent body, 
the Institution of Mining Engineers. Much of his time 
was devoted to public service and he was, in turn, chairman 
of the Wolstanton Parish Council, a member of the 
Staffordshire County Council and a County Alderman. 
He was appointed a Justice of the Peace for the County 
of Staffordshire in 1912. 





ENGINEERING. 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Developments arising from the big 
schemes which aim at rationalisation make it increasingly 
difficult to gauge the general disposition of production. 
Work which for many years has been done in this area 
is to be concentrated in related districts, though, pre- 
sumably, Sheffield will continue to derive substantial 
benefit from the supply of iron and steel and semi- 
manufactures thereof. One of the leading engineering 
concerns with an honoured record extending over ninety 
years no longer possesses offices in Sheffield, and proposes 
to transfer these to Birkenhead. Against this, Sheffield’s 
prosperity should benefit from the establishment here of 
the headquarters of the English Steel Corporation. The 
underlying cause is the almost complete collapse of the 
armaments trade. This has reacted very severely against 
business in heav¥ plate, guns and gun mountings, and 
armour-piercing shell. By comparison, prospects in 
other sections of the engineering trades are much brighter. 
Heavy constructional developments in this country and 
abroad are calling for a large variety of products in which 
Sheffield specialises. Schemes have been provisionally 
adopted for the erection of two bridges at Sheffield, and 
a third proposal is under consideration. There is an 
increased call for steel-making plant for shipment. 
Several of those who ranked among Sheffield’s principal 
overseas customers are now seeking to supply some, at 
any rate, of their own requirements. The development 
of electric furnace practice has greatly encouraged this 
movement. A 30-ton electric steel-making furnace has 
just been completed locally for Northern Spain. At the 
works at which it is to be installed, steel-melting furnaces, 
reheating furnaces and rolling mills have already been 
laid down. Electrical and automobile steel and fittings 
are progressive lines, and though the inland call for 
railway steel still leaves much to be desired, foreign 
enquiries are beginning to expand, notably from India, 
which is in the market for axle-boxes, bogie trucks, 
petrol tank wagons, platelayers’ tools, carriage fittings, 
and breakdown cranes. Wireless developments are 
bringing some work to Sheffield. Several firms are 
specialising in magnet production. One of these has 
just received from Holland an order for magnet steel 
valued at 100,000. The order will cover deliveries 
over six months. Apart from this contract, this business 
has sufficient work in hand to guarantee full-time working 
for at least six months. Increased business is also 
being done in cold-rolled steel and products therefrom, 
high-class hollow drill steel, and agricultural tools. 


South Yorkshire Coal Trade.—Seasonal contraction in 
house-coal business has brought about a general ease- 
ment in prices. Winter advances totalled 2s. 6d. to 3s. 
per ton. Reductions of ls. to ls. 6d. per ton at the pit- 
head are now notified. Forward delivery contracts are 
under negotiation. These will probably be arranged at 
an advance of about ls. per ton as compared with the 
prices ruling at the corresponding period last year. 
Industrial fuel comprises a steady market, though pro- 
ducers would like to see a more rapid expansion in inland 
needs. Shipments are maintained at a fair level, but 
forward business has lost some of its recent vitality. A 
moderate business is passing in furnace and foundry 


coke. Inferior quality slacks are freely offered. Quota- 
tions: Best branch hand-picked, 27s. to 28s. 6d. ; 


Derbyshire best brights, 20s. to 23s. ; best house coal, 
19s. 6d. to 20s. 6d.; screened house coal, 17s. 6d. to 
18s. 6d.; screened house nuts, 16s. to 17s. 6d.; York- 
shire hards and Derbyshire hards, each 15s. 6d. to 16s. 6d.; 
rough slacks, 8s. 6d. to 9s. 6d. ; nutty slacks, 6s. to 7s. ; 
smalls, 2s. to 48. 








ProposeD SPANISH SuLPHURIC-AcID Facrory.—The 
Department of Overseas Trade, 35, Old Queen-street, 
London, 8.W.1, has informed us of the contemplated 
establishment of a sulphuric-acid factory in the vicinity of 
Corufia, Spain. The raw materials which would be 
utilised are iron pyrites from Huelva and superphosphates 
imported from Casablanca, Morocco. The proposed 
works will constitute a branch of Messrs. Cros. Sociedad 
Anonima, Princesa 21, Barcelona. Up till the present, 
the only information concerning the progress made is that 
the necessary land has been acquired. No details of the 
plant to be installed are available. It is thought, how- 
ever, that British manufacturers may wish to take the 
opportunity of endeavouring to interest the Barcelona 
firm in plant suitable for the proposed factory. 

Tue Instirution or Gas ENGINEERS.-—-The annual 
general meeting of the Institution of Gas Engineers will 
be held at the Institution of Civil Engineers, Great George- 
street, London, S.W.1, from Tuesday, June 4, to Thursday, 
June 6. The proceedings will commence at 10 a.m., 
on each day, and on the morning of Tuesday, June 4, there 
will be an address by the president, Mr. John Terrace. 
The afternoon of Tuesday, the whole of Wednesday, 
and the morning of Thursday will be devoted to the 
presentation of reports of committees and the reading 
of papers and to discussions upon them. A visit to the 
works of the South Suburban Gas Company, at Lower 
Sydenham, will take place on Thursday afternoon, 
and a Thames steamer trip to Hampton Court Palace 
has been arranged for Friday, June 7. It is proposed 
that a party of members of the Institution and of the 
British Commercial Gas Association should visit Berlin 
for the meetings of the German Gas and Water Associa- 
tion, and to attend the German Gas and Water Exhi- 
bition. Those taking part will leave London on the 
evening of June 7 and will remain in Berlin until June 13. 
Further particulars regarding the annual meeting in 
London and the visit to Berlin may be obtained from 
the Secretary, The Institution of Gas Engineers, 28, 
Grosvenor-gardens, London, S8.W.1. 
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NOTICES OF MEETINGS. 





INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 
7 p.m., Storey’s-gate, S.W.1. Informal Meeting. 
“‘London’s Water.’ Introduced by Mr. H. Berry. 
Friday, May 10, 6 p.m. Special General Meeting to 
Consider a Petition for a Royal Charter. 


INSTITUTION OF AUTOMOBILE ENGINEERS.-—To-night, 
7.45 p.m., Royal Society of Arts, John-street, Adelphi, 
W.C.2. Joint Meeting with Institution of Production 
Engineers. ‘“‘The Production and Application of 
Ground Gears,”’ by Mr. H. F. L. Oreutt. 


INSTITUTION OF MUNICIPAL AND County ENGINEERS : 


South Eastern District—Saturday, May 4, 2 p.m., 
Aerodrome Hotel, Croydon. ‘Town Planning and 


Municipal Airports,” by Mr. G. A. Ballard. Friday, 
May 10, 5.30 p.m., Abbey Hotel, Kenilworth. ‘‘ Stare 
Bridge,” by Mr. D. H. Brown. “ Kenilworth Castle 
and Town,” by Mr. S. Douglas. South Wales District : 
Saturday, May 11, 3.15 p.m., Guildhall, Swansea. 
““Some Road and Other Schemes at Swansea,’ by 
Mr. R. Hudson. ‘ Swansea Main Drainage Scheme and 
Flood Relief Schemes,” by Mr. J. Hassell. “‘ Llansamlet 
Sewage Pumping Scheme, Swansea,” by Mr. M. E. 
Habershon. 


Institute or Brirish FounpRYMEN: Lancashire 
Branch.—Saturday, May 4, 4 p.m., College of Technology, 
Sackville-street, Manchester. ‘Some Practical Hints on 
Non-Ferrous Casting,’’ by Mr. A. Hopwood. 

INSTITUTION OF THE RuBBER INDUSTRY.—Monday, 
May 6, 7.30 p.m., Blackfriars Theatre, William-street, 
New Bridge-street, E.C.4. ‘‘ Cements and Adhesives,” 
by Mr. S. D. Sutton. 

Rattway Crius.—Monday, May 6, 7.30 p.m., 57, 
Fetter-lane, E.C.4. ‘* The London Extension of the Great 
Central Railway : A Thirty Years’ Survey,” by Mr. D. S. 
Barrie. 


INsTITUTION oF CiviL ENGINEERS.—Tuesday, May 7, 


6 p.m., Great George-street, S.W.1, James Forrest 
Lecture. “ Roads and Road Transport,” by Sir Henry 
P. Maybury. 


INSTITUTE OF MARINE ENGINEERS.—Tuesday, May 7, 
6.30 p.m., 85-88, The Minories, Tower-hill, E.1. ‘‘ Notes 
on the Lentz Standard Marine Engine as Fitted to Ships 
of the Koninklijke Paketvaart Maatschappij (Royal 
Packet Line), Amsterdam,” by Mr. W. J. Muller. 


InstrrureE or Merats.—Tuesday, May 7, 8 p.in., 
Institution of Mechanical Engineers, Storey’s-gate, 
S.W.1. Nineteenth May Lecture. ‘‘ Some Ideas about 
Metals,”’ by Sir Oliver Lodge. 


INstITuTE OF FuEL.—Wednesday, May 8, 6 p.m., 
Chemical Society, Burlington House, Piccadilly, W.1. 
“The Seope of the Chemical Engineer, with Special 
Reference to the Boilerhouse and the Fuel Industries,” 
by Dr. S. Wolff. 


InstrruTION OF ELEcTRICAL ENGINEERS.—Thursday, 
May 9, 6 p.m., Victoria-embankment, W.C.2. Annual 
General Meeting. 

INstrruTion oF STRUCTURAL ENGINEERS.—Thursday> 
May 9, 6 p.m., 10, Upper Belgrave-street, S.W.1. Annual 
General Meeting. ‘‘ Experiences in the Physical and 
Chemical Examination of Concrete,” by Mr. J. E. Wors- 
dale. 


OpricaAL Socrery.—Thursday, May 9, 7.30 p.m.. 
Imperial College of Science and Technology, South 
Kensington, S.W.7. ‘‘ Contributions to the History 
of the Spectacle Makers’ Company,” by Mr. T. H. 
Court and Mr. M. Von Rohr. 





PeRSONAL.—The offices and showrooms of Messrs. 
The Flexible Drive and Tool Company have been moved 
from 35, Bloomsbury-square, to 3, Bloomsbury-place, 
Bloomsbury-square, London, W.C.1.—Messrs. Blackstone 
and Company, Limited, Stamford, have opened a further 
branch office at Groat House, Collingwood-street, 
Newcastle-on-Tyne.—A new company has been registered 
under the title of Messrs. Parker Foundry (1929), Limited, 
Severn Malleable Works, Derby, to take over the old- 
established business of Messrs. The Parker Foundry 
Company, Limited. The managing director of the new 
company is Mr. T. McLean.—Following upon largo 
contracts taken by Messrs. John Thompson (Australia) 
Pty., Limited, the associated company of Messrs. John 
Thompson (Wolverhampton), Limited, it has heen 
decided to put down a works in Australia. 


Conrracts..—Messrs. Ferguson Brothers (Port Glas 
gow), Limited, Newark Works, Port Glasgow, have 
received an order from The Alexandra Towing Company, 
Limited, Liverpool, for a powerful passenger tender. The 
vessel will have twin-screw engines and two boilers 
furnished with Howden’s forced-draught system.— 
Messrs. The Hydraulic Engineering Company, Limited, 
Chester, have secured a contract from the Great Western 
Railway Company for two movable coal hoists and tra- 
versers for Alexandra Dock, Cardiff.—Among recent 
orders received by Messrs. Electric Furnace Company, 
Limited, 17, Victoria-street, London, S.W.1, are two 
Héroult furnaces for India and Brazil, four Ajax-Wyatt 
furnaces, each of 600-Ib. capacity, and four Ajax-Northrup 
high-frequency furnaces, ranging from 2 ewt. to 15-cwt. 
capacity, for France. The company is also shortly 
putting into operation a one-ton Ajax-Northrup furnace 
in France. 
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THE WELLAND SHIP CANAL; CANADA. 


MR. ALEX. J. GRANT, M.E.LC., ENGINEER-IN-CHARGE. 


(For Description, see Page 537.) 
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Fic. 33. Sus-FounpDATION Work at Lock No. 2; BREAST WALL Exposep, 1915. 











Fig. 34. Prr Meruup or Construction ; WEsT WALL oF Lock No. 3, 1923. 











Fie. 35. Lock No. 3, showing West WALL USED AS RETAINING WALL, 1924. 
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the stroke. This was done, although experience 
showed that the bare wire platinum thermometers 
used had but an infinitesimal time lag. 

One disability had, however, to be recognised, 
viz., that, the equations deduced by thermo- 
dynamic principles from these researches, could not 
represent equally well the liquid and gaseous phases 
which had been the goal aimed at by most physicists 
who dealt with this matter since the formulation 
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THE CALLENDAR STEAM TABLES. 

Ir was increased precision of measurement which 
rendered untenable the early Victorian belief in 
the innate simplicity of Nature. Boyle’s law 
represented satisfactorily the behaviour of gases 
and vapours for just so long as it was subjected 
to no really stringent test. Many have been the 
attempts to frame a trustworthy equation of state 
for a vapour, but even the complicated expressions 
framed by Clausius have proved fundamentally 
erroneous. No better success attended still later 
attempts, until the early years of this century, 
when Callendar published the first thermodynami- 
cally consistent formule representing the properties 
of steam. The very simplicity of his equations 
proved a bar to their general acceptance. In view 
of the prevalent experience that the deeper we 
dived into natural phenomena the more compli- 
cated were the expressions necessary to represent 
them mathematically, many found it difficult to 
believe that Callendar’s equations could be other 
than more, or less rough approximations. Indeed, 
one critic described them as merely a fairly good 
guess, and himself spent many weeks, perhaps 
months, in the vain endeavour to formulate an 
expression which would co-ordinate satisfactorily 
the inaccurate experimental data onwhich he relied. 

In all attempts to co-ordinate results from various 
sources it is, however, essential that data should be 
weighed as well as collected. In actual fact, 
however, it would almost seem that the more 
elaborate and indirect the method employed, and 
the greater the difficulty of eliminating or providing 
against sources of error, the greater has been the 
weight attached to it by some of those who have 
tried to frame equations of state. On the other 
hand, Callendar’s simple, exact, and straightforward 
method of determining, by experiments on a steam 
engine, the relationship between pressure and 
temperature in an adiabatic expansion was derided, 
on the ground that it was impossible to measure 





k-| accurately rapidly varying temperatures. As a 


matter of fact, however, this feat was never 
attempted, since the only temperatures used in 
deducing the relationship in question were the 





“stationary” temperatures observed at each end of 
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| but no more striking demonstration of this apparent 


Van der 
Waal’s equation had been accepted by physicists 
for sixty years, and its overthrow marks an epoch 


It must be nearly fifty years since the late Sir 


disproportion between cause and effect could be 
instanced than Callendar’s discovery that minute 
traces of air, as little as 1 part in 10,000, sufficed 
to render unreliable all attempts to map out, in 
the high-pressure region, the border curve of steam. 

Tables embodying the results of the latest 
researches of Professor Callendar have just been 
published by the Institution of Mechanical Engi- 
neers, which has thus rendered signal service to 
engineers throughout the world. We commence the 
reprint of the paper containing these tables on page 
546 of this issue. In this paper Professor Callendar 
gives many details of his research which were 
omitted from his communication to the Royal 
Society. Particular note should be made of the 
fact, that in these latest experiments, in which the 
total heat of steam was determined by passing it 
through a condenser, its quality could be kept under 
constant observation. When ordinary distilled 
water was used, the condensate carried a constant 
stream of air bubbles, but when the de-aerating 
plant was in use, as in the final series of experiments, 
there was hardly one bubble to be seen in the course 
of an hour’s run. 

It is difficult to believe that any material modifica- 
tion of the figures now tabulated will be required 
in the future. There are, however, some points 
of theoretical interest which may, perhaps, repay 
further study. 

Callendar’s equation of state takes the form :— 

RT 
V-—b= os 
where V denotes the specific volume, T the absolute 
temperature, P the pressure and c the co-aggrega- 
tion volume, whilst R, a and 6 are constants. 

The term 6, following van der Waal’s theory, is 
generally known as the co-volume, and was held to 
represent the proportion of the total volume taken 
up by the molecules of the gas or vapour. In the 
case of spherical molecules van der Waals showed 
that 6 should be four times the aggregate volume 
of all the molecules present. With more complex 
molecules it will be a smaller multiple of this 
aggregate volume, but on this understanding of 
the significance of b, it is difficult to see how it 
can ever be substantially less than this aggregate 
volume. Nevertheless, Professor Callendar finds for 
it a value only about one-fifth of the volume of 
water at ordinary temperatures, and it is thus much 
smaller than even the densest forms of ice, produced 
by Professor Bridgman, of Harvard, in his super- 
pressure experiments. 





It seems obvious therefore that 6 cannot represent 
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| 
merely the co-volume in the sense intended | 
by van der Waals. We would suggest that the} 
small value found by Professor Callendar is really 
due to the fact that in the mutual collisions of the 
molecules under high pressure conditions, the time 
during which the collision lasts is not negligible in 
comparison with the average time between suc- 
cessive collisions. 

According to the kinetic theory of gases the 
: . 2 mnc2 

pressure p is given by the relation p = 33 


where c? denotes mean squared speed of the mole- | 
cules, m the mass of a molecule, and » the number | 
per unit of volume. In deducing this expression | 
it is necessary to assume that the time occupied by | 
a collision is negligible in comparison with the | 
interval between consecutive collisions. At normal 
temperature and pressure each molecule of air 
makes about 5,000,000,000 collisions per second, so | 
that even in this case the interval is extraordinarily | 
small. The number of collisions made per second 
increases nearly as the square of the pressure, so 
that in steam at a pressure of, say, 3,000 lb. per 
square inch the average time between collisions | 
will be of the order of 5 10-1 seconds. The} 
water molecule is of the polar type, with an excep- | 
tionally large stray field, and there would seem, | 
therefore, nothing extravagant in the hypothesis | 
that the average duration of a collision is not | 
insignificant in comparison with 5 x 10-1 seconds. | 
If this be so the pressure exerted on the walls of | 
the vessel will be reduced, since fewer molecules | 
will strike the wall per second. Now in Callendar’s | 
equation the pressure (to a first approximation) | 
varies inversely as V—b. If b be taken at its | 
normal value we shall get the pressure corresponding | 
to instantaneous collisions. If, however, at high | 
pressures the collision endures for a time, which is | 
sensible in comparison with 5 * 10-!° seconds, this | 
figure will be too high, and this error can be com- 
pensated for by diminishing the value of b. If the 
picture thus sketched be correct it may well turn 
out that the apparent value of b is not independent 
of the pressure. Near the critical point the number 
of collisions per second is, of course, many thousands 
of times as great as at the boiling point, so that 
any delay in the rebound of the molecules would be 
proportionately more important. 

Even if the view advanced above be well founded, | 
it hardly seems worth while to introduce any correc- 
tion into the formule. The term only becomes 
important at high pressures, and if it be chosen 80 | 
as to represent the facts in this region, no material | 
error will arise, if the same value of b be used at | 
the boiling point. 

For similar reasons it seems quite unnecessary | 





> 
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the same kind has been carried out in Germany, 
but particulars of the expenditure thus incurred are 
not at present available. 








BATTERSEA POWER STATION. 


Ir is generally believed that the strictures made 
by Dickens in Bleak House brought about many 
much-needed reforms in our judicial system, and 
that what he had to say about certain Yorkshire 


;schools in Nicholas Nickleby led to reform in 


bringing up the young. Since his day, however, 
the direct influence of novels on public opinion 
appears to have declined. The result is that instead 
of looking to writers of fiction for assistance in 
the redress of public or private grievances, it is 
customary to write to the daily Press. The prin- 


| cipal outlet utilised for this purpose is, of course, 


The Times ; and this journal has, for the past six 
months, at first sporadically and more recently 


| daily, been publishing a number of letters, demand- 


ing the removal of the generating station, which the 


| London Power Company is now erecting at Batter- 


sea, either to a down-river site or to the Kent. coal- 
fields. This mass-attack having culminated in a 
question in the House of Commons and a debate 
in the House of Lords, it will be well, as this is 
an important engineering question, to summarise 
the evidence for the prosecution, and to say some- 
thing for the defence. 

Stated briefly, the objection to the erection of a 
power station at Battersea is that, as it will burn 
about 5,000 tons of coal per week, its presence will 
result in the emission of some 150 to 200 tons of 
sulphurous fumes during the same period, together 
with correspondingly large quantities of grit; and 
that the consequence will be damage to such 
historic buildings as Lambeth Palace, Westminster 
Abbey and the Houses of Parliament, not to speak 
of irreparable harm to such amenities as St. James’s 
Park and the Physic Garden at Chelsea. Not content 
with diagnosing the disease, however, certain of the 
critics have come forward with remedies. The most 
popular of these is that the station should be moved 


|to the lower reaches of the Thames, where, it is 
| argued, it can do little damage, though one critic 
| attempts to reinforce this view by stating that as the 


west-end of London is already supplied with as much 
electric current as it requires, all new stations should 
be built down the river. Alternatively, it has been 
proposed that a substitute for Battersea should 
be erected on the Kent coalfields, where fuel would 
be 4s. per ton cheaper than in London, and where 
the sea could be used for condensing purposes. 
This idea receives support from those who point 
out that the electrical needs of Berlin are largely 


to introduce any provision for the variation in the | supplied through a long-distance transmission line 
specific heat of steam at zero pressure. Moreover, | from a station situated on the brown coal fields. 
so far as our knowledge extends, physicists have | By way as an addendum to the last proposal, it is 
never explained clearly exactly what is meant by | contended that the high cost of transmitting the peak 
this term, the value of which can only be deduced | load units from a distant station could be overcome 
by an extrapolation. | by using centrally situated Diesel engine plant 
At zero pressure there can be no mutual collisions | installed in cellars. 
of the molecules of a gas, and the condition would be} In considering these points seriatim, it may first 
equivalent to confining in a vessel (not necessarily | be pointed out that the majority of supply engineers, 
empty) a single molecule of steam. Direct experi- | and in this majority may be included those respon- 
ments on the specific heat of this would be ob-/| sible for the design of the Battersea station, is 
viously impossible. Under the condition premised | well aware that steps must be taken to prevent 
it would seem that the specific heat could only vary |the grit and fumes, which result from the com- 
by an activation of the molecule by the absorption of | bustion of coal, being broadcast into the atmo- 
radiation. As is well known, such radiation must | sphere.. As regards grit, the London Power Company 
have a wave-length closely adjusted to the trap| are to deal with the matter at Battersea by using 
constituted by molecule’s electrons. The proportion | mechanical stokers, in spite of the fact that the size 
| of the station would probably render the employ- 


of such radiation present in the spectrum increases | 
rapidly with the absolute temperature, but activated | ment of pulverised fuel more economical. In addi- 


states are exceedingly transient, so that for all but a 
minute fraction of its existence the solitary molecule 
postulated would be in its normal state, with a 
constant specific heat. 

The importance attached to an accurate deter- 
mination of the physical properties of steam is well 
illustrated by the fact that the British Electrical and 
Allied Industries Research Association have spent 
no less than 6,600/. in financing Professor Callendar’s 
experiments. The American Society of Mechanical 


Engineers have already expended nearly 15,0001. in | 
financing similar investigations in the United States, 
and other Transatlantic institutions have provided 
nearly half as much again. 


Much other work of 


tion, chimneys 275 ft. high will be built in which 
grit catchers are to be installed. These precautions 
should eliminate nuisance due to this cause. As 
regards sulphurous fumes, the problem is not so 
easy. But that does not mean that it is insoluble, 
as, it may be emphasised, the critics, without excep- 
tion, imply. Much can be done by the proper 


| selection of the raw coal consumed, especially in 


the way of preliminary treatment and by utilising 
only those brands, the sulphur content of which is 
in the free rather than the organic state, so that it 
comes down in the ash and is not blown out through 
the chimneys. This can be effected with no loss 
in efficiency and more easily with small coal than 
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large. In addition, there are available methods of 
treating the flue gases, by sprays or solvents, which 
|enable the sulphur content to be so diluted, as 
'to render its action on neighbouring buildings 
|innocuous. All these possible solutions are being 
/examined by those concerned, so that the prac- 
| ticability of their employment at Battersea may 
be ascertained. In fact, so determined are the 
London Power Company that there shall be no 
cause of complaint on this score that they have 
retained the services of two eminent chemists, whose 
duty it will be to examine every phase of the 
problem. We are not so pessimistic as to think 
that the resources of our scientists are so meagre 
and their skill so small that in time, perhaps in 
the near future, they will not discover some satisfac- 
tory method of dealing with this matter. 
Assuming, for the sake of argument, however, 
that failure is the result of these experiments, 
it is no real solution of the difficulty to remove 
the station from the sylvan glades of Battersea 
to the marshes of Dartford or the cliffs of Dover. 
Sulphurous fumes are equally undesirable in the 
east as in the west and may quite possibly be 
found to cause damage to the hop fields of Kent. 
If, therefore, the London Power Company were 
to bow to the clamour of their critics and were 
to abandon the present site, they would still be 
faced with the necessity of finding some method of 
rendering these fumes innocuous, or taking what 
the critics do not fail to point out, are the awkward 
consequences. In addition, they would be saddled 
with the extra cost which, it is easy to show, is the 
result of displacing a capital station from the 
centre of gravity of the load it has been erected to 
supply. That this cost is heavy will be clear from the 
following analysis: To transmit from 300,000 kw. to 
350,000 kw. at 66,000 volts, from a down-river 
station to the west end of London would necessitate 
it is estimated, a capital outlay on the transmission 
system of 2,700,000/., the annual capital charges 
on which, at 8 per cent., would be 216,000I. 
To this must be added the cost of the losses in 
transmission, which may be taken at 17,0001. 
per annum, making a total extra annual expenditure 
of some 233,000/. The only saving, which could 
be set against this sum, would be the reduction in 
coal freightage rendered possible by the down-river 
site. This would amount to, say, 6d. per ton, 
(not 15d. as stated by Sir Basil Blackett), or some 
15,000/. per annum. It has been suggested that 
the very large difference between these sums would 
be reduced by the lower cost of the site and 
by the use of 132,000-volt cables. Supposing 
that the former item was as high as 250,0001., which 
we do not believe, it would not lower the annual 
expenditure by more than 20,0001., while as regards 
the latter, the design of cables working at this 
pressure is admittedly in the experimental stage. 
It would, therefore, seem to be premature, not to 
say decidedly risky, to connect such important 
stations as Battersea and Deptford with the rest 


| Se 
of the transmission system by such means, and so to 


endeavour to secure savings, which, in any event, 
are largely problematical. So far the Central 
Electricity Board have wisely set their faces against 
the use of such cables. It thus appears that 


| cheaper electricity would not result from a removal 


of the station, any more than would the elimination 
of sulphurous fumes. 

As reference has been made by the critics to 
practice in foreign countries, a word may be said 
about the present position. While it is true that 
for a time Berlin was generating a considerable 
portion of the electricity it required on the brown 
coalfields, it is now recognised that it is more econo- 
mical to employ stations within the city boundaries. 
The Klingenberg plant, which is in the east of Berlin, 
was the firstfruit of this policy, and is now 
taking a large portion of the load. It is to be 
followed by a new station in the west end, and 
when the latter is completed there will be little 
further necessity for long-distance power. In fact, 
it is estimated that by 1932 Berlin’s peak load 
will be 720,000 kw., only 60,000 kw. of which will 
be drawn from the brown coal fields, the remainder 
being supplied from six stations, all of them within 
the urban boundaries. The same policy of centrali- 
sation is also in force in New York and in many 
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other foreign cities. The reminder may also be 
given that it does not pay to transport raw brown 
coal, owing to its high moisture content. This 
does not apply in the same degree to the hard coal 
with which British engineers have to deal. 

Though what has been said about the east end 
site applies equally to the suggestion to erect a 
station on the Kent coalfields, there are at least | 
two additional objections to the latter course. In| 
the first place, it is obviously unwise to limit the | 
fuel supply of a station of this size to the resources | 
of a particular mine or group of mines, while even | 
more weighty would be the difficulty of finding a suffi- | 
ciently large site in the neighbourhood of Dover, | 
and the great cost of developing that site, when | 
it had been discovered. 

Economically and technically, then, the verdict | 
is wholly in favour of the Battersea site, and this | 
is borne out by an examination of both the present 
and future electrical requirements of the west 
end of London. The load in this area is not only 
growing rapidly, but an analysis shows that 60 per 
cent. of the demand of the Metropolis is in the 
central and western districts. That position is not 
likely to be changed ; in fact, it is rather likely to 
be emphasised, as electricity is increasingly utilised 
for domestic purposes. Indeed, as Sir John Snell 
has stated, the need is distinctly for stations in the 
western rather than the eastern part of London, 
especially because it is not commercially practicable 
to transmit large quantities of energy from the 
east end for use in the west, the chief reason being 
the difficulty of finding room for the cables under 
the streets. 

We are not optimistic enough to suppose that 
the above arguments will cause the critics to forego 








their opinion that the Battersea station is dan- 
gerous, useless, and ought not to be built. We 
may therefore be allowed to point out that if they 
continue to insist on its removal and refuse to con- 
centrate their attention on keeping the London 
Power Company up to their promise to alleviate the 
nuisance by every possible means, they are setting 
themselves a very difficult task. They should really 
have taken this matter up at a much earlier day. 
As things are, the Power Company, besides being 
committed to an expenditure of some 2,000,000/., 
have faithfully, and in the correct sequence, taken 
every step in the complicated procedure, which is a 
preliminary to the granting of permission to erect 
a power station, and have received the full number 





of approvals and consents from both the Electricity 
Commissioners and the Central Electricity Board. 
Legally, therefore, their position is unassailable, 
except in one way. 

The critics would have to introduce a measure, to 
be entitled, say, the Suppression of the Battersea 
Power Station Bill, in which His Majesty “ by 
and with the advice and consent of the Lords 
Spiritual and Temporal and Commons in this present 
-arliament assembled,” would enact that the station 
erected by and owned by the London Power Com- 
pany at Battersea shall, within — years of the 
date of the passing of this Act, be wholly razed 
to the ground and the site left clear of rubbish, 
spoil and other waste material of any kind what- 
soever. Such a Government as that now in office 








would be unlikely to support such a measure, since 
it would cut at the root of legislation, of which they 
are not unreasonably proud. While, if either of 
the other two Parties were in a position, or 
desired, to further it we feel sure that it would 
be strenuously opposed by officialdom as a whole, 
for two reasons: First, because no one likes to 
retrace their steps, and second, because it would 
establish a precedent of limitless and, in certain | 
hands, disturbing possibilities. 

This is, we fear, cold comfort ; 
compensation we can only say that we feel that the | 
pessimism displayed in this matter is largely | 
unjustified. The critics deserve some praise for | 
calling attention to what, improperly handled, | 
might be a nuisance and cause damage, but by this | 
time the London Power Company must realise the | 
necessity, if they had not previously done so, of | 
taking every step to prevent the emission of | 
noxious fumes, the amount of which, incidentally, | 
has been overestimated by some 50 per cent. | 
Moreover, that is the only correct way of tackling | 


and as some 
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the problem. To move the station is no real 
remedy, and will further bring in its train 
complications, both technical and financial, with 
which there is no reason that London’s electricity 
supply should be burdened. 








LIGHTNING. 


Tue twentieth Kelvin lecture was delivered before 
the Institution of Electrical Engineers on Thursday, 
April 25, by Dr. G. C. Simpson, C.B., F.R.S., the 
subject being “ Lightning.” 

Our knowledge of atmospheric electricity, the 
lecturer began, could be divided into three well- 
defined periods. The first opened in 1735, when 
Stephen Gray suggested that lightning was nothing 
more than an exhibition on a large scale of the 
sparks, which could be drawn from the primitive 
electrical machines of that time. In 1752 Dalibard 


| and Franklin showed by experiment that lightning 


could be drawn from the clouds during thunder- 
storms. Later in the period it was proved that the 
atmosphere was electrified, not only during thunder- 
storms but during cloudless weather, and that the 
electricity of the air underwent a regular daily 
and yearly variation, in which the state of the 
weather played a predominating part. The results 
were, however, entirely qualitative and impossible 
to describe in any coherent way. During the 
first half of the nineteenth century, observations 
gave place to speculative theory, and a decline of 
interest in atmospheric electricity coincided with 
the period, in which the foundations of modern 
electric theory were being laid by Coulomb and 
Faraday. 

Kelvin’s interest in atmospheric electricity 
appeared to have been aroused by his mathematical 
study of electrostatics, and the second historical 
period might be said to open with the lecture 
he gave on the subject before the Royal Institution 
on May 18, 1860. He showed what the observa- 
tions already made signified when expressed in terms 
of the electrical charges on the ground and in the 
air, while, more important still, he introduced the 
idea of the electrical potential of a point in the 
air, and showed how it could be measured and 
recorded. The invention of his water-dropper 
and the development of his three electroscopes 
were largely due to his interest in the measurement 
of atmospheric electricity. In 1861 the first self- 
recording electrometer was installed at Kew, and 
thus started the longest series of measurements of 
electricity which existed, though these had not 
continued without interruption. 

For the next forty years, work on atmospheric 
electricity consisted almost entirely of measure- 
ments of potential gradient in all parts of the 
world, and was dominated by Kelvin’s mathe- 
matical theory and methods. Our knowledge of 
the electrical field of the earth’s atmosphere was 
greatly extended, but little advance was made 
towards the discovery of the causes of the electrifi- 
cation ; so that at the end of the nineteenth century 
the study of atmospheric electricity was again at 
a low ebb. This lethargy was broken, and the 
third period introduced by the discovery of radio- 
activity and of the existence of ions in the atmo- 
sphere. These discoveries led to renewed interest, 
and to the most rapid growth in our knowledge since 
1730. This short review showed that Kelvin’s work 
and influence had played a very important part 
in the development of the science of atmospheric 
electricity ; and he was always deeply interested in 
the subject, especially in the problem of the thunder- 
storm. 

Continuing, Dr. Simpson remarked that he was 
not overstating the case when he said that nine 


| out of ten physicists could not, without hesitation, 


give an explanation of a lightning discharge. They 
would probably say that during a thunderstorm 
a cloud obtained a charge of electricity, which 
went on increasing until a spark passed to another 
cloud or to the ground. In other words, they 
considered that clouds could be charged and dis- 
charged like other conductors. He hoped to show. 
how completely wrong that idea was. 

Almost from the beginning it had been known 
that air was not a perfect non-conductor. At first 
it was considered that the observed loss of charge 
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from charged bodies was greatest when the air 
was damp. In 1887, however, Linze had shown 
that it was at maximum when the air was dry. 
It was originally supposed that this was due to the 
molecules of air striking a charged body and carry- 
ing away a small charge with them on their re- 
bound. As a result of the discovery of the 
Réntgen and Becquerel rays it was, however, real- 
ised that gas molecules could be ionised ; that is, an 
electron could be driven out of a molecule, leaving 
it positively charged, while a neutral molecule 
could capture a free electron and become negatively 
charged. 

The electrical conditions within a cloud were very 
different. There were practically no ions and a 
cloud was, therefore, one of the best insulators. 
Instead, therefore, of conducting clouds floating in 
a non-conducting atmosphere, we had non-conduct- 
ing clouds floating in a conducting atmosphere. 
Any electricity within a cloud must be carried by 
water either on the cloud particles or in the form 
of rain, hail or snow. The charge due to this 
electricity would be very great, so great in fact that 
in the strong fields associated with a thunderstorm 
the electrical forces on the rain drops might be 
actually greater than the force of gravity. As the 
charge accumulated in a certain part of the cloud, 
it must ultimately discharge either to an accumula- 
tion of the opposite sign in another part or to the 
induced charge on the ground below. How this 
charge was initiated and then propagated was a 
problem, which had received very little attention 
from physicists. 

Since within the cloud the charge was attached 
to water particles, if it moved it must carry water 
with it. The mobility of even a highly charged 
water particle was, however, so small that no elec- 
trical field, short of that which would break down 
the air, could produce an appreciable current. In 
other words, there could be no discharge, until 
there was an electrical breakdown, and this did not 
occur at normal temperatures and pressures, until a 
field strength of 30,000 volts per cm. had been 
reached. With this field the velocity of a free electron 
was so high that it could drive one or more electrons 
out of any neutral molecule on which it impinged. 
These released electrons being in the same intense 
field repeated the process, so that in a short 
time there were great quantities of free electrons 
moving with high velocity along the lines of force. 
This velocity was so high compared with that of 
both the positive and negative ions, that the latter 
might be considered immobile even in the strongest 
fields. The positive electricity, which was always 
carried by the ions, was, therefore, also held immo- 
bile, while the negative electricity could move with 
the same velocity as the electrons. 

As electricity of the two signs accumulated 
during a thunderstorm in different parts of the 
cloud, the field between them increased in intensity, 
as represented in Fig. la, on page 556, which showed 
the directions of the lines of force. If the field strength 
increased sufficiently, breakdown would first occur 
along the line AB. As soon as this took place, a 
small region became a good conductor and the lines 
of force were distributed as shown in Fig. 1), the 
field becoming greatly intensified at the ends of this 
conducting region. In Fig. lc, this region was 
shown on an enlarged scale, the condition imme- 
diately after breakdown had occurred being illus- 
trated. The subsequent changes were extremely 
interesting. As indicated by the arrows on the left, 
the electrons would be dragged out of the conduct- 
ing region into the surrounding unionised air, 
where they would slow up in the weaker field and 
be captured by the neutral molecules to form ions, 
whose mobility was small. The effect of this cloud 
of negative ions on the electric field was indicated 
in Fig. 1d, which showed that the initial intense 
field no longer existed at the end of the conducting 
region. The conditions at the other end of Fig. le 
were entirely different. The channel was full of 
positive ions, which were too massive to be moved 
appreciably. The field at the end of the conducting 
region was, however, very intense and within a space 
indicated by the dotted line the air broke down, 
with the result that further large quantities of 
electrons were liberated. These electrons moved at 
once into the conducting channel, and passing along 
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it, kept the air within the channel highly ionised 


by their collision with its molecules. Ultimately, 
they found their way into the cloud of negative ions 
at the other end of the channel, so that the latter 
was prolonged as shown in Fig. ld. As, however, the 
end of the growing channel remained sharp and the 
field strength was, in consequence, still sufficiently 


interval apart. 


| might end within the cloud. 


intense to ionise the air, it was rapidly prolonged in | 


the direction opposite to the flow of the electrons, 
and penetrated into the regions where before dis- 
charge the field was too weak to cause breakdown. 
The channel frequently branched, as shown in Fig. 
le, which illustrated two important properties of an 


| it developed along the lines of force into the cloud | more or less rapidly to zero. 


electrical charge through air at normal pressures: | 


That the discharge once started made a channel to- 
wards the seat of the negative electricity only, and 
that all the branches pointed away from the seat 
of the positive electricity. This enabled the positive 
end of a lightning flash to be identified whenever 
branches could be seen. A number of experiments 
had been made, which entirely confirmed this 
theory. 

In applying these results to lightning discharges 
a distinction had to be drawn between (a) discharges 
between oppositely charged regions of the atmos- 
phere, (6) discharges between positive electricity 
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embedded in a cloud and the ground, and (c) dis- 
charges between negative electricity embedded in 
a cloud and the ground. The form of discharge in 
the first case had been indicated in Fig. 1, as the 
result of which a large and diffuse cloud of negative 
ions was left within the positively charged region 
and a channel containing positive ions probably 
widely branched within the negatively-charged 
regions. This discharge had destroyed the field, but 
it had not distributed the transferred charge very 
widely. This was effected by the normal turbulence 
of the atmosphere, which conveyed the transferred 
charge into the surrounding cloud, where combina- 
tion with the original charge took place and neutral- 
isation was completed. 

The second case was shown in Fig. 3, where the 


stippled area represented cloud, in which there was | 


a concentration of positive electricity. 

charge started at the lower end of the charged area, 
E ~ » > ° ° 

where the field was originally a maximum, and was 


The dis- | 
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by a period when the discharge, though diminished lat least four times as many discharges between 
did not entirely cease for about ;%5-sec. Finally, | positively charged clouds and the ground as between 
the discharge ended with two discharges a short | negatively charged clouds and the ground, while 
If the accumulation of positive | there were good reasons for believing that the ratio 
electricity was high up within the cloud, the channels | was nearer 10 to 1 than 4 to 1. 

Although direct evi-| The question whether a lightning discharge was 
dence of such flashes could not be obtained photo- | unidirectional or oscillatory had been finally settled 
graphically, there was much indirect evidence of | by the direct observations of Watson-Watt, Norinder 
their existence. In the third case, the field below a | and Matthias, who had shown by means of a cathode 
negatively charged cloud, before a discharge passed, | ray oscillograph that the main discharge consisted 
was similar to that below a positively charged|of a unidirectional current starting from zero, 
cloud, except that its direction was reversed and | rising to a maximum and then decreasing again 

This result was easily 
as shown in Fig. 5. There was good reason for | understandable in the light of the theory already 
believing that such discharges were rare, for no| given, as a cloud had none of the capacity, which 
mechanism was known whereby negative electricity | was essential to an oscillating discharge. Although, 
could be concentrated within a small region of the | however, the cloud as a whole had no capacity, 
cloud, aS was the case with positive electricity. | the conducting channel with its ramifications was 
It was much more frequently diffused throughout | a conducting system with both capacity and self- 
a great mass of cloud, the electrical field under which | induction. By applying the ordinary formule 
was relatively uniform with vertical lines of force.|it was found that a vertical aerial earthed at its 
The region of maximum intensity might then not | lower end, 2 km. high end 5 cm. in diameter would 
be near the charged cloud, but near the ground, | oscillate, if its resistance was of the order of 1 ohm 
where earth-connected irregularities such as towers, | per metre. The resistance of a fully developed 
trees, hills, etc., concentrated the lines of force. | lightning channel when fully ionised might well 
If sparking potential was reached, the discharge | be less than this and would therefore be able to oscil- 
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late. These oscillations would be superimposed 
on the main current, but would not reverse its 
direction of flow. In other words, the intensity 
of the unidirectional current of the main discharge 
would pulsate with the frequency of the natural 
period of the channel, the effect being somewhat 
similar to that of the “ singing are.” Watson-Watt 
found oscillations of this nature highly developed 
in the atmospherics, which he had observed in 
Khartoum, and if, as Appleton supposed, atmos- 
pherics owed their origin mainly to lightning dis- 
charges, these ripples found their natural explanation 
in the oscillations within the lightning channel. 
The wave-length of the radiation set up by the 
| oscillations was approximately twice the length 
| of the channel, for channels with both ends in the 
air, and four times the length of the channel, for 
channels which reached the earth. The wave- 
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directed towards the induced negative charge on the | Would start from one of these projections, and the 
ground, the channel branching in the course of its| Channel would develop rapidly upwards to the 


; : | ae ‘ . 2 
development. This branching varied from storm | cloud, as shown in Fig. 6. Such photographs were | 


to storm and was greatest in the most violent 'very difficult to obtain, as the branching was nearly 
storms. The process was illustrated in two photo- | always well within the cloud. 

graphs, one taken with a stationary camera (Fig. 2)/ Of the three types of discharge the two last (b) 
and the other with a moving camera (Fig. 4).| and (c) were of most importance to the electrical 
In the first, the fact that the branches converged | engineer, since it was they which struck buildings 
toa point some distance within the cloud indicated | and overhead wires. 
that the discharge did not start on the surface, as | however, different. 
it would if the cloud were a conductor. 
the direction of the motion of the camera was such | the branches, of a discharge from a positive cloud. 
that the first single vertical flash appeared on the | On the other hand, a discharge to a negative cloud 
A little over ,'5-sec. later another discharge | started on an earth-connected object. The chances 


An earth connected object 


right. 


took place, which followed the channel of the | of the former occurring were much greater than the | 
first to the point marked with an arrow and then | latter, though the strokes would be much more | 
An | 


made a new channel. This accounted for the two | intense in the second than in the first case. 
principal channels shown in Fig. 2. There were | examination of over four hundred photographs bore 
then two more discharges at short intervals, followed | out these conclusions and showed that there were 


Their characteristics were, | 


In Fig. 4| might be struck either by the main trunk, or one of | 


length of these oscillations being of the order of 
| 10km. was well within the wireless telegraphy band, 
and they were therefore probably the chief cause of 
the disturbances associated with atmospherics. 

It was of importance in all practical problems 
connected with lightning to know the order of 
magnitude of the electrical factors involved. 
C. T. R. Wilson had found that the quantity of 
electricity discharged in an average lightning flash 
| varied between 10 and 50 coulombs and had taken 
20 coulombs as typical. He had also estimated 
that the potential attained in a thunder-cloud before 
| the passage of a discharge of 20 coulombs was of 
the order of 10° volts. Such potentials were never 
fully reached at the earth’s surface when a body was 
struck owing to the resistance of the air channel, 
but potentials of 10’ volts might be attained in 
| transmission lines, which were not directly con- 
nected to earth. Expressed in familiar units the 
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energy dissipated in an average lightning discharge la great help towards understanding the varied 
was therefore about 3,000 kw.-hr., though again | phenomena of lightning to have some idea of the 


all of this did not reach the earth’s surface. 
time element was another important factor in 
connection with a lightning discharge. The work 


The | processes, which built up the intense electrical fields 


associated with thunderstorms. Any theory had 
to account for the initial generation of positive and 


of Norinder, Matthias and Watson-Watt all went | negative electricity, and then for the transfer of the 
to show that the duration of a lightning discharge | separated electricities into widely different regions 


was greater than +,55 second. 


A discharge of of cloud. In his opinion, the generation of these 


20 coulombs in this time gave a mean current of | electricities was the consequence of the disruption of 
20,000 amps, but instantaneous values of the|rain drops, while their separation resulted from 


order of 100,000 amps might be expected. 


the different velocities of the cloud particles and rain 


Dr. Simpson next dealt with two applications | drops relative to the vertical air current, which were 


of the new knowledge of lightning to practical prob- 
lems. 
necessary to convey the most powerful lightning 


The first was the size of the conductor | 


charge, which was likely to be experienced, safely | 


to earth. This reduced itself to calculating the 


rise in temperature due to the passage of a known | 


quantity of electricity in a known time. Whence it 


appeared that the most violent discharge likely to | 
occur could be safely carried by a0-08sq. in. copper | 


conductor or an iron conductor of 0-2 sq. in. Both 
these sizes were less than those recommended by 
the Lightning Rod Conference of 1881 and, in the 


Fig.6. 
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case of copper, the value was little more than half 
the cross-section (} in.) specified for all Government 
work in this country. The chief difficulty with 
lightning conductors was the resistance of bad joints 
or bad earths. With a current of 100,000 amps. 
a local resistance of 10 ohms would raise the potential 
of the conductor to 1,000,000 volts and obviously 
tend to produce dangerous side discharges and to 
develop heat. 

The second problem related to transmission lines. 
Such a line, unlike a telegraph wire, was not likely 
to be melted by a direct stroke. On the other 
hand, as was well known, if the current from a light- 
ning channel could not get away, a large proportion 
of the 10° volts of the cloud were available for 
raising the potential of such a line, until a flash- 
over occurred. The only question was whether 
lightning produced dangerous surges by electro- 
static induction as well as by direct stroke. His 
view was that surges due to induction were of 
little practical importance for three reasons. 
Calculation showed that for an average transmission 
line the induced charge was only about one- 
thousandth of the charge of a direct-stroke. Similarly, 
the energy was only one-millionth of that of a direct 
stroke, and finally the induced potential could only 
be high if the discharge was over in, say, 10 micro- 
seconds, while as had been shown the average 
duration was about 1,000 micro-seconds. These 
conclusions were confirmed by experiments with 
the klydonograph, which were now being made in 
America. 

In conclusion, the lecturer remarked that it was 











so marked a feature of all thunderstorms. As an 
extension of the work of Lenard, he had shown that 
when a drop of water was broken up in the air, the 
water became charged with positive electricity, while 
the negative electricity remained suspended in the air. 
Lenard had also found that a drop of water falling 


| through air rapidly attained an end-velocity, and 


that this end-velocity reached a limiting value very 
nearly equal to 8 m. per second, This was due to 
its deformation from a spherical shape, the result 
being that drops larger than about 0-5 cm. in 
diameter - were unstable and quickly broke up. 





Fic. 6. 











ses TSGeteF SECS IG 











ENGINEERING 


No rain could, therefore, fall through an ascending 
current of air with a vertical component greater 
than 8 m. per second. Violent currents much 
greater than 8 m. per second were, however, char- 
acteristic of all thunderstorns. Fig. 7 showed the 
meteorological conditions in a thunderstorm roughly 
to scale. The unbroken lines represented the 
stream lines of the air, and showed the direction of 
air motion at each point, while their distance apart 
was inversely proportional to the wind velocity. The 
air entered the storm from the right and passed under 
the forward end of the cloud, where it took an up- 
ward direction. It would be noticed that while the 
actual velocity decreased along the stream lines, the 
vertical component increased as the air passed into 
the storm and reached a maximum in the lower half 
of the cloud. The oval marked 8 showed where the 
vertical component was 8 m. per second. Within the 
oval it was more, while outside it was less than 
that figure. No water could pass downwards 
through this region, because the relative velocity 
between air and a drop having a diameter of 0-5 
em. was 8 m. per second and larger drops could 
not exist, for they were unstable. 

In the diagram the broken lines represented the 
paths of the rain drops. On the extreme left the 
drops fell practically vertically, while on the right 
they were deflected to the left by the air stream. It 
was obvious that above the region of maximum 
vertical deflection there would be an accumulation 
of water. Only large drops would be able to pene- 
trate into the lower part of this region to just above 
the surface, where the vertical velocity was 8 m. 
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per second. These drops would be broken and the 
parts blown*upwards. The drops thus blown up- 
wards would re-combine and fall back again, the 
process then being repeated. The region in which 
these changes occurred was indicated in Fig. 7 by 
the dotted curve. 

The electrical conditions associated with these 
meteorological conditions were shown diagrammatic- 
ally in Fig. 8. In the region where the vertical 
velocity exceeded 8 m. per second, there could 
be no accumulation of electricity. Above this region 
where breaking and re-combining took place, marked 
B in Fig. 8, every time a drop broke, its water 
received a positive charge. The corresponding 
negative charge was given to the air and was imme- 
diately absorbed by the cloud particles, which were 
carried away with the full velocity of the air current. 
The positively charged water did not, however, pass 
so easily out of the region B, for the small drops 
rapidly re-combined and fell back again only to be 
broken once more and to receive an additional 
positive charge. In this way the accumulated 
water in B became highly charged with positive 
electricity. The air with its negative charge passed 
out of B into the main cloud, so that the latter re- 
ceived a negative charge. The chief origin of light- 
ning discharges would obviously be the region b, for 
here there could be an unlimited concentration of the 
positive charge. From this positive charge dis- 
charges might pass towards the negative electricity 
in the cloud, but the most frequent discharges would 
be downwards, some of which would reach the ground 
and some end in the air. There would also be 
occasional charges from the ground towards the 
negatively charged cloud. Of course, in nature the 
conditions were much more complicated than those 
sketched. It was not surprising, therefore, that 
observations were occasionally made, which were 
difficult to fit into the scheme, but it did explain the 
distribution of positively and negatively-charged 
rain, and the frequency of the different forms of 
thunderstorm. 


THE IRON AND STEEL INSTITUTE. 


THE sixtieth annual general meeting of the 
Iron and Steel Institute commenced yesterday, and 
is being continued to-day in the hall of the Institu- 
tion of Civil Engineers, Great George-street, West- 
minster. Mr. B. Talbot, the retiring president, 
occupied the Chair at the opening proceedings 
yesterday. 

REPORT OF THE COUNCIL. 

The usual preliminary business having been 
transacted, the annual report of the Council was 
presented to the meeting and taken as read. This 
stated that the total membership of the Institute 
on December 31, 1928, was 2,008, a net increase 
of 25, compared with December, 1927. News of 
the death of 25 members had been received during 
1928, and the Council specially wished to place 
on record their sense of the great loss to the Institute 
incurred through the deaths of Mr. Andrew 
Lamberton, a vice-president and Bessemer Medallist 
of the Institute ; Mr. E. Mayrisch, president of the 
Arbed group of steelworks, Luxemburg; Dr. FE. 
Schrédter, of Mehlem-Rhein, Germany ; and Mr. F. 
Timmermans, of Liége, Belgium. During the 
past year, one honorary member had been elected, 
namely, Count de Zubiria of Bilbao. The Council 
had also elected Mr. Alfonso de Churruca, of Bilbao, 
an honorary vice-president of the Institute. Fur- 
ther sections of the report dealt with appointments 
of honour and distinction conferred upon members, 
and with last year’s meetings in London and Bilbao. 
The report also recorded the grants made by the 
Council, during the year, to various research workers, 
on the recommendation of the Carnegie Research 
Committee. Reference was made to the award 
of the Carnegie Gold Medal to Dr. Arthur Bramley, 
for his researches on the cementation of steel 
by various media, and to the division of the Williams 
prize between Messrs. J. E. Holgate and R. R. F. 
Walton and Messrs. A. Crooke and T. Thomson. 
The former were the authors of the paper, “‘ Blast- 
Furnace Practice in Natal,” and -the latter of the 
contribution, “The New Plant of the Appleby 
Iron Company, Limited,” both of which were 
presented at the 1928 annual meeting. The 
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activities of the various technical committees of 
the Institute were also outlined, and the report 
concluded by mentioning the different bodies on 
which various members had acted as representatives, 
and by recording changes in the membership of the 
Council. 

In presenting the statement of accounts, Professor 
H. C. H. Carpenter, F.R.S., the honorary treasurer, 
pointed out that the income for the year 1928, apart 
from the Carnegie Scholarship Fund and the 
Special Purposes Fund, was 7,9401., and the expen- 
diture 7,918/. The accounts for the year showed a 
considerable improvement, as compared with those 
for 1927, when there was an adverse balance of 
8791. For the first time in the last four years it 
was possible to carry forward a surplus, though 
a very modest one, of 22I. 

Mr. Talbot then inducted into the Chair the 
newly-elected president, Professor Henry Louis, 
whose first duty was to present the Bessemer Gold 
Medal to The Hon. Sir Charles Parsons, O.M., 
K.C.B., F.R.S. 

PRESIDENTIAL ADDRESS. 

Professor Louis then delivered his presidential 
address, in which he put before the members a 
short summary of the history of iron manufacture 
from its very beginning. He stated that he hoped 
to be able to show that the history of iron and the 
history of heat generation had gone hand in hand 
throughout the ages, and that the former had been 
absolutely dependent upon the latter. The date, 
and even the place, of the first use of iron by mankind 
had never been determined; it appeared to be 
generally held that it was first produced in workable 
quantity on the southern flanks of the Caucasus, 
and the date assigned was usually somewhere about 
3,000 B.c. It was, at any rate, certain that, before 
iron came into use, the metallurgy of bronze was 
already highly developed. No doubt the simple 
reduction of metallic iron from its ores would have 
been well within the capabilities of these primitive 
metallurgists, but from the simple reduction of the 
metal to its fashioning into any useful form was 
quite a far step. Oxide of iron was reducible to 
the metallic state at a very low temperature, 
not exceeding 500 deg. C., but the iron so produced 
was more or less pulverulent and useless for all 
practical purposes. To weld it into a coherent 
mass capable of useful application required not 
only a considerably higher temperature, but, for 
articles of any size, a considerable body of heat. 
The only information available as to the early 
means of producing the necessary heat was derived 
from Egyptian mural paintings. It was significant 
that all the earlier ones showed men blowing up a 
fire beneath a crucible by means of mouth blow- 
pipes made of. reed and tipped with clay, and it 
was evident that with such rudimentary appliances 
only very small pieces of iron could be produced. 

The first known representation of any mechanical 

means of producing a blast was from the walls 
of a tomb of the period of Thothmes ITI, supposed 
to date from about 1500 8.c. This primitive bellows 
apparently consisted of a flat pot covered with 
skin, in the centre of which was cut a hole that 
could be closed at will by the heel of the operator, 
who stood on the bellows. The arrangement 
thus formed a valve, the skin, when released by 
the heel, being pulled by a cord in the worker’s 
hand. It was interesting to note that this identical 
type of bellows was still being used in India by 
certain tribes for the purpose of iron manufacture, 
the only improvement in over 3,000 years being 
the use of a couple of light bamboos which acted 
as springs to pull up the hide cover. From the 
British Museum excavations at Djerabis on the 
Euphrates (the Carchemish of Biblical times), 
which city was attacked and captured by the 
Babylonians in 604 B.c., it was evident that, at 
that date, even in the centre of the highest 
civilisation of the time, skill in working iron had 
not reached anything like so high a level as that 
of the bronze worker. The conclusion might fairly 
be drawn that the difficulty of working even 
moderately large pieces of iron had been by no 
means fully overcome. The larger articles required 
a considerable body of heat, and the means of 
generating this must have been the controlling 
condition in the manufacture of iron. 
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It was generally held that iron was not introduced | 
into Britain until 500 B.c., and that its manu-| 
facture did not commence in these islands until | 
about a century later. Before Cesar’s invasion, | 
iron was certainly being made in the South of | 
England, though the Brigantes in the North 
appeared still to have been in a Stone Age. After | 
Britain had become a Roman province, iron was | 
made at numerous places in this country, most | 
actively, perhaps, in the Forest of Dean, though | 
there were various other important centres of | 
early Roman iron production. The manufacture | 
of iron continued in this country throughout the | 
Roman occupation. It was quite clear that the} 
method of production during the whole of this | 
period was always the same, namely, direct | 
reduction by charcoal in furnaces, probably not 
more than 3 ft. or 4 ft. in height and blown by 
bellows worked by man-power, in which the | 
temperature was only high enough to produce | 
soft malleable iron, or, at the best, with suitable | 
ores a steely kind of iron. Apparently this method | 
of iron-making must have continued during the | 
next thousand years or so. Probably furnaces | 
were steadily increasing in size, larger lumps of | 
iron were being made, and probably steely iron 
or even steel was produced at will. An invention 
that must have contributed no little to the increase 
in the size and power of the medieval furnace was 
that of mechanical blast production. Agricola, 
whose well-known work is dated 1556, describes 
in much detail the construction of a bellows with 
valves of quite modern type, worked by a water 
wheel, and it was obvious from his description 
that the appliance was old enough for its details 
to have become standardised. A natural result 
of the increase in the height and power of the 
furnace, and of the attendant higher heats thus 
generated, was the production of white cast iron. 
A still further increase in furnace and_ bellows 
capacity resulted in the production of grey cast 
iron, as soon as the temperature became high 
enough to reduce some silicon. 

The next step was the substitution of coke for 
charcoal, thus attaining the production of still 
higher temperatures, whilst Neilson’s invention of 
the hot blast in the year 1828 enabled temperatures 
higher again to be attained in the blast furnace. 
The next stage was the production of mild steel 
in the Bessemer converter and the Siemens open- 
hearth furnace, to be followed by the important 
modification of Thomas and Gilchrist, which was 
known as the basic process. Necessarily, these 
processes involved the use of higher temperatures | 
than had hitherto been attained. Finally, 





came | 
the production of alloy steels in the electric furnace, | 
with its capacity for generating still higher tem- 
peratures. One interesting fact emerged from the | 
present review, namely, that each successive | 
metallurgical advance had been attended by a| 
deterioration in quality of the product (except | 
in cases in which an entirely new material had 
resulted), though each had been accompanied by 
such an increase in quantity of output’ as more | 
than to compensate for the inferior quality, by 
placing increasing quantities of iron at the service 
of mankind. It was only necessary to compare the 
blast-furnace of 1750, which, according to the | 
records of the time, was doing excellent work | 
when it produced 24 tons a week, with the modern | 
furnace which smelted that quantity in about | 
half an hour. On the other hand, it was undeniable 
that puddled iron was inferior to iron made by 
the direct process, that coke pig iron was inferior 
to charcoal pig, and that hot-blast pig iron was, | 








not as good as cold-blast pig. Again, while structural | ‘t 


steel was in one sense an entirely new material, | 
from another point of view it was not unfair to | 
say that it was an inferior material to the older 
crucible steel. Nevertheless, it was also undeniable | 
that the world was distinctly richer for having | 
at its command the huge quantities of iron and | 
steel that were quite unthinkable even a century ago. | 
(To be continued.) 








Home Orrice INpvustTRIAL Mvustum.—The Home 
Office Industrial Museum, 97, Horseferry-road, West- 
minster, London, S.W.1, will in future be open in the 
afternoon from 2 to 4 on every week-day, instead of only 
on Saturday as hitherto, as well as in the morning from 
10 to 1. 
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LAUNCHES AND TRIAL TRIPS. 


«« Stoux.’’—Single-screw Canadian lakes and canals 
cargo steamer; triple-expansion engine. Trial trip, 
April 23. Main dimensions, 259 ft. by 43 ft. 4 in. by 
20 ft. Constructed by Messrs. Barclay, Curle and 
Company, Limited, for Messrs. The St. Lawrence Steam- 
ships, Limited, Welland, Ontario. 

«Lapy Meatu.”—Twin-screw cattle and cargo 
steamer ; triple-expansion engines. ‘Trial trip, April 23. 
Main dimensions, 320 ft. by 40 ft. by 17 ft. ll in. Built 
by Messrs. Ardrossan Dockyard, Limited, Ardrossan, 
for Messrs. British and Irish Steam Packet Company, 
Limited, Dublin. 

‘‘ Princess Mary.’”—Motor life-boat, stated to be 
the largest in the world; two 80-h.p. engines. Trial 
trip, April 24. Main dimensions, length, 61 ft., and 
peam 15 ft. She has 15 main and 100 minor water- 
tight compartments, and displaces 45 tons of water. 
Built for the Royal National Life-Boat Institution, by 
Messrs. S. E. Saunders, Limited, Cowes. She is the gift 
of the Peninsular and Oriental Group of Shipping Com- 
panies, and will be stationed at Padstow, Cornwall. 

** DEEBANK.”—Cargo steamer; quadruple-expansion 
engines. Launch, April 24. Main dimensions, 436 ft. 
by 56 ft. by 36 ft. 3in. Constructed by Messrs. Work- 
man, Clark (1928), Limited, Belfast, for Messrs. Andrew 
Weir and Company, Bank Line, Limited, London. 

‘* PEVERIL.”—Single-screw cargo steamer; _ triple- 
expansion engine. Launch, April 25. Main dimensions, 
205 ft. by 34 ft. 6in. by 16 ft. Built for Messrs. The Isle 
of Man Steam Packet Company, Douglas, by Messrs. 
Cammell Laird and Company, Limited, Birkenhead. 

‘* WESTRALIA.”—Twin-screw passenger and cargo 
motorship; Harland-B. & W. single-acting, eight- 
cylinder Diesel engines. Launch, April 25. Main 
dimensions, 480 ft. by 60 ft. by 33 ft. 6 in. Built by 
Messrs. Harland and Wolff, Limited, Govan, for Messrs. 
Huddart Parker, Limited, of Melbourne, Australia. 

‘* NorMAN.”’—Steel screw tug. Launch, April 25. 
Main dimensions, 100 ft. by 25 ft. by 13 ft. Built by 
Messrs. Cochrane and Sons, Limited, Ouse Shipbuilding 
Yard, Selby, for service in the Port of Hull. 

‘* AGAMEMNON.”’—Twin-screw passenger and cargo 
motorship ;_ eight-cylinder, four-stroke Burmeister and 
Wain Diesel engines. Launch, April 25. Main dimen- 
sions, 475 ft. by 59 ft. by 35 ft. 3 in. Built by Messrs. 
Workman, Clark (1928), Limited, Belfast, to the order of 
Messrs. Alfred Holt and Company, Liverpool. 

‘“SaRACEN” and ‘‘ PorTWELL.’’—Single-screw Cana- 
dian lakes and canals cargo steamers; triple-expansion 
engines. Launch of the Saracen and trial trip of the 
Portwell, April 26. Main dimensions, 260 ft. by 42 ft. 4 in. 
by 20 ft. Built by Messrs. Swan, Hunter, and Wigham 
Richardson, Limited, Wallsend ; S.S. Saracen for Messrs. 
Inland Steamship Company, Limited, Winnipeg, Ontario ; 
and §.S. Portwell for Messrs. Welland Steamship 
Company, Limited, Welland, Ontario. 

‘‘ HIGHLAND BRrIGADE.’’—Twin-screw passenger and 
refrigerated-cargo motorship; eight-cylinder, double- 
acting, four-cycle Harland—B. & W. Diesel engines. 
Trial trip, April 27. Main dimensions, 520 ft. by 69 ft. 
by 35 ft. 9 in. Built by Messrs. Harland and Wolff, 
Limited, Belfast, for Messrs. H. and W. Nelson, Limited, 
London. 

‘* Maya.’’—Single-screw passenger and fruit-carrying 
steamer ; four-cylinder triple-expansion engines. Trial 
trip, April 27. Main dimensions, 405 ft. by 53 ft. 2 in. 
by 33 ft. 6 in. Built for the Cuyamel Fruit Company, 
New Orleans, U.S.A., by Messrs. Barclay, Curle and 
Company, Limited, Whiteinch, Glasgow. 








EXHIBITION OF MODERN COMMERCIAL ARCHITECTURE.— 
Under the auspices of the Royal Institute of British 
Architects, the International Exhibition of Modern 
Commercial Architecture will be held at 9, Conduit- 
street, Hanover-square, London, W.1, from Tuesday, 
May 7, until Saturday, June 8, inclusive, between the 
hours of 10 a.m. and 8 p.m. (Saturdays 5 p.m.) Admission 
will be free. Sas 

DiEsEL-ELEectTRIC FERRY Boat FOR THE ARGENTINE.— 
On page 564 of our previous volume, we published an 
illustrated description of a Diesel-electric ferry boat 
built by Messrs. Yarrow and Company, Limited, of 
Seotstoun, Glasgow, for the Argentine Government, and 
intended for carrying motor vehicles, passengers, «c., 
on the River Parana. The length of the vessel was 
given as 145 ft., the breadth 39 ft. 6 in., the loaded 
draught, 4 ft. 5 in., and the displacement 340 tons. 
The electrical propelling machinery and_ auxiliaries 
were constructed by Messrs. Metropolitan-Vickers 
Electrical Company, Limited, Trafford Park, Manchester, 
and, in view of the novel character of the equipment, 
it is interesting to learn that the vessel has recently 
arrived safely at her destination, having crossed the 
Atlantic with only one intermediate stop at St. Vincent. 
The machinery, although intended for intermittent 
operation in the ferry service, was run continuously for 
11 days and 17 days during the Atlantic passage, which 
would thus serve as a very severe test of its reliability. 
Full particulars of the vessel and her machinery will be 
found in the article above referred to, but we may here 


| mention that the machinery includes two M.A.N.-type 


airless-injection engines, each developing 300 b.h.p. at 
350 r.p.m. and each driving a 170-kw. direct-current 
propulsion generator and a 35-kw. auxiliary generator. 
Twin screws are provided at each end of the vessel, and 
each of the four screws is driven by a 200-h.p. motor. 
The control scheme provides for the manceuvring of the 
motors from each of two pilot houses situated at opposite 
ends of the bridge deck, as well as from the engine room. 
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LABOUR NOTES. 


OnE of the important questions set down for dis- 
cussion at this month’s meetings in Llandudno, of the 
National Committee of the Amalgamated Engineering 
Union is, as was to be expected, that of wages. Several 
Divisional Committees have sent in resolutions on the 
subject. One desires an increase on the consolidated 
rate of “‘ not less than 33 per cent.” for “‘ those men 
who by nature of their work are not on any system of 
payment by results with a view to bringing their wages 
to compare with the earnings of the pieceworker,” 
while another advocates the issuing of instructions to 
District Committees ‘“‘ to make application through 
local procedure ”’ for a general advance of 24d. to 3d. 
perhour. The real issue before the meeting is, however, 
almost certain to be local or sectional versus national 
negotiations. A North of England committee proposes 
that the application for a national advance should be 
abandoned, and arrangements ‘‘ made with the Engi- 
neering and Allied Employers National Federation to 
make local application for adjustments in wages 
permissible.”” A London proposal is to much the same 
effect, but in it there is no reference to the employers’ 
organisation. It merely invites the Executive Council 
“to give District Committee the necessary power to 
negotiate for general wage increases with local 
employers.” 

Wages, as well as hours and conditions, are, as a 
matter of course, items in several omnibus resolutions 
of the type favoured by minority movements. The 
most comprehensive of these comes from London, 
which desires ‘“‘ an intensive campaign throughout the 
union and in the Press to popularise ’’ an engineers’ 
charter containing the following: (1) A 4/. per week 
minimum wage. (2) The establishment of a 44-hour 
week. (3) Abolition of systematic overtime. (4) 
istablishment of shop stewards and factory committees. 
(5) The control of all piecework and any other system 
of payment by results by shop stewards and factory 
committees. (6) The control of all youths and 
apprentices. (7) Payment for all statutory holidays. 
(8) Payment for specific periods of sickness (after 
12 months’ service). (9) Every metal worker a trade 
unionist. An East of Scotland Division’s demand, so 
far as hours are concerned, is more modest. It merely 
desires the Executive Council to apply “‘ for a working 
week of 44 hours, the level of wages to remain as at 
present.” 


Two Divisions, one on the Clyde and one on the 
Mersey, invite the National Committee to condemn 
the Melchett-Turner Movement. The Glasgow reso- 
lution is as follows :—‘‘ That this National Committee 
denounces the industrial peace negotiations of the 
General Council of the T.U.C. and the employers. It 
proclaims its convictions that the aims of these 
industrial peace rationalisation proposals are the 
intensifying of the slaving, driving, wage-cutting policy 
which is now being pursued, and the harnessing of the 
trade unions to capitalism. The National Committee 
places on record its conviction that the actions of the 
General Council in supporting capitalist rationalisation 
is an act of deadly hostility to the working classes, 
and proclaims the necessity of organised struggle as 
the only means of benefiting the position of the 
workers.” The Liverpool resolution calls upon the 
Executive Council ‘‘to place upon the agenda of the 
next Trades Union Congress a resolution for the 
emphatic rejection and repudiation of the Mond-Turner 
negotiations.” 

The difference between the Electrical Trades Union 
and the Engineering and Allied Employers National 
Federation on the claim of the union that only its 
members paid at rates ruling in the electrical con- 
tracting industry should be employed on lift instal- 
lation work, was discussed at a joint conference in 
London last week. The meeting was adjourned in 
order that the union might consult with the Amalga- 
mated Engineering Union. When the joint conference 
is resumed the Amalgamated Engineering Union will 
also, it is hoped, be represented. 


The members of the Amalgamated Society of 
Woodworkers employed in Belfast shipbuilding yards 
have ceased work in support of a demand for the 
38. per week bonus increase recently conceded to other 
plain time workers. As Belfast is not a federated 
area, the stoppage is a little difficult to understand. 
The federated yards on this side of the Irish Sea have 
so far successfully resisted a similar demand with no 
other inconvenient consequences than a stoppage of 
overtime. The singling out of Belfast for attack 


appears, moreover, to be rather unreasonable in the 
light of the fact that ship joiners’ wages are higher in 
Belfast than they are in the majority of federated 
areas, 
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During March, the number of members of the Boiler 
Makers’ and Iron and Steel Shipbuilders’ Society 
“ signing the books ’’ decreased from 13,838 to 11,707. 
The number in receipt of superannuation benefit 
decreased from 4,519 to 4,511, and the number in 
receipt of sick benefit increased from 2,887 to 2,965. 
In February, the expenses were 10,587]. 14s. 9d. ; 
in March, when the total included five weeks’ outlays, 
they were 13,255/. 8s. 7d. 


‘* Tt is very disturbing to find,” Mr. Hill, the General 
Secretary, says, ‘“‘ that although a greater volume of 
work was turned out last month than in any previous 
March, there were still thousands of our members 
unable to find employment. The fact is that the 
output per man in shipbuilding and engineering is 
steadily increasing while wages remain stationary, 
with the exception of a 3s. per week advance to a 
minority of the workers. The problem of trade and 
employment has been studied by competent persons, 
who are neither workmen nor employers in the narrow 
sense of these terms, and are consequently less inclined 
to be biased, and there is a fair measure of agreement 
among such persons that the cause of unemployment 
is the fact that the workers are producing commodities 
in a greater volume than their return in wages enables 
them to buy back and consume. As a consequence, 
the market for our products is limited. Therefore, the 
alternative to a complete change of the present industrial 
system is to find new markets in undeveloped countries, 
where we can dispose of our surplus production, and thus 
keep our yards and factories working and our population 
in these islands employed.” 


Another alternative is, according to Mr. Hill, the 
application of rationalisation to hours of labour. 
** Rationalisation, as understood by employers, does 
mean,” he says, “‘ a cutting down of the hours on each 
unit of production, and, failing success in the search for 
new markets, we must divide the hours necessary in a 
rationalised industry amongst the number of men 
following each industry. Thus, if the percentage of 
unemployed is 10 percent. and the hours of labour are 
47 per week, five hours off the working week would give 
about the same aggregate of working hours if all the 
men following the trade were employed. But before 
we begin to reduce the normal hours, it might be as 
well to consider the restriction of overtime. In certain 
areas, even where unemployment is serious, we have 
men working from 10 to 20 additional hours per week ; 
and it may be that the abolition of all overtime, where 
unemployed men are available, would provide a 
temporary solution.” 


The official weekly organ of the International Labour 
Office states that unemployment in Germany continued 
to increase during February. An improvement took 
place, however, in the first week of March, when the 
number of persons in receipt of unemployed insurance 
benefit or emergency relief for seasonal unemployment 
decreased from 2,461,000 to 2,325,000. It is anticipated, 
it is added, that there will be a rapid fall in the unem- 
ployment figures, since the high totals recorded during 
recent months were largely due to exceptionally bad 
weather, which practically put an end to open-air work, 
particularly in agriculture and the building trade. 
Applications for agricultural labour, which had been 
delayed on account of the weather, are now becoming 
urgent, and the Minister of Labour has abolished the 
waiting periods laid down for the gradual admission of 
the annual contingent of foreign agricultural workers. 
Financial conditions in the building industry also appear 
favourable. 


An Act has been promulgated in France giving effect 
to the Convention concerning unemployment indemnity 
in case of loss or foundering of the ship adopted by the 
International Labour Conference at Genoa in 1920. 
It provides that in case of capture, shipwreck, or declared 
unseaworthiness of the ship, the seaman is entitled to 
an indemnity for the whole period of unemployment 
resulting from the breach of his contract at the rate of 
wages provided for in the contract. The total amount 
of the indemnity shall not, however, exceed two months’ 
wages. 
guards as the wages earned at sea. 


An interesting investigation of hand tool accidents 
has recently been carried out by the Bureau of Statistics 
and Information for the Industrial Commissioner of 
New York State. In the year ending June 30, 1928, 
it is stated, 7,389 workers were awarded compensation 
for injuries caused in using hand tools. In most 





cases they were hurt by tools which they were them- 
selves using. In a few instances they were injured 
when a fellow-worker’s) tool slipped or accidentally 





The indemnity is subject to the same safe- | 
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struck them, or when something was thrown by a 
fellow-worker’s tool. The injuries caused by hand 
tools cost approximately 1,500,000 dols. in compensa- 
tion during the year. Over 600,000 dols. of that was 
awarded for eye injuries alone; these are usually 
the most costly kind of injury. This was nearly 
40 per cent. of the entire cost, but covered only 
748 eye injuries or about 10 per cent. of the total 
number of hand tool accidents. Nearly 60 per cent. 
of the hand tool accidents, a total of 4,220, were 
injuries to the hands or fingers of the workers; yet 
their cost was over 18,000 dols. less than the cost 
of the eye injuries. In the year under review, 26 per 
cent. of all the eye injuries were caused by hand tools 
in use by the workers injured. 


The chief reason for the high cost of these eye 
injuries was, it is pointed out, that a large proportion 
of them resulted in partial permanent loss of vision. 
These permanent injuries were serious enough so 
that they received a higher average award per case 
than permanent injuries to any other part of the 
body. The average number of weeks awarded per 
case for these injuries was 106 weeks, while the 
average weeks per case in permanent injuries to hands 
and fingers caused by hand tools was only 24 weeks. 
The temporary eye injuries did not average higher 
than most other temporary injuries. There was one 
permanent total disability, due to an eye injury. 
Amongst hand tool accidents, other than eye injuries, 
there were 15 deaths. It rarely happens, the investi- 
gators say, that a worker hurts himself severely 
enough with a tool to cause his death, but he often 
cuts his finger with a knife or strikes it with a hammer 
and the wound becomes infected. This has always 
been the chief cause of death from hand tool injuries. 
In 1927-28, the year under review, compensation 
was, as has been stated, awarded to the dependants 
of 15 workers who died as the result of injuries received 
while using hand tools. About 5,000 of the 7,389 
injuries occurred because a worker’s tool glanced or 
slipped from his work, or because he accidentally 
struck or cut himself with the tool. Such accidents 
usually injured the worker’s hands and fingers, but 
there were also 897 injuries to legs and feet from this 
type of accident. 

According to the report, experience during the year 
showed that the most hazardous hand tools were 
hammers. They caused nearly one-third of all the 
permanent injuries and over 1,000 of the temporary 
injuries. The injuries caused when a worker was 
struck by the hammer itself varied greatly. Chisels, 
which are often used with hammers, ranked second as 
causes of eye injuries, and axes and hatchets were 
third. Knives were also a prolific cause of injuries. 
Wrenches, jacks, hooks, tongs, bars, and similar tools 
caused a large number of injuries through slipping 
from the work or the work slipping from them. Injuries 
from wrenches were especially numerous during the 
year, and accidents while using jacks were serious 
when the work was on heavy objects. When jacks 
slipped from under them, fingers were often crushed 
or fractured. ‘‘ Constant care on the part of the 
worker,” the compilers of the report add, “ is necessary, 
even when using the simplest tools. Such ordinary 
implements as can openers, brooms, brushes, pens, 
and pencils caused industrial accidents for which 
awards were made.” 


On April 22, 1929, the number of unemployed persons 
on the registers of Employment Exchanges in Great 
Britain was 1,140,700. Of these, 830,800 were wholly 
unemployed, 231,200 were temporarily stopped, and 
78,700 were persons normally in casual employment ; 
882,700 were men, 37,800 boys, 186,200 women, and 
34,000 girls. Of 1,153,535 on the registers on April 15, 
1929, 849,783 were wholly unemployed, 226,126 were 
temporarily stopped, and 77,626 were persons normally 
in casual employment; 891,777 were men, 38,743 
boys, 188,126 women, and 34,889 girls. The number 
of unemployed persons on April 23, 1928, was 1,062,285, 
of whom 851,933 were men, 35,133 boys, 142,219 women, 
and 33,000 girls. 








THE BririsH [RON AND STEEL INDUSTRY.—According 
to a recent report issued by The London Iron and Steel 
Exchange, practically no Continental pig iron is 
being sold at the present time in the British market, 
whilst the exports of British iron have increased. 
Although the demand from some districts is not altogether 
satisfactory, in the chief producing areas production is 
insufficient to meet requirements, and there seems to 
be a likelihood of fresh blast furnaces being put into 
operation. Again, in the matter of semi-finished steel, 
owing to the high prices and uncertain supplies of Conti- 
nental material, the British works have booked most of the 
business coming on the market. The demand for 
finished steel is steady, and most of the British works are 
well supplied with orders for some time to come. 





560 


CROSS-CHANNEL MOTOR VESSELS. 


THE advocates of the heavy-oil engine for marine 
propulsion would be at least wanting in logic if they 
regarded any particular type of ship as the exclusive 
preserve of the steam engineer and, therefore, the 
application of this prime-mover to the fast cross- 
channel service was bound to come sooner or later, 
though perhaps the initial venture in home waters was 
hardly expected to be on so large a scale and so interest- 
ing, as to the case with the vessels now to be briefly 
described. These are the three new motor ships Ulster 
Monarch, Ulster Queen, and Ulster Prince of the Ulster 
Imperial Line, hitherto widely known as the Belfast 
Steamship Company, Limited, 6, Spring-gardens, 
London, 8.W. 1. They are being built and engined 
by Messrs. Harland and Wolff, Limited, Belfast, the 
first-mentioned vessel being almost ready for service, the 
second being in a stage about a month later, and the 
third having left the stocks on Thursday, April 25. On 
this date also a demonstration trip of the M.V. Ulster 
Monarch was made in Belfast Lough with a large party 
aboard, providing an occasion for an inspection of the 
luxurious accommodation provided. All three vessels 
are expected to be in regular service by the end of 
June. 

The vessels externally are imposing examples of their 
class, the liner type. as opposed to the excursion type. 
being adopted. They have a raised poop and fore- 
castle with a large ’midships structure two decks high 
above the main deck. There are two pole masts and 
two short funnels of large diameter. The poop carries 
a berthing bridge and surmounts a cruiser stern. A 
substantial rubbing strip runs round the vessel, with 
the exception of a short Jength at the bows, and, with 
the large cargo-discharging ports, gives a characteristic 
appearance to these fine ships. A promenade is 
provided on the boat deck. The length between 
perpendiculars is 345 ft., the moulded breadth 46 ft., 
the moulded depth, 19 ft., and the gross tonnage 
3,760. The hull is sub-divided into eight watertight 
compartments and has a double bottom extending the 
whole length of the ship. Cargo holds are provided 
fore and aft of the ‘midships superstructure, which, 
with the decks below, houses the first-class accom- 
modation. The third-class accommodation is situated 
in the stern, the public rooms for it being in the poop. 

The night service provided by the Belfast Steamship 
Company has always had to meet a heavy first-class 
traffic and, in consequence, the accommodation in the 
new vessels is largely of this class, there being berths for 
419 first-class passengers against 86 third class. A 
feature worth note is the large proportion of single- 
berth cabins provided in the first class. There are 
100 of these, the remainder being two berth. As there 
are no external alleyways or promenades on the main 
deck, or on the deck above it, a large number of the 
cabins have ports in the ship’s side, this number being 
increased by the use of the L-shaped plan for alternate 
cabins. The cabin fittings are quite up to the standard 
of the modern liner. The lighting is well arranged and 
bed-head reading lights are provided. The hot water 
supply is electrically heated and the ventilation is 
ander the control of the passenger by means of direc- 
tional louvres, the air being warmed in winter. The 
bell system is supplemented by luminous indicators 
outside each cabin door, which remain alight until the 
attendant steward arrives at the cabin. A tell-tale 
indicator keeps the chief steward informed. Four of 
the first-class two-berth cabins are provided with 
separate lavatory accommodation and have bath rooms 
adjoining. These cabins are very roomy and are 
fitted with cot beds, dressing tables, wardrobes and 
other conveniences. Their decoration is very well 
carried out and no doubt, as regards size and fittings, 
they are unique in any of the cross-channel services. 
The third-class cabins, which are mostly two-berth and 
four-berth, provide a high degree of comfort. 

The first-class public rooms comprise a dining saloon, 
a lounge, a smoking room, and a verandah café. This 
latter is enclosed by large glazed sliding doors, so that 
the wide prospect obtained from it can be enjoyed in 
cold weather. The design and decoration of all the 
public rooms, together with that of the main entrance 
and staircase, cannot be described in detail here, but it 
may be said that, except for scale, the passenger will find 
himself in surroundings as pleasing and comfortable as 
are provided in many of the larger vessels making long 
ocean voyages. The main entrance contains a public 
telephone box, which, on the arrival of the vessel at 
Liverpool or Belfast, as the case may be, will be con- 
nected to the G.P.O. system ashore. 

The propelling machinery consists of two ten-cylinder 
air-injection single-acting four-stroke trunk engines of 
the Harland-Burmeister and Wain pattern, developing 
a total of 6,000 brake horse-power at 160 r.p.m., at 
which the estimated speed of the vessel is 18 knots. 
The cylinders are 630 mm. (24-80 in.) in diameter by 
980 mm. (38-58 in.) stroke, and both the jackets and 
covers are cooled by salt water. The pistons are cooled 
by oil, and a novel design of fuel pumps, running faster 
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than the shaft, isembodied. The engines are particularly 
compact, a fact which contributes to the liberal allow- 
ance of space for passenger accommodation in propor- 
tion to the tonnage of the vessels. As cross-channel 
ships are usually subject to a good deal of manceuvring, 
this requirement has been given special consideration, 
both as regards the engine gear, the storage reservoirs, 
and the air compressors. 

The last-mentioned machines consist of two three- 
cylinder electrically-driven compressors, situated one 
in each of the wings of a compartment forward of 
the engine room, the centre of which compartment: is 
occupied by three six-cylinder airless-injection engine 
generating sets, two for service use, and one as a 
stand-by. These have an output of 110 kw. each, at 
300 r.p.m., and. in addition, a 74-kw. emergency set 
is carried on the boat deck, as also is an emergency 
battery. An emergency air compressor driven by a 
steam engine is fitted in the after part of the ship. 
All the engine-room auxiliaries and practically the 
whole of the deck machinery are electrically driven. 
The former includes circulating-water, fresh-water, 
bilge, ballast, and lubricating-oil pumps, and a com- 
plete system of indicators and alarms is fitted to notify 
the engineer on watch of a failure of any auxiliary. As 
regards the deck gear, the cargo winches, capstans, and 
windlass aft are electrically driven, the two latter being 
of approximately 100 h.p. each and being controlled 
on the Ward-Leonard system. The boat-hoisting gear 
is, however, hand-operated. The lowering gear is of 
the gravity type, descent being checked by a brake, 
the davits themselves swinging into the outboard 
position by the weight of the boat. These davits were 
made by Messrs. Tees Side Bridge and Engineering 
Works, Limited, Middlesbrough. 

The steering gear is of the Hele-Shaw electro- 
hydraulic type, and is provided with two pumps, 
arranged so as to enable either pump to be put into 
service at will from the bridge. If the dynamos should 
be put out of action from any cause, the emergency 
battery is automatically brought into use.  Elec- 
trically-operated watertight doors are fitted, and the 
helm indicators, revolution indicators, whistles, clear- 
view screens, and telegraphs are also electrically- 
operated. In addition to the wireless-receiving equip- 
ment there is a wireless direction finder for use during 
fog. Electricity is also used for some of the cooking 
throughout the ship, ranges, hot plates, hot cupboards 
and toasters being so heated. A part of the galley 
work, as well as some of the heating, is done by steam, 
which is‘obtained from a Clarkson silencer boiler situated 
at the base of one of the funnels on the engine exhaust 
pipes. This is capable of supplying 4,000 lb. of steam 
per hour at a working pressure of 80 lb. per square inch, 
when the main engines are developing 6,000 horse- 
power and 80 per cent. of the exhaust gases are passing 
through it. Oil burners are fitted for use when the 
engines are not running. The temperature of the 
exhaust gases at each cylinder is indicated by an electric 
pyrometer. 





BRIDGE AT ADELAIDE.—The building of a new bridge 
across the river Torrens at Adelaide has been decided 
upon by the Council of that city. The structure will 
be a reinforced-concrete arch bridge, with bowstring 
approach arches on each side of the central arch, 
which is to be three-hinged. The total length of the 
bridge will be 221 ft., the main arch will have a clear 
span of 1154 ft., while that of the approach arches will 
be 314 ft. The width of the structure, between balu- 
strades, will be 132 ft. The roadway itself will be 92 ft. 
wide between kerbs, and will carry two tramway tracks. 
The new bridge, the estimated cost of which is 79,000/., 
will replace the present wrought-iron _ plate-girder 
structure, built in 1877. The Adelaide City Council 
have had to face some criticism and opposition, mainly 
in connection with the design of the new structure. 


BRITISH STANDARD SPECIFICATION FOR VARNISH- 
ParPeR Boarps.—The British Engineering Standards 
Association has just issued a new specification, namely 
No. 316, 1929, which applies to synthetic-resin varnish- 
paper boards and tubes for general electrical purposes. 
The provisions of the specification are confined to what 
is termed Grade II material, i.e., synthetic-resin varnish- 
paper boards and tubes, the principal characteristic 


of which is high electric strength at high temperatures. | 


This grade of material is suitable for use on high-voltage 
oil-immersed plant and on low-voltage apparatus in 
air. The specification does not, at present, apply to 
Grade I material, which is defined as including boards 
and tubes the principal characteristics of which are 
relatively low water-absorption, high resistivity, low 
dielectric losses at radio frequencies and good machining 
properties. This material is such as is required for use 
on apparatus where it is important that high insulation 
resistance shall be maintained under all conditions of 
humidity. The specification will be extended at a 
later date to cover Grade I materials, but further research 
work is necessary before an adequate specification for 
this grade can be drawn up. The specification lays down 
suitable working limits for the materials to which it applies. 
Copies of the new publications may be obtained from 
the B.E.S.A. Publications Department, 28, Victoria- 
street, London, S.W.1, price 2s. 2d., post free. 








[May 3, 1920. 


THE SINTER PLANT AT MESSRS. 
GUEST, KEEN AND NETTLEFOLDS, 
LIMITED, CARDIFF WORKS.* 

By W. E. Stmons. 


ALTHOUGH there are several sinter plants in Great 
Britain, the sintering of iron ores has not received 
the attention it deserves. It is the practice at some 
Continental plants not to put anything into the blast- 
furnace smaller than an inch cube. Besides higher 
outputs and lower fuel consumptions, less flue-dust 
is made, lower blast pressures can be used, less slipping 
and sticking occur, and more regular working of the 
blast-furnace is obtainable. The preparation of 
materials in Great Britain has been badly neglected ; 
very few plants have any crushing or screening plants. 
Sinter itself is ideal for blast-furnace use, for it is very 
porous, with large surfaces exposed to the reducing 
gases, and is fairly fusible. Good sinter should be 
strong physically, porous and free from fines; in 
appearance it is like hard boiler clinker, and is dark 
blue in colour. 

The result of separating out the fine ores by screening 
and sintering at the Cardiff Works has been the attain- 
ment of a consistently higher output, and coke consump- 
tion has been reduced by about 1 cwt., the amount of 
sinter used varying from 16 to 25 per cent. of the ore 
burden. In addition to separating out the fines, the 
lumpy ore and limestone are crushed to a uniform 
size. All the material is brought in hopper-bottom 
wagons to the sinter plant, which has been con- 
structed to thedesigns of the Allmanna Ingeniérsbyrin, 
of Stockholm, Sweden. The wagons are discharged 
into a bunker, from which the material is elevated 
on an inclined belt and can be passed into either 
the crushing plant, or, if sufficiently fine, into 
the bunkers. This belt passes over a magnetic pulley 
for the removal of tramp iron. 

Crushing Plant.—As a crushing plant is common 
to all sinter installations, it is not necessary to describe 
it in detail. The coke and ore-crushing plants consist 
of one primary roller crusher and one primary jaw 
crusher, respectively, each followed by two secondary 
roller crushers. From the crushers, the materials are 
conveyed to their respective bunkers by means of 
rubber belts. There are two rows of bunkers, six ore 
bunkers in one row, and, adjoining them, one large 
bunker for flue dust and a large one for coke. The 
flue-dust and coke bunkers each have twice the capacity 
of an ore bunker; one of the ore bunkers is used for 
“return fine sinter,” which is sintered again. Each 
bunker is emptied by means of an apron belt, driven 
by a ratchet mechanism. To regulate the amount of 
material leaving each bunker, there is a vertical slide, 
which is adjusted by a ratchet-wheel and a pawl. 
The emptying gear on the coke and flue-dust bunkers 
is smaller than that on the ore bunkers. The ore, coke, 
and flue-dust are discharged on to horizontal rubber 
belts which transfer them on to an inclined belt running 
into the sinter house. 

Sinter House.—Briefly, the operation of sintering 
consists of mixing fine iron ore, coke, and flue-dust ; 
this mixture is placed in a circular steel pan, and 
ignited by means of oil burners, a motor-driven fan 
drawing air through the pan. When burnt, the fine 
materials have fused into a dark blue clinker. The pan 
is then tipped, and the sinter is conveyed into a railway 
wagon ready for use. The sinter house is 146 ft. long, 
and the width from the centre lines of the roof columns 
is 40 ft.6in. Running the whole length of the building 
is a crane gantry, the span of which is 37 ft. 6 in.: 
the height of the rails is 21 ft. 9in. above the main floor 
level. Fig. 5, on page 561, gives a general view of the 
interior of the sinter house. On one side of the sinter 
house is an annexe, in which is situated the receiving 
hopper and'feeding gate, the mixer, elevator and charging 
bin; on the same side, farther down, the fan house 
adjoins. On the other side of the building is a crane 
gantry, of the same span, height, and length as that 
in the sinter house ; it is used for handling the finished 
sinter, and under it are two railroads. The cranes 
have a lifting capacity of 10 tons, and each is provided 
with a special lifting beam. 

The sinter plant is a 12-pan unit ; the pans are placed 
in two rows of six each. At present only eight pans 
have been installed, and the remaining four are now 
being put in. Each pan is 2-6 m. (8 ft. 63 in.) in dia- 
meter, 325 mm. (123 in.) deep, and holds from 1-5 to 
1-75 tons of finished sinter. It is made of four ribbed 
circular steel castings, machined and bolted together. 
Two sections have trunnions for lifting, and the other 
two have a short additional rib, which is used when the 
pan is placed in the tippler. Across the bottom of the 
pan are bolted four equally-spaced bearer bars, on which 
the firebars are placed ; the latter are of cast iron, and 
are arranged to interlock on the bearer bars, so as to 
prevent any displacement of bars when the pan is turned 





* Paper read before the Iron and Steel Institute, 
London, on Thursday, May 2, 1929. Abridged. 
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over. On the inside circumference of the pan a number 
of steel ribs are cast on an inch above the firebars, 
and under them are placed curved mild-steel bars of 
rectangular section which lock the firebars around 
the circumference. These locking bars are kept in 
position by studs screwed into the firebars. Bolted 
on the bottom of the pan is a dish, 300 mm. (11 in.) 
deep, made of mild-steel plates. Between the pan 
and the dish is an asbestos ring to make an air-tight 
joint. In the middle of the bottom of the dish is a 
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small quantity of rubbly return sinter is put on the 
bottom of the pan for bedding ; the pan is then brought 
under the charging bunker. It is then filled by opening 
the special electrically-operated segment gate fitted 
to the bunker ; by revolving it, even filling is attained. 
When the pan is full, the charging car moves out from 
under the bunker and comes under the crane gantry. 


the pan to facilitate the ignition. 





charging bunker and a pan being filled. 


INTERIOR OF THE SINTER HOUSE. 





Fia. 6. CHARGING BUNKER WITH PAN UNDERNEATH BEING FILLED. 


steel casting with a bored hole 320 mm. (1 ft. 0-4$in.) in 
diameter, through which the air is drawn. This casting 
fits on to the valve connecting the pan with the fan 
suction. 

The material to be sintered is brought up by an 
inclined belt from the bunker house, and is put into a 
circular bunker. The latter is emptied by a circular 
revolving gate and a plough, and the material is passed 
on a rubber belt to the mixer, which consists of a steel 
drum 1-5 m. (4 ft. 11; in.) in diameter, and is fitted 
inside with angle irons to facilitate the mixing. The 
mixed material is discharged into an elevator and 
taken up into the charging bunker. The charging car, 
which passes under the charging bunker, can accommo- 
date two pans; an empty pan is filled while a full one 
is being tipped. It is driven by a 10-h.p. motor, and, 
by means of clutches, it can travel or rotate either pan. 
An empty pan is placed on the charging car, and a 





The overhead crane brings back an empty pan from 
the pan tippler and puts it on the charging car; the 
latter, with a full pan and an empty one, is shown in 
Fig. 5. The crane then places the full pan in one of 
the stands, which are built up of mild-steel sections 
riveted together. When the pan is lowered into position, 
a valve automatically opens, and suction from the fan 
is applied to the pan ; similarly, when the pan is lifted. 
this valve automatically closes and shuts off the fan 
suction. Under the stands are the dust chambers, 
in which collects any dust which may be drawn through 
by thefan. The chambers consist of reinforced-concrete 
boxes, from each of which a cast-iron pipe conducts 
the gases to the fan. 

The pan is then ignited by means of an ignition car, 
which runs on a track of 6 ft. 43 in. gauge situated 
between the two rows of pans. The ignition car consists 


of a rectangular framework of mild-steel sections 


A little anthracite duff or coke breeze is thrown over 
Fig. 6 shows the 
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riveted together and mounted on four wheels. On top 
of a king post fitted in the middle of this framework 
is fixed a beam, at one end of which the ignition appa- 
ratus is suspended, and at the other end is a cast-iron 
balance weight. Between the ignition apparatus 
and the balance weight, the fuel-oil tank is placed. 
The ignition car is driven by a 5-h.p. reversible motor, 
and, by means of clutches, either the car can be made to 
travel or the beam can be rotated. 

The ignition apparatus itself consists of a circular 
hood, the inside diameter of which is the same as that 
of the pan; by means of a screw arrangement it 
can be lowered or raised. Around its circumference 
are three burners, equally spaced, which are so arranged 
that they can be oscillated in unison to ensure that the 
whole surface of the pan is covered by the flames. 
The ignition is accomplished by means of fuel oil and 
compressed air. The air, at a pressure of 75 lb. per 
square inch, is supplied by a two-stage Sentinel air 
compressor, which is situated in a building adjacent 
to the fan house. A flexible hose is connected on to a 
T-piece on top of the oil tank, in order to put the oil 
in the tank under pressure. The compressed air then 
passes through a set of three small tubes across the 
hood to the three burners ; as each burner is movable, 
a length of this tubing has to be flexible. The oil under 
pressure is conducted to the burners by a similar set of 
tubes. On each burner there are two regulating cocks, 
one for air and the other for oil. 

To ignite the pan, the hood is first lowered over the 
pan. The compressed-air hose is then connected to 
the supply ; the compressed-air cocks on the burners 
are always left open. The oil is then turned on at each 
burner and lit with a torch. To obtain a uniform 
ignition throughout, the burners are oscillated so that 
every portion of the pan is covered by the flames. 
The time of ignition is from 1 to 2 min. When the 
ignition is completed, the oil is first turned off; the 
hood is then raised, the compressed air turned off, and 
the hose disconnected. The time of sintering is from 
1 to 1$ hours, depending upon the materials being 
sintered. The oil consumption is 0-5 to 0-6 gallon 
per ton of finished sinter. 

Fans.—The fans are placed in a building adjoining 
the sinter house. One motor drives two double- 
compartment fans, and each compartment draws from 
one pan. There are eight pans installed, and there are 
| four fans direct-coupled to two fan motors, which are 














TIPPpLER GEAR. 
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each of 135 h.p., and rotate at a speed of 2,300 r.p.m. 
The exhaust gases pass from the fan through a tunicle 
pipe to the chimney flue. The fan suction is about 
30 in. at the commencement of sintering, and decreases 
as the pan is sintered. 

Tippler Gear.—When the pan is sintered it is conveyed 
by the overhead crane to the tippler gear, shown in 
Fig. 7 with a pan fixed init. The tippler gear, consist- 
ing of a rectangular frame into which the pan fits, is 
fixed on top of a bunker for containing the finished 
sinter; the frame is rotated by an electric motor, and 
the sinter drops out of the pan. To keep the pan in 
the frame, there is a locking device, which is automati- 
cally worked by the crane and is absolutely reliable. 
When the crane driver has placed the pan in the tippler, 
he moves back in the crane to the tippler controller 





placed about 10 ft. from the tippler, and so arranged 
that he can work it by simply putting his hand out 
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of the cab window. After the pan is tipped, the crane 
takes the empty pan away and lowers it on to the 
charging car to be filled again. 

The receiving bunker for the finished sinter has a 
sloping bottom—so that the sinter will easily empty 
out of it—consisting of cast-steel screening bars of 
4-in. mesh. Through these screens, the rubble and fine 
sinter pass into a rotary screen which has }-in. diameter 
holes. The rubble is discharged to an elevator which 
puts it into a small bunker ; it is then used for bedding. 
The main bunker discharges directly into a skip. The 
fines, which are screened out, pass into a bunker 
underneath the sinter bunker. In front of the latter 
is a rectangular pit, into which is lowered a rectangular 
skip suspended from the outside overhead crane. 

The door on the tippler bunker is operated by 
compressed air; the controlling valve can be operated 
from the cab of the outside crane. The skip is placed 
in front of this door, and when it is opened, the finished 
sinter falls into the skip. The gate on the fines bunker 
is under the other gate. To empty the fine sinter 
bunker, the skip is lowered to the bottom of the pit, 
and the gate is also opened from the crane cab. Under- 
neath this overhead crane there are two parallel rail- 
roads, on which the empty hopper-bottom wagons are 
put; the overhead crane fills them. If the finished 
sinter is very hot, it can be sprayed with water while 
in the skip, prior to being tipped. The fine sinter is 


TABLE I1I.—TypicaL ANALYSES OF THE SINTER MIXTURE AND OF THE RESULTING SINTER. 
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tory than iron ores, and it requires more coke. It 
often contains a large percentage of sulphur, especially 
when it has a large portion of rough material, as the 
sulphur is then not properly burnt out. However, in 
the process of sintering, most of the sulphur is burnt 
out. Purple ore presents no difficulties in sintering 
and makes good sinter. Tlue-dust is one of the most 
difficult materials to deal with. However, as a blast- 
furnace makes much of this material, it has to be used, 
and it is very cheap. The Cardiff flue-dust is rich in 
iron and carbon, and can be considered as both an ore 
and a fuel; the excess carbon replaces some of the 
coke breeze. The trouble with flue dust is that the 
carbon content is very variable, so that the mixture 
may at one time show an excess of carbon, while a 
very short time after it is deficient in carbon. The 
sinter mixture should never contain more than 30 per 
cent. of flue-dust, as the sinter is liable to be very 
irregular in quality. 

Flue-dust should never be used directly it comes from 
the blast-furnace. It has been found in practice that 
it sinters much better when it has been stocked out 
in the open and weathered for several months. 
When a blast-furnace has been slipping badly, large 
lumps of coke, up to 4 in. cube, are often found in 
the flue-dust. It is impossible to separate them out, 
so the flue-dust is put into the sinter mixture with them 
in. It has been found that these lumps of coke give 














Mixture. Sinter. 

Moisture,| Carbon. | Iron. a Sulphur. Phosphorus. cS | Tron. — Silica. Sulphur. | Phosphorus. 
Per cent.) Per cent.) Per cent. Per none Percent.| Per cent. Per cent. | Per cent. | per cent. Per cont. Per cent. | Per cent. 
15-80 | 7-00 43-95 7°93 0-40 0-021 8-16 60-50 10-98 8-72 0-090 | 0-030 
14-80 7-14 44-13 7°83 0-43 0-023 8-00 60-00 11-68 8-90 0-086 0-028 
14°50 6-00 45°31 8-44 0-39 0-024 7°52 59-80 12-68 8-80 0-055 | 0-031 
15-20 6-40 43-92 8-14 0-39 0-023 7-90 59-00 12-60 8-60 | 0-068 0-031 
14°35 5-10 | 45-40 8-40 0-42 0-019 7:60 58-80 13-18 8-90 | 0-054 0-031 
14°30 5-80 45-15 8-30 0-31 0-014 6-90 57-80 13-88 9-40 | 0-030 0-028 
14-50 6-40 43°31 9-40 0-33 0-015 7-60 56-80 14-60 7-90 0-037 0-028 
15-40 6-00 44-80 8-90 0-43 0-015 7:70 57°30 14-58 8-60 0-054 | 0-031 
14-50 6-40 44-46 8-80 0-38 0-014 7-96 57-60 14-60 9-12 0-041 0-030 
TABLE IV.—TypicaL OPERATING RESULTS FOR ONE WEEK. 

No. of Total Average Analysis of Mixture. 
Date. Pans Time per Sinter Made. Fines. Per cent. 
Sintered. Lost. Pan. Weekly Average. 
1928. Hr. Min. Tons. Tons. Cwt. | Tons. Cwt. 
September 29 .. 135 2 10 1-63 220 56 53 7 Spathic 48-90 
”” 30 126 3 55 1-61 203 + 54 16 Pyrites 15-54 
October co as sts es 146 - 1-55 226 7 57 8 Flue-dust 14:79 
” ar a SA 152 - 1-58 240 7 81 ft Return fines 20-76 
» 3 152 -—— 1-52 231 19 76 9 —_-— 
” 4 150 — 1-64 245 13 67 7 99-99 
” 5 140 1 30 1-55 228 7 59 19 Coke breeze on mixture, 
— -— - - —-—--—-—— ——-—- ——_—-—-- 6 per cent. 
Total 1,001 7 #35 1-58 1,591 2 450 10 


put into wagons, and is passed through the plant 
to be again sintered. This arrangement of dispos- 
ing of the finished sinter has been found cheap and 
efficient. 

Practice of Sintering.—While the purpose of sintering 
is the agglomeration of fine materials, the process is 
greatly facilitated by the presence of a fair amount 
of small rubbly material, up to }-in. cube; should 


the material be above this size it is necessary to crush | 


it, as it is too big to fuse into sinter. All the coke 
breeze is crushed down to }-in. cube ; it is advantageous 
for the coke breeze to be rubbly, as otherwise it burns 
too quickly. All the materials as they are delivered 
into the mixer are usually dry. Inside the mixer is a 
fine spray of water for wetting the material as it is 
mixed. The mixed materials should contain about 
15 per cent. of water; this is necessary to keep the 
mixture open while it is being sintered in the pan. 
All the materials should be free from lime ; 
and silica fuse together at a low temperature, which 
causes the materials to fuse into a dense mass that 
sticks in the pans. Similarly, if there is too much carbon 
in the sinter material the mass melts and the resulting 
sinter is hard and dense anc’ resembles mill cinder. 
It also tends to stick in the pans. The amount of 
carbon necessary in the sinter nixture varies with the 
materials under treatment. When sintering iron ore, 
pyrites, and flue-dust, about 7 per cent. of carbon is 
required. A small amount of anthracite or coke breeze 
is thrown on top of the pan prior to ignition. This 
ensures good ignition and reduces the amount of fines 
made to a minimum. The coke breeze used is the 


screenings from coke-ovens, and the analysis is similar 
to that of ordinary coke, only that the moisture and ash | 
content are usually a little higher. 

All iron ores, whether hematites or magnetites, make 
good sinter and present no difficulties in sintering, 
providing that the iron or silica contents are not 
extremely high. 


lime | 


Burnt pyrites is usually more refrac- | 





| no trouble at all, and do not cause any overheating. 
| They simply pass through the sinter process without 
| being burnt. Roll scale sinters very easily, and, owing 
| to its high iron content, it considerably enriches the 
resulting sinter. The amount of return sinter made 
is about 15 to 20 per cent. This material is very 
| easy to sinter, and its presence in the sinter mixture 
| is advantageous, as it tends to keep it porous. 
The Cardiff plant is worked continuously, Sundays 
| and holidays included. Three eight-hour shifts are em- 
ployed; this is necessary, because the blast-furnace 
| works continuously. Typical operating results are 
| given in Tables III and LY. 





THE AgrtaL A.B.C.—We have received a copy of the 
Aerial A.B.C. and Commercial Air Line Gazetteer, which, 
| as the title suggests, contains time tables, lists of fares 
and freight rates, and other particulars regarding com- 
mercial air lines throughout the world. Useful features 
| are the gazeteer of cities and towns served by air lines, 
j}and the list of through routes and connections from 


| London. Several maps showing air routes are also 
included. The book is published quarterly, price Is., 


|and the editorial and advertisement offices are at 4, 
Duke-street, Adelphi, London, W.C.2. 


MACHINERY IMpPpoRTS, MADAGASCAR.——-Towards the end 
of last year, the Administrative Council of Madagascar 
| passed a resolution having as its object the total or 
partial exemption from Customs duty, on importation 
into Madagascar, of material destined for state wireless- 
telegraphy stations and of machinery of various types. 
The second category includes a number of machines 
and installations used in the textile and mining industries, 
and in agriculture and road-making. The resolution is at 
| present being dealt with by the French Government, and 
the final decision, it is anticipated, will shortly be pub- 
lished in the Journal Officicl, Meanwhile, further 
particulars on the subject may be obtained on application 
to the Department of Overseas Trade, 35, Old Queen- 
street, London, 8.W.1, quoting reference No. C. 3024. 
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THE CONSTRUCTION OF THE ‘“ GRID ”’ 
TRANSMISSION SYSTEM IN GREAT 
BRITAIN.* 


By Jounstone Wricut and C. W. Marsnatt, B.Sc. 
(Continued from page 517.) 

Transformers.—All transformers on the 132-kv. sys- 
tem are designed for outdoor working. No special 
requirements were made as to whether core or shell 
construction should be adopted, and in practice both 
types will be used. Single phase or three-phase units 
are used, according to the capacity required. Trans- 
formers of 30,000 kv.-a., or less, are of the three-phase 
type, while those of higher capacity are made up from 
single-phase units. The standard capacities to be 
used are 7,500, 10,000, 15,000, 20,000, 30,000, 45,000, 
60,000 and 75,000 kv.-a., the ratings being in accord- 
ance with the recommendations of B.S.S. No. 171— 
1927. These capacities were decided on after con- 
sideration of the interchange of loads between all 
power stations on the grid system, and of the load 
requirements at points where no generating plant is 
operated. The cooling system adopted depends on 
the capacity of the units. Natural cooling is used on 
the smallest transformers. Larger transformers have 
natural cooling up to half load or slightly more, while 
at higher loads forced air-blast cooling is used. The 
air blast may be applied directly to the radiators on 
the transformer tanks or to separate coolers with 
forced oil circulation. This cooling system is a definite 
departure from existing British practice, and has 
marked advantages over the better-known schemes, 
such as water cooling. The auxiliary-cooling plant 
operates only under emergency conditions, and the 
risks due to corrosion or leakage are reduced. The 
only apparent disadvantage of the forced air cooling 
scheme is a tendency to noisiness, but every care has 
been taken to ensure that the operation will be as silent 
as possible. , 

The 132-kv. windings are star-connected, the neutral 
point being connected permanently and directly to 
earth. The lower voltage windings are delta-connected. 
In some cases, the lower voltage windings are in two 
parallel sections, so as to provide two secondary pres- 
sures. The great power capacities of the sections of 
the grid will give rise to very high short-circuit currents 
and mechanical stresses in the windings. To meet 
these conditions, the transformers have high impedance, 
and their windings are very strongly constructed and 
supported. Adjustable clamps are provided to take 
up shrinkage of the insulating material. 

All transformers are provided with voltage-regulating 
equipment, which can be operated under load. The 
specification calls for variations of transformation 
ratio of + 10 per cent. from normal, in steps of not 
more than 1-43 per cent. There is no restriction on 
manufacturers regarding the methods whereby the 
regulation is carried out, other than the requirement 
that no phase displacement shall be produced. Auto- 
matic interlocking gear is provided to ensure that all 
grid transformers. in a particular substation will be 
at the same transformation ratio before they can be 
paralleled. 

The thermal requirements as to insulating materials 
are that they will be able to withstand the effects of 
contact with oil at 95 deg. C. continuously or at 110 deg. 
C. for short periods. One per cent. of the turns at 
each end of the phase windings are insulated to with- 
stand full-line voltage between turns for 3 seconds. 
The next 4 per cent. of the turns are graded, so that 
at 5 per cent. of the number of turns from each end, 
the insulation can withstand one-third of full line vol- 
tage for 3 seconds. The remainder of the winding, 
except at tappings, is insulated to withstand one-fifth 
of full line voltage for the same period. The insulation 
between turns of the tapped coils and 3 per cent. of 
the windings on each side can withstand one-third of 
the full line voltage between turns. 

The terminal bushings are so designed that no appre- 
ciable coréna appears until the applied voltage exceeds 
1-4 times the rated pressure. They can also withstand, 
when dry, a test pressure of 300 kv. for 1 minute when 
mounted as in service with their lower ends in oil. 
Arcing rings are fitted to allow of flashing over without 
damage to the porcelain and conductors. Flexible 
connections are used between the bushings and the 
windings, so as to avoid damaging the bushings if there 
is any relative movement between them and _ the 
transformer. No special preference is given to either 
condenser-type or plain oil-filled bushings, but all 
types used in any particular schemes are mechanically 
interchangeable. In specifying the construction of the 
magnetic circuits, the main requirements have been 
to ensure that the flux density is low, and that there 
shall be no undue vibration or noise. Very great 
care has also been taken with the mechanical con- 
struction and insulation of the core laminations and 


* Paper read before the Institution of Electrical 
Engineers on Thursday, January 24, 1929. Abridged. 
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STANDARD TYPE TOWERS FOR GRID TRANSMISSION SYSTEM. 


Fig.2. TYPE S.2°TOWER;SUSPENSION. Fig.3 TYPE S.10°TOWER;ANGLE. 
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structural framework, so as to avoid trouble due to rail, road or sea. The radiators are, of course, trans- transformer is jacked up. Lifting eyes and lugs are 
circulating currents. ported separately. For convenience in getting trans- fitted for handling the transformers by means of cranes 

Transport considerations made it necessary to use formers into position at the substations, the tanks are | or jacks. Conservator tanks, fitted with calcium- 
extremely robust tanks, as each transformer has to fitted with flanged wheels, the gauge being 4 ft. 84 in. chloride breathers, are provided to ensure that there 
be capable of being transported, complete with oil, by These wheels can be turned through 90 deg. when the |shall be no danger of moisture getting to the oil. 
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Provision is made for fitting Buchholz relays in the 
connector between the conservator and the main 
tanks. 

The indicators provided for the guidance of the 
operating engineers are an oil-level gauge fitted to 


each conservator, and two temperature indicators | 


fitted to each transformer. The temperature indicators 
register the temperature of the oil near the top of the 
transformer and the highest temperature within the 
transformer windings. ‘There is also an alarm device, 
which gives warning in the event of the winding tem- 
perature reaching 100 deg. C., or other predetermined 
value, and also closes the tripping circuits of the 
circuit breakers controlling the transformers if the wind- 
ing temperature rises mcre than 10 deg. C. above the 
temperature at which the alarm is given. The oil used 
is as defined in B.S.S. No. 148. 

Except at three-shift power stations, where permanent 
earthing facilities exist, a separate earthing transformer 
is provided for the secondary side of each 132-kv. 
transformer. This transformer has a main inter- 
connected star winding, which is directly connected 
to the lower-voltage side of the power transformer, and 
an auxiliary star-connected winding to give 400 volts 
three-phase and 230 volts single-phase. The neutral 
point of the earthing transformer primary is earthed 
through a resistance. The earthing transformer can 
carry the full auxiliary load of the station auxiliary 
motors and lighting system continuously, and can, 
in addition, carry any earth-fault current for 15 seconds. 
The earth-fault current is of the order of 400 to 900 
amperes. The capacity of the auxiliary windings is 
100 kv.-a., plus the kv.-a. required for the station 
auxiliaries. 

In view of the vital importance of the transformers 
and of the difficulty of rectifying any error on site, 
a very comprehensive series of tests has been arranged. 
The standard schedule includes tests on sample coils, 
transformer temperature-rise tests, pressure tests on 
electric and magnetic circuits, bushing tests on the con- 
trol apparatus, short-circuit tests, oil tests, and tank 
and cooling-plant tests. The pressure test on the main 
windings is conducted by inducing a voltage of 2-73 
times the service voltage in the windings. This test 
must be made at high frequency, to keep the magne- 
tising current sufficiently low. As a type test, the 
voltage-control apparatus is operated 2,000 times, 
and the contacts are tested five times at ten times 
rated current for a period of 2 seconds. 

The Scottish Scheme.—The scheme for Central 
Scotland involves the interconnection of 13 supply 
stations situated in three main districts, of which 
Glasgow, Edinburgh and Dundee may be considered 
to be the centres. The overhead-line system consists of 
two ring mains, one east and one west of Glasgow, with 
a branch line from Bonnybridge to Dundee. The 
area included in the scheme is 4,980 square miles, 
and the population of the area is 3-76 millions. The 
overhead lines included in the scheme extend to 220 
miles of single-circuit and 33 miles of double-circuit 
sections. The total transformer capacity provided is 
695,000 kv.-a. At the Port Dundas and Yoker power 
stations, one of the two transformer banks is divided 
into two sections. This departure was rendered neces- 
sary by the requirements of the frequency-standardisa- 
tion programme. 

The towers used in Scotland are shown in outline in 
Figs. 2 to 8. Standard extension pieces, of 10 ft., 
17 ft. 6 in. and 25 ft., are provided for each type, to 
meet irregularities of ground contour. 
of the concrete-ball type are used for the suspension 
towers and single-circuit medium-angle towers, where 
the ground conditions permit. Normal concrete 
foundations are used wherever the ground is unsuit- 
able for exploding the holes for the concrete-ball type, 
and in all classes of ground for the heavier-duty towers. 


(T'o be continued.) 








GerRMAN Pia-IRoN AnD STEEL Propuction.—The 
last quarterly report of the United Steel Works Cor- 
poration of Germany shows that the production of pig- 
iron during the quarter ending March 31 last was 
1,660,403 tons, compared with 947,942 tons during the 
previous three months. Outputs of steel ingots have 
increased from 1,016,961 tons produxed during the last 
quarter of 1928, to 1,824,733 tons manufactured during 
the first three months of the present year. 





TxHE Low Moor Ironworks, BrapFrorD.—We under- 
stand that the manufacture of Low Moor, Farnley, and 
other well-established wrought irons is to be continued at 
the Low Moor Ironworks, Bradford, where reconstruction 
is now in progress. The present holders of the works, 
Messrs. Thomas W. Ward, Limited, Albion Works, 
Savile-street, Sheffield, have made arrangements with 
another company to work the forge and rolling mills. 
Other interests have taken over the blast furnaces, coke 
ovens, and by-products recovery plants, and the produc- 
tion of the well-known cold-blast pig-iron will also be 
continued. The decision has been particularly welcome 
in view of the unemployment in the district and in the 
heavy industries generally. 





BLAST-FURNACE PLANT 
PRACTICE.* 


DEVELOPMENTS in blast-furnace practice and plant 
during recent years have been rather in the direction 
of details of design and refinements in the application of 
principles and features already adopted as standard 
practice, than in the adoption of any new principles or 
methods, either of a radical or semi-radical nature. 
In general, the trend in the United States is in the 
direction of larger, and still larger, furnaces, with 
ever-increasing output capacities, from which, to- 
gether with improved details in methods and equip- 
ment and attention to details of management, con- 
siderable progress in economy of production has been 
attained, both in fuel consumption and in other 
items of production costs. Jn Germany, on the other 
hand, the attainment of similar ends has been sought by 
attention to the selection and preparation of materials, 
by sizing or sintering the ores, and sizing and screen- 
ing limestone and coke, thus obtaining, through the 
greater permeability of the furnace charge, and conse- 
quent economical] increase in rate and efficiency of 
operation, improved economy of production and 
increased output per unit of hearth area. 

Practically all those features, constituting more or 
less recent improvements in details, upon which the 
Committee has thus far been able to obtain informa- 
tion, are such as have been already referred to in the 
Proceedings of technical societies or in the technical 
Press. The Committee, therefore, finds some difficulty 
in its search for any novel advance or general improve- 
ment in modern blast-furnace practice and plant, and 
is of opinion that in order to ascertain what, if any, 
more recent and as yet unpublished improvements 
may have been adopted in this field, and to obtain any 
information relative to them, it would be necessary 
to appoint a small body of qualified investigators 
who should be authorised to make visits to the more 
advanced iron-producing districts, at home and abroad, 
for the purpose of gathering new information and of 
formulating a report thereon. For the present, and 
pending any further information which may be obtain- 
able by the means above suggested, the Committee 
has prepared, and presents herewith, a Report out- 
lining the various features of modern blast-furnace 
practice and plant, with short comments thereon, 
and with references to some of the more recent methods 
devised for applying the principles and attaining the 
purposes aimed at under these headings. 

Selection of Raw Materials.—The general opinion of 
those operating blast-furnaces undoubtedly favours 
strong coke of open texture. Although there are odd 
exceptions, it is a general rule that as the ash in coke 
increases beyond 10 per cent. the coke shows an 
increased tendency to brittleness, and, on this account, 
its general character is liable to fall below the best 
standard. Where the selection of fuel is practicable, 
this point should be borne in mind. It is, moreover, 
generally accepted that, in the case of all furnaces 
excepting possibly those using particularly high 
yielding ores, an increase of 1 per cent. of ash is equal, 
in round figures, to a 2 per cent. decrease in coke value, 
due to the necessity of melting the ash which has 
replaced 1 per cent. of carbon in the coke. 

The practical point of view upon a more indefinite 
question—namely, that characteristic which has been 
termed the reactivity of coke to carbonic acid—is 


AND 


: ’, tO | that the loss of carbon by such reactivity in the upper 
Foundations | 


portion of the furnace, where carbonic acid exists in 
large proportions in the gases, may counterbalance any 
virtue such coke may have by reason of its combustive 
reactivity on reaching tuyere level. Practical experi- 
ence also indicates that, in its descent of the furnace, the 
reactivity of the coke is somewhat affected by carbon 
deposition, which makes it at least doubtful whether 
tests on the reactive quality of coke as charged have 
any direct bearing on the state of the same coke when 
it reaches the lower combustive area. The research 
which is being made into coke quality by the various 
Coke Research Committees may with advantage be 
encouraged until knowledge upon this and other points 
is more definite. 

Whilst published blast-furnace returns show that 
high yielding ores do not invariably give the best results, 
nor low yielding ores the worst, and also having due 
regard to the importance of commercial and _ local 
considerations, in general the evidence distinctly 
shows that the quality of material used, as determined 
by analysis, is a factor of primary importance in its 
influence upon blast-furnace operation and _ results. 
The selection of limestone is usually a commercial 
question, though obviously the purer the stone the 
more economical is its use in the furnace. 

Preparation of Materials.—The detrimental effect 


* First report by Committee No. 2 of the Iron and Steel 
Institute, comprising Messrs. A. K. Reece, Chairman, 
G. Barrett, A. Crooke, E. H. Lewis, P. List, D. E. Roberts 
and H. E. Wright, read before the Iron and Steel Insti- 
tute, London, on Thursday, May 2, 1929. 
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| distribution of that material, and vice versa. 





of an excessive proportion of fine ore in an ore mixture 
upon furnace operation is well known. While modern 
design and practice have considerably reduced the 
difficulty of smelting fine ores, the excessive losses 
from flue dust still remain an important factor in 
connection with their use. The very considerable 
losses of ore in the form of flue dust, which are prac- 
tically unavoidable in the fast-driven modern blast- 
furnace plant when the ore mixture contains any 
materiai proportion of fine ore, has led to the adoption 
of methods of recovery by treating the dust to convert 
it into a physical condition suitable for recharging into 
the furnace. Many attempts have been made, pre- 
viously, to recharge the coarser dust after wetting, 
but the results of this practice have generally been 
unsatisfactory. 

Of recent years, in modern practice, the satisfactory 
recovery of this material has been attained by converting 
it into sinter by one or other of the well-known sintering 
processes, either alone or after mixing with other fine 
ores. This practice is now considered “ standard ” 
in Germany and the United States. An economic 
feature of this practice is the fact that flue dust usually 
contains sufficient coke dust to permit of sintering 
without adding fuel, the amount of the coke dust being 
frequently sufficient to provide fuel, not only for the 
ore in the dust, but for a proportion of added ore as 
well. 

The principles upon which the importance of the 
preparation of ores and limestone, above outlined, is 
based, apply also to the fuel (coke) used in the blast- 
furnace. While definite practice in the sizing of coke 
cannot be said to have become general in modern 
practice, there is a tendency in this direction, and 
very large coke is generally deprecated, and, where 
possible, avoided. Where applied, this practice has 
proved of advantage in its tendency toward greater 
regularity in furnace operation; in fact, at one plant 
in Germany the coke is crushed to 23 in., sizes under 
1} in. being screened out, with such good results that 
other plants are also adopting this practice. A blast 
furnace in the United States is working satisfactorily 
on crushed coke, a screen test of which, as loaded into 
the skip tubs at the furnace, is stated to be as follows : 


Per cent. 
On 2in. 17-90 
os 6 de 41-78 
ss iin eae Pee 27-80 
Through lin. ... ae 12-52 


On the other hand, small coke, up to the size of 
breeze, is generally considered objectionable, for 
reasons similar to those applying to fine ores and 
owing to its inefficiency as a blast-furnace fuel. There- 
fore, the practice of passing the coke over screens to 
remove the breeze, up to about 1 in. and even 1 in. 
in size, when a good market exists for small coke, has 
been found highly economical and has become quite 
general in modern practice. The screening is done 
over fixed, or, preferably, moving screens as the coke 
passes from the coke bunker into the charging skip 
or bucket, the screenings being mechanically loaded 
into railway wagons. They are used for steam-raising 
at boilers, as fuel for ore sintering, or for any other 
purpose for which they are suitable. 

Screening out the fines from ores containing any 
considerable proportion of them when passing through 
the crushing plant, or from ores not requiring crushing, 
and treating them by the well-known sintering or 
briquetting methods, is an effective means of removing 
the objectionable features of smelting fine ores in the 
blast-furnace, and is a continually increasing factor 
in the preparation of materials. The output capacity. 
per square foot of hearth area, of blast-furnaces sup- 
plied with raw materials properly sized according to 
their density, including the elimination from the mix- 
ture of practically all fines by the use of the methods 
above mentioned, is materially increased, with improved 
fuel economy—.e., with furnaces of moderate hearth 
diameters and total volume charged with materials so 
prepared, the output capacities are equal to furnaces 
with considerably greater hearth diameters and volumes 
operated with materials not so prepared, and with 
reduced production and construction costs in economic 
excess over the cost of such preparation of materials. 

Furnace Charging and Top Distribution.—In modern 
blast-furnace practice, too great emphasis cannot be 
laid upon the importance of the distribution of the 
raw materials within the furnace top. The wider 
the variation in the sizes of the components of any 
particular raw material, the less the uniformity of 
Hence 
the importance, from this standpoint alone, of the 
preparation of the materials referred to. The pre- 
vailing practice in charging the ore burden, when 
coarse and fine ores are in use, is to mix a proportion 
of each grade in each charge, in order that the charges 
may be as uniform in mechanical characteristics as 
possible; but there have been recently published 
some very interesting results from a furnace in the 
United States, using a very dense ore crushed to 1} in. 
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and under, and screened into three sizes, designated 
as coarse, medium, and fine. By charging the three 
sizes in layers, each charge consisting of one size 
only, very considerable improvement in fuel consump- 
tion and in other operating conditions were obtained, 
compared with the results from the previous practice 
of crushing to 3 in. and under and screening into two 
sizes—viz., over and under 3? in. 

While it is quite possible that the characteristics 





of the ore in this case, particularly its density, may | 
have a definite bearing upon the improved results | 


obtained through the change in practice adopted, it 
cannot fail to have a very strong significance as evidence 
on the general question of the preparation of materials 
for blast-furnace use. Great importance is attached 
to the angular discharge from, and to the diameter of, 
the main charging bell, in relation to the furnace 
throat diameter, the difference between these respective 
diameters being usually about 4 ft., with some degree 
of variation according to the mechanical condition of the 
ore mixture. A further important factor in distribution 
is the size of the coke unit per round of charge. The 
tendency in modern practice has been towards an 
increase in this unit, one of the objects being to keep 
ore and coke as much as possible out of direct contact 
in the upper reducing zone, in order to restrict to a 
minimum the direct reduction of iron oxide by solid 
carbon in that region. Units as large as 6 tons and 
7 tons have been used with satisfactory results in 
furnaces with moderate throat diameters. 

Furnace Lines (Interior).—In what may now be de- 
signated modern design, the distinctive characteristics, 
as compared with those of less modern design, are 
the larger hearth diameters, the low bosh, and the 
narrower shafts, the hearth diameter controlling, 
within -fairly narrow limits, the other dimensions. 
The latest developments in blast-furnace interior lines 
are towards still larger hearth diameters and relatively 
smaller bosh and throat diameters. There are furnaces 
now in operation in the United States having hearth 
diameters of 24 ft., 24 ft. 6 in., and 27 ft., bosh diameters 
of 27 ft. 6 in., 26 ft. 3 in., and 28 ft. 6 in., and throat 
diameters of 18 ft., 17 ft., and 18 ft., respectively ; it is 
understood that the dimensions of the latter will be 
repeated in the next relining, which would seem to 
indicate that the results from this ‘“‘ super furnace ” 
have been entirely satisfactory. It is, therefore, 
questionable whether the limits in size and output 
have yet been reached with the now established 
monthly record of over 1,000 tons a day, and what 
will be the factor establishing that limit when it is 
reached. 

A limiting factor to much further expansion in this 
direction appears, however, in a relative increase in 
throat diameter, and in consequent bell diameter, 
in its bearing upon top distribution. This limitation, 
on the other hand, may be overcome by a more uniform 
sizing of material, as the less the difference in size 
between the smallest and the largest particles in the 
charge, the less important is the question of top 
distribution ; and the undesirable increase, through 
the use of larger bells, in the difference between the 
height of the stock column near the walls and the centre, 
may be overcome by some improved method of distri- 
bution in the furnace top. 

Hot-Blast Stoves.—Cleaned gas having become stan- 
dard practice, the modern hot-blast stove is designed 
with small checker openings, and in overall dimensions 
has become fairly well standardised with a compara- 
tively small diameter, 18 ft. to 22 ft., and increased 
height, 90 ft. to 110 ft. Owing to the higher blast 
pressures, much stronger shell construction is required 


than formerly. Efforts to improve checker construc- | 


tion are indicated by new designs brought out now and 
then, among which may be mentioned two cases of 
recent installation : one has round and square checker 
openings of 4? in. with 23 in. to 1} in. diagonal inserts 
put into the checker openings, thus increasing the heat- 
ing surface ; the other has blocks perforated by 7 holes 
1-89 in. in diameter, or 19 holes 1-77 in. in diameter. 
In some cases, the upper halves of old stoves have 
been relined, with advantage, with the latter types of 
blocks. Higher efficiencies with lower stack tempera- 
tures are claimed for these constructions. 

Shaped checker bricks are much less generally used 
than formerly, ordinary 9-in. bricks being largely 
used in checker construction, though there has been 
some return to the former. In this connection, how- 
ever, may be mentioned a recently introduced system 
of construction in the checker section of hot-blast 
stoves, by the use of which definite checker flues are 
replaced, or partly replaced, by short spiral-shaped 
bricks. 
Ironworks, Gross-Ilsede, Germany. are reported to give 


Stoves of this construction, in use at the Ilsede | 


| 
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of the gas and air mixture, the unit system of fans for 
air supply being preferred. Some systems embodying 
this type are the Steinbart system in the United States, 
and the Weyman system, of British origin. In Ger- 
many the P.S.S. (Pfoser-Strack-Stumm) system of gas 
burning in hot-blast stoves, in which the air is delivered 
at high velocity into the gas stream, is also growing in 
favour. 

Gas Burning and Surplus Gas.—Much attention has 
been given of late to efficiency and consequent economy 
in the combustion of blast-furnace gas in hot-blast 
stoves, boilers, &c., by systems of automatic regulation 
of the gas and air mixture, some of which are proving 
highly efficient in blast heating and power production, 
thus increasing considerably the quantity of surplus 
gas available for purposes other than the blast-furnace 
plant requirements, such as the generation of electric 
current for steelworks operation, and for sale to local 
communities and industries ; for open-hearth and other 
heating purposes with or without the admixture of 
coke-oven gas when available ; for coke-oven heating, 
thus setting free the richer coke-oven gas for other 
purposes as mentioned above, and for sale to gas 
companies for lighting and heating in neighbouring 
communities. Valuable returns are thus obtained 
for credit to the pig iron production costs. 

Blowing Plant.—In modern blast-furnace plant, 
the blast-furnace gas-driven reciprocating engine and 
blower, and the steam-turbine driven turbo-blower, are 
the two typesof blowers now almost universally installed. 
The gas-driven blower, developed in Germany, has, 
until very recently, held the field in that country, 
while in the United States this type has been practically 
superseded by the turbo-blower. Recent information 
seems to indicate that the latter type is now making 
headway against the former on the Continent. This is, 
doubtless, due to its greater simplicity, lower first and 
operating cost, and the improved economy in high- 
pressure steam generation. It is also probable that, 
with the increased volume and pressure and capacities 
required for large modern blast-furnaces, which have 
risen to 60,000 cub. ft., and at some recent plants to 
75,000 and 90,000 cub. ft. per minute, and up to 
30 lb. per sq. in., the single-unit blower per furnace 
being preferred, units of such high power are more 
practical and economical in the turbo-blower type 
than in the gas-engine type. 

Power Plant.—In more recent years, the feature in 
new blast-furnace plant installations which has made 
the greatest advance is the production of power. 
Considerable economies in this direction have been 
effected by the use of boiler units of large capacity, 
generating steam at high pressures, 300 lb. per square 
inch and upwards (in some cases electric-generating 
stations using steam pressures as high as 600 lb. per 
square inch are in satisfactory operation), with blast- 
furnace gas burned in automatically controlled burners, 
and the unit system of powdered coal as alternative 
standby. The conversion plant consists of high- 
pressure, superheated-steam turbines for blowers, 
and for electric generation at high voltage, the latter 
being transformed to whatever lower voltages are 
required for each class of power application. 

Great attention is paid to the keeping of records in 
connection with each step in power production opera- 
tions (for which the standards set for attainment are 
high) by means of appropriate instruments for checking 
results. Boiler steam-flow meters, recording pyro- 
meters, draught gauges, steam-consumption meters, 
&e., give complete records of the conditions of power 
production and of the power consumption of the 
various using units. Power-using items adjacent 
to the boiler plant are usually steam-turbine driven 
and others electrically driven. Boiler efficiencies up 
to 80 per cent. are stated to have thus been obtained. 

Pig-Iron Casting.—With modern blast-furnace plant 
and practice, casting in sand-beds for most classes of 
pig-iron is rapidly becoming obsolete; in fact, with 
large modern outputs that method of dealing with the 
product is economically impracticable. When com- 
bined with steel melting, direct transfer of the molten 
metal in hot-metal ladle cars to melting-shop mixers 
has long been standard practice; but a more recent 
development in this respect is the growing use of the 
totally enclosed, or mixer, type of ladle of comparatively 
large capacity (originally brought out for special long 
haulages) for the ordinary transfer of hot metal between 
blast-furnaces and melting-shop in the same works. 
This type of ladle is more economical than the usual 


| type of open-top ladle, notwithstanding its higher first 


cost, owing to its much greater conservation of 
heat in the hot metal, the saving in skull formation 


| and in relining repairs. For week-end metal, when not 


results very superior to those from stoves of the usual | taken by the melting-shop mixers, and for emergencies 


checker flue construction. 


Recent progress with hot- | when metal is not required there, pig-casting machines 


blast stoves is more particularly in the direction of | are the usual installation when warranted by the ton- 
improvements in gas-burner design for economy in| nage. 


combustion. A number of new designs of gas burners 


At blast-furnace plants not combined with melting 


have been brought out during late years, chief among | works machine-casting is becoming standard practice, 
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which are the pressure burners with automatic control | and this method is now much used even for foundry 


iron, though machine sand-moulding is making some 
headway. While there is still some controversy as to 
whether machine-cast foundry iron is as good as that 
cast in sand, many foundries are using the former with 
entire satisfaction. The Uehling type of pig-casting 
machine, with an endless chain of moulds, with or 
without a water trough for cooling the iron, is the type 
now most generally used. 

General Layout of Plant.—No definite layout arrange- 
ment can be said to be distinctive of modern blast- 
furnace plant, as each arrangement of the various 
sections comprising such a plant is dependent upon local 
circumstances, the shape of the space available, the 
ideas of the designing engineer, &c. Where, however, 
ample space is available, what may be designated as 
the straight-line layout is probably representative of 
most modern plants. This layout is designed primarily 
for straight-through railway lines in touch with prac- 
tically every part of the plant from either end, dead- 
end branch roads being entirely eliminated or reduced 
to a minimum. The plant may be said to be divided 
into lines comprising: The power production and 
power conversion section; the furnace, hot-blast 
stove, and gas-cleaning section; the raw-material 
storage bunker and charging equipment section; the 
raw-material storage ground and _ bunker-charging 
equipment section; and the raw-material receiving 
equipment section. 

Between the sections run one, two, or more through 
railway lines, with crossovers, which serve the various 
portions of the plant, and where necessary, short 
branches from the through roads serve specific points. 
When a plant consists of two or more furnaces (mul- 
tiples of two) each pair may form a two-furnace unit. 
The hot-blast stoves for each pair are placed between 
and in line with the two blast-furnaces, or else the 
furnaces may be placed side by side in the middle, with 
the stoves in line outside. All through railroads 
eventually join into two or more main roads beyond 
each end of the plant, thus providing access to any 
part of the plant from either end, the main roads being 
also connected by a road, or roads, running along the 
outside of the whole plant. In the layout of the rail- 
ways consideration must be given to suitable locations 
for weigh-bridges, so that all incoming and outgoing 
materials may be accurately weighed without danger 
of congestion. 

Compactness and railway accessibility, without 
congestion, are the principles aimed at; the former 
provides for convenience of supervision, and the latter 
for ease and economy in distribution of raw materials 
and the disposal of products and waste materials. 
Offices, laboratories, shops, &c., are placed in the open 
spaces between the converging roads beyond the plant 
proper, as such space permits, or at any other con- 
venient points. 

Use of Recording Instruments.—In view of the great 
increase in the outputs of modern blast-furnaces it 
becomes imperative that the various operations be very 
carefully supervised, and that, as far as is possible, such 
supervision should be centralised. As it is humanly 
impossible for one person to keep in contact with all 
operations at all times, modern works have been 
equipped with a large number of automatic measuring 
instruments, mostly of the recording type, and generally 
assembled in one room. One or more assistants are 
set to watch the variations shown by the different 
instruments. The moment anything abnormal is 
noticed, the man for the time being in charge of the 
blast-furnaces is notified as soon as possible, so that he 
can investigate the cause of the disturbance and take 
steps at once to put it right. The items generally 
indicated or recorded in the instrument room are the 
following : (1) Height of stock line in the furnace and 
number of charges. (2) Temperature and pressure of 
gas at top of furnace. (3) Number of revolutions of 
blowing engines or volume of blast blown. (4) Pressure 
of blast before entering stoves and pressure in the 
circular main. (5) Temperature of blast in circular 
main. (6) Temperature of blast at stove outlet (as a 
check for that in the circular main). (7) Temperature 
of flue gases at chimney valves of stoves. (8) CO, 
contents of flue gases at chimney valves of stoves. 
(9) Pressure of gasin main. (10) Volume of gas going 
to stoves (in group). (11) Volume of gas going to 
power-house, (12) Pressure of gas before entering 
gas-cleaning plant and pressure when leaving. (13) 
Volume of gas stored in holders. (14) Steam pressure 
and volume of water evaporated, if blowing and power 
plants are steam-driven. (15) Bus-bar voltage at 
generating station. 

An attempt is being made in Germany to do all the 
changing of stoves—i.e., operation of all valves—from 
the instrument room by either electric or hydraulic 
power. Inagood many plants, the gas and air supplies 
to stoves are regulated automatically, and in at least 
one works the analysis of the top gases is made auto- 
matically, and the different percentages of their 
constituents are shown on the instrument board. 
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Such a system naturally requires a great number of 
reliable instruments. A numerous staff with special 
knowledge of the instruments in use is detailed to 
check their accuracy and to repair those which show 
defects. 

Oxygen Enrichment of Blast.—Much thought has been 
given to this subject in past years, and at least one 
practical application was made on a commercial scale 
to a blast furnace at Li ge, in Belgium. It is stated 
that very small additions of oxygen were sufficient to 
overcome the detrimental effects of the atmospheric 
moisture in the blast, and that enrichment up to 
25 per cent. of oxygen made it possible to dispense with 
hot-blast stoves, and produced a higher grade of iron. 
No information, however, appears available as to the 
commercia] results of this tria!. A recent investigation 


into this subject is embodied in a report by a com- | 


mittee formed under the auspices of the United States 
Bureau of Mines, on the ‘“‘ Use of Oxygen or Oxy- 
genated Air in Metallurgy and Allied Processes.” 

A symposium on the ‘‘ Use of Oxygenated Air in 
Metallurgical Operations’ was held at the New York 
meeting (February, 1924) of the American Institute of 
Mining and Metallurgical Engineers ; abstracts from the 
papers forming the symposium, including a summary 
of the report of the Bureau of Mines Committee, have 
been published by the American Institute of Mining 
and Metallurgical Engineers. The following quota- 
tion from the ‘ Foreword’ of this pamphlet gives 
the gist of the result of the discussion at the 
symposium : 

‘“* An extensive discussion followed the presentation 
of the papers, which dealt with the matter entirely from 
a theoretical standpoint. The results of only a limited 
amount of research work were presented. 
More experimental work on this subject has not been 
done because metallurgists have not thought that cheap 
oxygen could be produced, thinking, ‘ Why waste time 
experimenting with a reagent that cannot be procurable 
in commercial quantities ?’; while the producers of 
oxygen have said, ‘ Why waste money on the develop- 
ment of a process to make chea)) oxygen unless we 
know that there will be a market for it when 
produced ?” 

The discussion brought out two facts: First, many 
metallurgists believe that their operations can be 
conducted more economically if they can add oxygen to 
the air used in various smelting operations ; second, a 


number of chemists believe that relatively pure oxygen 


can be produced in metallurgical quantities at very 
small cost. Negative views were expressed to both 


propositions, but so overwhelming was the view that if 
cheap oxygen could be produced many metallurgical 
operations would benefit, that it was voted to recom- 
mend that the Bureau of Mines continue its research 
work, pending the production of the cheap oxygen 
hoped for.”’ 


/}COMBINED EXHAUST-GAS TURBINE 
| AND SUPERCHARGER. 


| We illustrate on this page an ingenious combination 
|of exhaust-gas turbine and compressor which has 
been constructed by Messrs. C. Lorenzen, G.m.b.H., 
Wiisterhiiusener Str, Berlin, for supercharging petrol 
engines, and which, moreover, acts incidentally as an 
efficient silencer. A section through the combination is 
represented in Fig. 1, above, whilst the photograph 
reproduced in Fig. 2 shows, on the left, the guide 
blades of the turbine, and on the right the compound 
rotor. A characteristic feature of the unit is that the 
fan or impeller, which supplies the supercharging air, 
forms the central portion of the turbine rotor. The 
|turbine blades are hollow and the whole of the air 
discharged from the impeller passes through these 
blades. By this arrangement the blading is kept 
| cool whilst the supercharging air is heated. Referring 
|to Fig. 1, the air enters the impeller through the twin 
| ports aa, and is forced through the hollow turbine 
| blades 6b into the diffusing chamber c, from which it 
{is passed on to the carburettor through the branch 
| shown connected to the casing in the right-hand part of 
| Fig. 2. The exhaust gases, which, in the trials made, 
| even at the highest engine speeds, have not, so far, had a 
| pressure of more than some 7} Ib. per square inch, enter 
| the casing of the combination through two branches, one 
| of which is shown at d in Fig. 1. These communicate 
with the annular passage e from which the guide blades 
ffarefed. After passing through the blading, the spent 
| gases are discharged through the large port g. Baffles 
|forming a simple labyrinth packing are provided 
| between the turbine blading and the diffusion chamber. 
| It will be seen that the unit is completely self-contained. 





| The rotor is mounted on ball bearings and the shaft | 


;ends are closed in by the caps shown. The extreme 
diameter of the rotor is about 6} in., and it has been 
| run at a speed of nearly 30,000 r.p.m., which corresponds 
| to a peripheral speed of about 800 ft. a second. 
| two nozzles in action it is stated that, at 28,000 r.p.m., 
|} over 540 tb. of air has been delivered per hour, and 


| with three nozzles in action an air pressure of as much 


}as 44 lb. per square inch has been attained. The | 
| device has been used for some months on a 4-cylinder | 


| Mercedes engine of 10-h.p. rating, where it replaced 
|}a@ Roots blower as the supercharging agent. It is 
| stated to have run satisfactorily throughout with an 
| entire absence of trouble. 











| Overseas Trade informs us that the Estonian Mimstry of 

Agriculture is arranging an international competition for 
| designs in connection with the erection and fitting out of 
| a proposed cold store at Tallinn (Reval). Plans should be 
| presented in Estonia not later than July 1 next. Full 
| particulars regarding the scheme may be obtained on 
| application to the Department of Overseas Trade, 35, 
| Old Queen-street, London, 8.W.1, quoting Reference No. 
| AX. 7835. 





With | 


PROPOSED CoLp Store, Eston1a.—The Department of | 
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| CATALOGUES. 


| Driving Chains.—Messrs. Hans Renolds, Limited, 

Didsbury, Manchester, have issued a new edition of 
| their catalogue of driving chains, giving particulars and 
| prices of the types and sizes stocked. 


Clocks.—A price list of electric-impulse clocks of the 
marine type is to hand from. Messrs. Gent and Com- 
| pany, Limited, Leicester. In these clocks, the hands are 
moved in half-minute steps by impulses transmitted 
| from a master clock. 


Worm-Milling Machine.—We have received a circular 
from Messrs. The United Machine Tool Company, Limited, 
Holborn Hall, Gray’s Inn-road, London, W.C.1, illustrat- 
ing the Schnettoff worm-milling machine, and giving 
examples of production times. 

Foundry Supplies.—Messrs. Beecroft and Partners, 
Limited, St. Peter’s-close, Sheffield, have sent us a new 
and enlarged edition of their handbook of practical 
information for the iron, steel and allied trades, and a 
circular explaining the uses of their ‘‘ Corbeerite ’’ core 
binder and “ Puric ”’ flux. 


Switches.—Messrs. J. G. Statter and Company, Queen 
Anne’s Chambers, Westminster, London, S.W.1, have 
sent us three leaf catalogues, giving particulars of their 
totally-enclosed ironclad industrial oil switches, extra 
high-tension standard oil switches of the switchboard type, 
and standard leakage relays for tripping circuit breakers. 


Dust Collectors.—A catalogue of the Visco-Beth dust 
collector, received from Messrs. Visco Engineering 
Company, Limited, 162, Grosvenor-road, London, S.W. 1, 
contains an illustrated description of apparatus specially 
suitable for collecting large quantities of fine, light dust, 
| such as is produced in collieries, and in mills in which 
| flour, cement, textiles, &c., are treated. 
| Steam Fittings.—Messrs. The Drayton Regulator and 
Instrument Company, Limited, West Drayton, Middle- 
sex, have sent us two catalogues, one of which deals with 
thermostatic regulators for operating the dampers of 
| hot-water boilers and pressure regulators for low- 
pressure boilers. The other deals with a variety of 
steam traps, both for pipe lines and for special purposes, 
such as railway-carriage and other heating systems. 


Lathes.—Messrs. Clark’s Machine Tool Company, 

Dalton-lane, Keighley, Yorks, have issued a catalogue 
showing three capstan lathes, the smallest on a single 
pillar with spindle to pass $-in. rod, and the others on 
the usual pedestals to take 1}-in. rod. A second catalogue 
shows a number of lathe tools for slide rest or turret, 
including turning, boring, screw-cutting, knurling tools, 
&c., and also tool holders, chucks, a rotary table, and 
| other lathe accessories. 
Railway-Carriage Heaters.—A catalogue of steam- 
| heating apparatus for railway carriages has recently 
| been issued by Messrs. The Westinghouse Brake and 
Saxby Signal Company, Limited, 82, York-road, King’s 
Cross, London, N.1. A full description is given, with 
| illustrations, of the various types of heater and connec- 
| tions, valves, controls, &c. A main steam pipe runs 
the length of the train, with flexible couplings between 
| the carriages, branch connections being made to the 
| heaters, which are free to exhaust steam or drain off water 
|to the atmosphere. The system, it is claimed, ensures 
|; a good distribution of the heat without excessive tem- 
| peratures, 
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RESEARCH IN MECHANICAL ENGI- 


NEERING BY SMALL - SCALE 


APPARATUS.* 

By F. C. Jonansen, B.Sc. (Eng.). 
(Continued from page 470.) 

Redundant Frames.—Whilst complete theoretical 
solutions for framed structures having a considerable 
degree of redundancy are generally possible, the 
analyses are often impracticably laborious. In con- 
nection with the stress calculations for a rigid airship 
framework, certain generalised formule, intended to 
effect a reduction in the mathematics involved, have 
been derived and checked as regards their validity 
and scope, by a series of experimentst which form an 
admirable example of small-scale research. The tests 
were carried out on a hexagonal framework built up 
of tubular steel members, braced diagonally with wires, 
and divided into three bays and a pyramidal nose ; 
the whole representative of a rigid-airship frame. 
With its rear transverse clamped, the free portions of 
the model were subject to bending and shear, or 
torsion. Under various conditions of loading and 
structural modification, the strains in the various 
members were measured with precision extensometers 
and the corresponding stresses derived from the known 
elastic properties of the materials. 





Fia. 4. CELLULOID MopEL or BRIDGE SPAN. 


The good agreement obtained between measured 
and calculated stresses afforded satisfactory confirma- 
tion of the applicability of strain-energy methods of 
analysis to actual structures of the type examined. 
The experiments proved, moreover, extremely informa- 
tive as regards the effects on stress distribution of 
modifications of structural form, and served to indicate 
the extent to which simplification of the mathematical] 
treatment may safely be carried. 

Reduced-Elasticity Models.—An excellent example 
of research with reduced-elasticity models occurs in 
connection with the Arlington Memorial Bridge now 
in course of erection at Washington.t The bridge will 
have eight arch spans each consisting of a reinforced- 
concrete arch barrel with spandrel walls at each face 
and cross walls under the arch to support the deck 
and distribute the spandrel-wall loads across the arch. 
The relative participation of the cross walls and the 
deck in such distribution was the subject of experiments 
on the model illustrated in Fig. 4. The model com- 
prises a single span without spandrel walls, constructed 
of celluloid to a scale of one-fiftieth full size, the 
members being cemented together with celluloid 
emulsion. The ends of the cross walls were loaded with 
weights representative of the spandrel-wall loads, the 
arch springings being clamped to a base-plate. Measure- 
ments of deflection at points on the deck were made by 
Ames dials, from which the designers have concluded 
that no serious stresses in either the arch or the deck 
will be incurred by the weight of the spandrel walls. 





* Paper read before the Institution of Mechanical Engi- 
neers, on Friday, March 15, 1929. Abridged. 

} Technical. Report of the Aeronautical 
Committee, 1924-25, vol. ii, No. 948, page 611. 

t See ENGINEERING, vol. exxvi, page 31 (1928). 

§ Reproduced by the courtesy of the Editor of Enar- 
NEERING. 
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In further experiments to determine the stresses in 
the longitudinal section of the arch, two-dimensional 
models were employed in conjunction with an instru- 
ment designed by Professor Beggs for the measurement 
of small elastic deformations. The method, which is 
based on Maxwell's reciprocal deflection theorem, con- 
sists, briefly, in measuring the deflection 5 of various 
points A of a sectional model due to a known deflection 
4 applied at a point B, the model being clamped 
at appropriate points. The reaction at B due to the 
application of a load W at A is given by 

Wi | 
A | 





The model is not necessarily geometrically similar to | 
the original, and is, in fact, conveniently made of thin | 
sheet celluloid. Its members are, however, given the | 
same proportionate stiffness as those of the original | 
by making their widths proportional to the cube roots | 
of the moments of inertia of the full-scale cross-sections. | 
Small-scale apparatus has been commonly employed | 
in studying the stress distribution in the neighbourhood 
of sudden discontinuities in the cross-sections of struc- | 
tural members. Thus Bruhn* used rubber sheets | 
: a : é 

shaped like a ship’s deck and sides, having holes and | 
corners cut to represent hatchways and bridge-ends. | 
The rubber shape, in its unstrained condition, was | 


covered with squares, the distortion of which, when | 


the model was strained within the elastic limit, gave 
information regarding the stresses at the discontinuities. 

More recently, a technique of stress distribution analy- 
sis by optical methods has been extensively developed 
by Professor Cokert and others. This ‘ photo-elastic ” 
research, as it is called, is based on the doubly refractive 
properties of strained transparent bodies. Glass, 
which was the material used by Mesnager about 1913 
for a model of a bridge over the Rhone, has now been 


. 


| although 
| admirably displayed by the optical method, the corre- 





replaced by xylonite (nitro-cellulose), which is an iso- 
tropic, transparent, elastic material possessing the | 
stress-optical property in a marked degree. It has a | 
smaller elastic modulus than the ordinary materials of | 
engineering construction (Young’s modulus = 299,100 | 
lb. per squareinch; Poisson's ratio = 0-39) andis readily | 


567 

It is particularly applicable to members whose shape 
renders their stress system mathematically indeter- 
minate ; and in such problems as those presented by 
thick cylinders, turbine-blade dovetail roots, gear teeth 
and ship walls—to name only a few examples—has 
provided most valuable information. Even in stress 
systems so complex as to render quantitative values 
inadequate, optical methods are of value in demon- 
strating bad features of design, whilst in all ordinary 
engineering details they afford a very rapid means of 
discriminating among a number of modifications of the 
same design. By an easy system of selection and appro- 
priate modification, a close approximation to the best 
possible shape, embodying a high strength to mass 
ratio, may be achieved. 

Further developments of optical-stress research may 
be expected in the direction of stress investigations in 
materials in a condition of plasticity. Professor Coker 
is of opinion that, when the laws of photo-plastic 
behaviour are more completely known, valuable infor- 
mation will be forthcoming with regard to the locality 
where fracture of a structural specimen takes place. 
One type of plastic condition, associated with materials 
subject to the action of machine-tools, has already 
received attention. A wide range of investigation 
remains untouched, however, and extensions of the 
method to cases of failure in models of structural 
members are awaited with interest. 

It should be noted, also, that optical-research methods 
can be applied to built-up structures as well as to 
individual test-pieces. From a description* of such 
an investigation into the stress distribution in an 
aeroplane-wing framework it appeared, however, that, 
the qualitative stress distribution was 


sponding quantitative results were, in many cases, 
widely at variance both with those calculated and 
with others derived from direct observations of curva- 
ture. Whilst some proportion of those discrepancies 
could be ascribed to erroneous assumptions as to the 
degree of fixation at the structural joints, the departures 
were too great to admit of confident numerical pre- 
diction, so far, at least, as the particular model under 
consideration was concerned. 

Engineers have frequently used flexible models to 
investigate the stresses which occur in masonry dams. 
Thus, Ottley and Brightmoret experimented with a 
plasticene model dam and measured the displacements, 
due to hydraulic pressure, of lines drawn on the end- 
sections. Wilson and Gore,{ using rubber models, 
simulated hydraulic pressure by loaded plates and 
increased the effective weight of the model by vertical 
loading. The defle:tions, due to load, of squares drawn 
on the end-sections of the unstrained model, were 
photographed and served as a basis of stress measure- 
ment. 

These experiments suggest the possibility of similar 
methods in connection with the stresses in foundations 
for heavy machinery. The complication of shape of, 
for example, the pedestal of a turbo-alternator due to 
the condenser, exhaust passages and cooling ducts, 
no less than the necessity for extremely small deflection 
under a complex distribution of load, combine to render 
its design a matter of great difficulty. It seems at 
least probable that a flexible model of the whole, or 
even a part, of such a foundation would show up the 
location of important deflections and stresses under 
appropriate loading. 

Doubt is frequently expressed as to the validity 
of data derived from models made of flexible materials, 
such as rubber and xylonite, on account of the relatively 
great strains which are an essential feature of their use. 
As a precautionary measure, therefore, it will be of 
advantage to make preliminary experiments on a very 
simple model made of the flexible material and to com- 
pare the results both with those obtained from experi- 
ments on a similar model of steel or masonry, and also 
with those obtained by calculation on a theoretical 











cut to the shape of structural members. A strained | basis. If good agreement be found in a simple case, it 
specimen of xylonite, when viewed by polarised light, | Seems probable that equally good agreement should 
exhibits colour bands which are indicative, as regards | be obtained in a complicated case. It will always be 
direction and intensity, of the stress system of the | important to ensure that the material in the model is 
specimen. Quantitative evaluation of such stresses | ot strained beyond the elastic limit, but with this 
may be achieved by reference to the colours observed | proviso the flexible material should obey Hooke’s 
in a specimen of similar material subject to known | Law equally well with the actual engineering material, 
stresses. The loads may generally be applied to the | @nd stress and strain be everywhere proportional to 
models by spring-balances, but in the case of models of | One another.§ 
large structures, such as bridge arches, where the 
experimental loads are small, their application by | 
means of deadweights is found to be more accurate.t | A study of the very considerable literature devoted 
A method is thus available for the investigation of | to heat transference reveals at once the extreme com- 
stress distribution in almost every type of structure. | plexity of the subject and the pre-eminent importance 
— - | to engineers of that type of exchange in which heat is 
* Trans. Inst. N.A., 1899, vol. xli, page 57. |lost or gained by a body immersed in a stream of 
_ 1 See Phil Mag., 1910, vol. xx, page 740; Proc. Roy. | fluid. Research in convection problems appears 
pen Series A., 1911, vol. Ixxxvi, page 291; Trans. | hitherto to have been concerned mainly with the 
nst. N.A., 1911, vol. liii, part i, page 265; Proc. I. | 
Mech.£., 1913, vol. i, page 83, 1925, vol. i, page 357, 1926, | ~ ; i 
vol. ii, page 897; Proc. Roy. Inst. of Gt. Brit., 1916, | 
vol. xxi, page 573; and General Electric Review, 1920, 
vol. xxiii, page 870. 
t See ENGINEERING, vol. cxxv, page 810 (1928). 


HEAT TRANSMISSION. 





* Aeronautical Journal, 1918, vol. xxii, page 341. 

+ Proc, Inst. C.E., 1908, vol. clxxii, page 89. 

{ Ihid., page 107. 

§ See Coker, Proc. Inst. C.E., 1919, vol. ceviii. page 363. 
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elucidation of the physical laws governing the pheno- 
mena. Asaresult of such work, the factors which influ- 
ence convection are probably established with sufficient 
definition to enable the data of research by small-scale 
apparatus to be interpreted for application to engineer- 
ing design on a large scale, and a very wide field of 
investigation is thus thrown open. Problems con- 
nected with steam-boilers, engine radiators, condensers, 
evaporators, refrigeration, and the cooling of electrical 
machines. all offer scope for scale-model research. 
From the numerous experiments on the loss of heat 
from bodies of simple geometrical shape it is possible 


to summarise the features relative to the present aspect. 


of heat transfer as follows :— 

(1) The heat loss by radiation from a body immersed 
in a fluid is generally a small proportion of the total loss 
and can be calculated with fair accuracy by the Stefan 
Boltzmann equation. 

(2) The free convection loss varies with 


6, the temperature difference between the hot 
body and the ambient fluid, 

I, a typical dimension defining the absolute size, 
shape, and surface asperity, 

p, the density of the ambient fluid, 

c, the specific heat of the ambient fluid (at con- | 
stant pressure), 

k, the thermal conductivity of the ambient fluid, 

v, the kinematic viscosity of the ambient fluid, 

\, the expansion of the ambient fluid due to 


temperature rise. 
(3) The forced convection loss varies with v, the 


general velocity of the fluid stream, as well as with the | 


quantities enumerated in (2) above. 

The importance of a fairly accurate estimation of 
radiation loss is obvious from the consideration that, 
in experimental work in convection, radiation cannot 
be readily prevented and will be included, as a rule, in 
any measurement of transferred heat. Where high 
accuracy is sought, therefore, it will be a desirable 
precaution to colour the experimental body a dull 
black so as to reduce the error in applying an arbitrary 
coefficient to the Stefan-Boltzmann equation for a 
perfect black body. 

Before a dimensional analysis of the problem is 
attempted, it will be desirable to observe that tem- 
perature cannot, in the present state of knowledge, 
be expressed by a combination of the fundamental 
units of mass, length and time. Quantity of heat 
can conveniently be represented in terms of energy 
units. The dimensions of the thermal quantities affect- 
ing the problem may therefore be written :— 

Rate of heat loss [h] = [Power] : dimensions ML*T’, 
[Heat] 


Specific heat at constant pressure [c] = [Velone) 
« [Temperature]: dimensions ML~*T-*6-1. 
[Heat] 
“[ Length] 
x [Time] x [Temperature]: dimensions MLT-*@"". 
Thermal expansion [\] = change in density of fluid 
[ Density] 
|Temperature] ° 


Thermal conductivity [*] = 


per unit change in temperature = 


dimensions ML~*¢@-'. 

Since the main effect of thermal expansion will be to 
set up convection currents near the hot body, it will 
be permissible to regard A as occurring only in com- 
bination with the gravitational constant g. The 
physical equation for rate of heat exchange by forced 
convection may therefore be written :— 


h = oil, p, », 0, c, k, g, X, v) (20) 
from which, by dimensional analysis, is derived :— 

h= Pevdg, ("% 0 ade 21) 

ae (5? paso c 


The arguments of (21), as usual, express the conditions 
under which small-scale experiments may be dynamic- 
ally similar to those of the full scale. 

Their correct interpretation becomes, therefore, a 
matter of some importance, and it will be desirable to 
consider briefly some features of the manner in which 
heat transmission may be expected to take place from 
a hot surface in contact with a moving mass of fluid 
at a lower mean temperature. A preponderance of 
evidence exists to support the presence, in close con- 
tact with part of the hot surface, of a thin boundary 
layer of fluid moving with laminar flow at a mean 
velocity much below that of the main body of the fluid. 
The velocity gradient across this film is rapid, and, at a 
little distance from the surface, the laminar type of flow 
merges into the general turbulence which, in most 
practical examples, is characteristic of the flow in the 
main part of the fluid. 
two distinct types of heat exchange persist simul- 
taneously. In the boundary layer, where the flow is 
laminar, only molecular diffusion occurs between 
adjacent lamine, and heat loss from the surface takes 


place by thermal conductivity. Beyond the boundary | 
layer, however, where the fluid becomes turbulent, 
true convection or molar diffusion evidently takes place, | 
and the heat which has penetrated through the 


On the basis of this regime, | 


body of the fluid by the motion of eddies. 
Ultimately, therefore, convection takes place by 


argument of equation (21), - may be interpreted 


as representing the effects on he 
may be expected to accompany variations of kinematic 
viscosity, specific heat, and thermal conductivity of the 
cooling fluid. In scale-model experiments, however, 
such effects may be obviated. For, since, by the 


theory, is constant for perfect gases, 


kinetic 


Fig.5.HEAT TRANSMISSION FROM CYLINDERS 
te (HUGHES) 
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| approximates to perfection. For water, however, 
| whilst c and k& appear to vary only slightly with tem- 
| perature, the corresponding changes in v are consider- 
able.* Small-scale experiments in which a liquid 
(which will usually be water) is the cooling medium, 
should therefore be made with the liquid at the same 
mean temperature as that of the full scale. 


| (1299.0) 


2 
foe suggests that provided 
pk and c for the model are respectively equal to PK 
and C for the full-scale (as will generally be the case) 
then [2 @ should equal L* 9, i.e., the temperature differ- 
ence should be greater in the small scale in the ratio 
of the square of the linear scale. A tentative interpre- 

p ke 
, 1203 0 
may be based on the film theory of convection. If 
conduction of heat takes place through a film of 
relatively stagnant fluid in contact with the hot body, 
the variation across such a film of density, conductivity 
and specific heat, will not, in general, be the same for a 
small body as for a geometrically similar large one. 


The second group, 


tation of the significance of the argumen 





e ee ‘ p ke 
| The precise interpretation of ry has, fortunately, 


little importance for the present purpose, since abundant 
experimental evidence exists to show that the rate of 
forced heat transfer / varies, to a close approximation, 
directly as the temperature difference. This implies 
h : 
aan 9 
ears of equation (21) 
is sensibly independent of 4, and it may very reasonably 


that the heat-loss coefficient, 


22 
be assumed that FS ee which is the only argument 


o¢ 

in which @ appears, is almost exactly a constant, 
| and may, consequently, be disregarded as a condition 
| affecting model experiments in forced convection. 


| The third argument, ‘g = clearly represents the 





|effects on heat transfer of variation in the natural 
| convection currents due to the absolute size of the 
|immersed body. Langmuir’s film theory suggests that, 
| for curved shapes, such as spheres and cylinders, 
| the disparity, for a given film thickness, between the 
| peripheries of the outer and inner boundaries of the 
tilm is more marked for bodies of small than of large 
diameter. With continuous increase of diameter, 
| other conditions remaining constant, a stage will be 
reached at which film thickness (and consequently 
free convection loss) will approximate to that which 
occurs with a plane surface and beyond which no 
appreciable variation of the heat-loss coefficient is 
likely to occur. 
nomena may be expected as a result of preponderating 
“end effects’? when the absolute size of the surface 
is small. For these reasons, an appreciable scale 


effect may be present in experiments on free convection | 
loss. When, however, convection is forced, the cooling | 
effects of the fluid stream wi!l almost always completely | 
| mask any variations due to gravity convection cur- | 


rents. 


* Physical and Chemical Constants, by Kaye and 
Laby, pages, 32, 55, and 59. 


boundary layer is distributed throughout the main 


conduction across the boundary layer, and the first 


With plane surfaces, analogous phe- | 


The fourth argument, =, thus remains the most 


| important condition for dynamical similarity in 
| 


| forced convection research. Where 2 for the model 


at exchange which |C@nnot be made equal to bl for the full scale, 


| uncertainties will be introduced and the coefficient 
| h 


|2evd 


| equal to 


for the model will not in general be numerically 


— for the full scale. 


2 
LeCVe 


| ° . 
|the group may be disregarded as influencing the, _ Forced Convection from Cylinders—Scale Effects.— 
results of experiments in which the convection fluid | AD idea of the possible magnitude of. such scale effect 


/may be gained from the accompanying Fig. 5, in 
| which are incorporated the results of a series of experi- 
ments* on convection from copper cylinders of dia- 
meters from 0-43 cm. to 15-5 cm. immersed in an 
air current of speed ranging up to 14-5 m. per second. 
In all the experiments, the cylinders were heated by 
steam at 100 deg. C., and cooled by air at atmospheric 
temperature and pressure. The specific heat (c), 
kinematic viscosity (v), and temperature excess (0) may 
therefore be considered sensibly constant for the 


series, and a modified heat-loss coefficient = has 


vd’ 
been plotted against logjg vd. The scattering of 
results, especially in the cases of the larger cylinders, 
can almost entirely be attributed to lack of experi- 
mental precision. Even so, no systematic variation 
of heat loss with absolute size is observable, and the 
diagram is considered a satisfactory confirmation of 
the earlier assumption that Reynolds’ number is by 
far the most important criterion of dynamical] similarity 
in forced convection research. The marked similarity 
between the curves of Fig. 1 (resistance of spheres), page 
371 ante, and Fig. 5 also confirms the intimate connec- 
tion between convection and skin friction which has been 
frequently noticed.t It is probable that scale effect. 
in the present type of problem, is similar to that of 
fluid resistance already discussed in some detail ; and 
whilst, in view of the sparsity of heat-transfer data, 
that statement must at present be accepted with 
reservation, an excellent case for small-scale research 
appears to exist. With many engineering problems 
of convection, in fact, the low cooling velocities of 
actual installations will permit exact reproduction 
of full-scale Reynolds’ numbers, in which case quite 
reliable numerical coefficients may be expected. 


(To be continued.) 








EXTENSIONS AT MELBOURNE TECHNICAL ScHOOL.— 
We have already drawn attention to the extensions 
which are under contemplation at the Melbourne Techni- 
cal School, Australia, also known as the Working Men’s 
College. We now learn that the Minister of Public 
Works has authorised the acceptance of one of the 
tenders submitted for the erection of the new engineering 
school. The building will have a frontage of 131 ft. 
on the east side of Bowen-street, and will comprise 
three storeys. It will contain electrical engineering 
rooms and laboratories, an engine-room and a mechanical- 
engineering workshop, lecture rooms, physics laboratory 
and rooms for wireless, engineering drawing and machine 
design. 


Automatic CutT-OFF FOR WELDING OR CUTTING 
Biow-Pipres.—It is a matter of common observation 
that the continuous use of the oxy-acetylene blow-pipe for 
cutting and welding in the ordinary workshop is attended 
by a considerable degree of waste. Even when there 
is a large amount of repetition work and, in consequence, 
a high rate of production, the blow-pipe has to be laid 
aside while a new piece of work is substituted for the 
finished one, and is, more often than not, left to burn 
unprofitably during the frequent intervals so caused. 
The E.C. Economiser, recently introduced by Messrs. 
Ellis and Coe, 308, King-street, Hammersmith, London, 
W., is a simple and effective apparatus for eliminating 
this waste. It consists of a small casting containing 
two shut-off cocks and provided with four union con- 
nections, that is, two inlet and two outlet, for the gas 
pipes. The cocks are operated by a long lever having a 
fork at its free end. The economiser is inserted in the 
pipe lines between the gas bottles and the blow-pipe, 
and, when an operation is finished, the blow-pipe is laid 
upon, or hung from, the fork of the lever. Its weight 
depresses the lever and cuts off both gases, thus auto- 
| matically extinguishing the flame. A_ small pilot 
| burner, consuming ordinary gas, is provided in a suitable 
| position on the apparatus. This is kept alight con- 
| tinuously and is used for relighting the blow-pipes, the 
|end of which is brought near to the pilot flame as it is 
| lifted out of the fork and the gas flow thereby re-started. 
The lever is provided with an adjusting device, by means 
of which the proportions of the two gases used for the 
| blow-pipe can be varied.. The apparatus may be 
screwed to a bench or a wall, as desired. 





* Phil. Mag., 1916, vol. xxxi, page 118, 
| Technical Report of the Aeronautical Research 
| Committee, 1913, vol. iv, No. 94, page 40. 
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THE IVRY PORT POWER STATION, 
PARIS 


A NEW power station has been recently con- 
structed and set to work at Ivry Port on the Seine 
above the City of Paris the primary object of which 
is to supply power to the Metropolitan Under- 
ground Railway, which, in the past, obtained part 
of its supplies of power from a station at the 
Quai de la Rapée, built in 1900, and part from the 
station at St. Denis below Paris. The Metro- 
politan Railway, which is in effect an underground 
tramway comparatively close to the surface, with 
its stations a few hundred yards apart, was con- 
structed by the City of Paris and leased to a company 
for operation. The station at St. Denis, which was 
the first large power station in Europe to be designed 
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and equipped with steam-turbine units, was built 
to supply power for traction in and around Paris; it 
took up a great part of the load of the Metropolitan 
Railway as soon as extensions made the demand 
greater than that which the original Quai de la 
Rapée station could handle. The former station 
belonged to the Société d’Electricité de Paris, and 
when the demand for power grew beyond that which 
these two stations could conveniently cope with, a 
new company, the Société l’Electricité de la Seine, 
was formed, with the co-operation of several under- 
takings linked up with the ‘“ Empain” Franco- 
Belgian financial group, to supply the Metropolitan 
Railway with power, and for this purpose the new 
station was built. The original station at the 


of power by steam turbines in countries where the 
watersheds of the main rivers are limited in catch- 
ment area and flow, and the power stations are 
above the tide influenced zone, is the supply of 
condensing water, the use of cooling towers neces- 
sarily involving a material drop in turbine efficiency 
and increased losses from the extra circulating water 
volume and head. There are three stations at St. 
Ouen below Paris, comparatively close together, be- 
longing to the company which supplies light and 
power to the City of Paris, viz. a traction station, 
St. Denis, and the Gennevilliers station which 
supplies the suburban and outer-suburban areas. 
These three stations have an aggregate capacity of 
over 300,000 kw., but in hot summers, when the 
water is low, the effect on the vacuum is very notice- 
able. It was decided, therefore, to put the new station 





sEIN® 


2 km. above the city boundaries, opposite the point 
at which the Marne joins the Seine. The station has, 
in proportion to its capacity, a very commanding 
appearance, due to the fact that the main operating 
floors had to be placed well above the highest 
recorded flood level. Fig. 1, on Plate XLVIII, is a 
general view of the station with a cable bridge 
| under construction on the right. 

| The station, at present, has plant installed of the 
| capacity of 60,000 kw., but space is provided, and 
condensing circulation and coal-handling apparatus 
| satiemadh for an ultimate capacity of 130,000 kw. 
| In the design of the station no attempt has been 
made to obtain extraordinary results with the aid 


| of very high pressures or very high temperatures. It 








Quai de la Rapée has been turned over to a com-_| was decided to keep within those limits which have 
pany for the supply of steam heating to part of| proved to give good results in the past, and to 
Paris by means of pipes laid under the streets. An | give great attention to such details as would tend 
inspection of the Ivry station is to form one of | towards the reduction of heat and other losses to a 
the official visits of the Institution of Electrical | minimum. 
Engineers during their Summer Meeting in Paris| The turbine units develop 12,000 kw. at the most 
in the second week in June. /economical output, the size being settled with a 
One of the problems relating to the generation | view to furnishing current for the normal day load 


with a single unit in operation, further machines 
being started up for the morning and evening loads 
when traffic on the Metropolitan Railway is most 
congested. It was decided that this size of machine 
would give better economy than larger units running 
many hours a day below their economical loading. 
There is, in practice, only a small difference between 
the fuel economy at full load of a comparatively 
small unit and of the largest turbine sets made, and 
the large overload capacity of turbines enables 
them to carry heavy sudden loads for short periods, 
until such further machines as may be necessary 
can be started up. 

The station is designed to supply fifty period 
alternating current. When the Metropolitan Rail- 
way was built, the American system of 25 periods 
was adopted, but it was decided, after the war, 






to operate extensions at fifty periods, and ,then 
gradually change over to enable the chief power 
stations in the Paris area to assist one another in 
case of necessity. Some of the recent substations 
and substation extensions have been arranged 
with mercury rectifiers which can operate at either 
frequency, and some of the rotary converters are 
being changed for the new periodicity, the old 
transformers, however, being kept for the new 
service. 

It should be mentioned that it has been decided, 
on principle, to extend the Metropolitan Railway 
beyond the line of the old fortifications, and this will 
materially relieve the pressure at some of the main 
line termini, and will ultimately provide considerable 
extra load for the Ivry Station. 

The station is built on land with a frontage of 
about 165 yards facing the Seine. A wharf runs 
along the river bank, with a roadway between the 
wharf and the main buildings, and the station is 
served by railway tracks connected on each side with 
the goods yard of the Orleans railway at Ivry town 
station. These arrangements can be seen in the 
plan of the station given in Fig. 3, on this page. 
The station is built on somewhat difficult ground, 
the top being alluvial soil, with ballast below and 
plastic clay, the latter existing at a depth of about 
40 ft., and necessitating the use of large numbers of 
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(313 Ib. per square inch); they have an overload 
capacity of 27,500 kg. per hour. The heating sur- 
face is 635 sq. m. (6,835 sq. ft.), and the super- 
heater surface 358 sq. m. (3,853 sq. ft.). The final 
temperature of the steam is 375 deg. C. (707 deg. F.). 
The boilers are fitted with steel-tube economisers 
of 405 sq. m. (4,359 sq. ft.) surface, and in the up- 
take of each boiler is a plate air-heater of 600 sq. m. | 
(6,458 sq. ft.) surface. The automatic stokers have 
double chains, with a total grate area of 23-77 sq. m. 
(258 sq. ft.). The groups of stokers on each side 
of the boiler house are operated each through 
a lay shaft by a three-phase motor of 17 h.p., a 
motor being kept on each side in reserve ; arrange- 
ments are made for four grate speeds. The grates 
are supplied with air from three fans, and one of 
these, driven by a variable-speed motor of 17 h.p., 


turbine units, these latter being placed at the river 
end of the turbine house so as to leave the other 
end clear for extensions. 


(Zo be continued.) 








THE IRON AND STEEL INSTITUTE. 
(Continued from page 558.) 

CoNTINUING our report of the annual meeting of 
the Iron and Steel Institute, held on May 2 and 3 | 
last, we now have to deal with the presentation of | 
the Bessemer Medal, and with the proceedings | 
which followed the presidential address on the 2nd | 
inst. 





THE Bress—EMER GOLD MEDAL. 
Professor Louis’ first duty as president was to 
present the Bessemer Gold Medal to the Hon. 
Sir Charles Parsons, O.M., K.C.B., F.R.S. In 





supplies 18,000 kg. (39,680 lb.) of air from the air 
heaters at 150 deg. C. (302 deg. F.). Two others, for 
cold air, are driven by a 23 h.p. squirrel-cage motor. 
Under normal conditions, with a water temperature 
at the economiser inlet of 85 deg. C. (185 deg. F.), 
the outlet temperature is 150 deg. C. (302 deg. F.), 
and, with air at 25 deg. C. at the inlet of the air 
heater, that at the outlet is 143 deg. C. (290 deg. F.). 

The boilers with pulverisers are designed for a 
normal output of 28,000 kg. (61,730 lb.), and an 
overload output of 38,000 kg. (83,776 lb.). The 
heating surface is 645 sq. m. (6,942 sq. ft.) in the 
boiler proper, and 125 sq. m. (1,345 sq. ft.) in the 
combustion chamber. The guaranteed efficiency of 
both types of boiler is 85 per cent. 

For boiler-house operation and control the 
arrangements are very complete; for each boiler 
there are two electric pyrometers giving the steam 
temperature, and gauges giving the air pressure 
at the grate, at the boiler outlet of the economiser, 
and at the base of the chimney. The total output of 
the station at any moment is indicated in the boiler 
house by means of a large illuminated dial operated 
from a wattmeter which is mounted on the main 
switchboard. The operation of each boiler is 
regulated with the aid of an indicating meter with 
two recording pointers operating on one disc. One 
of these pointers gives the output of hot gases, 
the other the output of steam, and it is the duty of 
the boiler operator to try and get these two curves 
to correspond. 

A further instrument records the temperature of 
air entering the grate, and another that of the flue 
gas at the base of the chimney. Besides the 
above instruments, several control instruments are 
fitted in a cabin on a gallery in the pump house. 
For each boiler there is a triple recorder giving 
the draught at the base of the chimney and over 
each of the two grates of the chain-grate stokers ; 
for the control of the flue gas and the checking 
of the control apparatus in the boiler house there 
are two CO, recorders with illuminated scale re- 
peaters placed on the stoking floor ; and an arrange- 
ment of recorders is made to take the temperatures 
of water and flue gas at the economiser outlets and 
also that of the total temperature of the steam. 

The turbine house is constructed with braced-steel 
stanchions and a lantern roof, it is shown in Fig. 
2, on Plate XLVIII, in Fig. 5, on page 571, and in 
Fig. 9, on page 584. The main turbine floor is 
9-70 m. (31 ft. 10 in.) above the ground level and 
the turbine basement floor is level with that of 
the boiler-house basement. The house is extended 
towards the river beyond the point occupied by 
the most northerly machine, in order to give space 
for a small railway dock and an extension at the 
main floor level for use as a general repair shop, as 
shown in Fig. 4. The pump house is a separate 
building, as shown in Figs. 3 and 4. The main 
turbine house has two overhead cranes, one of 100 
tons capacity and the other of 20 tons. These two 
cranes, together with the 20 ton crane in the pump 
house, can command the railway unloading dock, 
and as the circulating suction ducts run under the 
axis of the pump house the cranes can deal with 
the heavy valves and castings. The two side walls 
and dead end wall of the railway dock are made water 
tight. Up till the present, four main turbine units 


have been installed, each giving a most economical 
output of 12,000 kw. and a continuous output 





There are also two 650-kw. auxiliary 


of 15,000 kw. 


| doing so, Professor Louis referred to Sir Charles’s 
| brilliant work in a number of industrial fields and 
| stated that it was appropriate that, at the diamond 
| jubilee meeting of the Institute, the members 
should present the Bessemer Medal to a citizen of 
Newcastle-on-Tyne, seeing that the Institute had 
| been started in that city. In accepting the medal 
Sir Charles thanked the President, Council, and 
members of the Institute for the honour they had 
conferred upon him. Passing on to his most recent 
work, which formed the subject of a paper to be 
| considered on the following day entitled “A New 
| Method for the: Production of Sound Steel,” he said 
| he would like to remind the meeting that this work 
had been carried out in association with Mr. Duncan. 


BLast-FURNACE PRACTICE. 
The first two contributions dealt with after the 
| presidential address were the “ First Report on 
Blast-Furnace Plant and Practice,” by Committee 
No. 2 of the Institute, and a paper by Mr. E. H. 
Lewis entitled ‘Twenty Months’ Results of Dry 
Blast Operation.” These two papers were con- 
sidered together for the purpose of discussion. 
The former will be found on page 564 of our issue of 
last week. The report was presented to the meeting 
by the chairman of Committee No. 2, Mr. A. K. 
Reese. Mr. Lewis, who read his paper in abstract, 
stated that the results of four months’ work at the 
Wishaw blast furnaces, with air dried by means of 
a silica-gel dehydration plant, having previously 
been published,* it would be of interest to give more 
complete figures for the twenty months during 
which the plant had been in operation. Table I 
epitomised the results obtained. 
TABLE I, 




















| 
| May, 1927, 
= | 1925. | to 
| |Dec., 1928 

Moisture in atmosphere, grains per cu. | 

.. ae o me ce : 3-21 3-26 
Moisture in blast, grains per cub. ft. s 3°21 1-37 
Output per furnace per week, tons ..| 356-50 403-80 
Percentage increase in output ae | — 13-27 
Total carbon per ton of iron, lb. .. BS 2,055 1,943 
Percentage saving in fuel. . a ‘ x _ 5-45 
Carbon burnt at tuyeres per ton of iron, | 

Ib. Gels aie a es ee 1,593 
Percentage saving in fuel burnt at tuyeres — 6°5 
Balance of available hearth heat per Ib. 

of carbon burnt at tuyeres (according 

to Johnson), B.Th.U. .. oe ze 1,601 1,708 
Theoretical saving in carbon limit at) 

tuyeres (according to Johnson) per| 

cent. aS - - on | _ 6-26 
Average silicon in pig-iron, per cent. 2-90 2-56 





Messrs. Evans and Baileyf had shown the 
importance of silicon content in connection with 
the consumption of carbon in the blast-furnace. 
In Table I the average silicon during twenty months 
was given as 2-56 per cent., as against 2-90 per 
cent. in 1925, while the carbon consumption was 
1,943 lb. instead of 2,055 Ib. Of the total saving of | 
112 Ib. of carbon per ton of iron, 0-34 x 184, or 
63 lb., was connected with the lower silicon content. 
It had been found very much easier to make lower 
silicon iron with dry blast ; in fact, when good coal 
was available it was possible to make basic iron. 
with less than 1 per cent. of silicon and less than 





* See ENGINEERING, vo!. cxxiv, pages 836 and 853 
(1927). 

t+ Journal of the Iron and Steel Institute, vol. cxvii. 
page 53 (1928), and ENGINEERING, vol. cxxvi, page 29 


e 
(1928) 





0-06 per cent. of sulphur, with 90 per cent. of raw 
coal and a carbon consumption of 1,622 Ib. per ton 
of iron. 

The recovery of creosote oil had increased by 
0-718 gallon per ton of coal, owing probably to the 
lower temperature of the top gases. The loss of 
ammonia mentioned in the previous paper had 
proved to be equivalent to 1-13 lb. of ammonium 
sulphate per ton of coal. On three separate occa- 
sions, the moisture in the blast had been below 
1 grain per cu. ft., and each time the burden 
had to be decreased to avoid ‘‘cold” iron. It 
appeared, therefore, that from 1 to 14 grains per 
cu. ft. was the best amount of “dryness” at 
which to aim. Among other advantages of dry 
blast observed during the twenty months, should 
be noticed the absence of slips, the quick recovery 
of sticking furnaces, the improvement in quality 
of pitch due to the absence of slips, and the possi- 
bility of using a larger proportion of soft coal with 
a decreased proportion of coke. The total quan- 
tity of water removed from the blast was 2,373 
tons, or 32 lb. per ton of iron. 

Mr. A. Hutchinson, who opened the discussion, 
said that one of the striking things mentioned in 
the report of Committee No. 2 was the large and 
continually increasing hearth diameter of some of 
the furnaces in the United States. He agreed that 
it was questionable whether, even with an output 
averaging 1,000 tons per day, the limit had been 
reached. The next speaker, Professor T. Turner, 
said that it was approximately 100 years ago that 
the old square blast-furnace: hearth had been 
replaced by the round hearth. It had previously 
been found that the square hearth, when first put 
in, gave smaller yields than after it had been in 
operation for some months. Mr. Oakes, of Dudley, 
had therefore taken what was then considered a 
rash step. He constructed a blast furnace in which 
the hearth was shaped after the manner of a square 
hearth which had been worked for some months 
and had been giving satisfactory results. This 
policy proved a success and marked the commence- 
ment of the adoption of the circular hearth. Pro- 
fessor C. H. Desch, who spoke next, stated that 
when the silica gel in the dehydration plant was kept 
quite free from adulteration with tar it should last 
indefinitely. It was, he imagined, difficult to keep 
the material entirely free from tar, and its life 
might therefore be shortened accordingly. He 
would like to know how far the process was appli- 
cable to the usual English conditions in which coke 
was used. As was well known, raw coal was used 
at Wishaw. Referring to the operation of blast 
furnaces in the United States, he would like to point 
out that the coke he had seen at the Pittsburgh 
furnaces was certainly inferior to that usually seen 
in this country. The good outputs obtained, how- 
ever, were due to the careful grading of the coke. 

Mr. F. W. Harbord thought that good results 


should be obtained if the silica-gel plant were adopted 
for the coke blast furnace. 

was the question of cost. 
drying process had received comparatively little 
attention, largely on account of the high costs 
involved. He would like to know the approximate 
cost of the plant used at Wishaw per 1,000 cub. ft. 
of air passed through. The next speaker, Mr. A. K. 
Reese, who rose to discuss Mr. Lewis’ paper, said 
that speaking from experience of dry-blast opera- 
—— |tion, a dehydration plant should bring about as 
much improvement, if not more, in the working of a 
coke furnace as that realised in the case of a blast 
furnace using raw coal. 
of an optimum dryness in the blast, and had placed 
this at one grain of moisture per cubic foot. 
himself thought that this limit might be lowered. 
Mr. E. C. Evans, who spoke next in the discussion, 
said that Committee No. 2 had stated in their report, 
that an increase of 1 per cent. of ash, in round figures, 
was equivalent to a 2 per cent. decrease in coke 
value, owing to the necessity of melting the ash 
which had replaced 1 per cent. of carbon in the coke. 
This was important; if coke were taken at 17s. 6d. per 
ton, a decrease of 1 per cent. in the ash would increase 


The crux of the matter 
The old Gayley air- 


Mr. Lewis had spoken 
He 


the value of the coke by 4d. per ton. As the iron 
and steel industry was a purchaser rather than a 
producer of coke, it was in its own interest that 
the fullest value should be secured for the coke 
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purchased. With regard to Mr. Lewis’ optimum dry- 
ness, there was no doubt that such a limit existed. 
Professor Bone had found that a diminution of the 
moisture present resulted in increasing the rate 
of reduction of an ore. Further diminution, beyond 
a certain point, however, retarded the reduction. 

Sir Frederick Mills thought that the application 
of the turbine-driven turbo-blower to blast furnaces 
had almost completely banished scaffolding in 
furnaces. The last speaker in the discussion, Mr. 
T. H. Turner, said that the authors had stated in 
their report that machine-casting was becoming 
standard practice, and that this method was now 
much used, even for foundry iron. He felt that 
this was hardly true for this country. We had 
lost markets because our pigs were not uniform in 
size; machine casting had not yet been adopted 
on a large enough scale in this country. 

In the course of his reply, Mr. Reese stated that 
it was, perhaps, not so much the introduction of the 
turbo-blower which had caused a lessening in scaffold- 
ing, as the alteration in furnace lines which had 
accompanied the introduction of the turbo-blower. 
Mr. H. E. Wright, a member of Committee No. 2, 
who also replied, again referred to the statement 


that an increase of 1 per cent. of ash was equivalent | 


to a decrease of 2 per cent. in coke value. He said 
that the figure quoted, namely, 2 per cent., might 
possibly be greater; it was certainly not smaller. 

Mr. E. H. Lewis next replied to the questions 
raised regarding the operation of the silica-gel 
plant at Wishaw. He said that Professor Desch 
had questioned the long life of the gel. Samples 
had been taken for examination every 3 or 4 months, 
ever since the air-drying plant had been installed. 
The gel showed no appreciable variation, and no gel 
had been added to the plant since the commence- 
ment; on the contrary, a certain proportion had 
been removed, as the quantity originally employed 
had been found to be too great. A certain amount of 
tar occasionally did get through with the gas during 
the reactivation of the material. It was found that 
hydrocarbons were deposited on the gel and 
discoloured it somewhat. The reactivating tem- 
perature was raised a little when this occurred ; 
this was quite sufficient to remove the deposit 
formed, and the gel became quite white again. 
The advantages derived from dry blast should be 
quite as great in the case of a coke-using blast 
furnace as they were in the coal-using blast furnaces 
at Wishaw. That this was true was proved by the 
figures obtained by Gayley, and by Mr. Reese’s 
own results. With regard to the financial question, 
he was quite satisfied that the whole of the cost of 
the plant would be wiped out in a very few years. 
It might be noted that the additional creosote 
oil recovered at Wishaw was considerable; much 
greater in fact than they had hoped for. It was 
only in extremely cold weather that the moisture 
in the atmosphere dropped to below 1 grain per 
cubic foot. None of Gayley’s results referred to a 
moisture content of less than 0-98 grain per 
cubic foot. When the atmosphere was exceedingly 
dry it had been necessary to cut off the silica-gel 
plant altogether, otherwise results of the order of 
0-02 grain of moisture per cubic foot would have 
been obtained. When the moisture fell to below 
1 grain per cubic foot a slowing down of the furnaces, 
as well as a tendency towards the production of 
“cold” iron, occurred. 


SmnterR PLANT AT CARDIFF. 


The third and last paper considered by the 
members on Thursday morning was entitled “ The 
A.I.B. Sinter Plant at Messrs. Guest, Keen and 
Nettlefolds, Limited, Cardiff Works,” and was by 
Mr. W. E. Simons, who read it in abstract. This 
contribution to the proceedings will be found on 
page 560 of our issue of last week. 

The discussion was opened by Mr. D. E. Roberts, 
who stated that among the well-known sintering 
plants were those named the Lloyd-Dwight and 
the Greenawalt. The plant which Mr. Simons 
had described was, he thought, an improvement 
upon the latter and had proved a great success: 
The next speaker, Mr. L. Barreiro, said that much 
fine ore, which had subsequently to be sintered, was 
produced in Spain. He was glad to find that 
engineers were being encouraged to adopt the 


sintering process. Mr. F. W. Harbord, who spoke 
next, stated that sintering was becoming more 
and more important in the iron and steel industry ; 
the difficulty of procuring suitable lump ore was 
increasing every year. The lay-out of the plant 
described was excellent, and its cost compared 
favourably with that of any other sintering plant. 
The installation merited the serious consideration 
of all ironmasters who were considering putting 
down a sintering plant. The last speaker, Mr. 
J. T. Tornblad, asked questions regarding the 
number of men employed, the electrical power 
consumed per ton of material sintered, and the 
operating costs generally. In the course of a very 
brief reply, Mr. Simons stated that an output of 
200 tons a day had been guaranteed. A glance at 
the operating results given in Table IV, page 562 ante, 
showed that this had been more than realised. 

At this stage of the proceedings the President 
adjourned the meeting until 2.30 p.m. 





THE ERosION oF GuNs. 


| On Thursday afternoon, May 2, Professor Louis 
|again occupied the chair. The first paper put 
| before the meeting was that entitled ‘ The Erosion 
of Guns,” by Dr. R. H. Greaves, Mr. H. H. Abram, 
and Mr. S. H. Rees. It was read by Dr. Greaves. The 
main conclusion reached by the authors was that 
the erosion occurring in large guns was almost 
wholly due to the melting and sweeping away of 
metal from the bore surface by the rapid stream 
of highly heated propellant gas. We intend to 
reproduce the paper in a future issue of Enat- 
NEERING. 

Colonel N. T. Belaiew opened the discussion. 
He stated that it was still to be proved whether the 
melting and washing away of the upper surface 
layer did always occur in guns of all calibres. The 
authors had, however, definitely proved that surface 
liquefaction took place in their vents. Opinions 
on this matter had been divided in the past. Sir 
W. C. Roberts-Austen had said that he had found 
no evidence of melting. On the other hand, Professor 
D. K. Tschernoff had said that, in small-calibre 
guns and in machine guns, the heat generated was 
so great that the upper layer of the bore was heated 
above the melting point of the metal and was 
washed away. In view of the fact that Tschernoff 
had confined his statement to certain guns of the 
smaller calibres, he wished to know if the authors 
were quite convinced that the liquefaction of the 
upper layer could definitely be shown to take place 
in big-calibre guns. The theory of volume changes 
had been advanced by many to explain erosion. 
A gun barrel of any material was subjected to 
drastic heating and cooling. The changes in volume 
were the primary cause of fissures which later 
developed into cracks. Particles of the material 
became detached and were carried away, and thus 
erosion commenced and continued. The authors 
had expressed a rather gloomy view when they had 
hinted that there was no metallurgical remedy to 
the problem under discussion. This was quite in 
keeping with their theory, however. Those who 
favoured the volume-change theory did see a 
possible remedy. They argued that a plastic 
material would withstand erosion better than one 
which was very hard. 

Professor T. Turner, who continued the dis- 
cussion, said that cracks appeared in hot-stamping 
dies, similar to those described and illustrated by 
the authors. On the cold surface of the steel die 
was placed a quantity of, say, 60 : 40 brass, which 
was at a temperature certainly above the lower 
change point of the steel. This constant repetition 
of heating and cooling caused cracks to appear 
on the die; they became deeper and deeper until 
the die became useless. The next speaker, Dr. 
W. H. Hatfield, thought that there was abundant 
evidence in the paper to justify the authors’ con- 
clusions. It was conceivable that the metal of 
the bore would be removed in the manner suggested 
by them. He would like to emphasise the fact 
that, during the course of the late war, it had been 
found that the life of guns was much more con- 
siderable than had been thought probable. Dr. H. 
Moore, who spoke next, stated that his views coin- 
cided with those of the authors. Many theories 
‘had been put during past years to explain erosion. 








The chemical theories of nitrogenisation, carburisa- 
tion, and oxidation had been based upon inadequate 
evidence. The theory of the present authors rested 
upon many years of observation and careful and 
well-designed investigatory work. Other workers 
had laid stress on the fact that erosion was accom- 
panied by a hardened surface skin and substantial 
cracking of that skin. He himself very much 
doubted whether the fissures and hardened skin 
influenced erosion to any great extent. ‘The sugges- 
tion that erosion took place owing to the leakage of 
the gas past the driving band and between the 
driving band and the bore was entirely untenable. 
The driving band naturally sealed best on the 
lands of the rifling of the gun, and the above theory 
would naturally demand that the erosion should be 
a@ maximum at the grooves and at a minimum on 
the lands. Quite the opposite, however, took place. 
The authors had proved their conclusions as well 
as conclusions on this particular problem could be 
proved. A full-size experiment was too costly. 
The experiments conducted showed that the 
evidence pointed strongly to the conclusion that 
erosion was caused by the melting and removal of 
a thin layer of metal. 

The last speaker, Professor F. C. Thompson, 
was of the opinion that the data contained in the 
paper indicated that the authors had made out a 
strong case for their theory. Colonel Belaiew 
had said that erosion might be primarily due to 
cracks brought about by repeated heating and 
cooling. If tests were made using a vent made of 
ordinary gun steel and further tests conducted on a 
similar vent the interior of which had been plated 
with pure iron of appropriate thickness, valuable 
information might be obtained as to whether the 
volume changes in the material, or the melting 
of the upper layer, was the factor of outstanding 
importance. In the course of a brief reply, Dr. 
Greaves stated that the authors had to own that 
they had no direct proof that their theory of the 
melting of the surface layer was the correct one. 
The whole theory was, however, the result of 
entirely justifiable inference. The vent tests were 
not only useful to measure the erodibility of 
steel, but also the erosive characteristics of pro- 
pellants. They were convinced that the vent-test 
results had given them a true view of what hap- 
pened in a given tube. Professor Thompson’s 
suggestion was an interesting one, but as the volume 
changes and the erosion both took place on the 
surface layer he did not think that experiment 
on the lines indicated would lead to useful results. 


PICKLING OPERATION AND THE PROPERTIES OF 
STEEL. 


“The Influence of Pickling Operations on the 
Properties of Steel,” by Mr. H. Sutton, was the 
next contribution considered by the meeting. Mr. 
Sutton, in presenting his paper, stated that, in 
general, steel was embrittled by pickling in the 
usual manner in sulphuric acid and other acid 
solutions. The degree of brittleness was dependent 
on the composition and condition of the steel, as 
well as upon the conditions of pickling. The 
brittleness produced by pickling a particular 
steel was, in general, greatest when the steel was 
in the hardest condition, and least when the steel 
was in its softest condition. Immersion in boiling 
water for 30 minutes substantially removed the 
brittleness due to pickling, giving practically the 
maximum recovery. The same result was achieved 
by allowing the pickled steel to stand for several 
days at normal temperatures. If medium- and 
high-carbon steels, hardened, and tempered in a 
certain range of temperature, were subjected to 
deformation while in that condition, they were 
liable to develop cracks during pickling at the 
places where deformation had occurred. These 
steels, when oil-hardened from 850 deg. C., and 
tempered at 300 deg. C., or in some cases at a lower 
temperature and then subjected to deformation, 
developed pickling cracks. These cracks were 
produced during the pickling operation, and com- 
plete fracture might ensue. Pickling cracks had 
not been observed in the mild steel or in the 
alloy steel investigated—a high-tensile steel of the 
nickel-chromium type, containing 0-18 per cent. 
carbon, 3-78 per cent. nickel, and 1-16 per cent. 








chromium, The addition of certain organic sub- 
stances to a pickling bath affected the attack of 
the acid upon the steel. So far, it had been found 
that the addition of organic substances and colloids 
to the pickling bath did not prevent the embrittle- 
ment of the steel, but certain compounds diminished 
it considerably, notably pyridine and quinoline. 
Pickling electrolytically in neutral and alkaline 
solutions could, under certain conditions, be 
effected without appreciable embrittlement of the 
steel. In this respect anodic pickling was generally 
found to be less injurious than cathodic. 

Dr. W. Rosenhain asked Mr. Sutton if he had 
endeavoured to arrive at an explanation of the 
cracking, and of the mechanism of the cracking. It 


ENGINEERING. 








[MAy I0, 1929. 








believed that a compound had been formed between 
the metal and the gas, and three considered that no 
such compound had been formed. This gave an 
idea of the difficulties involved. No corresponding 
work had been done on iron. There was no doubt 
that stresses were developed during the pickling 
operation. When a specimen of steel was placed in 
an acid bath, the surface was removed and this 
caused distortion to occur. He agreed that corrosion 
fatigue was closely related to pickling embrittlement. 
| It seemed inconceivable, however, that the brittle- 
|ness was merely a surface effect. He had quickly 
| ground off the surface of one of his specimens after 
| pickling, and had ascertained that the brittleness 
still persisted under the surface. In answer to 





was obvious that it was bound up with the question | Professor Louis, he was of the opinion that if a 


of internal stress due to the absorption of hydrogen | colliery rope were in prolonged contact with acid 
during pickling. Did the recovery imply the sub- | Mine water this would be bound to have an adverse 


stantial removal of the hydrogen from the steel, or 
that a change took place in the hydrogen within the 
steel. It was quite easy to assume that the hydro- 
gen passed out of the steel, but definite information 
on this point ought to be obtained. A large 
amount of work had been done on the simultaneous 
effects on materials of corrosion and of fatigue, 
and the action of pickling might be similar. The 
next speaker, Mr. T. H. Turner, informed Mr. Sutton 
that, in the Birmingham University library, there 
existed a thesis by Mr. I. G. Slater which contained 
a series of tests dealing very completely with the 
problems under discussion. Mr. Slater had first 
tested a number of wires and afterwards a whole 
range of carbon steels. He had found that, accord- 
ing to the notched impact test, the material became 
tougher as a result of pickling. This might be 
due either to the enlargement of the notch itself 
or to the dissolving away of cold-worked material 
at the bottom of the notch. 

Professor T, Turner agreed that the mechanism 
of the brittleness under discussion needed investiga- 
tion. Apparently the hydrogen entered into solid 
solution with the iron. While present it produced 
this remarkable embrittlement and then passed 
out again leaving the steel unchanged. Mr. J. H. 
Whiteley, the next speaker, thought that an investi- 
gation of the presence or absence of hydrogen in 
steel might be conducted with the aid of the method 
for the estimation of hydrogen in steel to be placed 
before the meeting on the morrow by Mr. T. E. 
Rooney and Dr. G. Barr. The fact should not be 
lost’ sight of, however, that the mere passage 
through the material of atomic hydrogen might 
cause brittleness. The type of brittleness dis- 
cussed by Mr. Sutton, and that to be brought up at 
a later stage of the meeting by Mr. G. R. Bolsover, 
were each removed by slight heating. He knew of 
still another case of brittleness in mild steels which 
had been galvanised. In this case, the annealing 
had to be carried out at a temperature of 500 deg. C. 
before the brittleness could be removed. 

Mr. J. Mitchell, who followed, stated that he 
had recently carried out work on the same lines as 
Mr. Sutton and had confirmed his results. Prac- 
tically all the mild steels of commerce were subject 
to this brittleness. The boiling-water treatment 
cured it, as allowing the material to stand for a few 
days at room temperature also did. His colleagues 
and himself had found that the presence of silicon 
had a considerable effect on the occurrence or non- 
occurrence of the phenomenon. The temperature 
of the pickling solution might also have something 
to do with the susceptibility of the material to 
brittleness. In closing the discussion, Professor H. 
Louis said that he knew of odd cases of colliery 
ropes breaking suddenly without any apparent 
reason. They were usually made of medium-carbon 
wire, and a considerable amount of work had been 
done on the material. Mine waters were occasionally 
acid, and he would like to know if it were possible 
for such adilute acid to produce the brittleness 
referred to. 

In the course of his reply to the discussion, 
Mr. Sutton said that the determination of the 
reason for these pickling cracks was a problem 
beset with many difficulties. The form in which 
the hydrogen was present in the steel was difficult 
to determine. He had carried out work on hydro- 
genised palladium. 


amined this material under the X-rays, three 


Of six workers who had ex- | 


effect on the rope. 


THE PROPERTIES OF SPRING STEELS. 


| The last paper dealt with on Thursday afternoon 
| was by Dr. G. A. Hankins and Miss G. W. Ford. 








It was upon the subject of ‘“‘ The Mechanical and 
Metallurgical Properties of Spring Steels as Revealed | 
by Laboratory Tests,” and was read in abstract by 
Dr. Hankins. The authors stated that the major 
part of their present paper formed a continuation of 
an investigation published by the Iron and Steel 
Institute in 1926.* The contribution now before 
the meeting gave the results of laboratory tests on 
a low-chromium steel (0-56 per cent. Cr.), a high- 
chromium steel (1-14 per cent. Cr.), a nickel- 
chromium steel (3-42 per cent. Ni, 0-60 per cent. 
Cr.), and two water-quenched carbon steels, (0-60 
per cent. and 0-46 per cent. C, respectively). The 
results obtained represented the properties of the 
materials as revealed by laboratory tests on prepared 
polished specimens, and the fatigue limits ascer- 
tained were much higher than would ordinarily be 
given by spring plates or wires in the normal condi- 
tion in which they were used in practice. Thirty- 
three fatigue-limit determinations had been made 
on the steels, and the ratio of the fatigue limit in 
tons per square inch to the Brinell number varied 
within the comparatively narrow range of 0°091 
to 0-115, with a total mean value of 0-105. 
It appeared that the endurance fatigue limit 
(rotating-cantilever method) of a spring steel pos- 
sessing a Brinell number between 320 and 500 
and a martensitic structure, could be estimated 
roughly from the approximate rule that the fatigue 
limit in tons per square inch was one-tenth of the 
standard Brinell number. A typical nickel-chromium 
steel, which was not usually regarded as a spring 
steel, gave fatigue values which were very similar to 
those obtained from spring steels, It did not follow 
that the approximate equality of several of the 
steels in resistance to fatigue would also hold for 
plates or wires in which unknown disturbing surface 
factors were present. The present fatigue deter- 
minations formed an essential preliminary, however, 
to a detailed examination of surface defects. 

The elastic moduli determinations were fairly 





constant for each steel, irrespective of the heat 
treatment, and, except for the low-chromium steel, 
the mean values for all the steels were about the 
same. Excluding the low-chromium steel, 62 deter- 
minations of the tensile modulus of elasticity had 
been made, and the results varied from 29-5 x 106 
to 30-9 x 10° lb. per square inch, with a total 
|mean value of 30-1 x 10® Ib. per square inch. 
|Similarly, the modulus of rigidity varied from 
/11-3 x 106 to 11-9 x 10 lb. per square inch, with 
| a total mean value of 11-6 x 10°lb. per square inch. 
| For normal design purposes, it was suggested that 
begs values 30-1 x 10° Ib. per square inch and 
| 11-6 X 10° lb. per square inch for the two elastic 
|constants might be used with safety for all spring 
| steels, irrespective of composition or heat treatment. 
| The discussion was opened by Dr. T. Swinden, 
| who stated that the stress laid by the authors on 
| the importance of avoiding, as far as possible, all 
surface irregularities was somewhat disturbing. 
| Their conclusions were, however, in line with other 
| work published. They had stated that the best 
| results were obtained when the surfaces of the spring 











* See Journal of the Iron and Steel Institute, vol. cxiv, 
page 265 (1926). : 


plates were completely ground and polished after 
the final heat treatment. This was, in his opinion, 
a commercial impossibility. The best that could be 
done was to polish the material before heat treat- 
ment. The next speaker, Dr. W. Rosenhain, empha- 
sised the immense importance of the surface condi- 
tions on the fatigue properties of the steel. A slight 
difference in the character of the surface of a number 
of spring steels might outweigh altogether all the 
other properties of the materials no matter what 
their chemical composition might be. Dr. Swinden 
had said that the polishing of a finished spring was 
a commercial impossibility. It was being carried out, 
nevertheless, by at least one of our motor-car manu- 
facturers. When the nature of these surface effects 
had been fully determined, he thought it would not 
be beyond the power of our manufacturers to meet 
the conditions imposed. The present research had 
revealed a state of affairs which had not been sus- 
pected by steelmakers, or by spring makers and 
users. 

Mr. S. A. Main, the last speaker, stated that 
judged by the results put forward, there did not 
appear to be much choice between the various 
alloy steels investigated. He would like to urge, 
however, that the fatigue tests carried out were 
somewhat limited in character. If these tests had 
been wider, considerable differences in the properties 
of the various steels would have been found. Again, 
a silico-manganese steel would prove to be a better 
material to place in the hands of the practical 
man than the chromium steels used in the present 
investigation. The authors had said that the 
immediate value of the work lay in showing that 
nearly all the steels investigated could be so heat- 
treated that they gave a high resistance to bending 
fatigue, whereas the actual resistance of com- 
mercially heat-treated spring plates was low. 
He himself took exception to this implication. In 
any reputable steelworks the heat-treatment of 
steel spring plates was well carried out under 
strict pyrometric control. 

Owing to lack of time, the President asked the 
authors to reply in writing, and adjourned the 
meeting until 10 a.m. on the following day. 


ANNUAL DINNER. 

The annual dinner was held at the Connaught 
Rooms on the evening of the 2nd inst., the P'vesident, 
Professor Henry Louis, being in the chair. As was, 
perhaps, not surprising, in view of the recent history 
of the iron and steel industry, the various speeches 
tended to concern themselves with trade, rather 
than technical matters. The note was set by 
Sir Philip Cunliffe-Lister, who proposed the toast 
of “The Iron and Steel Institute.” He thought 
that, on the whole, the manufacturing equipment 
of the industry in this country was as good as 
was to be found in any part of the world, but 
co-ordination was necessary to bring down the 
costs of production. The President, in replying to 
this toast, suggested that the Government was 
hardly helping a struggling industry by trying to 
get income tax out of the Iron and Steel Institute 
and similar non-trading technical bodies, whose 
whole activity was connected with the advance of 
knowledge and improvement of practice. The 
toast of “The Iron and Steel Industries” was 
proposed by Sir Henry Fowler, and in reply to it, 
Sir William Larke said that, in their rating bill, the 
present Government had initiated an industrial 
policy which had great potentialities. The toast 
of “‘The Guests” was proposed by Sir William 
Ellis, and replied to by Mr. Maurice Gibb. 


(To be continued.) 








EXTENSION WORKS AT THE PORT 
OF HAMBURG. 


By Brysson Cunnineuam, D.Sc., M.Inst.C.E. 


Tue port of Hamburg during the past ten years 
has exhibited one of the most striking examples of 
commercial vitality which it seems possible to 
conceive. Just before the war it had built up its 
overseas traffic to a level verging on 30,000,000 tons 
of shipping entered and cleared per annum, so that 
it ranked immediately after London and Liverpool 
as chief European seaport. The only near com- 
petitors on the Continent were, in fact, Antwerp and 
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of about 40 ft. The following description is from 
his notes and from information which he obtained. 
The diagrams have been prepared from plans 
courteously furnished him by the Wasserbaudirek- 
tion (Harbour Construction Department), of which 
Herr Dr. Ing. L. Wendemuth is the head, to whom 
he is also indebted for the photographic views. 

As a preliminary, it may be remarked that the 
accommodation for shipping at the port consists 
at the present time of 23 main basins, or “ hafens,” 
all compactly concentrated along the two banks 
of the Northern Elbe within a district roughly 
three miles long by two miles wide. The general 
plan in Fig. 1 shows the arrangement of these basins, 
with their connecting cuts or passages, and the 
canal system of the port, which is an outstanding 
feature and suggests a comparison with Venice, 
the city of canals, though the environment is more 
strictly utilitarian and scarcely so picturesque, 
having, nevertheless, to the observant visitor, a 
distinct attraction of its own. 

A notable feature of the port is the free-port 
area, in which goods may be landed for manipula- 
tion and re-export without being subject to the 
imposition of customs dues. The customs boundary, 
indicated on the plan by broken lines, is defined by 
unclimbable fencing and floating palisades, the 
shore entrances being guarded by police and the 
water entrances patrolled by customs launches. 

The basins, or hafens, aggregate in water area, in 
round figures, some 1,250 acres for sea-going vessels 
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and 850 acres for river craft. The more important 
basins have depths up to 36 ft. at mean high water, 
some being as much as 40 ft., to which standard 
the newer basins are being made to conform. The 
total water frontage runs to 36 miles, and, in 
addition, there are 20 miles of rows of dolphins 
(duckdalben) for midstream discharging and loading 
operations. The actual usable quayage amounts 
to 20 miles in deep-water basins and 10 miles in 
shallow basins for barges and river craft. 

The term basin has been used above as the 
equivalent of the German “hafen,” instead of 
dock, because in the proper and strict sense of the 
word there are no docks at the port. It is true 
that in some cases sliding gates or caissons are 
installed across the entrances, but these are not 
for the purpose of impounding the water at constant 
level, but for the exclusion of the river current 
which at times is very strong and would interfere 
with the convenient carrying on of overside opera- 
tions in the basins. Partly also, they are for the 
purpose of excluding detritus brought down- 
stream by the current and liable to be deposited in 
quiescent areas. They are certainly not necessary 
on account of tidal fluctuations, which, as a general 
rule, are very moderate, the difference between 
mean high and mean low water being only about 
6} ft. 

“The gates, or caissons where provided, are double 
and one gate is always closed, but there is no 
delay to craft passing through the intermediate 
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chamber, since no water levelling operations are 
necessary. The second gate or caisson is opened 
immediately the first is closed. 

Reverting to the principal subject of this article, 
the Griesenwarder Hafen is a new basin for sea- 
going and river craft located on the island of 
Waltershof on the south side of the northern 
branch of the river Elbe, lying parallel and adjacent 
to the Waltershofer Hafen on the one side and to 
the Kohlfleth, a branch of the Elbe, on the other; 
see Fig. 1. The basin has parallel sides and is 
mainly rectangular in shape, with an enlargement 
at the innermost extremity, where there is a passage 
way to, or connection with, the existing Rugen- 
berger Hafen, and with a deflection in direction 
at its outer portion. Over all, it is designed to 
have a total length, along the centre line, of about 
1,700 m. (rather more than a mile), with a width 
of 150 m. (492 ft.). The depth below zero datum 
will be at first 8-90 m. (28 ft. 6 in.), equivalent 
to 38 ft. 9 in. below mean low water, ultimately 
to be increased, as in the case of the more modern 
hafens at the port, to a depth of 40 ft. at low water. 
As will be seen in the transverse section across the 
hafen given in Fig. 2, it is not intended to construct 
quay walls on both sides, for the present at any 
rate. The south side only will be provided with 
a vertical faced wall, the other side consisting of 
a 3 to 1 sloping bank, the foot of which will be 
marked by rows of dolphins or duckdalben, along- 
side which vessels can be moored for overside 
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transhipment operations. It is a common practice 
at the port to construct new basins in this manner, 
providing quayside and transit shed accommodation 
at one side only until such time as a demand arises 
for further continuous quayage, when the second 
side is taken in hand and similarly equipped for 
the landing and reception of goods. The section 
in Fig. 2 does not show any transit shed on the 
south quay; this will mark a further stage in the 
process of development, the quay being utilised 
in the meanwhile for goods (mainly of the bulk 
variety) to be transported direct by rail, without 
the necessity for preliminary sorting and temporary 
storage under cover. 

The basin is being excavated in open ground, 
formerly pasturage or marsh land, and the material 
so obtained, as well as other dredged material, 
will be utilised to raise the level of the ground 
behind the wall from 5 m. above zero level to 
9-20 m. (30 ft.) above zero level, or 13 ft. 6 in. 
above mean high water, an elevation which is 
adopted generally throughout for the quays of the 
port, and is due to the necessity of making provision 
for abnormal tidal levels. There is a record of a 
tide in 1825 which reached a height of 28} ft. 
above zero, but normally the tides do not exceed 
a height of 26 ft. 

The slope below low water on the south side 
of the basin is in two sections, with an intermediate 
berm or ledge, 5 m. (164 ft.) wide, at a level of 
1 m. (3-28 ft.) below zero. There is another berm 
2 m. (64 ft.) wide at 3-20 m. (104 ft.) above zero, 
whence the 3 to 1 slope continues to the levei of 
5 m. above zero. Mean low-water level is 2-90 m. 
(9% ft.) above zero. 

The duckdalben at the foot of the slope are 
groups or clusters of round whole timber piles, 
driven into the ground to a depth of 6 m., or there- 
abouts, forming a truncated conical structure, 
2 m. in diameter at the top, securely strutted, 
wedged, bound and bolted so as to form a fixed 
mooring attachment for vessels. The piles are of 
substantial scantling, being natural logs up to 
50 in. in girth. These duckdalben are common 
features of the basins of the port, varying in 


construction with the nature of the traffic. Groups 
consisting of 9 to 16"piles are installed in basins for 
sea-going vessels of light draught, while for deeper 
draught vessels, as many as 24 piles may be :in- 
corporated. The average distance between dolphins 
in the latest type of basin is about 115 ft. 

The quay wall on the south side of the basin, at 
present under construction, has a length of 1,160 m. 
(1,268 yards), and its general arrangement is shown 
in Fig. 16. The cross section in Fig. 3 shows it 
to be founded on rows or sets of piles of the same 
kind as those used for the duckdalhen, all, except 
the rearmost, driven at a rake, more or less inclined, 
to a depth of not less than 5 m. into the ground, 
the tops being cut off at a level of a few inches 
below mean low water. The arrangement of the 
piles is set out in the pile-foundation plan, Fig. 15. 
At the extreme back of this foundation work is a 
continuous line of tongued and grooved timber 
sheet piling, 30 cm. (10 in.) thick, forming a retain- 
ing wall for the ground behind. The bearing 
piles are arranged in alternate rows longitudinally, 
1-8 m. (6 ft.) apart. One row includes a back 
trestle formed by a vertical pile bolted and bound 
by an iron band to another pile having a for- 
ward inclination of 2} to 1. A detail of this 
head attachment is given in Fig. 10. Combined 
with the back trestle are a row of three piles, 
towards the front of the wall, having a common 
inclination of 15 to 1. The alternate row com- 
prises three raking piles in line, having a forward 
inclination of 2} to 1 and arranged about midway 
in transverse section. The heads of these three 
piles, and of the trestle pile in row No. 1, project 
into the concrete superstructure, but the other 
three piles in row No. 1 are cut off at the underside 
of the stepped wood decking, or platform, 1% in. 
thick, which, on its cross-bearers, forms the base 
and support for the concrete work while in course 
of deposition. The photographic views in Figs. 17, 
above, and 19, on page 578, show the tops of the 
driven piles, in the first case before the timber 
platform was laid, and in the second case with the 
platform ready to receive the concrete superstructure. 





The platform is 10 m. (33 ft.) wide from back to 
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18. CoNCRETING PLANT. 


front, and the concrete wall is carried up thereon 
from low-water level to coping in a series of steps, 
the two rearmost of which are 2} m. wide and the 
next, 2m. wide. Then follows a slope 1-68 m. in 
width, extending to the base of the coping, which 
is 1 m. wide. The body or bulk of the wall is of 
concrete, which is deposited from concrete mixers 
through chutes, a view of whichis given in Fig. 18, 
and as the writer observed, in an unusually dry, 
almost powdery or granular, condition, similar to 
the consistency of Limmer asphalte when used for 
street paving. To ensure solidity, the surface of 
each layer, as deposited, is rammed with a pneumatic 
rammer, but even after this operation, the writer 
failed to discover any definite signs of moisture 
on the surface. Nevertheless, the portion of the 
work which had set was obviously perfectly sound, 
compact and homogeneous. The composition of 
the concrete has been given to the writer as 6 to 1 
for the lowermost layer of 2 ft. 6 in. (0-75 m.), and 
8 to 1 for the upper layers. In the former mixture, 
250 kg. of cement with 1-12 cub. m. of gravel-sand 
aggregate, and in the latter, 200 kg. of cement with 
1-20 cub. m. of gravel-sand aggregate, produced 
1 cub. m. of compacted concrete. “‘ Granit”’ iron- 
Portland cement from Liibeck Smelting Furnaces, 
Alsen Portland Cement, and Holstein Portland 
Cement from Ligersdorf are employed, with gravel- 
sand containing 45 per cent. of gravel (particles over 
5 mm.). 
The mean strength of the mixture from a number 
of tests is given as follows :-— 
6 to1 mixture: After 7 days, 78-7 kg. per sq. cm. ; 
after 28 days, 139-4 kg. per sq. cm. 
8to1 mixture: After 7 days, 62 kg. per sq. cm. ; 
after 28 days, 110 kg. per sq. cm. 
The concrete work is reinforced by three rows 
of steel rails laid horizontally just above the 
timber platform, and by vertical rails at the 
counterforts, which are 22} m. apart. Expansion 
joints, as indicated in Fig. 14, are provided every 
45 m. Vertical drainage is inserted at the back 
of the wall. The face of the wall, shown in 
Fig. 20, page 578, consists of a lowermost course 





of granite with basalt random work from 10 in. to 
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14 in. thick above, capped with a”granite coping, 
into which massive cast-iron bollards (Figs. 13 and 
14) are set at intervals of 22} m., corresponding to 
the distance apart of the counterforts. Mooring 
rings for small craft, and ladders giving access to 
and from water level, are also provided. Projecting | 
from the face of the wall sufficiently to protect the | 
mooring rings and ladders, as will be seen in Figs. 13 | 
and 14, are a series of vertical fender piles arranged | 
74 m. apart, driven with a batter of 10 to 1, and tied | 
in at the top to the coping and at intermediate | 
levels to the wall by means of stout iron bands, | 
shown in detail in Figs. 8 and 9. Details of the | 
anchor block are given in Figs. 11 and 12. 

A view of the completed wall showing the basalt | 
facing and the granite quoins at the southern | 
return end is given in Fig. 20. Alongside will be | 
observed the dredged cut or channel, in which the | 
piles and timbers for the work have been floated. | 
The removal of the spoil from below the level of | 
the top of the piled foundation remains to be | 
carried out. The hafen will be dredged, as already 
stated, to a depth of about 9 metres below the 
surface of the channel as seen in the photograph 
reproduced in Fig. 20. 

The wall, as described above, and as illustrated 
in the diagrams, may be taken as typical of German 
port-engineering practice at the present day. It is 
similar in type, if not in full detail, to other walls 
at the same port and also, as the writer observed, | 
to walls at the ports of Bremen and Bremerhaven. 

At the time of the author’s visit to Hamburg, 
work was being energetically pushed forward, and 
a considerable length of the wall was completed 
from foundation to coping, the remainder being at 
various stages from just below coping level to the 
driving of the foundation piles. The wallis expected 
to be completed in the course of the next twelve 
months. 





ROADS AND ROAD TRANSPORT.* 


By Sir Henry Peroy Maysory, G.B.E., K.C.M.G., 
C.B., M.Inst.C.E. 


Ir is well, occasionally, to pause, and to take stock 
of the nature and value of development in any move- 
ment, and it seems particularly appropriate that, 
at the end of a decade after the termination of the 
Great War, we should turn to the subject of transporta- 
tion on highways, having regard to the past history 
and the development that has taken place, and see, 
with such imagination as we possess, what are the 
prospects of the future. 

Further, there would appear to be a happy coin- 
cidence in a consideration of this subject at this time 
by the Institution, because we have just celebrated the 
centenary of the granting of our Charter, and, by a 
memorial erected in Dumfriesshire, have testified—as 
is right and proper for engineers of the present day to 
do—to our admiration of and respect for the memory 
of the first President of the Institution, who, in his 
day and generation, attained great eminence, and 
whose character and ability have proved to be a great 
influence for good upon the engineering profession. 

Thomas Telford, by his genius and directness of 
mind, conferred untold advantages upon the then life of 
Great Britain. Telford was not only a great engineer, 
but he combined with that accuracy of intellect, great 
statesmanship, which enabled him to exercise immense 
power over the governments of his day, and to 
persuade them that, by the judicious expenditure of 
money in the cause of transportation, they would 
indeed help forward the cause of civilisation. 

Historical.—Professor Patrick Geddes, in his analysis 
of the road question, in his imagination visualised 
a pathway cut through a dense forest which eventually 
led to the banks of a wide river, where it was possible 
to make a crossing by either a ford or a bridge. Having 
secured this crossing, then other pathways from more 
distant places were connected to it, and eventually 
the neighbourhood became so important that tents 
were pitched, and dwellers in large numbers came to 
occupy the land immediately surrounding the river 
crossing. The professor suggests that the city of 
Paris sprang from such early and primitive beginnings, 
and the fine roads, which we now know as the Routes 
Nationales of our great allied country on the other 
side of the English Channel, testify to the evolution 
of the road system of that country, and of the work 
of the civilengineer. What is true of the development of 
the city of Paris is equally true of our own capital city. 

Our knowledge includes the tracks formed by that 











* The Thirty-Fifth James Forrest Lecture, delivered 
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Neolithic race which constructed Avebury and Stone- 
henge, to whose temples and meeting places located 
at these two central points, many tracks converged. 
In the light of recent knowledge there is no doubt 
that ancient British trackways radiated from Stone- 
henge along several weil defined routes, east to Sussex 
and Kent, south to Dorset and Hampshire, north to the 
Wash and the Norfolk coast, and along the Cotswolds, 
and west.to the Mendipsjandijthe Severn Estuary. 
Another series radiated from the London which the 
Britons had founded on the banks of the Thames. 
There is evidence of routes which ran to Canterbury, 
Colchester, Norfolk, York, and west along the Berkshire | 
downs to the Temple at Avebury. 

Many of the ancient trackways were adopted by | 
the Romans in their initial military occupation, as, 
for example, the London-Colchester Road. Under 





that occupation there was developed the first organised | 
creation of a road system to serve the country as a! 
whole. 

The Roman occupation passed, and with its me 
cession nearly the whole of the Roman road system | 
fell into decay. A road once formed is, however, a 
most difficult feature to erase from the landscape, 
and a fair record exists of their labours. The civil 
disturbances, together with the ignorance and mis- 
understandings peculiar to the Dark Ages, reduced 
road communications to the roughest and most 
primitive condition. Out of this slowly and painfully 
emerged a new road system, inadequate, indirect, and 
ill-maintained, ill-adapted even to the requirements | 





of its day, but which, nevertheless, contained a feature 
essentially English in character, the meandering, 
loitering, homely, and picturesque English highway. 
Later improvement in roads generally, and especially 
in road surfaces, has been the direct outcome of the 
demand made by the wheel for improved travelling 
conditions. The dual character of the problem, 
therefore, cannot be too strongly insisted upon, in 
relation both to “ loading factor,” and to the engineering 
considerations involved in the construction and use 
of motor vehicles. The later portion of the Eighteenth 
Century, and the first quarter of the Nineteenth 
Century, witnessed the heyday of the stage coach upon 


| English roads. 


The railway era, beginning with the opening of the 
Stockton and Darlington line, opened in 1825. This 
new form of locomotion commended itself so much 
to the public and to investors, that capital was freely 
subscribed, and construction advanced at so great a 
rate that, in 1848, the last long-distance stage coach 
was run off the road, this being the ‘‘ Bedford Times,”’ 
which operated between the “‘ Swan ” Hotel, Bedford, 
and the ‘‘ George and Blue Boar,” London, doing the 
journey including stops, at 10} m.p.h. 

During the later period of the life of the horse- 
drawn stage coach, the inventive genius of many men 
was quickened into devising a self-propelled machine 
for roads, capable of doing the same work. William 
Murdoch, in 1874, had constructed a working model 
which functioned satisfactorily in that form, but he 
was persuaded to discontinue his efforts, and did not 
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patent his invention. Trevethick and Symington also 
took up the problem, but the most successful efforts 
at a later stage were those of William Hancock and 
Goldsworthy Gurney. 

Gurney’s design achieved considerable success, and 
contained, among other features, a faultless boiler 
“* designed on philosophical principles” so that if it 
burst, it would harm no one. Unfortunately the 
‘** philosophical boiler”? did burst, on one of the 
carriages running in Glasgow, in 1831, and two boys 
were seriously injured. Much opposition and _pre- 
judice arose from sources more or less directly interested 
against this mode of locomotion, but despite this 
opposition and the difficulties of the times, Gurney 
persevered, and established services which ran from 
London to Liverpool, Manchester, Brighton, South- 
ampton, and Holyhead. These services met with so 
much favour in principle that a Select Committee of 
the House of Commons, which had been appointed to 
consider the whole question, reported : ‘‘ That these 
carriages could be propelled at an average rate of 
10 m.p.h., and would become a cheaper and speedier 
mode of conveyance than horse coaches, and that 
they were perfectly safe.” 

A Parliamentary Committee also expressed the 
opinion that Gurney’s machines “ were foremost for 
practical utility,” though it is certain that William 
Hancock was equally successful with his inventions. 
In 1831-32 he had plied for public hire with an omnibus 
between Stratford and the City, and also between 
Paddington and the City, and maintained the regular 
running of three vehicles. He was so successful with 
his vehicles, that journeys were run to Brighton. 

But the Turnpike Trustees raised their tolls against 
the steam coach, and thus handicapped the new mecha- 
nical form of transport. Tolls between Liverpool and 
Prescott amounting to 4s. per horsed coach, became 
21. 8s. for a steam carriage, and between Ashburton 
and Totnes the 3s. toll for a stage coach was increased 
to 21. 

Railways which were now freely attracting capital 
became their greatest opponents, and by 1836 they 
were finally defeated, and withdrew from a contest 
they could no longer maintain. 

From the railway era until about the year 1878, the 
highways of the country did not excite more than local 
interest, save that during that period various Acts of 
Parliament were passed, legalising the use of large loco- 
motive engines in connection with agriculture, and with 
the haulage of materials required for commercial deve- 
lopment. The roads at that time were under the control 
of Highway Boards, the area of whose responsibilities 
was determined by the grouping of a series of Parishes. 
Grants were made from Government sources towards 
the cost of many local services including that of through 
roads, and such payments were insured to the High- 
way Boards by a certificate being presented by an 
officer of the county to the magistrates in Quarter 
Sessions assembled. The amount of Government 
assistance to roads in that period was, however, quite 
negligible. 

In 1888 probably one of the most important Local 
Government measures was enacted, which brought into 
existence in England and Wales the bodies we know 
as County Councils, and, in the following year, a similar 
Act was passed creating like bodies in Scotland. There 
are 62 such bodies in England and Wales, and 33 in 
Scotland. The County Councils had very far-reaching 
duties entrusted to them, amongst which was the control 
of main roads as defined by the Act of 1878, and, in 
addition, they had power to declare such other roads 
‘* main roads ” as, in their opinion, should be so declared 
by virtue of their through character, and the volume 
of traffic passing over them, the obvious intention of 
the legislature being that the maintenance of such 
roads should become a county-at-large charge, as dis- 
tinct from a district or local charge. 

The inauguration of County Councils, and the duties 
which the Act transferred to and imposed upon these 
new bodies, foreshadowed large expenditure, to meet 
which additional State assistance was provided in 
the form of Exchequer grants, the service of roads 
being assured of an annual payment of a sum equal to 
one-half of the cost of the maintenance, as certified in 
the year in which the Act was passed. The total cost of 
maintaining the then existing main roads of England and 
Wales was from 4,000,0001. to 5,000,000/. only perannum. 
This cost was not materially increased until, in 1896, 
an Act of Parliament, known as the Locomotives on 
Highways Act, received the Royal Assent. The Act 
of 1896 abolished the man with the red flag, and gave 
the light locomotive (under which heading was included 
the motor-car) the right to travel upon the highways 
at a speed not exceeding 14 m.p.h. The speed limit 
authorised by this Act is entitled to more than passing 
notice when we remember that we now have recorded 
a world land speed record of 231-36 m.p.h., upon a 
type of machine contemplated as recently as 1896. 

In 1903, an Act known as the Motor Car Act was 
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to be increased to 20, and required and enabled the 
appropriate Government department to issue orders 
governing the use and construction of heavy motor- 
cars, defining their axle weight, form of wheel con- 
struction, speed, &c. 

Great complaints were made to the Government by 
the local governing authorities of the country of the 
ever-increasing cost of roads, and thus of the necessity 
for additional state assistance, and, consequently, in 
1909, an Act was passed known as the Development 
and Road Improvement Funds Act, which set up a 
board known as the Road Board, and provided that 
body with funds from vehicle and petrol taxation. This 
Act, for the first time, brought a Government depart- 
ment into being having some power to define what 
roads should be specially assisted, and what form the 
improvements should take. The amount of money 
which special taxation of vehicles and petrol produced 
was quite small in the early years of the Board ; still, 
it sufficed to meet the commitments of the Local 
Authorities, because the board was not empowered to 
make grants towards maintenance, and many of the 
Local Authorities were not prepared to launch out into 
what the board defined to be improvements, and 
towards the cost of which they were authorised to 
contribute. 

It was soon obvious that direct State assistance could 
not be confined to improvement works alone, but must 
be extended to cover reasonable maintenance charges, 
and in 1913, as a result of a report of a Departmental 
Committee appointed by the Government to consider 
this aspect of affairs, the then Road Board was charged 
with the duty of classifying the roads of the country 
into three classes, the first and second of which would 
receive substantial grants towards the cost of main- 
tenance. Unfortunately, before the classification 
scheme was completed, all operations had to be sus- 
pended owing to international troubles. 


Development—Post War.—Considerable numbers of 
mechanically propelled vehicles which had been 
procured for war services were put upon the market 
by the Government Disposals Board, and were auickly 
purchased by traders and individuals, many of whom 
were desirous of commencing haulage businesses while 
the course was yet clear. It was in such circumstances 
that the Government, in 1919, for the first time in its 
history, appointed a Minister of Transport, to whom, 
amongst other things, the duties and powers of the 
Road Board, together with its officers and staff, were 
transferred. It was obvious that no further financial 
assistance could be expected from existing Government 
sources, and the only course to pursue, therefore, was to 
seek additional revenue from the ever-increasing num- 
ber of mechanically-propelled vehicles. A Departmental 
Committee was formed, and a scheme devised, intended 
at the outset, to produce at least 9} millions sterling 
per annum, and expand as additional vehicles were 
added to the road transport fleet. 

By an act known as the Roads Act, passed in 1920, 
the Report and recommendations of the Departmental 
Committee were given effect to, the Classification of 
Roads Scheme was approved, and the Minister was 
empowered to make contributions from the fund 
derived from the taxation of mechanically-propelled 
vehicles of a sum equal to 50 per cent. of the cost of 
the maintenance and improvement of First Class Roads, 
25 per cent. of the cost of Second-Class Roads, and 
special grants (in the Minister’s discretion) to the 
improvement of other roads, and to meet special and 
unexpected contingencies. 

The Classification of Roads Scheme, which had been 
interrupted so suddenly by the outbreak of war in 
1914, was completed. For all practical purposes it 
may be taken that all the main and dis-turnpiked roads 
for which the County Councils were originally respon- 
sible, have, in fact, been classified under the Ministry 
of Transport Classification Scheme, either as first or 
second-class roads; and, in addition, there are roads 
still maintained by the Urban and Rural District 
Councils, which are not main roads, but which, not- 
withstanding, are classified under the Classification 
Scheme. 

Classification of roads continues to be progressive. 
Each year sees some roads which at the moment are 
Class IT raised to the superior class, and many Class ITI 
(or Scheduled Roads) are raised to Class II. The pro- 
cedure for dealing with classification is as follows :— 
A census of traffic is taken biennially, and it is seen 
therefrom how the traffic upon all roads is increasing, 
and the nature of that traffic. The local authority 
responsible for the roads may make application each 
year for the revision of the classification, supporting 
the application with traffic statistics and particulars 
of costs, showing that the contribution made from the 
Road Fund is not sufficient to enable them to keep the 
surfaces in a reasonable state of repair. In my view, 
such procedure is sound and should be maintained. 

The total mileage of all roads in Great Britain is 
178,914, of which there have been classified a total of 





passed, which enabled the legal speed of 14 m.p.h. 


95,878 miles, or 53-6 per cent. of the total road 
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mileage of Great Britain, towards the cost of which 
grants are made from the Road Fund. 


Miles. 

Class I 25,139 

Class IT nee es <a a a 15,686 
Class III, or scheduled roads, which are now 
receiving grants of 25 per cent. of the cost 

of maintenance ; aa ad pee 55,053 


Thave already told you that when the Classification of 
Roads Scheme was prepared and approved, it was 
decided that grants should be made to the local 
authorities of 50 per cent. of the cost of the main- 
tenance and improvement of first-class roads, and 
25 per cent. of the like upon second-class roads. 
During the present financial year further concessions 
have been made to the local highway authorities, and 
in this year of grace they will receive 60 per cent. of 
the cost of maintenance and improvement of first-class 
roads, 50 per cent. of second class, and 25 per cent, of 
scheduled roads. This additional concession will mean 
that the State, from the Road Fund, will be paying 
nearly half the cost of the maintenance of all the roads 
in Great Britain. 

Although Scotland shares in precisely the same way 
as the rest of the United Kingdom in the Classification 
Scheme, and in grants from the Road Fund towards 
the highways, the highway authorities are constituted 
somewhat differently ; for instance, whilst the County 
Council in Scotland, as in England and Wales, is the 
paramount local governing unit, there are no such 
bodies as county boroughs or rural districts, but each 
county is divided into separate rating districts and 
burghs, and the roads within those areas are a charge 
upon the ratepayers living therein. Whilst all the 
District Committees have the duty of providing funds 
and of accepting responsibility for the maintenance and 
improvement of the highways within those areas, they 
can only do this with the approval of the County 
Council, the latter body having the right of veto upon 
the amount of rate to be levied in a district. Scotland, 
as distinguished from the rest of the country, never had 
‘main ”’ roads as legally defined in England and Wales, 
but all roads of every description, other than those in 
burghs, were a charge upon the several districts in the 
counties, with responsibility of the districts to the 
County Councils. It may be taken that, unlike England 
and Wales, every aggregation of even a small population 
could claim the right of a separate rating burgh having 
the control of the roads within its confines, and making 
no contribution of any kind for roads within the admin- 
istrative county. Whilst this arrangement might have 
possessed some degree of equity when road travel was 
limited by the possibilities of the horse, it is much out- 
of-date. 

There are at the moment in the United Kingdom 
about 2,000 local authorities elected by the rate- 
payers, and having responsibility for and the charge 
of the maintenance of roads, and all of whom are com- 
petent to receive grants from His Majesty’s Road 
Fund. 

The receipts paid into the Road Fund from motor 
taxation upon the schedule set out in the respective 
years were as follows :— 


Year Ended Motor Taxa- 
March 31. tion Receipts. 
£ 
1922 10,795,000 
1923 11,772,043 
1924 14,090,044 
1925... sa we eds ea 15,563,044 
Ieee «.. wes daa sae aes 17,455,044 
1927 aa saa ac 17,373,190 
1928 19,665,580 
1929 22,073,231 


In these years the amounts actually paid to the 
Local Authorities of the country and/or their con- 
tractors, in connection with the maintenance and 
improvement of roads and/or the construction of new 
roads were as follows :— 


Year Ended Total 
March 31. Payments, 
£ 

1922 10,171,078 
1923 13,725,605 
1924 13,358,272 
1925 15,483,434 
1926 16,988,161 
1927 17,789,356 
1928 19,812,807 
1929 18,519,697 


The work undertaken at the outset was mainly 
directed to overtaking the accumulated arrears of the 
war years, and the restoration of the surface to a good 
and serviceable condition. It soon became evident, 
that new methods of treatment and a larger outlook 
were necessary to deal with the ever-increasing traffic 
in order to reduce congestion in the great towns, and 
to minimise or eliminate the dangerous conditions 
which existed at so many points in our old highway 
system. Thus was fostered the development of by- 
passes, enabling towns to be avoided, and of which 





580 
226 miles have already’ been constructed. This work 
proceeded simultaneously with the improvement of 
road junctions and other danger points, and the general 
reconditioning of narrow, tortuous but important high- 
ways, by re-alignment, widening and regrading. 

In the outer areas of London alone very many miles 
of important new roads have been constructed, and 
this condition is repeated in lesser form in or near all 
the great towns of the country. Within the period 
under consideration nearly 2,000 miles of new construc- 
tion has been accomplished, the greater part of which 
is of an important character. 

The programme instituted in the year 1924, and now 
virtually completed, dealt with the most urgent sections, 
of the trunk road system, amounting to 500 miles, out 
of a total route length selected of 1,917 miles. This 
entailed the substantial reconstruction not only of the 
roads, but of the too frequently weak and worn out 
bridges, at a total expenditure of 7,000,0001., and the 
first. steps have thus been taken in an orderly better- 
ment of the nation’s principal highways. As the traffic 
increases, more of these trunk roads will necessarily 
have to be enlarged and improved. 

It is very significant that the improvement of the 
roads, combined with more efficient vehicle construc- 
tion, has resulted in reducing the normal horse-power 
of motor vehicles. 

The total expenditure on highways in Great Britain 
in 1913-14 was approximately 18,000,000/. In 1919, 
the beginning of the decade under review, it was 
26,500,000, and for last year, 1928, approximately 
60,000,000/.—the total expenditure over the period of 
ten years being approximately 518,000,0001. These are 
big figures, but the volume of traffic for which the 
highway engineer has to provide is also large. 

Transport.—All this new transport on highways has 
affected the railway companies of the country. In 1919 
the railways were not in a position to meet the trans- 
port requirements of the country satisfactorily, with 
the result that road transport obtained a substantial 
hold upon traffic of all kinds, and, as it became popular 
and cheap, those who found it most convenient, as a 
means of both passenger and goods conveyance, having 
left the railways, have not easily been re-attracted to 
them. 

Undoubtedly, for short distances the public service 
vehicle, such as the motor-bus, can compete very 
successfully and economically with any form of rail 
transport, and for distances up to 20 miles or 30 miles 
the commercial goods vehicle can hold its own on an 
economic basis with the best railway travel. Public 
favour for the road transport vehicle has proved dis- 
concerting to the railway companies. The motor-car 
has accounted for a good many passengers who hitherto 
travelled first-class on the railways. The motor-bus has 
proved a serious competitor for distances up to 20 miles 
or 30 miles for the third-class passenger, whilst the 
commercial vehicle can, for something like the 
same distances, compete as regards cost, time, and 
convenience. 

All over the world, wherever motor travel has 
attained any degree of magnitude, railways are finding 
the same state of affairs. It is common knowledge 
that in the United States the competition has been 
felt so keenly by the railway undertakings that Inter- 
State Commissions have been appointed to inquire into 
the position thus created. In our own country, railway 
dividends have been so reduced and stocks in conse- 
quence have fallen so alarmingly, as to cause some 
feeling of anxiety, and it was not unexpected, therefore, 
that when the railway companies sought powers last 
year from Parliament to run their own vehicles on the 
highways, these powers were readily granted, upon 
terms generally identical with those possessed by the 
owners of vehicles already licensed and running upon 
the highways. 

Reorganisation of Local Authorities and Their Duties 
in Connection with Highways.— A new Act of Parliament 
was passed on March 27 last, known as the Local 
Government Act, 1929, and deals with England and 
Wales ; there will be a corresponding ordinance apply- 
ing to and governing procedure in Scotland. 

Part III of the Act deals with "oads in England and 
Wales. The Legislature, being satisfied that the main- 
tenance and repair of highways ‘vas in the hands of 
iar too many Local Authorities, have, by this Act, 
sensibly reduced the number. By far the largest mile- 
age of roads, known as “ district roads,” have been 
under the control of some 600 Rural District Councils. 
As from the appointed day, these bodies (subject to 
explanation hereafter) cease to be highway authorities, 
the whole of the roads, their equipment and plant 
being transferred to the County Councils, and the 
maintenance and improvement charges will then 
become a county-at-large charge, with, of course, 
the usual grant assistance from the Road Fund. In 


like manner, Urban Districts with a population of less 
than 20,000 cease to be highway authorities, and the 
roads in those areas also become a County Council 
charge and responsibility. 


Provision is made in the 
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Act by which the County Council may, if it thinks fit, 
make use of the Urban and Rural District Councils 
as their agents, and delegate to those bodies the 
duties of maintaining roads, but this will obviously 
be an agency service only, the work having to be carried 
out to the satisfaction of the County Council who, 
with the Ministry of Transport, will, in future, be the 
paying authority. The larger urban authorities are 
left in undisturbed possession of their roads, but where 
a road which is not now a County main road is classified 
by the Ministry of Transport, that road will become 
a county main road, for the expenditure upon which 
the County Council, with the Minister of Transport, 
will be responsible. The present position of County 
Boroughs remains unchanged. 

In Scotland, the small burghs are dispossessed of 
their road maintenance powers as in England and 
Wales, the whole of the roads until now vested in them 
becoming a county-at-large charge, and the residents 
of these small burghs becoming for the first time county 
ratepayers for highway purposes. 

The financial clauses of the Acts referred to are far- 
reaching. For the first time, agricultural land is 
freed entirely from the payment of local rates, and the 
losses occasioned thereby to the County Councils 
will be made up by extra grants from the National 
Exchequer. 

This legislation shows another step forward in the 
evolution of road management, brought about largely 
by the ever increasing use of the roads and the travel 
of mechanically-propelled vehicles over long distances. 
The interest of the parish and district has no longer 
any relation to the traffic upon the roads. 

Probably if one subject more than another in connec- 
tion with road transport is engaging attention in Great 
Britain at the moment, it is that of omnibus traffic 
and long distance motor coaching, which is not only 
competitive with the railways, but is, in many cases, 
highly competitive with the tramways, both municipal 
and company owned. The matter has become so 
acute that in the autumn of last year the Government 
set up a Royal Commission to inquire into the whole 
subject of road transport, and report thereon. This 
Commission is still sitting. Meantime, many Local 
Authorities who have large sums of money invested 
in tramway or street car traffic are seeking powers from 
Parliament to enable them to establish motor-omnibus 
services to operate both inside and outside their 
districts. 

It is generally agreed throughout the country that 
it is high time there was some effective control exercised 
over all these competing services, and I have no doubt 
that eventually legislation will be enacted which will 
bring all these forms of public passenger travel under 
effective control. 

We have had a very costly object lesson in the great 
area which we describe as ‘‘ the London Traffic Area.” 
Until the end of 1924, it was possible for anyone having 
a motor-omnibus which complied with the construc- 
tional requirements of the Licensing Authority to put 
it on the streets, and to ply for hire whether there 
was any real necessity for such a vehicle or not. The 
position became so acute, and the Local Authorities 
and companies who have invested in tramways or street 
cars were suffering such a diminution in their incomes, 
that they found themselves in a serious financial posi- 
tion. Public opinion became so pronounced that in 
1924 an Act of Parliament known as the London Traffic 
Act, was passed. This Act gave the Minister of Trans- 
port power to declare certain streets congested, and 
to restrict the number of vehicles licensed to ply for 
hire upon them. It was the stated intention of Parlia- 
ment to protect the tramways against unlimited and 
unnecessary competition, and the Act of Parliament 
aforementioned has, to some extent, achieved this 
end. 

A good practical object lesson of the effect of this 
omnibus competition upon tramways is exemplified 
by reference to the very excellent tramway service 
owned and operated by the London County Council. 
This tramway undertaking, with necessary street 
improvement works, cost the ratepayers of London some 
16,000,000/. Omnibus competition between 1922 and 
1925 resulted in a serious loss of revenue, so that 
instead of a profit being made as had been the case 
formerly, there was a substantial loss which had to be 
made good from the rates. This system of tramways 
is very efficient, as already stated, and is patronised 
by about 714,000,000 people each year. Had it not 
been for the passing of the London Traffic Act and the 
restrictions which the Minister was able to enforce 
against omnibus competition, it is quite clear that 
the losses would have been progressively continuous, 
and that the ratepayers would have been mulct of a 
very large annual sum. ; 

Whilst the omnibus is an economical and popular 
form of travel, its very popularity militates against 
its usefulness in large centres. In London there are 
upwards of 5,000 omnibuses plying for hire, and in the 
last completed year they carried 1,917,000,000 people, 








sometimes at the expense of the main line and suburban 
railways and of the London tubes. As I have already 
stated, in many cases the ’buses defeat their own 
usefulness, because their travel is so frequent and the 
headway between vehicles so short that the streets are 
unduly congested, with the result that the speed of 
all traffic is slowed down, causing considerable loss to 
the whole community. 

In the area which we call London there are carried 
each year upwards of 4,000,400,000 people upon rail- 
ways, tubes, tramways, and ’buses—a traffic which 
would appear to justify quite a large expenditure of 
money if every form of transport were managed in the 
best interests of the inhabitants of the area. 

Road Construction and Maintenance.—In my experi- 
ence there is no type of engineering work where money 
can be spent more extravagantly than upon the con- 
struction and maintenance of roads and_ bridges. 
You will not be surprised if I tell you that, in my view, 
there is no “ best road surfacing material” for all 
purposes. Each case should be dealt with on its 
merits, having regard to subsoil, climate and rainfall, 
and last, but not least, to the volume and weight 
of traffic which may reasonably be expected to be 
upon the road in question. I have seen materials 
costing up to 20s. a super yard laid upon a highway 
where a fifth of such expenditure would have sufficed, 
and had the work been executed at the lower figure the 
life of the material laid might well have been from 
8 to 10 years, without, in the interim, being any charge 
upon annual maintenance account. Having for many 
years had to deal with 2,000 local authorities, charged 
and entrusted with the maintenance of highways, 
I have invariably impressed upon the responsible 
officers the importance of thinking in terms of pence 
per super yard, pointing out to them that every penny 
so expended represents, on a road 18 ft. wide, something 
like 601. a mile. 

Conclusion.—Roads and road transport have, by 
virtue of the possibilities of the internal combustion 
engine, once again assumed supremacy in the trans- 
port systems of most countries, and it is fair to assume, 
having regard to the hold which road travel now has 
upon the populations of the world, that we have only 
touched the fringe of mechanically propelled vehicle 
development. In Great Britain probably the motor- 
car industry is one of the most progressive and success- 
ful, and has become the means of providing a large 
measure of well-paid employment. In like manner, 
the intensive use of the roads by all forms of vehicles, 
from the little 7-h.p. Austin car, to the giant night 
sleeper saloon, which is now becoming so general, makes 
it clear to those having responsibility for the permanent 
ways of the future, that much development is necessary, 
and that a progressive policy is required, with ample 
resources for research in order to secure the greatest 
efficiency and economy. 

It has been computed conservatively that the value 
of all mechanically-propelled vehicles now using the 
roads of Great Britain is not less than 1,000,000,000/., 
whilst if a value be assigned to the highway system 
upon present day replacement costs probably 
2,000,000,0007. would not be too high a figure to 
assess. And the end is not yet. 

In these great industries have grown up and developed 
sources of employment of the first importance to a 
nation of manufacturers. In 1927 the motor manu- 
facturing industry alone directly employed 257,000 
persons, and manufactured 209,000 vehicles in the 
account year. I mention these facts in order to 
endeavour to show that small standards and limited 
conceptions should not prevail in shaping the future 
of the country’s highways, which, in its highest expres- 
sion is but the modern and scientific evolution of the 
ancient right and freedom of passage enjoyed by the 
King’s subjects of every rank and station, over the 
King’s highway. 








AGRICULTURAL MACHINERY IN Spaiun.—A contidential 
report on the market for agricultural machinery in 
Spain has been prepared by the Department of Overseas 
Trade, from information furnished by the Commercial 
Secretary at Madrid. United Kingdom firms desirous 
of receiving a copy of this report should communicate 
with the Department at 35, Old Queen-street, London, 
S.W.1, quoting Ref. No. A.X.7774. 





Personaut.—Messrs. John Hetherington and Sons, 
Limited, Ancoats, Manchester, have purchased the 
goodwill, including drawings and patterns so far as 
relate to machine tools, excepting vertical and duplex 
key-seating machines, of Messrs. Smith and Coventry 
(1927) Limited, which firm was originally established in 
Ordsall Lane, Salford, in 1859 and has latterly been 
carried on at Timperley, Altrincham. Messrs. Hetherington 
intend to run the Smith and Coventry business in con- 
junction with their existing machine-tool manufacture 
at their Ancoats Works, Pollard-street, Manchester.— 
The Ipswich branch of Messrs. The General Electric 
Company, Limited, is removing from Commercial 
Union Buildings, Princes-street, to larger premises in 
Westgate Chambers, 40B, Westgate-street, Ipswich, 
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Fie. 3. THe Foresay. 


HYDRO-ELECTRIC PLANT AT 
MERTHYR TYDFIL. 


THE plant which has recently been started up by 
Messrs. The Merthyr Electric Traction and Lighting 
Company, Limited, at Pont-y-Cafnau, to meet the 
growing demand for electricity in the district, is 
worthy of description for more than one reason. In 
the first place, it provides another example of the 
use of water-power in this country, while it is of 
historical interest from the fact that the water em- 
ployed flows through the waterways and pipe lines 
which were constructed over a hundred years ago 
by the Cyfarthfa ironworks, one of the first of such 
concerns to be established in the world. Thirdly, the 
plant in the station is remote-controlled from the 
company’s main generating station, a practice which is 
not as common in this country as it is elsewhere. 

The accompanying map, Fig. 1, shows the approxi- 
mate position of the waterways and the new turbine 
house which they supply, in relation to the neigh- 
bouring reservoirs of the Cardiff Corporation and the 
Taf Fechan Water Board. One waterway, a portion 
of which is tunnelled for a distance of some 300 yards 
in solid rock, taps the Taf Fawr River just above the 
weir near Pontycapel Viaduct, Cefn Coed, and discharges 
into the forebay shown in Fig. 3. The other taps the 
Taf Fechan River, nearly a mile to the north-west of 


Fie. 2. 





TURBINE Houses at Pont-y-CaFNAv. 





Re eet ee a eet ania 


Tita teteaastiones Y ‘4 

pe Lo eee tea 

a wee 
eS ee * ‘ 





Fie. 4. WATERWAY NEAR CYFARTHFA LAKE. 


Cyfarthfa Lake, and discharges into a head race parallel 
with and connected to the latter. A view of this 
waterway near the main sluice on Cyfarthfa Lake, is 
given in Fig. 4, and enables a good idea of its con- 
struction to be gained. It may be added that 
both waterways are in a good state of preservation. 
The static head available is 45 ft. in the first case, and 
70 ft. in the second. 

The turbine house, a view of the exterior of which 
is given in Fig. 2, is situated on the south bank of the 
River Taf, and is equipped with two turbines, which 
were manufactured by Messrs. James Gordon and Com- 
pany, Limited, of London. The first of these is connected 
to the Taf Fawr waterway, and has an output of 100 h.p. 
when running at 600 r.p.m., the working head being 
44 ft. and the water flow 1,500 cub. ft. per min. The 
second set is supplied from the Taf Fechan waterway, 
its output being 195 h.p., or 165 h.p. at a speed of 620 
r.p.m. In the former case, the working head is 68 ft., 
and the water flow 1,900 cub. ft. per min., the 
corresponding figures in the second case being 68 ft. 6 in. 
and 1,600 cub. ft. per min. Both turbines are of the 
horizontal-shaft single-discharge type, the runners being 
of special cast-iron, which is accurately machined while 
the blades are finished to a smooth surface. The cast- 
iron- guide casings in which the runners are fitted, 
are ‘provided with a set of adjustable cast-iron guide 
blades. The operating gear is of the ring and link 








type and all the working parts are bronze bushed. 
The turbine casing is also of cast-iron, and the end 
covers are in two halves with a machined flange 
for receiving the suction bend. A cast-on bracket 
on the latter carries one of the shaft bearings. The 
casing, suction bend and suction tube are all provided 
with inspection doors, and the two former are equipped 
with labyrinth type glands, as well as the necessary 
supply and drain pipes. The turbine shafts run in two 
bearings, one of which is a combined thrust and radial- 
load bearing, and are extended at the ends to receive 
the governor pulleys and the overhung flywheel coup- 
ling. Lubrication is on the ring system. Speed con- 
trol is effected by Messrs. James Gordon’s latest type 
of oil-pressure governors. 

The two generators to which these turbines are 
coupled were manufactured by Messrs. The Brush Elec- 
trical Engineering Company, Limited, of Loughborough. 
They are of the protected four-pole interpole type, with 
shunt-wound fields. They generate current at a pres- 
sure of from 480 to 580 volts on a continuous maximum 
rating, the speed being 600 r.p.m. The outputs are 
65 kw. and 125 kw., respectively. The switchboard is 
equipped with the usual circuit breakers, measuring 
instruments and field regulators, the remote control of 
the plant, to which we have already called attention, 
being effected through the latter apparatus. At the 
main generating station of the company there are two 
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push-buttons, for each set, one of which is used to 
increase and the other to decrease the load, connection 
from them to the Pont-y-Cafnau turbine house being | 
made by means of pilot wires. Pressure applied to | 
one or other of the buttons causes a small motor | 
to run in a pre-determined direction and thus to | 
drive the operating gear on the field regulators | 
through worm reducing gear and a crank and con- | 
necting rod. At the same time, it closes the circuit of | 
one of two solenoids on the regulators, thus enabling 
the latter to be worked in unison through pawls. If 
required, these pawls can be thrown out of engage- 
ment, so that either regulator may be operated inde- 
pendently or by hand. This equipment was also 
designed and manufactured by Messrs. The Brush 
Electrical Engineering Company. We may add that it 
is proposed to run this plant as continuously as the 
water supply will permit, in order to obtain as high a 
load factor as possible. 

As indicated above, water power has been used for 
many years in the neighbourhood of Merthyr for 
industrial purposes. It is stated that, in 1804, a large 
ironworks in the district was supplied with power from 





a water-wheel 56 ft. in diameter and 64 ft. in breadth. | 77 


The consumption of this wheei is said to have been 25 
tons per minute. Any doubts which may be cast upon 
this statement wili be dispelled by an examination of a 
pencil sketch by Turner, which is preserved in the 
Merthyr Art Gallery, and of a painting by Penry 
Williams of the trough that was erected on trestles 
to carry the water from the Taf Fechan river into 
the ironworks prior to the construction of the pipe 
lines and of the lake in Cyfarthfa Park. 

We have to thank Mr. Lewis W. Dixon, managing 
engineer of The Merthyr Electric Traction and Light- 
ing Company, Limited, for providing us with the 
material on which the above article is based. 








TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars | 
of tenders invited by various bodies in the British Posses- 
sions and in foreign countries. The closing date of 
each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 





Marine Oil Engines.—A firm in Ontario, Canada, desires 
to receive quotations from British manufacturers for 
both Diesel and hot-bulb marine engines of the two- 
cycle and four-cycle types, and of from 5 to 100 h.p. 
(Ref, No.A.X. 7888.) 


Structural Steelwork.—The supply of structural 
steelwork for bridges. The India Store Department, 
Simla; May 16. (Ref. No. A.X.7890.) The supply 
and delivery of steelwork for the construction of a 
bridge. The Main Roads Board of New South Wales, 
Australia; June 7. (Ref. No. A.X.7891). 


Electric Cranes.—The supply of four electric travelling 
cranes of the ?— type, having a capacity of 3 metric 
tons each. The Port Administration, Valparaiso, Chile ; 
June l, (Ref. No. A.X.7892.) 


Turret Lathe.—A Polish firm is desirous of receiving 
from British manufacturers quotations for the supply 
of a turret lathe. (Ref. No. A.X.7893.) 


Rolling-Stock Wheels——The supply of 150 sets of 
narrow-gauge wagon wheels, The Lithuanian Railway 
Administration; May 16. (Ref. No. A.X.7902.) 


Flexible Cables—The supply of flexible trailing 
cables for portable electric machines. The New Zealand 
Government Railways Department; June 26. (Ref. 
No.B.X.5277.) 


Surgical Instruments.—The supply and delivery of 
surgical instruments and glassware. Department of 
ney Health, Cairo, Egypt: June 3. (Ref. No. B.X. 
5274. 


Moulding Machine.—The supply of one foundry 
moulding machine complete with all necessary equipment, 
suitable for operation by compressed air. The Victorian 
Government Railways Commissioners, Australia ; July 10. 
(Ref. No. A.X.7896.) 


Rails.—The supply of rails, fishplates and _ bolts. 
The Board of the Port and Railways, Lourenco Marques ; 
June 24. (Ref. No. A.X.7900.) 


Water Mains.—The supply and iastallation of water 
mains for the town of Keneh. The Egyptian Ministry 
of the Interior; June 15. (Ref. No. A.X.7909.) 


Locomotives.—The supply of 12 locomotives of the 
mountain t 2-D-1. The Chilean State Railways 
Administration, Santiago ; July 5. (Ref. No. A.X.7910.) 


Marine Boilers.—The supply and delivery of two 
boilers for tugs. The Municipality of Antwerp, 
gium; June 3. (Ref. No. A.X.7916.) 


Diesel Engine and Generator.—The supply and delivery 
of a 400-h.p. Diesel engine and alternating-current genera- 
tor. The City of Hamilton, Ontario, Canada; June 5. 
(Ref. No. B.X. 5287.) 


Electric Cranes.—The supply of 32 electric travelling 
eranes for the new dock at Antwerp. 
Municipality ; June 17. 





The Antwerp 
(Ref. No. A.X. 7924.) 
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BOOKS RECEIVED. 


United States Bureau of Mines. Bulietin No. 295. Sub- 
sidence and Ground Movement in the Copper and Iron 
Mines of the Uprer Peninsular, Michigan. By W. R. 
CRANE. [Price 40 cents.] Technical Paper No. 410. 
Falls of Roof in Bituminous Coai Mines. Inftuence 
of the Seasons and Rate of Production. By J. W. Pau 
[Price 10 cents.] Nn. 413. Roasting of Lead-Carbonate 
Ores Preliminary to Gravity Concentration. By V. 
Mruter and R. E. Heap. [Price 10 cents.] Washing. 
ton: Government Printing Office. 

Aeronautical Research Commitice. Reports and Memo- 
randa No. 1170. Report of the Airworthiness of Semi- 
Riged Airships Sub-Committee. [Price 92. net.] No. 1173 
Full Scale Determination of the Effect of High Tip 
Speeds on the Performance of an Airscrew. By N. G. 
JENNINGS. [Price 9d. net.] No. 1188. Full Scale 
Experiments with a Bristol Fighter Fitted with Slots 
and Flaps and Slot and Aileron Control. By K. V. 
Wricur. [Price 9d. net.] No. 1205. Full Scale Tests 
of Bristol Fighter Aeroplane with R.A.F.30 Wings, 
Fitted with “Pilot Planes” at the Wing Tips. By 
N. G. Jennrnes. [Price 4d. net.] London: His 
Majesty’s Stationery Office. 

Can We Trade with Russia? By Epovarp Lusorr. 

London: Anglo-Russian Press.. [Price Is. net.} 

tary Applicati of Statistical Method. By N. 

BanistER. London: Blackie and Son, Limited. 

[Price 3s. 6d, net.] 


Credit Control. The Path of Industrial Revival. By 
FREDERICK THORESBY. ondon: John Bale Sons 
and Danielsson, Limited. [Price 2s. 6d. net.] 

The Determination of Hydrogen Ions. By W. MANSFIELD 
CuarRK. Third edition. London: Bailliére, Tindall 
and Cox. [Price 30s. net.] 

Vorlesungen iiber Maschinenelemente. By Dipl.-Ing. 
M. TEN Boscu. No. 1. Festigkeitslehre. [Price 6 marks. ] 
No. III. Wellen und Lager. [Price 6.60 marks.] Berlin: 
Julius Springer. 

Der Durchlaufende Trager. By Prof. Dr. Ing. A. KLEr- 
LOGEL and Bauingenieur Gustav Sigmann. Berlin: 
Wilhelm Ernst und Sohn. [Price 15.50 marks.] 

Mines Lepartment. Safety in Mines Research Board. 
Paper No. 51. The Testing of Explosives for Use in 
Fiery Coal Mines. London: His Majesty’s Stationery 
Office. [Price 2s. net.] 

United States Bureau of Labour Statistics. 





Bulletin 


No. 468. Trade Agreements, 1927. [Price 35 cents.] 
No. 472. Wages and Hours of Labour in the Slaughtering 


and Meat Packing Industry, 1927. [Price 25 cents. ] 
Washington : Government Printing Office. 

Brassey’s Naval and Shipping Annual, 1929. Edited 
by Comm. CHartes N. Rosryson. London: William 
Clowes and Sons, Limited. [Price 25s. net.] 

Die Wandstirkenberechnung druckbeanspruchter Gefdsse 
aus Schweissstahl, Flussstahl, Kupfer und Aluminium- 
blech in Apparatebau. By Ine. Hans MELHARDT. 
Leipzig: Otto Spamer. [Price 7 marks.] 

The Earth. Its Origin, History and Physical Constitution. 
By Haroup JEeFFreys. Second edition. Cambridge: 
University Press. [Price 20s. net.] 

Sir Joseph Wilson Swan, F.R.S. A Memoir. By M. E. 8. 
and K, R. 8. London: Ernest Benn, Limited. [Price 
7s. 6d. net. ] 

United States Bureau of Labour Statistics. Bulletin 
No. 471. Wages and Hours of Labour in Foundries and 
Machine Shops, 1927. [Price 20 cents.] Washington : 
Government Printing Office. 

Zugbildungskosten, Zugfoirderskosten und ihre Wechsel- 
bezichungen. By G. Capette. Dr. Ina. A. BAUMANN 
and Dr. Inc. R. FEmNDLER. Berlin: Guido Hackebeil 
A.-G. [Price 3 marks. ] 

What Engineers Do. An Outline of Construction. By 
Watter D. Brycer. New York: W. W. Norton and 
Company, Inc. Price 2 dols. 75 cents. 

The Legend of the “ Franc-Tireurs”’ of Dinant. A Reply 
to the Report of Dr. Meurer. Gembloux, Belgium: 
J. Duentot. 

Mathematical Tables and Formula. By Percy F. 
SmirH and WiLtt1AmM RaymMonp LONGLEY. New York: 
John Wiley and Sons, Inc. London: Chapman and 
Hall, Limited. [Price 8s. net.] 

Handbuch der neuen Strassenbauweisen mit Bitumen, 





Teer und Portlandzement als Bindmittel. By W. 
REINER. Berlin: Julius Springer. [Price 30-50 
marks. ] 

Department of Overseas Trade. E ic and Fi ial 


Conditions in Switzerland. Report. By M. ASHTON 

,Jounson. London: His Majesty’s Stationery Office. 
[Price ls. 6d. net.] 

Department of Overseas Trade. Economic and Financial 
Conditions in the British West Indies and Contiguous 
British Territories, November, 1928. Report. By 
J. Paterson. London: His Majesty’s Stationery 
Office. [Price 2s. 6d. net.] 








BritisH STANDARD SPECIFICATION FOR FLAME-PROOF 
Enctosures.—A_ specification, designated No. 229, 
1929, and dealing with flame-proof enclosures for elec- 
trical apparatus, has just been issued by the British 
Engineering Standards Association. The specification 
defines the performance required for a flame-proof 
enclosure, and the tests to be carried out to verify such 
performance. The publication, which is a revision of 
the 1926 edition, embodies the results of experience in 
testing that has been gained since the issue of the 
original specification. Provision is now made for pre- 
liminary observation tests, and the number of tests 
to be performed has been indicated. Copies of the 
specification may be obtained from the B.E.S.A. Pub- 
lications Department, 28, Victoria-street, London, S.W.1, 


| price 2s. 2d., post free. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MrpptesBroucH, Wednesday. 


The Cleveland Iron Trade——Extreme scarcity of 
pig iron is causing much anxiety. Ironmasters intimate 
that they have disposed of their output of Cleveland pig 
to the end of September, and that they are not disposed 
to sell further ahead. Merchants’ holdings are not 
large, and are not available for sale to local consumers 
except in very small lots. There are no saleable stocks. 
Thus conditions are such that business is necessarily on a 
very limited scale. The increased output forthcoming is 
not at all sufficient to meet needs. Buyers are keen 
to place orders up to the end of the year, and, for forward 
delivery, would readily pay 71s. for No. 1 grade of iron, 
68s. 6d. for No. 3 g.m.b., 67s. 6d. for No. 4 foundry, 
and 67s. for No. 4 forge. 

Hematite.—Supplies of East Coast hematite are very 
inadequate, but the shortage is not so great as in the 
case of Cleveland pig, and prices are still comparatively 
low, ordinary hematite being obtainable at 5s. 
above the price of No. 3 Cleveland pig, whereas the 
difference used to be 8s. to 10s. Makers have no 
hematite to offer for at least six weeks, and, for delivery 
late June and onwards, 74s. and upwards is paid according 
to quality. 

Foreign Ore.—There is very little doing in imported 
ore, but merchants are well sold and they adhere 
firmly to quotations on the basis of best rubio at 
238. c.i.f. Tees. 

Blast-Furnace Coke.—Durham blast-furnace coke is 
less difficult to obtain than it has been, but supplies are 
still far from plentiful. Good average qualities are 
18s. 6d. to 18s. 9d. delivered to works in this area. 


Manufactured Iron and Steel—A fair amount of 
business is steadily coming forward in the various 
branches of manufactured iron and steel. There is a 
continued brisk demand for certain descriptions of 
semi-finished steel, and plant is running at high pressure 
to cope with needs. As regards finished-steel. output is 
heaviest in departments producing shipbuilding requisites, 
railway material and sheets. All quotations are steadily 
firm. Common iron bars are 10], 15s.; best bars, 
1ll. 58.; double best bars, 111. 15s. ; treble best bars, 
121. 5s.; iron rivets, 111. 10s.; packing (parallel), 8J. ; 
packing (tapered), 10/.; steel billets (soft), 67. 17s. 6d. ; 
steel billets (medium), 7/. 12s. 6d.; steel billets (hard), 
81. 28, 6d.; steel rivets, 11l, 5s.; steel ship plates, 
8l. 7s. 6d.; steel angles, 77. 17s. 6d.; steel joists, 
7l. 178. 6d.; heavy sections of steel rails, 8/. 10s. ; 
black sheets (No. 24 gauge), 107. 10s.; and galvanised 
corrugated sheets (No. 24 gauge), 131. 15s. 


Imports of Iron and Steel.—Total imports of iron 
and steel to the Tees for the six months ending April 30 
last from Holland, Belgium, France, Norway, Sweden, 
Finland, India, Germany and coastwise amounted to 
92,253 tons, comprising 17,919 tons of pig iron, 50,347 
tons of crude steel bars, billets, blooms and slabs, 
and 23,987 tons of plates, bars, angles, rails, sheets 
and joists. For the same months a year ago the total 
quantities brought in reached 112,938 tons, comprising 
4,106 tons of pig iron, 88,107 tons of crude steel bars, 
billets, blooms and slabs, and 20,725 tons of plates, 
bars, angles, rails, sheets and joists; and for the six 
months in the corresponding pre-war period of 1913-14 
the aggregate unloadings were 37,700 tons, comprising 
106 tons of pig iron, 24,134 tons of crude steel bars, 
billets, blooms and slabs, and 13,460 tons of plates 
bars, angles, rails, sheets, and joists. 


Shipments of Iron and Steel.—Shipments of iron and 
steel from the Tees last month totalled 96,912 tons, 
composed of 30,101 tons of pig iron, 5,931 tons of 
manufactured iron, and 60,880 tons of steel. Pig iron 
shipments were heavier than in any month for the past 
three years. Scotland was as usual the largest receiver 
of pig iron, accepting 9,080 tons. The Cape was the 
largest buyer of manufactured iron, taking 1,696 tons. 
Principal customers for steel were India 13,354 tons, 
and the Argentine 5,795 tons. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Ié a record slump has been experienced 
in heavy armour plate and munitions, there are ample 
signs of a forward movement, on balance, in several of 
the engineering, steelmaking, and tool-producing sections. 
Steelmakers engaged in the production of basic material 

rovide a great deal of employment, and are accounting 
ie a big output. This output tends to increase than 
rather than to diminish, and in turn is calling for the 
supply of increased quantities of basic pig iron and steel 
scrap—the latter being at advanced prices owing largely 
to the heavy demand on export account. Acid steel 
does not make the progress that producers would like 
to see, owing to the exceptionally keen competition which 
prevails in orders for wagon construction and all kinds 
of railway stores. This competition is enhanced by 
the paucity of enquiries from the home railways, which, 
despite repeated criticism from private producers, 
continue to supply a record weight of their own require- 
ments. Good business is being done in steel-making 
hematites and in most varieties of steelmaking alloys, 
while bar iron is in demand at the recently advanced 
level, Current quotations of the principal materials 
per ton are as follows: Siemens acid-steel billets, 8/. 15s. 
to 9J. ; hard basic-steel billets, 77. 12s. 6d. to 9]. 12s. 6d. ; 
soft basic-steel billets, 7/.; Derbyshire foundry pig iron, 
67s. 6d.; Derbyshite forge iron, 63s. 6d.; Lincolnshire 
foundry iron, 73s. 6d. Crown iron bars, 11/.; iron 
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hoops, 12/.; steel hoops, 9/. 10s. to 91. 15s.; soft wire 
rods, 71, 12s. Concentration on special-steel pro- 
duction, with a view to increasing the general efficiency 
of engine parts and cutting tools, has resulted in the 
receipt of additional valuable business. Sheffield 
manufacturers, who have probably supplied 80 per cent. 
of the material for the vital parts of engines used on 
British account in all the foremost automobile, aircraft, 
and seaplane competitions of recent years, are now 
engaged in the manufacture of special alloy steels for 
British engines for the Schneider Cup trophy. Special 
analyses and tests are being undertaken to ensure the 
provision, if possible, of the most efficient steel ever 
produced, and to give a further international fillip to 
Sheffield’s steelmaking reputation. More enquiries are 
circulating for permanent magnets, magnet steel, cold- 
rolled steel, and twist drills. 

South Yorkshire Coal Trade.—Easier conditions prevail 
in several sections of the coal trade. Seasonal influences 
are partly responsible, but in other directions there has 
been a definite weakening in the demand, with a conse- 
quent fallin prices. A moderate call is reported for in- 
dustrial fuels on inland account, but export business is 
less robust. The main weakness, however, is in inferior 
slacks and smalls, which are in ample supply at collieries 
and in wagons. By comparison the market for furnace and 
foundry coke is steadier. Business in house coal has also 
diminished, Supplies are now ample to meet all require- 
ments and leave a margin. Quotations: Best branch 
hand-picked 27s. to 28s. 6d.; Derbyshire best brights, 
20s, to 23s. ; Derbyshire best house, 19s. 6d. to 20s. 6d. ; 
screened house coal, 17s, 6d. to 18s. 6d. ; screened house 
nuts, 16s. to 17s. 6d.; Yorkshire hards, 15s. 6d. to 
16s, 6d. ; Derbyshire hards, 15s. 6d. to 16s, 6d.; rough 
slacks, 8s. 6d. to 9s. 6d. ; nutty slacks, 6s, to 7s. ; smalls, 
2s. to 4s, 


NOTES FROM THE NORTH. 
Guascow, Wednesday. 


Scottish Steel Trade.—A quiet tone has been prevalent 
in the Scottish steel trade during the past week, and 
a number of the works have not been too well off for 
specifications. The demand for sections has kept up, 
and a large tonnage has been turned out, but ship plates 
have not been a very busy market. Improvement is 
expected in the near future, but there are no signs yet 
of any broadening out in the demand. Prices are being 
maintained as last week, but with the cost charges con- 
tinuing on the up grade, the margins generally are at or 
near vanishing point. In the black-sheet trade the 
position is very unsatisfactory owing to the keen com- 
petition from the Continent, and makers are forced to 
accept prices which are out of all proportion to the cost 
of production. This is necessary to keep plant running 
and maintain old connections. Despite everything the 
demand is poor, particularly so in the heavier grades of 
sheets. The market prices are as follow :—Boiler plates, 
101. 10s. per ton ; ship plates, 8/. 7s. 6d. per ton ; sections, 
71. 17s. 6d. per ton; sheets, 4-in., 82. 15s. per ton; gal- 
vanised corrugated sheets (No. 24 gauge), 13/. 15s. per 
ton, all delivered Glasgow stations. 

Malleable Iron Trade.—Quietness is general in the 
malleable-iron trade of the West of Scotland as the 
current demand is rather poor. Consumers are specifying 
in small tonnage, and the old hand-to-mouth state is 
again making its appearance. In the steel bar re-rolling 
departments the conditions must be reported as unsatis- 
factory. Orders are few at the moment and cutting 
is the order of the day, with the result that margins are 
negligible owing to the steady advance in raw material. 
“Crown” bars are quoted at 101. 5s. per ton for home 
delivery, and 9/. 15s. per ton for export; and re-rolled 
steel bars are called 8/. for home delivery and 7/. 15s. per 
ton for export. 

Scottish Pig-Iron Trade.—In the Scottish pig-iron 
trade the brightest spot at present is hematite. The 
demand is keeping up exceedingly well and the output is 
increasing. On the other hand, the demand for foundry 
grades is: discouraging, and inquiries do not point to 
any expansion at the moment. Prices are firm and are 
as follow :—Hematite, 78s. per ton, delivered at the 
steelworks ; foundry iron No. 1, 75s. per ton; and No. 3, 
72s, 6d. per ton, both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
Saturday last, May 4, amounted to 1,136 tons. Of that 
total, 1,112 tons went overseas and only 24 tons coastwise. 
For the corresponding week of last year the figures were 
980 tons overseas and 40 tons coastwise, making a 
total shipment of 1,020 tons. 

















Tae Hupson AvENUE Power Station, NEw YORK— 
.RRATA.—The following corrections are necessary to the 
figures for steam conditions at the Hudson Avenue 
Power station, which was described on page 547 of our 
issue of May 3. The pressure at the throttle, in the case 
of the first three sets installed, is 265 Ib. per square inch 
and not 375 lb. as stated. The corresponding figure 
for the steam supplied to the latest set is 400 lb. per 
square inch, and not 475 lb. per square inch. 





Tse Institution or Crviz ENGINEERS.—The Council 
of the Institution of Civil Engineers has recently made 
a number of awards in respect of papers read and dis- 
cussed at the ordinary meetings during the 1928-1929 
session. These awards comprise a Telford Gold Medal 
and a Telford Premium to Mr. C. Gribble; a George 
Stephenson Gold Medal to Mr. H. Hall; and Telford 
Premiums to Messrs. H. N. Colam, F. W. A. Handman, 
T. P. M. Somers, H. V. C. Johnstone, and jointly to 
Messrs. J. H. Hyde and H. R. Lintern. 
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CarpiFFr, Wednesday. 


The Coal Trade.—Although clearances of coal are 
being maintained on a high scale, colliery salesmen are 
experiencing difficulty in securing new orders, with the 
result that prices have developed an easier tendency for 
practically all grades. This is due to increased outputs 
of coal, which now run to over 1,000,000 tons per week, 
and to a shortage of shipping, a factor which upsets the 
arrangements of colliery proprietors and shippers. In 
the past week 625,750 tons of coal and coke were shipped 
at the Great Western Railway South Wales docks, which 
was 12,000 tons more than in the preceding week, and 
represented a total which has only been exceeded on four 
occasions this year. At Newport exports were raised 
from 107,600 tons to 118,860 tons ; at Barry from 187,500 
tons to 192,610 tons; at Port Talbot from 29,800 tons 
to 30,260 tons; and at Swansea from 68,600 tons to 
82,650 tons, but at Cardiff reduced from 156,700 tons to 
150,150 tons, and at Penarth from 62,200 tons to 51,220 
tons. It is reported, but not confirmed, that the 
Egyptian State Railway contract for 180,000 metric 
tons of coal has been divided between Messrs. Tabb and 
Burleston and Messrs. Wm. Milburn and Company, at 
29s. 6d. and 29s. 9d. per metric ton, c.i.f., delivery at 
Alexandria during the next four months. The Brazilian 
Central Railways are also in the market for 200,000 tons 
of coal. During the past week most of the collieries 
were idle for a day owing to the Labour Day stoppages, 
but despite the consequent loss of output, supplies were 
sufficient to meet requirements. Best Admiralty large 
coals were easier at 20s. 6d. to 21s., with Monmouthshires 
from 18s, 6d. to 20s., dry large 19s. to 20s., and smalls 
from 12s. to 138, 9d. 

New Bridge Contract.—Work on the widening of the 
road from Castle-street to Cathedral-road, Cardiff, 
which includes the lowering, widening and reconstruc- 
tion of the Canton Bridge over the River Taff, will 
commence next week. The contract for the bridge work 
has been secured by Mr. J. H. Broadfoot, of Newport, 
Mon., at 16,7087. The new bridge will be of reinforced 
concrete, and the work is to be done in such a way as to 
allow the tramways traffic to continue. The road 
widening will be carried out by direct labour, the whole 
scheme to be completed by the end of next year. 

Liners at Cardi ff—The Canadian Pacific liner Montrose 
paid a second visit to Cardiff on Saturday, and embarked 
some 700 emigrants for Canada. The Montrose, which 
was in Cardiff early in April, will be followed by the 
Minnedosa at the end of this month. 

Pitwood Imports——Imports of pitwood in March 
amounted to 97,907 loads, of which 95,205 loads came 
from France, 2,356 loads from Portugal, and 346 loads 
from the Irish Free State. The March total compared 
with 95,043 loads of pitwood and props imported in 
February, and 139,724 loads in January. Compared 
with February, arrivals in March were increased at 
Newport and Port Talbot, but reduced at Cardiff, 
Swansea, and Llanelly. 








NortuH-East Coast INstITUTION OF ENGINEERS AND 
SHIPBUILDERS.—The summer meeting of the North East 
Coast Institution of Engineers and Shipbuilders is to be 
held, jointly with the Institution of Engineers and 
Shipbuilders in Scotland, at Newcastle-on-Tyne, from 
July 2 to 4 next. The meeting will open at 10 a.m. 
on July 2 in the King’s Hall, Armstrong College, and 
the morning will be devoted to the reading and discussion 
of papers. An official visit to the North East Coast 
Exhibition will take place in the afternoon, and a banquet 
in the evening. The reading and discussion of papers 
will be continued on the morning of July 3, and the 
afternoon devoted to visits to works and to the Exhibition. 
All-day visits to places of interest in Northumberland 
have been arranged for July 4. Members are asked to 
signify their intention of being present as soon as possible 
to the secretary of the North East Coast Institution of 
— and Shipbuilders, Bolbec Hall, Newcastle-on- 

yne. 





Contracts.—Messrs. Sir W. G. Armstrong, Whitworth 
and Company, Limited, Scotswood Works, Newcastle- 
on-Tyne, have secured a contract from the High Com- 
missioner for India for the construction of eleven of the 
new standard type, broad-gauge, 4-6-2 locomotives and 
tenders for the Eastern Bengal Railway, and twelve similar 
locomotives and tenders for the Madras and Southern 
Mahratta Railway.—The Gas Light and Coke Company, 
Limited, London, has just given Messrs. Cambridge 
Instrument Company, Limited, 45, Grosvenor-place, 
London, 8.W.1, an order for 15 Thomas recording gas 
calorimeters, eight of which are to be equipped with 
duplicate recorders, making a total of 23 recorders in 
all.—A full Diesel engine, made by Messrs. L. Gardner 
and Sons, Limited, Patricroft, Manchester, is to be 
installed in the new tug, President, owned by Messrs. 
G. J. Palmer and Sons, 1, Fenchurch-street, London, 
E.C.3. The tug has a length of 54 ft. 6 in., and a beam 
of 13 ft. 6 in——Messrs, Edward Bennis and Company, 
Limited, Little Hulton, Bolton, have received orders for 
mechanical chain-grate stoke requipments for water-tube 
boilers from The Harrogate Corporation Electricity Works, 
The India Rubber, Gutta Percha and Telegraph Works 
Company, Limited, and the Gas Light and Coke Company, 
Limited. The same firm has also received numerous 
contracts for mechanical stoking equipment for Lan- 
cashire boilers and for mechanical coal and ash-handling 
plants.—Messrs. Darwins Limited, Fitzwilliam Works, 
Tinsley, Sheffield, have received an order for magnet 
steel, amounting to 100,000/., from the Philips Lamp 








Works, Holland. 


NOTICES OF MEETINGS. 





INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 
6 p.m., Storey’s-gate, S.W.1. Special General Meeting 
to Consider a Petition for a Royal Charter. 


INSTITUTION oF MUNICIPAL AND County ENGINEERS. 
—South Wales District: Saturday, May 11, 3.15 p.m., 
Guildhall, Swansea, ‘Some Road and Other Schemes 
at Swansea,” by Mr. K. Hudson. ‘Swansea Main 
Drainage Scheme and Flood Relief Schemes,” by Mr. 
J. Hassell. ‘“‘Liansamlet Sewage Pumping Scheme, 
Swansea,” by Mr. M. E. Habershon. 


Society or Grass TecHNoLoGy.—Tuesday, May 14, 
4 p.m., Research Laboratories, General Electric Com- 
pany, Limited, Wembley. Joint Meeting with the 
Physical Society. “‘ A Study of the Thermal Expansion 
of Glass up to the Softening Temperature,” by Professor 
W. E. S. Turner and Mr. F. Winks. ‘‘ The Measurement 
of the Viscosity of Glass at High Temperatures by Means 
of the Rotating Cylinder Viscometer,” by Mr. R. F. 
Proctor and Mr. R. W. Douglas. ‘The Photo-Elastic 
Properties of Glass,” by Mr. F. C. Harris. Wednesday, 
May 15, 2.30 p.m., University College, Gower-street. 
Ordinary Meeting. ‘“‘The Glass Industry of North 
America in 1929,” by Professor W. E. S. Turner. At 
7.15 p.m., Annual Dinner, Monico Restaurant, Piccadilly 
Circus, W.1. 


INsTITUTION oF CrIviL ENGINEERS.—Tuesday, May 
14, 6 p.m., Great George-street, S.W.1. Annual General 
Meeting. Yorkshire Association: Thursday, May : 16, 
7.30 p.m., Hotel Metropole, Leeds. Annual General 
Meeting. 

ILLUMINATING ENGINEERING Socrety.—Tuesday, May 
14, 6.45 p.m., Home Office Industrial Museum, Horse- 
ferry-road, 8.W.1. Paper Reviewing the Proceedings 
at the Meetings of the International Commission on 
Tilumination and on the International Congress, held 
in The United States, 1928, by Mr. G. H. Wilson. 


Roya METEoroLocIcAt Socrety.—Wednesday, May 
15, 5 p.m., 49, Cromwell-road, S.W.7. ‘“‘ Report on the 
Phenological Observations in the British Isles, December, 
1927, and November, 1928,” by Mr. J. E. Clark, Mr. 
I. D. Margary, Mr. R. Marshall and Mr. C. J. P. Cave. 
“The Index of Refraction of Damp Air, and the Optical 
Determination of Lapse-Rate,’”’ Mr. D. Brunt. ‘‘ The 
Influence of Smoke and Hot Gases from Factory Chimneys 
on Rainfall,” by Dr. J. R. Ashworth. 


OvERHEAD Linzs AssocIATION.—Wednesday, May 15, 
5.30 p.m., Institution of Electrical Engineers, Victoria 
Embankment, W.C.2. ‘‘ Getting Consumers in Rural 
Areas,”’ by Col. W. A. Vignoles. 

Royat Socrety or Arts.—Wednesday, May 15, 
8 p.m., John-street, Adelphi, W.C.2. “Reform of the 
British Patent System,” by Mr. R. Burrell. 








Roap Construction ABROAD.—Memoranda dealing 
with road construction in Latvia, Danzig, and Czecho- 
slovakia, respectively, have been prepared by the Depart- 
ment of Overseas Trade, 35, Old Queen-street, London, 
8.W.1. United Kingdom firms desirous of receiving 
copies of the reports should communicate with the 
Department at the above address, quoting Reference Nos. 
A.X. 7785 for the memorandum on Latvia, A.X. 7788 for 
that on Danzig, and A.X. 7847 for that on Czechoslovakia. 





Tae NaTionat PrysicaL LABORATORY IN 1928.—The 
Report for the year 1928 on the Work of the National 
Physical Laboratory (published by H.M. Stationery 
Office for the Department of Scientific and Industrial 
Research, price 9s. net) owes its increase in size, from 
264 to 283 pages, partly to a 20-page special Report by 
the Executive Committee on the Units and Standards of 
Measurement employed at the Laboratory. This report 
deals with standards of length and mass, of time, capacity, 
density, the electric standards, the barometric standard 
and standard scale of ten:perature, the radium standard, 
and the units of X-ray intensity and of candle power. 
The value of gravity at Teddington has been re-determined 
at the Laboratory relative to Greenwich, and further 
experiments with the new form of pendulum of Professor 
Kerr Grant of Adelaide are in progress. The value at 
present accepted for Teddington, g = 981-195 cm. per 
second per second, is based upon what is considered to be 
the most reliable absolute determination made in 1898 
to 1904 at the Geodetic Institute at Potsdam, which 
gave the value 981-274 cm. per second per second for 
Potsdam. The report on the units, as well as the 
reports by the various departments of the Laboratory, 
will soon be available separately. This is a valuable 
departure; the work of the Laboratory is far too little 
known and too rarely quoted, in spite of the special 
papers presented by the respective investigators to 
learned societies. The Reports always contain many 
notes of high practical interest on testing and on 
workshop practice which are not otherwise published. 
This year’s Report also describes the new High-Voltage 
Building and its equipment. A start has been made 
with the erection of the Physics Building; the Sound 
division will, for the present, remain in its unsuitable 
quarters, but the increasing importance of acoustical 
problems will necessitate some attention to the needs of 
this division. Considerable progress has been made in the 
Imperial and international standardisation work, and 
the commercial testing also shows a gratifying increase 
again. We reserve detailed comments upon the work 
of the departments until the annual inspection, which 





generally takes place in the last week of June. 
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THE CENTRAL ELECTRICITY BOARD. 


Section 25 of the Electricity (Supply) Act of 
1926 provides that the Central Electricity Board 
shall render an annual report of their proceedings 
to the Minister of Transport, who shall lay such 
report before both Houses of Parliament. In 
accordance with this section, the Board have pre- 
pared a statement, which covers the period from 
March 1, 1927, to December 31, 1928, and this was 
published on Monday by Messrs. Whitehead 
Morris, Limited, Tower House, Holland-street, 
London, 8.E., at a price of 2s. 6d. net. To quote 
their own words, “the function of the Board is to 
co-operate with the supply industry in reducing costs 
of production to a minimum and concurrently in 
increasing the availability of supply, thus leading to 
an acceleration of the growth of output and consump- 
tion, which, of itself, is the surest means of bringing 
about the desired benefits to consumers.” As is 
well known, they are seeking to perform this 
function by interconnecting the more efficient 
stations by a network of high tension transmission 
lines, popularly known as the grid, and by 
operating certain “selected” stations in the most 
economic way. ‘The report indicates the progress 
technical, political and economic that has been 
made in these several directions. 

The procedure adopted is that the Electricity 
Commissioners submit a scheme for the re-organisa- 
tion of the electricity supply arrangements in a large 
area of country to the Board, who publish it, so that 
interested persons may make representations. After 
considering the scheme and representations the 
Board then adopt the former, with or without modi- 
fication, and proceed to carry it into effect by con- 
structing transmission lines and sub-stations and 
making arrangements with the owners of “ selected ” 
stations. This much they are bound to do by law, 


octet 


the rigidity of bureaucratic circumlocution by 
substituting visits to, and personal discussion with, 
the dissatisfied, for the creaking machinery of an 
inquiry, and have thus been able in the comparatively 
short time since they were appointed to adopt five 
schemes covering Central Scotland, South East 
England, Central England, North West England 
and North Wales and Mid-East England respectively. 
As these schemes have already been dealt with in 
detail in ENGINEERING*, it will be sufficient to say 
that in the aggregate they comprise an area of 
37,656 square miles, in which the electricity sold 
during 1925-26 to a population of 31,882,712 
amounted to 4,497 million kw.-hour. This area is 
equal to 42-8 per cent. of the total of Great Britain, 
the population involved being 74-6 per cent. of the 
whole and the electrical sales 80-2 per cent. of the 
amount consumed in the country. On paper, 
therefore, the progress is already considerable. 

In the case of all the schemes representations 
were received from the greater number of the 
undertakers in the area, and some of the points raised 
by them are worthy of mention. In Central 
Scotland the Grampian Electricity Supply Company 
feared that the scheme would be prejudicial to them, 
since they depended for their revenue on the possi- 
bility of supplying the industrial districts in the 
east of the area. In view of the importance of 


2 | developing the water-power resources of the country, 


the Board, therefore, gave an assurance to take a 
supply from the company up to a maximum demand 
of 12,000 kw. not later than December 31, 1930. 
In South-East England it appeared that the 
improvement in generation and the rate of growth 
of consumption had both been too conservatively 
estimated in the original scheme. The latter was, 


8 | therefore, modified by “selecting ” three additional 


stations, by limiting the arrangements with regard to 
the temporary use of certain stations, so that hard- 
ship should not fall upon their owners, by substi- 
tuting extensions on the existing site at Fulham 
for the new station at Chelsea and by making certain 
variations in the proposed routes for the trans- 
mission lines. 

The main problem that had to be faced in Central 





England concerned frequency standardisation, repre- 
sentations being made to the effect that the antici- 
pated savings under the scheme would not be 
sufficient to justify the higher expenditure necessary 
to carry out this work. But after reviewing all 
the circumstances the Board came to the conclusion 
that the work should not be delayed. 

In North West England and North Wales doubts 
were also expressed whether frequency standardisa- 
tion would be an advantage, and criticism was 
directed against the rate at which the Commissioners 
had assumed the consumption of electricity would 
increase. Without prejudicing the scheme as a 
whole, the Board recognised that it might be 
desirable to proceed less immediately with the 
construction of the transmission system for supply- 
ing the outlying portions of the area. For financial 
reasons special arrangements have been made for 
the use of the hydro-electric stations of the North 
Wales Power Company and similarly of the 
Whitebirk station of the Blackburn Corporation. 
An examination of the figures for growth of output 
did not lead to a modification of the scheme, except 
in minor particulars. 

In connection with the schemes as a whole the 
important general comment is made that the 
generating programme in any area will be deter- 
mined in the light of up-to-date results, and will be 
tested and altered from time to time as experience 
is gained. Jt has often been authoritatively stated 
that the board does not propose to allow itself to 
become hidebound. There is plenty of matter in 
this report to show that any tendency to petri- 
faction has so far been satisfactorily resisted. 

A considerable section of the report is taken up 
by an illustrated account of the design, construction, 
and operation of the grid system. As this is largely 
based on the information given in the paper, which 
was read before the Institution of Electrical Engi- 
neers on January 24 by Messrs. Johnstone Wright 
and C. W. Marshall, a full account of which is now 
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appearing in our sant it need only be dealt | can supply the Electricity Company of Macclesfield, | | proper combination of en action with private 
with here by saying that it covers such matters as | the Trent Valley and High Peak Electricity Company | | enterprise has been found and set in motion.” 


system of supply, choice of voltage, conductors, 


towers, insulators, protective systems, sub-stations, | 


transformers, and operation. 


| and the Buxton Corporation. 


As regards finance, the Board arranged with the | 
As regards metering,| Bank of England for an advance of 339,000J. | and in some cases exceeded during the last financial 


The favourable results in railway earnings of the 
financial year ended June, 1927, were maintained, 


it is added that the measurement of energy and | to cover expenses in the initial period before the| year, and as a result the Government claimed 


maximum demands will! necessitate the installation | 
As a| 
result of investigations by a special engineering | 


of much new and elaborate equipment. 


sub-committee it has been decided that the energy 
shall be measured by induction kilowatt-hour 
meters of the highest accuracy obtainable. The 
measurement of the maximum demands will involve | 
the algebraic summation of the demands on the | 
generators and grid transformers. Special instru- | 
ments are being developed for this purpose, while 
provision has also been made for the accurate | 
measurement of the power factor at times of | 
maximum demand. The method adopted in the 
latter case will utilise summation reactive compo- 
nent meters corresponding with the kilowatt-hour 
meters installed for energy measurements. The | 
complications introduced by the use of so many 
instruments is such that only partial duplication 
of the appropriate equipment has been possible. 
Thus, only one complete summation system will be 


used in each station, and in event of failure recourse | 


will be made to clerical methods of computation. 
The summation of the maximum demands of the 


different power stations will be effected from the | 


graphical records of the individual load curves. 
As regards the work that has actually been done, 
it appears that at the end of 1928 contracts amount- 
ing to 2,876,4211. had been let in connection with 
the Central Scotland, South East England, Central 
England and North West England schemes, while | 
on March $1, 1929, the total value of the work 
contracted for was 8,150,000/. In Scotland the 
erection of the towers is in progress on the Greenock- 
Yoker, Port Dundas-Dalmarnock and Clydes Mill- 
Bonnybridge routes, and it is hoped that these 
will be completed this month. In South East 
England towers are being erected between Bedford 
and Little Barford, forty-six out of a total of 


seventy-three having been completed at the date’ 


In North West England similar 


of the report. 


work is being carried out between Stockport and | 


Macclesfield. 
tained by British firms. 

Some information is given regarding the acquisi- 
tion of wayleaves and sub-station sites. As the 
routes are largely determined by the configuration 
of the land, deviations can only be made within | 
small limits and at considerable cost. These factors 
have, it is stated, added considerably to the diffi- 
culties of the Board, whose policy it is to preserve 
the amenities of the countryside and to meet the 
wishes of individual owners as to the position of 
the towers as far as possible. 


the work is acknowledged. That 


nearly 500 miles of route have been surveyed, 


application to the Ministry of Transport for com- | 
pulsory wayleaves has only had to be made in two | 
As required by the Act, seven applications | 


cases. 
for consent to erection of overhead lines were | 
made to the Minister of Transport, and in no case | 
have the local authorities concerned demanded to | 
be heard in opposition. 
attitude has been shown by the Post Office, Air 
Ministry and the railway companies, so that the | 
position in regard to what was feared might be a| 
difficult question is satisfactery. 

To enable individual undertakers to obtain addi- 
tional supplies, and thus avoid the extension of | 
uneconomical stations, four sections of the grid | 
have been constructed in advance of the normal 
programme. These include the line between Bed- 
ford and Little Barford, so that the Bedford Cor- 
poration can supply the Bedfordshire, Cambridge- 
shire and Huntingdonshire Electricity Company ; 
the lines between Brighton and Worthing, and 
between Luton and Aylesbury, so that the latter 
town in each case can be supplied by the former ; | 
and the lines between Stockport and Macclesfield | 
and Stockport and Buxton, so that Stockport | 








* See ENGINEERING pages 515 and 562 ante, 


disbursements were large enough to justify raising 
a loan, while up to the date of the report consents 
had been issued by the Commissioners to the 
| borrowing of two sums of 5,000,000/. for the con- 
| struction of main transmission lines and the stan- 
| dardisation of frequency respectively. Since that 
date, consent has been given to the borrowing of 
b further 3,500,000/. for the former purpose and 
440,0001. for the latter. 

The work of the Board since its commencement 
has for obvious reasons attracted the attention both | | 


reduction in rates under Argentine law for the 
immediate benefit of production and industry, 
and did not admit the alternative policy of stimu- 
lating the further imminent investment of capital 
on a large scale, with its resultant benefit to labour 
and the development of the country. Of this 
question Mr. Chalkley writes—‘‘ It is unfortunate 
‘on a matter which vitally affects the whole 
| economic development of the country and British 
| capital invested in railway enterprise in the Argen- 
tine Republic, that the provisions of the law should 





of engineers and potential consumers, while owing | be implicit and not explicit, and the sense of in- 
to the procedure laid down the majority of its| security must remain until the Supreme Court 


| activities are conducted in an atmosphere of | | has pronounced further on the subject or until 


All these contracts have been ob- | 


To fulfil the latter | 
condition has often been difficult, and the way in | 
which the majority of landowners have facilitated | 
co-operation | 
exists is further proved by the fact that although | 


An equally complacent | 


publicity. These conditions naturally detract from 
‘any novelty which the present document might | 
otherwise have possessed. Nevertheless it is worth | 
study as a record of what has been achieved in 
|face of considerable difficulties within a short 
| period, and as an indication that under the present 
régime progress is likely to be accelerated in the 
near future. 


BRITISH TRADE WITH THE 
ARGENTINE REPUBLIC. 


Great Britain has always been, and is likely 
to remain, the principal market for Argentine 
exports ; with the exception of the United States, 
our imports from the Argentine Republic are 
greater than those from any other country, British 








or foreign, and the Argentine with a population of | 
less than eleven million inhabitants, is the third | 


largest foreign buyer of British goods. There are 
other factors which accentuate the importance of 
our trade relationship with the republic, and fore- 
most amongst these are the heavy investments of 
British capital in the country and the fact that the 
River Plate trade gives employment annually to 
5,000,000 tons of British shipping. This trade 
relationship is shown clearly and with full statistical 
| information in a recent report by Mr. H. O. Chalkley, 
C.B.E., on Commercial, Economic and Financial 
Conditions in the Argentine Republic, which has 
| been issued by the Department of Overseas Trade. 
| 

| 


(H.M. Stationery Office, price net 3s. 2d.) 

During 1928 British exports to the Argentine 
| Tose to a figure which has not been approached 
| since the collapse of 1920. The Argentine has be- 
|come, for the time at least, the largest foreign 
| market for British cotton and woollen goods and 
for railway material. Those directing our trade 
| and investment interest in Argentine will want to 
know whether the opportunities for both are 
likely to decline or expand. Mr. Chalkley writes : 
“the local observer is impressed not so much by 
the economic progress—rapid rises in production, 
|commerce, industries, currency, savings, gold 
|imports and railway traffic—but rather by the 
|magnitude of the plans for development which 
have awaited for some years, and still await, con- 
|certed public effort for their realisation.”” Two of 
these projects have passed the initial stages; a 
'scheme for a system of grain elevators, to replace 
the existing practice of transport of grain in bags, 
calculated to cost 16,000,000/., has been submitted 
|to Congress, and a British ‘telephone company, 
| now having received official approval, is about to 
| expend 600,000/. in laying an underground line from 
| Buenos Aires to Rosario. 
| Other schemes of development in a more or less 
forward state are railway construction, road con- 
struction on a vast scale, new port works, the 
construction of a network of underground railways 
in Buenos Aires to relieve the enormous annual 
losses due to congestion of traffic, the rebuilding of | 
Buenos Aires and the provision of housing for the 
working classes throughout the country. 

“The Argentine Republic is fortunate in the | 


| 


| amending legislation has been enacted.” 

The State Railways have been able to show a 
certain improvement in earnings during 1927, 
ending the financial year with a small surplus of 
21,789 dols. in receipts over working expenses. 
The national budget for 1929 provides a total sum 
of 31,500,000 dols. for new extensions, surveys and 
improvements and equipment of existing systems. 
Local contractors have under construction a total 
of 1,010 km. The State Railways will continue 
to be large buyers of locomotives, rolling-stock, 
permanent-way material, bridge work, shops equip- 
ment and stores; during 1928 450 wagons were 
purchased in Belgium, and 1,100 from the United 
States, the latter on credit terms of 60 monthly 
instalments, subject to interest at the rate of 64 per 
cent. per annum. 

The British railway companies have under con- 
struction, or to be constructed, some 811 miles of 
extensions and have bills before Congress for 
legislative sanction for further construction of 
281 miles. Only official approval is awaited by one 
British railway company to construct a new terminus 
at Rosario at a cost of over 2,000,0007. and to 
complete the electrification of its suburban service 
from Buenos Aires. Very large orders have been 
placed in Great Britain during the past two years 
by the British railway companies for rolling stock, 
steel bridge work, locomotive boilers and shells, 
fire boxes, pumping plant, machine tools and stores, 
and the purchase of further quantities is contem- 
plated. 

Exports of British steel rails to Argentine during 
the first six months for 1928 reached the exceptional 
figures of 85,715 tons, and the rolling stock on order 
or received in 1928 shows a large expansion to the 
benefit of the British manufacturer. The Buenos 
Aires Great Southern Railway have designed a 
Diesel electric-drive engine for suburban service 
which is being tried experimentally. 

A principal feature of the road problem in the 
Argentine is the absence of stone over wide expanses 
of the richest parts of the country. The largest 
amount of money has been spent in making and 
repairing earth roads, on which it is estimated that 
10,000,0007. has been spent in the past five years. 
It is generally accepted that there are in existence 
25,000 km. of earth roads and the Department of 
Roads and Bridges estimates that the requirements 
of the Republic, based on the density of population 
in each province and territory, and assuming a 
service requirement half that of similarly situated 
areas in the United States, are 227,555 km. of earth 
roads, and 29,812 km. of improved roads. 

Estimates have been prepared and approved for 
submission to Congress of the principal trunk road, 
Buenos Aires—Rosario—Cordoba, 622 km. long of 
macadam, with reinforced concrete at approaches to 
towns and points of heavy traffic. The calculated 
cost is 84,185 dols. per kilometre. The provincial 
Government of Buenos Aires has let a contract for 
|the construction of a reinforced concrete road of 
| 48 km. between Moron and Lujan for 5,269,563 dols. 
and the National Government has contracted for a 





absence of climatic and geographic disadvantages | macadamised road grouted with bitumen of 41 km. 
and of problems of race and defence which affect | from Buenos Aires to Pilar for 2,963,035 dols., and is 
| many other countries. It is in the happy position | expected to order the construction of a second 


| that its problems are mainly politico-economic, and | macadamised road tothe capital from Cafiuelas, about 
| that they are largely capable of solution once the | 50 km. long, at a cost of something over 3,000,000 
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dols. During 1928 successful trials have been made 
of the use of a patent process for the conversion of 
earth into a kind of hard lava in situ as foundation 
for a carpet of asphalte. The process is a British 
invention in which local British capital is invested, 
and the machinery was ordered from the United 
Kingdom. Proposals for the use of the system on a 
commercial scale are being considered. 

There has been a regular importation for the past 
two or three years of road-making machinery from 
England by contractors and importers, but most of 
the plant used in the construction of earth roads 
comes from the United States. It is probable that 
there will be a good future demand in the Argentine 
for British modern heaters, sprayers, asphalt plant 
and road rollers. 

It will thus be seen that development is pro- 
gressive in railway construction, and when the 
national programme of primary and feeder roads is 
finally adopted, and this is one of the first subjects 
which will be taken up by the incoming Government, 
a great campaign of road construction will be 
entered upon. In this question of transport and 
communication is involved the large increase in 
agricultural immigration and the provision of home- 
steads which will remain vital factors if the increas- 
ing prosperity of the country is to be progressive. 
Before looking afield there is the problem of the 
traffic block in Buenos Aires causing losses estimated 
at millions of pounds sterling every year, the only 
solution being admittedly the construction of a 
network of underground railways which the tram- 
way company has been for years ready to finance and 
construct. 

The port of Buenos Aires is one of the dearest and 
most congested for overseas shipping, and the 
completion and equipment of the new port has been 
delayed for years, not for want of funds but by 
neglect to vote them. Following on the voting of 
appropriations for 59,019,291 dols. work has been 
considerably pushed ahead. The first and second 
basins are completed, equipped and open for 
loading. The third and fourth basins are advanced 
and the necessary railway communication and access 
roads have been completed. The electric crane 
equipments—of which there are already 57 large and 
14 small—is practically completed. At La Plata 
no additional port works are contemplated, but the 
port charges may be reduced in order to attract 
shipping and reduce the congestion in Buenos Aires. 
New port works and equipment are under considera- 
tion at Rosario and Santa Fé. 

At Mar del Plata, which may be the chief Argen- 
tine Atlantic port of the future, ancillary works 
have been carried out, and the Government has 
asked for a vote of 5,000,000 dols. for the completion 
and equipment of the commercial port. 

The consumption of electric current in Buenos 
Aires for light and power is constantly increasing. 
The Cia. Hispano Americana, in 1927, supplied 
487 million kw.-hours, and the Cia. Italo Argentine 
produced 115 million kw.-hours, increased to 
125 million for 1928. Rapid progress is being 
made with the construction of the new power 
house of the former company in the new port which 
will develop 630,000 kw., and the foundations are 
being put in for the new station of the second 
company which will have a capacity of 300,000 kw. 
Valuable orders were secured by British manufac- 
turers for the Hispano-Americana installation, and 
the Italian company are consulting British firms 
about certain items of their plant. 

A local company—Cia. Anglo-Argentina de 
Electricidad—owning a number of country light 
and power stations in the province of Buenos Aires 
and in Cordoba, has come under the control of 

\merican capital and is preparing to extend its 
operations. British capital controls power stations 
in Parana, Santa Fé, Cordoba and Tucuman. 

The Ministry of Public Works has issued a report 
of investigations into the possibilities of hydro- 
electric power development. Taking the basis for 
economic utilisation as the transmission of power 
for use in Buenos Aires, the conclusion arrived 
‘t is that, under present circumstances, it would 
be impossible for power transmitted from any of 
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of Buenos Aires. The cost of the most advantageous 


scheme, that of Apipe, which is 1,000 km. distant, 
is put at between 20/. and 251. millions. 

The purchase of large electric generatorsis mostly in 
the hands of the nationality that controls the capital, 
but the railways are users of large generators of 
British make. Any further electrification of the 
large British railways (and the Central Argentine 
Company propose to convert their suburban route 
from steam to electric traction) will make a big 
difference to British manufacturers of generators, 
transformers, high- and low-tension cables, switch- 
boards, third rail and insulators, &c. 

There is a steady increase in the demand for iron 
and steel plates and sections from the extension 
of building activities and for local manufacture of 
iron and steel products. British prices for steel 
joists and sections are still considerably above those 
of European Continental manufacturers, although 
the continental price has advanced lately 10s. per 
ton. Continental steel works have placed holdings 
in local companies engaged in the manufacture of 
steel products and have naturally an additional 
advantage. Apart from orders from railways and 
other British interests, very little fabricated steel 
work from Great Britain enters the country, as 
Government and other work which enters duty- 
free, is generally bought more cheaply from Belgium 
or Germany. 

British manufacturers have, however, secured 
considerable orders for large size steel pipes required 
from time to time by the Argentine Government 
departments in face of the keenest Continental 
competition. As this government business runs 
into very large sums, British manufacturers should 
be able to increase considerably the volume of their 
trade in steel pipes with Argentina. An order for 
10,000 tons of cast-iron pipes was secured by a 
British firm in the face of French and German 
competition. From the information we have in 
regard to the trade position in the Argentine, we 
draw the conclusion that there are opportunities 
for the investment of British capital, in association 
with the Argentine capital which is now becoming 
available, in engineering works and other enterprises 
employing British technicians in their direction 
and development; and that the investment of 
capital in such ways is undoubtedly of far greater 
service to the country, to the British manufacturer, 
and far more needful to the rapid economic growth 
to which the Argentine, aspires than investment in 
public loans. 

Mr. Chalkley writes—‘‘ The development of the 
country calls for an ever-increasing volume of 
imports, the magnitude of its exports provides the 
capacity to absorb them, the prevailing preference, 
if there is no difference in price, quality and presen- 
tation is to buy British goods, and most important 
of all there exists a local machinery for the importa- 
tion of British goods which, with its foundations 
in the experience of a century’s trading, is still 
superior to that available for the corresponding 
trade with other countries.” 

To ensure the continued success of British trade 
with the Argentine Republic, our manufacturers 
have to give most earnest consideration to the 
same factors which are of equal importance to 
British trade in India—the scientific study of the 
market on the spot and provision of the financial 
support necessary to meet the situation with 
enterprise and aggression. 








THE PROPERTIES OF METALS. 


THE nineteenth annual May Lecture of the 
Institute of Metals was delivered at the Institution 
of Mechanical Engineers, Storey’s-gate, West- 
minster, on the evening of May 7 last, by Sir Oliver 
Lodge, F.R.S. The chair was taken by Dr. W. 
Rosenhain, F.R.S., the President of the Institute. 
Sir Oliver Lodge, who had chosen as his subject 
“Some Ideas about Metals,” spoke at some length 
on the state of mind which made discoveries and the 
state of mind which just missed them. For instance, 
said Sir Oliver, Sir William Crookes himself and 
many other experimenters in working with’Crookes’ 


the sources investigated to compete economically vacuum tubes must have produced X-rays without 


with the kilowatt-hour cost of power supplied by the | 
‘wo new power stations now being erected in the port | 


discovering them. Crookes observed the lumines- 
cence which the particles flung off from the cathode 





produced when they impinged upon the glass walls 
or upon crystals, or indeed upon metal targets. 
He found that by concentrating the bombardment 
on a target of thin platinum he could make the 
platinum red hot. Réntgen, however, as every one 
knew, went further, and discovered that the impact 
of high-speed electrons produced what appeared to 
be an entirely new kind of radiation, which ulti- 
mately turned out to be a higher kind of ultra- 
violet light with an exceptionally short wave-length. 
It might be asked how it was that earlier experi- 
menters failed to find these rays. Partly, of course, 
because, their existence being completely unknown 


| and unpredicted, they were not being directly looked 


for and no means of detecting them were at hand. 

Crookes himself felt that he ought to have 
observed them. The typical case, however, was 
that of the Rev. F. Smith, an Oxford don who was 
at one time a well-known member of the Physical 
Society of London. He realised, after Réntgen’s 
discovery, that he had had the rays all the time, 
for they had spoilt photographic plates which he 
wanted to use for other purposes. Finding that 
a closed box of such plates were spoilt by the 
proximity of a vacuum tube, he gave instructions 
that such boxes were to be removed from the neigh- 
bourhood of the tube out of danger. It thus ap- 
peared that on finding that the plates in a sealed 
box lying close to a tube were spoiled, as if they 
had been exposed to light, he was, so to speak, 
annoyed at this disturbance of his experiments, and 
kept them out of the way. Réntgen made what was 
virtually the same observation, except that, instead 
of sensitised plates, he happened to have on a table a 
fluorescent screen smeared over with barium platino- 
cyanide, which therefore was excited in a visible 
manner. He held a book between the vacuum tube 
and the screen, and perceived that, though the 
book cast a shadow, it did not cast a complete 
shadow. A metal screen cast a dark shadow, but a 
wooden screen only a light one. When he held 
his hand in the path of the rays, the bones showed 
up more strongly than the flesh. This last fact 
spread the news of the discovery of the rays over 
Europe and America with great rapidity. 

Turning to metallic conduction, Sir Oliver re- 
marked that this was a difficult subject, but it ap- 
peared to be much more like conduction through gases 
than had at first been thought to be the case. The dif- 
ference between metallic and electrolytic conduction 
was fundamental. The difference between metallic 
and gaseous conduction was more a question of degree. 
In a gas some of the electrons were free—either free 
altogether or temporarily free. Ina metal, however, 
many electrons seemed extraordinarily free, though 
many must be attached to atoms. Virtually, and 
for practical purposes, the electrons in a metal were 
free, and to a great extent they obeyed gaseous laws. 
A metal was really a most interesting object, and 
there must be a multitude of things to be discovered 
inits structure. For instance, the magnetic qualities 
of iron, nickel, cobalt, and manganese still required 
much further elucidation. It was not really known 
why atoms of this particular number, 26 and there- 
abouts, behaved in this exceptionally magnetic way. 
There was no trace of metallic conduction in an 
electrolyte. Conversely, there was no trace of 
electrolytic conduction in a metal. There was no 
locomotion of the atoms with the current; the 
atoms were fixed. If this were not so, a metallic 
alloy would be formed at a junction of two metals. 
Very sensitive tests existed, however, for alloys. 
A trace of tin introduced into copper lowered its 
conductivity enormously. A current could, how- 
ever, be passed for a long time across a tin-copper 
junction without any deterioration of its conducting 
powers. Again, a trace of lead in gold greatly 
affected the malleability of the noble metal, but a 
current across a lead-gold junction had no such 
effect. Metallic conduction must, therefore, be en- 
tir ly due to free electrons, i.e., free either wholly 
and continuously or temporarily and frequently, 
by constant interchange between the atoms. Un- 
doubtedly electrons in a metal carried the current 
and constituted the only travellers. The atoms 
were fixed or crystallised into position, and consti- 
tuted a scaffolding or framework through which the 
electrons passed. 

Another risk of missing a discovery—or, rather, 





of missing an observation of some interest that 
might subsequently have a theoretical bearing— 
might be called the tendency to free interpolation. 
All scientists were on their guard against extra- 
polation, or pushing results beyond the field of 
observation. On the other hand, results could 
hardly be tabulated at all unless it were taken for 
granted that a fair amount of interpolation was 
legitimate. All research workers used interpolation 
when they drew a curve through points on a diagram 
which recorded actual measurements. By that 
device, however, it was possible to overlook unex- 
pected and perhaps important discontinuities, or 
singular features, such as would be represented in 
the diagram by rapid changes of curvature or by a 
zigzag line instead of a smooth curve. Not every 
physical curve was really a smooth one. There 
were many cases in which smoothness was to be 
expected, but, especially in dealing with alloys, a 
slight change in chemical composition was liable to 
change the properties in a revolutionary manner. 

The conductivity of copper-tin alloys was exa- 
mined by that excellent experimenter Mathiessen, 
and the results plotted as a continuous curve from 
pure copper, on the one side, to pure tin on the 
other. The intermediate portions of the curve, 
however, were merely interpolated, observations 
being made chiefly near either end of the diagram. 
It so happened that, about 50 years ago, Sir William 
Roberts-Austen, of The Mint, making experiments 
on the conductivity of various metallic discs by 
means of Hughes’ induction balance, obtained 
results with bronze discs in which certain bronzes 
of a brittle and unworkable character did not con- 
form at all to Mathiessen’s curve, although appar- 
ently they did conform to some severely criticised 
and discarded experiments by Messrs. Calvert and 
Johnson on the heat conductivity of these alloys. 
Accordingly,: Roberts-Austen cast some of these 
alloys in the form of rods about 1 ft. long and }-in. 
in diameter and sent them to the lecturer at 
Professor Carey Foster’s laboratory at University 
College, London, with the request that the specific 
resistance should be determined by Carey Foster’s 
accurate Wheatstone bridge methods. 

The conductivity of copper, as was already known, 
was very great ; the slightest trace of tin, however, 
brought it down rapidly, as Mathiessen had observed. 
On the other hand, his own work showed that the 
descent extended far beyond the limit measured 
by Mathiessen. The conductivity of pure copper 
might be given as 610 units; additions of tin 
caused it to decrease sharply until it was only 
20 units, whereas the conductivity of pure tin was 
80 units. The curve was, therefore, not smooth as 
Mathiessen had drawn it ; on the contrary, a sharp 
trough was formed, the bottom of which corres- 
ponded, on the one hand, to the chemical formula, 
SnCu,, the proportion of tin being 30 per cent., 
and on the other, to a conductivity of 20 units. 
Subsequently, there was a rapid rise in conductivity, 
so that when the proportion of tin was 40 per cent. 
it had reached 90 units, i.¢., above that of pure tin. 
The curve then descended to about 70 units when 
80 per cent. of tin was present, and rose to 80 units 
when the metal was entirely composed of tin. 
The curve, therefore, contained a sharp trough 
and a shallower peak, each characteristic of some 
definite chemical composition in the alloy, and 
having the advantage that they once more unified 
the heat conductivity and the electrical conductivity, 
which had seemed discordant from the simple 
smoothed-out or interpolated curve. 








THE DEPARTMENT OF SCrENTIFIC AND INDUSTRIAL 
RESEARCH.—The secretary of the Department of Scien- 
tifie and Industrial Research informs us that Sir James 
Alfred Ewing, K.O.B., F.R.5., has been appointed a 
member of the Advisory Council to the Committee of 
the Privy Council for Scientific and Industrial Research, 
to fill a vacancy occasioned by the death of Mr. Robert 
Whyte Reid. 


THe Crane Company: Erratum.—We greatly regret 
that owing to a printer’s error, the name of the Crane 
Company was given as the Chrome Company in a 
catalogue notice headed “ Valves,” which appeared in 
our issue of April 26 last, on page 535. It is, of course, 
well known that the Crane Company regularly issue 
The Valve World, to which the notice referred, so that 
we trust that the error will have been obvious to our 
readers, The head office of Messrs. Crane-Bennett, 
Limited, the British associated firm of the Crane 





Company, is at 45-51, Leman-street, London, E,1, 
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THE LATE SIR P. K. STOTHERT. 

WE regret to record the death of Sir Percy Kendall 
Stothert, which took place after a prolonged illness at 
Bath on Monday last. Sir Percy will best be known to 
engineers in connection with the work of his firm, 
Messrs. Stothert and Pitt, of which he was Chairman 
at the time of his death. Apart from his professional 
duties, however, he did much valuable public work 
on the Boards of hospitals and other undertakings in 
the Bath area, and in his capacity of Justice of the 
Peace. He was born on June 21, 1863, and after being 
educated at Reading School and Clifton College, he 
entered the workshops of Messrs. Stothert and Pitt 
in 188] as an apprentice. In 1883, he was put in charge 
of the firm’s London office, and after filling this position 
for about a year, was appointed Assistant Manager. 
Much of his time about this period was spent on out- 
door erection work, and he was associated with the 
erection of the Mammoth crane on the South Shields 
breakwater, and the Hercules crane on Hartlepool 
breakwater. He was appointed a director of the 
company in 1886, and Joint Managing Director with 
the late Mr. Walter Pitt in 1902. 

It is hardly necessary to refer at length to the work 
of Messrs. Stothert and Pitt during the period of his 
directorship, as frequent references have been made 
to the firm’s activities in our columns. Much of the 
work carried out has been in connection with the 
manufacture and erection of harbour plant, and, amongst 
other important works, Sir Percy was responsible for 
the plant at the Peterhead Harbour of Refuge, including 
a 50-ton Titan crane, and the plant for the Admiralty 
Harbour works at Gibraltar. It is interesting to 
recall that one of the first tanks developed in the early 
years of the war was made at Messrs. Stothert and 
Pitt’s works, and that, amongst other munitions work, 
the firm turned out a large number of paravanes. 
Sir Perey was appointed during the war to the position 
of Chairman of the West of England Board of Manage- 
ment for the Ministry of Munitions, and in that capacity 
had charge of the arrangements for the visit of the 
King and Queen to Bath and Bristol. It was in 
recognition of his services on the Board that he was 
created a Knight of the Order of the British Empire in 
1918. He was appointed Chairman of Messrs. Stothert 
and Pitt in 1921, and he was also Chairman of the 
Clevedon Gas Company, the Clevedon Water Com- 
pany, and the Bath Gas Company. He qualified as a 
Magistrate for the County of Somerset in 1898, and 
in 1900 was elected a Governor of the Royal Mineral 
Water Hospital, Bath. Two years later he was appointed 
a trustee of the Royal United Hospital, of which he 
had previously served on the committee. For several 
years he held a commission in the First Volunteer 
Battalion of the Somerset Light Infantry, and he 
was also a member of the Somerset Territorial Army 
Association. He was elected an Associate Member of 
the Institution of Civil Engineers in 1888, and was 
transferred to the class of Member in 1900. 








THE LATE HERR KARL BENZ. 


By the death, on April 3, at Ladenburg, Mannheim, of 
Herr Karl Benz, Germany loses an engineer whose 
name, like those of Otto, Daimler, Maybach and 
Diesel, will go down to history as that of a pioneer. 
The introduction of the Otto four-stroke cycle, of 
the Daimler high-speed spirit motor and of the Benz 
motor-car are landmarks in the progress of the internal- 
combustion engine vehicle, and it is worth recalling 
that the first motor-car brought into England and the 
first imported into the United States were both Benz 
cars. Benz was born in 1845, eleven years after 
Daimler and a year before Maybach, and was the 
son of an engine driver who lost his life through an 
accident. Educated at the Gymnasium and Poly- 
technicum in Karlsruhe, he began his career as a 
mechanic in a Karlsruhe machine shop, but by 1871— 
an eventful year in the industrial history of Germany— 
had a small factory of his own at Mannheim. In 
1878 he produced a two-stroke cycle engine, and in 
1883 was assisted to found the firm of Benz and Com- 
pany. His first motor-car was produced and patented 
in 1885-86. Daimler’s earliest car and motor boat 
date from the same time. Benz’s car, a two-seater, 
three-wheeled vehicle with wire wheels and solid rubber 
tyres, having a single-cylinder horizontal engine with a 
large flywheel mounted above the rear axle, is preserved 
in the Deutsches Museum, Munich. Such vehicles found 
little demand in Germany, but were introduced into 
France in 1888 by Mons. E. Roger. What was probably 
the first petrol car in England is now in the Science 
Museum, where a portrait of Benz hangs. 

Benz cars were exhibited at the Munich Exhibition 
of 1888, and at the World’s Fair or Columbian Exposi- 
tion in Chicago in 1893. But while Daimler and Benz 
engines were applied to a good many early cars, it 
should not be forgotten that the general design of the 
motor-car, a8 we have it to-day, was mainly the work 





of the French engineers Panhard and Levassor. The 
firm founded by Benz, was converted in 1899 into a 
limited liability company, and since then he had lived 
in retirement. 


LETTERS TO THE EDITOR. 


THE PACOIMA ARCH DAM, 
CALIFORNIA. 


To THE EpriTor OF ENGINEERING. 


Sir,—I appreciate greatly your courtesy in sending 
me a copy of Mr. Jakobsen’s letter relative to my 
article on the Pacoima Arch Dam published in the 
January 18, 1929 issue of ENGINEERING.* 

I regret that Mr. Jakobsen should feel that not 
sufficient credit was given him in my article for his 
part of the work in connection with the design and con- 
struction of this dam. As Mr. Jakobsen stated in his 
letter he left the work at a time when “. . . the design 
was completed and the structure itself more than 50 
per cent. completed.”’ Subsequent to Mr. Jakobsen’s 
resignation a board of consulting engineers, composed of 
Messrs. D. C. Henny, J. B. Lippincott and J. H. Reagan. 
investigated the structure and recommended that the 
height of the dam be decreased by 10 ft.; further, that 
the south wing be supported and strengthened by an 
artificial abutment, and the spillway be enlarged and 
located a certain distance away from the main structure. 
These changes necessitated a final analysis of stresses in 
the dam of reduced height, reference to which was made 
in my article published in ENGINEERING. It may be 
that Mr. Jakobsen is not aware of these new conditions, 
so that his letter, perhaps, is based on a misunder- 
standing. 

The Pacoima dam was finished in 1928. It is 372 ft. 
high, and, to date, the highest dam ever built. Its 
design and final analysis of stresses was the subject of 
much study, especially in view of the failure of the 
St. Francis dam in March, 1928. The Los Angeles 
County Flood Control District ordered several of its 
dams to be investigated in the light of the most recent 
theories of arch-dam design, including the tests on the 
Stevenson Creek Experimental Arch Dam, and the 
theory of thick arches, referred to in Mr. Jakobsen’s 
letter. These analyses were made by the designing 
department of the District under the writer’s direction, 
and indicated that all arch dams constructed by 
the District have evidently an ample factor of safety. 

The most up-to-date methods of dam design and 
construction are being used in the building of the large 
San Gabriel Dam now under construction by the District 
about 30 miles from Los Angeles, California. This dam 
is of the curved gravity type, and, when completed, 
will be about 500 ft. high above the foundation. It will 
contain nearly 4,000,000 cub. yards of concrete, and 
the cost is estimated at 25,000,000 dols. 

Mr. E. C. Eaton is chief engineer of the Los Angeles 
County Flood Control District, the writer being special 
consultant for the design and construction of all its 
dams.—Very truly yours, 

Frep A. NoeETz.LI, 
Consulting Hydraulic Engineer. 

Los Angeles, April 19, 1929. 














POWER STATIONS AND 
SULPHUROUS FUMES. 


To THE EDITOR OF ENGINEERING. 


S1r,—The objections that the Battersea power station 
will result in the emission of large quantities of grit 
and sulphurous fumes all seem to be based upon the 
assumption that the coal burnt by this plant will be 
additional to the present fuel consumption of the 
district. The object of this station is, however, to 
produce energy for lighting, heating and industrial 
processes, and it will replace hundreds of thousands 
of domestic coal fires which are emitting smoke and 
sulphurous acids into the atmosphere of London. At 
the present time, the coal consumed for domestic 
purposes in Greater London is about 8,000,000 tons 
per annum. This coal is burnt in a most inefficient 
manner, and is emitting ten times the amount of 
sulphurous fumes alleged to be the maximum possible 
from the Battersea station. Looked at from this 
point of view, the compulsory abolition of the domestic 
coal fire becomes an urgent necessity. Pending, 
however, a Government sufficiently courageous to 
enact and enforce such legislation, the concentration 
of combustion at Battersea, combined with scientific 
and efficient methods of operation, is a big step 
forward to this desirable end. It is, in fact, quite 
reasonable to assume that the production of electrical 
energy at Battersea, with the consequent abolition 
of domestic coal fires, will be more likely to reduce 
than to add to the sulphurous fumes, which are 
projected into the atmosphere. : 


* Mr. Jakobsen’s letter was published on page 527 
ante—Ep. E. - 
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To move the station to the east end, as has been 
suggested, would make its protection from possible air 
raids more difficult, and increase the congestion under 
the streets, owing to the large trunk mains that would 
be necessary to bring the power to the centre of 
distribution. 

Yours faithfully, 
W. ARTHUR JONES, 
General Secretary, 
Electrical Power Engineers’ Association. 
102, St. George’s-square, 
London, 8.W.1. 

[We have been obliged to abbreviate Mr. Jones’s 

communication.—EbD. E.} 








PEAK LOAD PROBLEMS. 


To THE EDITOR OF ENGINEERING. 


Sir,—Your recent editorial on peak loads raises some 
very interesting points; the problem of how to deal 
efficiently with such loads is one that is always before 
the station engineer. 

Professor A. G. Christie, in his paper before the 
American Society of Mechanical Engineers, makes out 
a strong case for the steam accumulator. Most engi- 
neers will agree that pulverised-coal firing gives to 
boiler equipment that flexibility of operation so essen- 
tial for dealing with peak loads. It is the stoker-fired 
boiler that is slow to respond to a call for increased 
steam consumption, and although peaks can nowadays 
be fairly accurately forecasted, this inherent disability 
is always proving a bar to efficient boiler-house 
operation. 

It is possible, however, to combine pulverised coal 
and stoker-fired plant in such a way as to give to the 
latter type of firing equipment all the flexibility of the 
former. This is achieved by a system of boosting 
stoker-fired boilers. Briefly, in this system, a small 
unit pulveriser is placed in the ash basement or along- 
side the boiler, raw coal being taken from the main 
bunkers through an auxiliary chute. Burners are 
placed in the side walls of the chamber, and are arranged 
to project on to the stoker bed. 

On starting up the pulveriser, the pulverised coal 
is immediately ignited by the flames from the stoker 
bed, and the rise in evaporation is instantaneous. 
As an example, on one installation it was possible to 
increase the evaporation from 30,000 Ib. per hour 
to 65,000 lb. per hour in three minutes. The value of 
such flexibility will be appreciated by the station 
engineer, who has to deal with fluctuating loads. The 
plant fulfils all the requirements of the “ideal” 
peak load plant, t.e., (1) Low capital cost; (2) Can 
be brought in operation at a minute’s notice ; (3) Does 
not necessitate alteration to existing boiler or turbine 
plant ; (4) Minimum of space required. 

The number of installations that have been made both 
in this country and on the Continent proves that the 
plant fulfils a useful purpose. No birds-nesting or 
refractory troubles have been encountered, and in spite 
of the increased combustion chamber loading, steam 
and exit gas temperatures remain practically constant. 

Yours faithfully, 
for ALFRED HERBERT, LIMITED, 


May 6, 1929. R. Jackson, Director. 








TORPEDO BOAT DESTROYERS AND 
FLOTILLA LEADERS. 
To THE Epiror oF ENGINEERING. 


Srmr,—In your issue of April 26, an American corre- 
spondent, Mr. McHugh, repeats his previous complaint 
that in a recent article (ENGINEERING, January 11, 1929) 
you credited the U.S.A. with the possession of 309 
destroyers instead of only 270. This prompted me 
to turn up your original article, which I had read at the 
time with considerable interest. On comparing this 
with the latest reference books, &c., it became evident 
that your statement was perfectly accurate and that 
Mr. McHugh’s “correction” was unjustifiable and 
must have been based on a misapprehension of the 
real facts. 

It is certainly true that the various authorities agree 
on 270 as the correct number of destroyers in the U.S. 
Navy—though even this sounds rather like an em- 
barras des richesses when compared with a niggardly 
152 for the British Navy. However, these same sources 
of reference also mention that 14 “ light minelayers ” 
are “ex flush-deck destroyers of the No. 75 series.” 
This conversion apparently consists in fitting mine 
rails and traps and in removing the torpedo tubes, with 
possibly the after gun. It is, therefcre, rather difficult 
to see why these fourteen vessels should not be classed 
as destroyers after this relatively minor alteration. 
Destroyers are, of course, often arranged to be readily 
convertible for use as minelayers, and it would no 
doubt be a very simple matter to refit torpedo tubes to 
these “‘ ex destroyers.” 


The remaining 25 of these missing 39 destroyers are 
to the U.S. Coastguard Service (as mentioned in your 


Service is almost a second navy in itself, with a very 
large personnel. It includes, besides the 25 destroyers, 
some 18 first-class cruising cutters, 16 second-class 
cutters, and over 60 small patrol boats of various types. 
Nearly all these boats are provided with a useful 
armament. That of the latest class (Lake Pontchar- 
train, &c.) comprises, according to “‘ Jane’s Fighting 
Ships,” a couple of 5-in. guns, a couple of 3-in. anti- 
aircraft guns and a brace of six-pounders. 

In time of war all these vessels come under the orders 
of the Secretary of the Navy and are, therefore, fully 
available. If we may judge from recent incidents, it 
would seem that vessels of the Coastguard Service 
are getting in quite a fair amount of war practice. 
They should, therefore, be in better shape than if 
merely laid up in reserve with a ‘care and main- 
tenance” party. While, therefore, Mr. McHugh may 
be correct on paper, the real destroyer strength in the 
U.S. Navy should undoubtedly be 309 vessels and not 
270. 

Mr. McHugh’s statement on destroyer speeds seems 
equally open to criticism. It would be very unwise to 
believe that American destroyer speeds fall so much 
below the designed values. As a matter of fact, the 
designed speed of a naval vessel usually corresponds 
with a relatively light displacement. Destroyers aie, 
of course, especially sensitive to changes in displace- 
ment and can easily lose or gain two or three knots, 
according to the state of loading. Published results 
of a typical U.S. destroyer (the Pruitt) show that this 
vessel required about 27,800 shaft horse-power for 
35 knots when at just over 1,200 tons displacement. 
This is a very moderate overload for the designed 
normal power of 26/27,000 shaft horse-power and should 
be readily attained. It is, however, clear that if the 
boats are run at much over 1,200 tons or at only just 
their normal power, they will fall below the “ designed 
speed.”” The same, however, would apply to nearly 
all other destroyers if overloaded or restricted to a 
normal power. 

In the present case, with so many vessels of the 
same design, there would be no object in running at 
more than the guaranteed power, except for the initial 
boats. It seems fairer, therefore, to class these boats 
as 35 knotters, instead of as the average of a jumble of 
trial results run, no doubt, at varying displacements 
and with different degrees of forcing. 

I must apologise for the length of this letter but, 
although having, of course, no connection with the 
original article, it seemed worth while pointing out 
that some “ glaring errors’ ascribed to ENGINEERING 
were not quite so glaring after all. 

Yours faithfully, 
K. C. Barnasy. 
John I. Thornycroft and Company, Limited. 


Woolston Works, Southampton, May 7, 1929. 








ENGINEERING TRAINING AND 
EDUCATION. 


Manchester College of Technology.—A prospectus has 
just reached us of short courses of lectures and labo- 
ratory work to be given during the summer at the 
Manchester Municipal College of Technology. These 
summer evening classes will begin on June 3 and 4 
next, and will continue, in the majority of cases, until 
July 23. The courses comprise 17 classes on subjects 
connected with mechanical engineering, 6 classes in 
electrical engineering subjects, 6 classes in matters 
relating to municipal and sanitary engineering, 14 
classes in chemistry and chemical technology, and 3 
classes in physics. Courses in mathematics, building, 
mine surveying, industrial administration, and in the 
technology of the textile, printing and photographic 
industries are also to be held. Generally speaking, the 
fee for a single subject in each course is 10s. 6d. Further 
particulars may be obtained upon application to the 
Principal, The College of Technology, Manchester. 








Hupson Bay Rattway.—The laying of steel rails on 
the Hudson Bay Railway line from The Pas, Manitoba, 
to Churchill, the terminal port on the Hudson Bay, was 
completed on Good Friday last. A good deal of ballasting 
remains to be done, however, and the line will not be 
open for general traffic for some months. Work on the 
railway was begun in 1911, with Churchill as the objective. 
Subsequently, a change to Port Nelson, which issome 150 
miles south of Churchill, was announced. The construc- 
tion of the railway was suspended during the war period 
and was not resumed until August, 1927. The route 
was again changed and Churchill was finally selected as 
the terminus, following the report of Mr. Frederick 
Palmer, the London consulting engineer, in favour of 
this site for the Hudson Bay seaport. It is anticipated 
that test shipments of wheat will be made from the 
port during the coming autumn, but the new service will 
not be fully developed until 1930. 





shown as having been transferred from the U.S. Navy | 


editorial footnote on March 1). Now this Coastguard } 





THE CENTENARY OF THOMAS 
YOUNG 


His name familiar to every engineer through the 
term “‘ Young’s modulus,” Dr. Thomas Young, who 
died at Park-square, London, May 10, 1829, a hundred 
years ago, was considered by no less an authority than 
Rankine as “the most clear-thinking and far-seeing 
mechanical philosopher of the nineteenth century, 
and one of its most accomplished and profound 
scholars.” The tribute of Helmholtz was no less 
striking, who, however, added that Young had “ the 
misfortune to be too greatly superior in sagacity to 
his contemporaries,” who ‘“ gazed at him in astonish- 
ment but could not always follow the bold flights of his 
intellect.” 

The tenth and youngest child of a Quaker land- 
owner, Young was born at Milverton, Somerset, 
June 13, 1773, and from the first gave evidence of 
extraordinary ability. As a boy he was familiar with 
not only Latin and Greek, but also with Hebrew, 
Persian, and Arabic ; as a youth he read and digested 
the whole of Newton’s “ Principia’; as a student he 
read a paper to the Royal Society on the muscular 
fibres of the eye, and at 21 was admitted a Fellow of 
the Society. From St. Bartholomew’s Hospital he 
went to the Universities of Edinburgh, of Géttingen, 
and of Cambridge—being known at the latter as 
““Phenomenon Young”; and then in 1801, at the 
age of 28, became professor of natural philosophy in 
the newly founded Royal Institution, where Davy 
was his colleague. It was there, in the course of the 
next two years, he gave his courses of lectures which 
in 1807 were published under the title ‘“‘ A Course of 
Lectures on Natural Philosophy and the Mechanical 
Arts.” 

The lectures themselves had proved too abstruse 
for the fashionable audiences which flocked to hear 
Davy, but the two quarto volumes proved a veritable 
gold mine for subsequent writers and investigators, 
and Rankine, sixty years later, described the work 
as “‘ the best existing compendium of the elementary 
principles of physics.”’ It was Young who first intro- 
duced exact definitions into the study of the strength 
of materials and elasticity, and he it was who gave 
the term “energy” its present significance. His 
discoveries in sound and light were of fundamental 
importance. The science of optics, except as it referred 
to the construction of telescopes, made little advance 
in the eighteenth century, but it was Young who 
explained the phenomenon of the interference of light 
and revived the undulatory theory first enunciated by 
Huygens. Fresnel’s epoch-making work was contem- 
porary with that of Young, but independent. But 
physical science claimed only a part of Young’s time. 
His mind, cast in no ordinary mould, turned with ease 
from one difficult subject to another. From the study 
of bridges he would pass to that of the motion of the 
blood; from the investigation of the tides to the 
deciphering of Egyptian hieroglyphics. He made 
calculations for an insurance company; he was for 
years physician to St. George’s Hospital; he superin- 
tended the Nautical Almanac; and he sat on com- 
mittees on shipbuilding, on the use of gas, and on 
weights and measures. In capacity for intellectual 
work, in retentivity of memory, in powers of under- 
standing, such men as Young stand apart, though he 
himself, curiously enough, considered that other men 
by concentration could do what he had done. 

His name is honoured in many ways. More than 
twenty years ago the Optical Society founded the 
Annual Thomas Young Oration, to which we have 
from time to time referred in these columns. There is 
a tablet to him in St. Andrew’s Chapel, Westminster 
Abbey, while in the Shire Hall, Taunton, in his native 
county, there is a bust bearing an inscription in which 
he is described as “‘ unsurpassed in the extent and 
accuracy of his knowledge, second only to Newton,” 
a statement from which few students of science will 
dissent. 








LAUNCHES AND TRIAL TRIPS. 


‘** STARWELL ”’ and “ STocKWELL.”—Single-screw Cana- 
dian lakes and canals cargo steamers; triple-expansion 
engines. ‘Trial trip of S.S. Starwell, April 29, and of 
8.8. Stockwell, May 2. Main dimensions 260 ft. by 
42 ft. 4in. by 20ft. Built by Messrs. Swan, Hunter and 
Wigham Richardson, Limited, Wallsend and Southwick, 
for Messrs. Welland Steamship Company, Limited, 
Welland, Ontario. 


‘* HERONSPOOL.’’—-Cargo steamer;  triple-expansion 
engines. Trial trip, April 30. Main dimensions, 434 ft. 
by 54 ft. 3in. by 30 ft. lin. Built to the order of Messrs. 
The Pool Shipping Company, Limited, West Hartlepool, 
by Messrs. William Gray and Company, Limited, West 
Hartlepool. 


‘“ Brika,”’—Ore-carrying steamer; triple-expansion 
engines. ‘Trial trip, May 1. Main dimensions, 384 ft. 
by 52 ft. 3in. by 28 ft. 3in. Built by Messrs. John Red- 
head and Sons, Limited, South Shields, for Messrs. F. C. 
Strick and Company, Limited, London. 





LABOUR NOTES. 

At a conference in London, on Wednesday, executive 
council representatives of the forty odd engineering 
trade unions passed the following resolution :— 
‘‘ That immediate application be made to the Engineer- 
ing and Allied Employers’ National Federation for an 
early conference further to consider the wages applica- 
tion of February 6, 1928.” The application of February 
6, 1928, was for an increase of 8s. per week. If the 
representatives of the Amalgamated Engineering 
Union were parties to the resolution their adhesion 
could only have been provisional, as wages is one of 
the important questions set down for discussion at next 
week’s meeting of the A.E.U. National Committee at 
Llandudno. On all matters of policy the National 
Committee of the A.E.U. is supreme. 
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At its Conference at Blackpool, on Tuesday, the 
Railway Clerks’ Association endorsed the view of the 
Executive Committee that the improved state of the 
railway industry warranted a formal giving of notice 
to terminate, on August 12, the agreement made in 
July last jointly with the National Union of Railway- 
men and the Associated Society of Locomotive Engi- 
neers and Firemen, under which all railway workers 
agreed to a wages’ reduction of 24 per cent. An 
official report issued at the close of the discussion stated 
that there was only one dissentient vote. Discussions 
with the two other unions are now to be begun with 
the object of securing joint action in the matter. It 
was stated in the agreement of July last, it will be 
recalled, that the reduction of wages was only tem- 
porary, and that after it had been in operation for 
twelve months it would be terminable on three months’ 
notice. It was provided, however, that if notice were 
given it would have to be given by the trade unions 
collectively or the companies collectively. 





Rank and file condemnation of the disruptive tactics 
of Communists found strong expression at an earlier 
sitting, when the appeal of Mr. S. Purkis against his 
dismissal from membership was rejected on a card 
vote by 39,275 to 3.750. According to an official state- 
ment, Mr. Purkis had been responsible for a statement 
in a Communist paper reflecting unfairly and im- 
properly on the Union, and making objectionable 
references to the General Secretary and other officials. 
The report of the Executive Council condemning the 
activities of the Minority Movement within the Union, 
and asking for authority to take such action as was 
deemed to be necessary was endorsed by the delegates 
with only fourteen dissentients. 





Writing in the one hundred and eighteenth quarterly 
report of the General Federation of Trade Unions, 
Mr. W. A. Appleton, the General Secretary, says that 
attempts to deal with the problem of unemployment 
have been handicapped by dogmatic adhesions to the 
political ‘‘ isms ” and by a general and steady disincli- 
nation to face unpleasant facts. One result of this 
unwise and faint-hearted attitude is seen, he points 
out, in the fact that in eight years the State has spent 
400,000,000/. on relief of unemployment without 
obtaining in return for this expenditure any increase 
in material wealth. In Mr. Appleton’s opinion, such 
expenditures, whether in the form of relief or subsidies, 
actually tend to increase the possibilities of future 
unemployment, for they encourage consumption without 
providing for equivalent replacement; they also 
prejudice national credit and lessen the sums available 
for speculative expansion of existing, or of new forms 
of production. The Federation has been trying to 
teach these lessons for years, he says, but only recently 
has any general attention been given to the importance 
of what may be described as reproductive relief. 


There are some who imagine and teach, Mr. Appleton 
goes on to say, that what is termed rationalisation of 
production will solve the problem. Of itself, it will 
do nothing of the kind; on the contrary, it may tend, 
certainly in its earlier and cruler stages, to make things 
worse. The inevitability of rationalisation may be 
admitted, Mr. Appleton says. So also may be its 


for monopolisation it will increase ; but that it will, 
as at present attempted, decrease the sufferings of 
those whom it periodically renders superfluous to indus- 


trial or commercial requirements is, in his opinion, | 


doubtful. 


The number of societies aftiliated to the General | 
Federation is 94, of which 61 are on the higher scale, | 
30 on the lower scale, and 3 on both scales. The gross | 
membership is 533,337, of whom 302,184 are on the | 
higher scale, 219,798 on the lower scale, and 11,3565 | 
| Council approached the unions on the subject, and a 


on both scales. The Federation’s income during the 








|six to fifteen days. 
advantage to the company promoter whose opportunities | brewery workers, commercial telegraphists, electrical 
gm Ag ae | workers, hotel and restaurant employees, marine fire- 


| men, oilers, water tenders, meat cutters, railway clerks, 
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the funds and investments now total 289,5307. There 
were seven disputes during the three months, but the 
claims in respect of each were easily met, the report 
states, out of income. 


Alluding to the Melchett-Turner conferences in the 
course of his presidential address to the annual meeting 
of the Council of the National Union of Textile Workers, 
Mr. Ben Turner said that despite much criticism, he 
thought they had served a useful purpose. Even Mr. 
Cook at a meeting of the official bodies the other day 
had declared the reports that had been issued to be of 
value and urged their acceptance by the organised 
employers. If people would only study them, even just 
read them, they would know better than allow them- 
selves to be side-tracked by emissaries from other 
countries whose policy on trade and labour matters 
might fit their own countries but did not fit ours. 
“This is the twentieth century,” Mr. Turner added, 
‘and if science can conquer in the air and under the 
sea, and across the earth, surely common sense can 
have a look-in with industry and commerce.” 


Cabling on May 1, the Melbourne correspondent 
of The Times said that the cost of living index numbers 
used to fix a basic wage since Mr. Justice Higgins’s 
“Harvester Judgment ’’ show a sharp rise for the 
January to March quarter, the increases being as fol- 
lows :—Sydney, 4s.; Melbourne, 3s. 6d.; Brisbane, 
ls. 6d.; Adelaide, 4s.; Perth, 1s.; and Hobart, 3s. 
Slight decreases in some industries during the previous 
two quarters have not affected the present situation 
because wages are based on the figures for six months 
orone year. As the result of the increase, the Victorian 
railways will be compelled to pay an extra 200,0001. a 
year in wages, and the Melbourne tramways 30,0001., 
and shipping will also suffer. Protests against the 
continuance of an “‘ inconsistent and obsolete ’ method 
of adjusting the basic wage are frequent. 





In a note attached to its correspondent’s message, 
The Times says :—‘‘ The so-called ‘ Harvester Judg- 
ment ’ of Mr. Justice Higgins, President of the Common- 
wealth Court of Conciliation and Arbitration, in 1907, 
constituted the first basic wage declared by a Court 
in Australia. The rate declared was 2/. 2s. a week for 
Melbourne, the amount considered reasonable for 
‘a family of about five.’ This rate has been varied 
from time to time in accordance with the retail price 
index numbers prepared by the Bureau of Statistics. 
There has been much discussion from time to time as 
to the adequacy or otherwise of the amount allotted 
under the ‘ Harvester Judgment.’ ” 


On April 29, 1929, the number of unemployed persons 
on the registers of Employment Exchanges in Great 
Britain was 1,163,800. Of these, 824,400 were wholly 
unemployed, 259,900 were temporarily stopped, and 
79,500 were persons normally in casual employment ; 
907,100 were men, 37,700 boys, 186,600 women, and 
32,400 girls. Of 1,140,722 on the registers on April 22, 
1929, 830,770 were wholly unemployed, 231,191 were 
temporarily stopped, and 78,761 were persons normally 
in casual employment ; 882,764 were men, 37,818 boys, 
186,182 women, and 33,958 girls. The number of 
unemployed persons on April 30, 1928, was 1,136,003, 
of whom 918,434 were men, 35,642 boys, 149,389 women, 
and 32,538 girls. nice 

The United States Bureau of the Census states that 
the average annual earnings of all persons employed in 
American manufacturing industries was 1,299 dols. 
in 1927, 1,280 dols. in 1925, 1,254 dols. in 1923, 1,181 
dols. in 1921, and 1,163 dols. in 1919. | Corresponding 


| figures for pre-war years were 590 dols. for 1914, 518 


dols. for 1909, 477 dols. for 1904, and 426 dols. for 1899. 





The United States Department of Labour’s Monthly 
Labour Review states that holidays with pay are pro- 
vided for in 71 of the trade agreements received by it 
since 1926. The length of service usually required in 
order to qualify a worker for a holiday with pay is 
one year, and the length of the vacation varies from 
The agreements cover bakers, 


retail clerks, sailors, stenographers, book-keepers, 
typists, street railway employees, telephone operators, 
teamsters, chauffeurs, train dispatchers, typographical 


| workers, and yardmasters. 


It is announced that the Trades Union Congress 
General Council has decided that it cannot usefully 
carry further its efforts to bring about an amalgamation 
of the three railwaymen’s unions. Some time ago, the 


quarter was 7,000/. in excess of the expenditure, and | meeting was held at which the position was discussed. 
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The Associated Society of Locomotive Engineers and 
Firemen and the Railway Clerks’ Association explained 
why they considered it necessary to retain their own 
identity and to refrain from embarking on a policy of 
amalgamation, but both undertook to assist in working 
out a scheme for the establishment of a National Joint 
Council for the three unions, to serve as a medium for 
the co-ordination of policy on matters of common 
interest, more particularly in regard to subjects for 
negotiation with the railway authorities and the Wages 
Boards. The National Union of Railwaymen explained 
that the fixed policy of that union was for amalgama- 
tion, and that they were not free to commit themselves 
to any other course. The executive of the N.U.R. 
subsequently intimated that they were unable to 
agree to the suggestion for the formation of a National 
Joint Railway Council, but reiterated their decision to 
consider the question of amalgamation. 


Industrial and Labour Information, the official 
weekly organ of the International Labour Office, 
states that the total number of labour disputes, in- 
cluding both strikes and lock-outs, registered in 
Germany in 1927 was 851, involving 10,262 under- 
takings and 499,560 workers directly or indirectly. 
The figures for 1926 were 365 disputes, involving 
2,872 undertakings and 91,205 workers directly con- 
cerned. The number of working days lost in conse- 
quence of such disputes in 1927 was 6,004,950, as 
against 5,896,108 days lost in 1926 by workers directly 
concerned. The demands submitted in the course of 
labour disputes concerned wages in the case of 219,442 
persons, who lost 2,706,866 workings days, and hours 
of work in the case of 112,352 persons, who lost 892,764 
working days. 





In view of the provision of the Japanese Factory Act 
abolishing night work by women and young persons, 
which comes into operation on July 1, a number of the 
leading cotton factories have already abolished night 
work and largely increased the number of their spindles 
in order to compensate the decrease in production due 
to the change. Most of these factories have adopted 
the two-shift system; one shift works from 5 a.m. 
till 2 p.m. and the other from 2 p.m. till 11 p.m., with 
one half-hour interval in each shift. One of the most 
difficult problems with which the cotton spinners are 
faced is the increase in costs of production resulting 
from the shortening of hours. Under the present system 
20 hours a day are worked in two shifts of ten hours 
each, while after the abolition of night work the day 
will be reduced to 17 hours in two shifts of 8} hours 
each. Thus, the hours worked by each individual 
worker will be reduced by 15 per cent. 





It is deemed to be impossible under present conditions 
to compensate for this reduction by reducing wages. 
Most of the factories in which night work has already 
been abolished have announced their intention of 
raising piece-work rates and maintaining the present 
rates for workers paid by the day. Keen interest is 
shown in the question whether manufacturers will be 
able to check the rise in costs of production by increasing 
the efficiency of machinery and of the workers. The 
question of utilisation of the workers’ spare time is also 
being carefully studied. One of the factories in which 
night work has been abolished has made arrangements 
to provide collective recreation or instruction for the 
workers for two hours daily. The members of the 
Japanese Cotton Spinners’ Association have agreed 
to limit production. This limitation, however, will 
cease as soon as the prohibition of night work comes into 
force. It is expected that there will be a great increase 
in production when all night work is stopped. 


A Bill recently introduced in the Japanese Imperial! 
Diet seeks to increase industrial efficiency, and further 
the welfare of the workers by a closer co-operation of 
employers and employees. The measure provides for 
the setting up of committees in factories and mines 
where more than 100 workers are employed. Each 
committee is to be composed either of representatives 
partly elected by the workers and partly appointed by 
the employers, or else of delegates chosen by the 
workers alone. In the former case the number of 
delegates appointed by the employer may not exceed 
those elected by the workers. In the latter case 
representatives appointed by the employer will have 
the right to attend the regular meetings of the com- 
mittee, which are to be held at least twice a year. The 
employer may appoint a chairman from outside the 
committee, but such a chairman is to have no voting 
power. Immediately on the publication of this Bill. 
the employers’ associations issued a statement opposing 
it on the grounds that the institution it proposed to 
establish should be created spontaneously by the parties 
concerned and not imposed on them by law, and that 
they should have been consulted before the Bill was 
introduced. 
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Fie. 1. Bow Anp MrippLe Sections AFLOAT. 














Bie; 2. 


FLOATING DOCK FOR WALSH 
ISLAND DOCKYARD. 


THE construction of a large floating dock for New- 
castle, N.S.W., was decided upon some time ago, with 
a view to providing the Government Dockyard and 
Engineering Works on Walsh Island with equipment 
for handling large vessels. Walsh Island is situated on 
the Hunter River, about two miles from Newcastle, 
in the centre of the New South Wales coalfields. 
dockyard and works cover an area of 145 acres with a 
wharf frontage to the southern arm of the river of 
2,000 ft. The yard was originally equipped for ship- 


building and ship repairing in all its branches, and also | 


for bridge building and general engineering. Owing to 


slackness in the shipbuilding trade in Australia, the | 


major portion of the work undertaken in recent years 
has fallen within the latter category, some of the more 
important contracts carried out being for railway rolling 
stock, and more particularly for all-steel cars. At the 
present time, Walsh Island Dockyard and Engineering 
Works employs about 2,500 men. 
building berths in the shipyard, with two patent slips 


for ship repairs and cleaning. The slips are spanned | 


by two 4-ton Arrol cantilever cranes with an effective 
radius of 95 ft., a 4-ton cantilever travelling crane, 
designed and built at Walsh Island, and two 10-ton 
Goliath Alliance travelling cranes. Vessels up to 
6,000 tons deadweight have been constructed in the 
yard in the past. It is anticipated that there will be a 
marked increase in shipyard work in Australia in the 
next few years, and the completion of the new floating 
dock, to which reference has been made, will enable the 
Walsh Island authorities to handle considerably larger 
vessels than has previously been possible. 





The 


There are three | 


Bow SECTION BEING LAUNCHED. 


The construction of the floating dock was under- 
taken in the yard itself, the design selected being for a 
| dock of 15,000 tons lifting capacity built in three 
parts. The middle, or main section, was launched by 
the Premier of New South Wales, the Hon. T. R. Bavin, 
on October 5, 1928, and the second section, constituting 
the bow end, by Mrs. E. A. Buttenshaw, wife of the 
Minister for Works and Railways, New South Wales, 
on March 15, last. When connected up, these two 
sections form one unit, capable of lifting vessels of 
11,000 tons weight. It is anticipated that the third 
section of the dock will be completed before the end of 
the year. This is designed to be operated either as a 
separate unit to lift vessels up to 4,000 tons weight, or 
| for linking up with the other two sections to lift vessels 
up to 15,000 tons. In the latter case, the complete dock 
‘will be large enough to accommodate the new Aus- 
tralian cruisers Australia and Canberra, which are 
each 630 ft. in length. A photograph of the launch 
of the bow portion is reproduced in Fig. 2, on this page, 
while Fig. 1, shows the two completed portions con- 
nected up. As will be clear from these figures, the 
dock closely resembles other recently constructed 
| floating docks in its general features, but it may be 


| mentioned that it is of the self-docking type, any two 
| sections being capable of docking the third section. 
| The stern unit, which is now nearing completion, will be 
| 210 ft. in length, the combined length of the other 
| two units being 420 ft. The total length of the three 
| united sections will thus be 630 ft. The clear width 
| of entrance will be 82 ft., and the depth of water over 
| the keel blocks will be 26 ft. Both the 210 ft. length 
jand the 420 ft. length will be self-contained, electric 
| power being generated on the dock itself by Diesel- 
driven generators. Under Naval agreement, the 











dock must be available for service elsewhere, and itthas 
therefore been designed for being towed at sea in one 
length and for mooring in open water. While at Walsh 
Island, it will be moored off the foreshore by three 
steel lattice booms, each 126 ft. long, secured at the 
shore end to concrete anchorages. 








THE WORLD ENGINEERING 
CONGRESS IN JAPAN, 1929. 


We have, from time to time, drawn the attention of 
our readers to the World Engineering Congress to be 
held in Tokyo this autumn, and have now received 
information from the British Committee organised 
last December, of the arrangements it has so far been 
able to make in this connection. The British Committee 
formed represented some twenty-six institutions 
and societies, and has concerned itself with the organi- 
sation of a party of British engineers to attend the 
Congress, and with securing suitable papers to be 
read before the Congress, representative of engineering 
developments. 

The Committee has been successful in obtaining 
75 contributions of this type, and a list of these is 
given below. It is also satisfactory to know that some 
35 or 40 British engineers expect to be able to attend 
the Congress, but it is sincerely to be hoped that this 
number may greatly be exceeded. In these days, 
when so much inaccurate information gains ready 
currency abroad and even in our own Press at home, 
that the day of Great Britain is over, it behoves us 
to take every reasonable opportunity of showing the 
world that we can still keep up our reputation of being 
in the van of progress. A number of cases have come 
to our notice, for instance, of opinions emanating from 
the United States, that British engineering was defunct, 
having been completely reversed when the holders of 
these views visited these shores and came into closer 
touch with us. It can only be, therefore, to our 
advantage to take an important share in the forth- 
coming Congress. It will be an opportunity of proving 
to others that we still share the ability to tackle prob- 
lems of the first order, and it will thus undoubtedly 
redound to our professional and industrial credit if 
we are strongly represented. 

The list of promised papers is as follows :— 

The Institution of Civil Engineers.—Springs and Spring 
Materials, by Mr. R. G. Batson and Dr. G. A. Hankins. 
Properties of Materials at High Temperatures, by Mr. 
R. G. Batson. The Plastic and Viscous Deformation of 
Metals and the Effect of Time on the Breaking Strength 
at Ordinary and High Temperatures, by Professor F. C. 
Lea. Some Points in connection with the Failure of 
Metals under Repeated Stresses, by Professor F. C. Lea. 
Note on Concreting a Reinforced Concrete Beam and 
Theory of Corrosion in Steel Reinforcing Bars, by Mr. 
S. D. Carothers. Probable Developments in Sewage 
Disposal, by Mr. J. D. Watson. The Regulation and 
Control of Rivers and Various Considerations arising 
therefrom, by Sir Alexander Gibb. The Relation of the 
Material to the Method of Dredging in the Whangpoo 
River and Yangtze Estuary, by Dr. H. Chatley. Flood 
Absorption Effect of Lakes, by Mr. B. D. Richards. 
Recent Road Development in Great Britain, by Sir 
Henry P. Maybury. The Trend of Engineering Practice 
on British Railways, by Mr. E. F. C. Trench. The Oil- 
Electric Locomotive in Railway Service, by Mr A. E. L. 
Choriton. Water Power Developments in Great Britain 
and Ireland, by Mr. W. T. Halcrow. The Determination 
of the Law of Resistance to the Flow of Water in Pipes, 
by Mr. Evan Parry. The Water-Tube Boiler Installation 
at Bankside Power Station, London, by Mr. H. E. 
Yarrow. Some Limitations in the Design of Steam 
Generating Plant for Modern Power Stations, by Messrs. 
S. B. Donkin and R. W. Mountain. The Development 
in the Design and Use of Extended Surfaces in connection 
with Boiler Practice, by Messrs. G. E. Tansley and 
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J. N. D. Heenan. Recent Progress in the Industrial 
Application of Alloy Steels, by Sir Robert A. Hadfield, 
Bart. Manganese Steel and its Developments, by Sir 
Robert A. Hadfield. Heating Economy .in Metallur- 
gical Furnaces, by Sir Robert A. Hadfield and Mr. 
R. J. Sarjant. Some Recent Developments in Portland 
Cement Manufacture, by Mr. Henry Pooley. 

The Institution of Mechanical Engineers.—The Educa- 
tion of a Mechanical Engineer, by Mr. Richard W. Allen. 
Pumping Machinery for Use in Graving and Floating 
Docks, by Mr. Richard W. Allen. Irrigation, by Mr. 
Richard W. Allen. Centrifugal Pumping Plant for 
Sewage Installations, by Mr. Richard W. Allen. The 
Problem of Roadless Transport, by Lieut.-Col. Philip 
Johnson. Surface Condensing and Feed Heating Plants, 
by Mr. Richard W. Allen. Coal and Ash Handling Plant 
in the Modern Boiler House, by Captain J. D. Troup. 
The Recent Development of the Steam Locomotive and 
its Future Aspect, by Sir Henry Fowler. Steam-Turbine 
Driven Auxiliaries for Ship Work, by Mr. Richard W. 
Allen. Diesel Auxiliary Generating Machinery, by Mr. 
Richard W. Allen. 

The Institution of Naval Architects.—The Outlook for 
the Steam Engine Afloat, by Sir John H. Biles. Ship 
Experiments and Theories, by Mr. J. Foster King. 

The Royal Aeronautical Society——An Air Route 
Linking up the Occident and the Orient, by Major 
G,. E. Woods-Humphery. Aerodrome and Air Route 
Lighting, by Captain C. E. Ward. The Development of 
the Flying Boat in Great Britain, by Mr. W. O. Manning. 
The Use of Air-Cooled Engines for Civil Aircraft, by 
Mr. A. H. R. Fedden. Air Navigation from a Practical 
Point of View, by Squadron-Leader E. L. Johnston. 
The Development of the Automatic Slot for the Control 
of Aircraft, by Dr. G. V. Lachmann. The Design, Pro- 
duction and Use of Steel Aircraft, by Major H. N. Wylie. 
The Case for the Monoplane, by Mr. H. Davies. 

The Iron and Steel Institute-—The Ageing of Per- 
manent Magnet Steels, by Mr. J. E. Gould, B.Se. 

The Institution of Electrical Engineers.—The Adminis- 
tration of Electric Power Supply in Great Britain, by 
Mr. J. M. Kennedy. Some Observations concerning the 
Determination of the Capacity and Spacing of Sub- 
Stations in High-Tension D.C, Electric Railroads, by 
Mr. T. Ferguson. High-Tension Underground Cables in 
Great Britain, by Dr. T. N. Riley. The Economical 
Operation of Steam Power Plants—Peak Load Comments, 
by Mr. I. V. Robinson. 

The Institute of Marine Engineers.—Recent Develop- 
ments of the Marine Steam Reciprocating Engine, by 
Mr, G. R. Hutchinson. Modern Developments in Marine 
Diesel Propulsion, by Mr. W. 8S. Burn. 

The Institution of Heating and Ventilating Enyineers.— 
The Trend of Modern Heating in the British Isles, by 
Mr. J. Roger Preston. 

The Institution of Petroleum Technologists.—The 
Origin and Constitution of Oil Shale, by Mr. E. H. 
Cunningham Craig. The Refining of Crude Shale Oil, by 
Mr. George Grant. The Retorting of Oil Shale in Scot- 
land, by Mr. 8S. Allen. 

The Institute of Transport.-Commercial Aviation, and 
its Development toward a Self-Supporting Base, by 
Mr. F. Handley Page. The Necessity for Co-operation 
between Designers of Commercial Road Transport 
Vehicles and Operating Managers in the Road Transport 
Industry, by Mr. J. B. Osler. Inland Water Transport, 
by Mr. J. A. Saner. British Air Transport, by Air 
Vice-Marshal Sir Sefton Brancker. 

The Institution of Chemical Engineers.—The Training 
of the Chemical Engineer, by Professor J. W. Hinchley. 
The Mathematical Theory of Filtration, by Mr. A. J. V. 
Underwood. By-Product Ammonia: an Economic 
Aspect, by Mr. P. Parrish. New Types of Silicon Iron 
Acid Pumps, by Mr. Walter Hayhurst. Pulverised Fuel, 
by Drs. J. T. Dunn and B. Moore. — Briquetting with 
Smokeless Pulp Binders, by Mr. C. J. Goodwin. The 
Treatment of Oil Shale, by Mr. T. M. Davidson. The 
Industrial Importance of the Heterogeneous Character 
of Coal Seams, by Dr. F. 8. Sinnatt. 

The Institution of Engineers and Shipbuilders in 
Scotland.—Shipbuilding in Great Britain, by Professor 
P. A. Hillhouse. 

Coal Research Club.—Coal Cleaning with Special Refer- 
ence to Japanese Coals, by Dr. R. Lessing. The Classifica- 
tion of Coal, by Mr. C. A. Seyler. 

The Garden Cities and Town Planning Association.— 
Recent Developments in Town and Regional Planning, 
by Mr. A. T. Pike. 

The Royal Institute of British Architects.—Modern 
English Architecture, by Mr. Howard M. Robertson, 
M.C., F.R.1.B.A. 

The National Illumination Commvittee of Great Britain.— 
Five Years’ Progress in the Study of Illumination from 
an International Point of View, by Dr. J. W. T. Walsh. 
The Present Status of Photo-electric Photometry, by 
Dr. T. H. Harrison, 

Miscellaneous.—The Machine Tool in Relation to 
Modern Engineering Practice, by Joseph Pickin. Electric 
Cranes, by Messrs. G. R. Adamson and C. F. Tinker. 
The Pneumatic Tyre in Heavy Transport, by Messrs. A. 
Healey and W. Bond. The British Light Car, by Mr. 
A. H. Wilde. Modern Developments in Pulverised Coal 
Firing, by Mr. R. Jackson. 





THE INstITUTION OF MUNICIPAL AND County ENGI- 
NEERS.—The offices of the Institution of Municipal 
and County Engineers have been removed from 92, 
Victoria-street, to 84, Eccleston-square, London, S.W.1. 
All future communications should be sent to the new 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 


(Specially Compiled from Official Reports of London Metal Markets.) 
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Norz.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of 


the London Metal Exchange for “fine foreign”’ and “‘ standard” metal respectively. 


The prices shown for 


lead are for English metal, whilst those for spelter are for virgin metal. Middlesbrough prices are plotted 
for steel plates and rails, and also for hematite and Cleveland pig-iron. The prices given in the case of steel 
plates are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. The pig-iron 


— are for East Coast hematite and Cleveland iron, 


both of No. 1 quality. The price of quicksilver is per 


ttle, the contents of which vary from 70 lb. to 80 lb. The price of tin-plates is per standard box, but in 
other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 
lines represent 1/. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each. 








Etgorriciry Suppty in Catcutra.—The _ thirty- 
second annual report of the directors of the Calcutta 
Electric Supply Corporation, Limited, covering the year 
ending December 31, 1928, shows that 147,957,366 units 
of electrical energy were sold during the year, compared 
with 129,090,227 during 1927. The number of houses 
served on December 31 last was 27,626, compared with 
24,985 at the end of 1927, an increase of no less than 2,641. 


THE ASSOCIATION OF Ex-StEMENS MEN.—At a 
meeting held at the Hotel Cecil on April 27 last, it was 
decided to form an Association of Ex-Siemens Men. A 
re-union dinner is to be held at the Hotel Cecil, Strand, 
London, W.C.2, on May 29 next. Full particulars 
regarding the new association may be obtained from 
Mr. J. Snow Huddleston, the Union Cable Company, 
Limited, Dagenham Dock, Essex. 
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THE DIFFERENTIAL METHOD FOR 
MEASURING THE THICKNESS OF 
HARD CASES.* 


By Epwarp G. Herserr, B.Sc., M.I.Mech.E., and 
PauL WHITAKER. 


THE problem of determining the thickness of the case 
on case-hardened steel without cutting or breaking 
through it is one that has exercised many minds, and 











by some has been deemed insoluble. The most natural 


Fig.i. DIFFERENTIALS & THICKNESS OF CASE. 
PRIMARY TEST: PENOULUM TIME HARD- 
NESS CONVERTED TO BRINELL.SECOND- 

ARY TEST: Besa —y HARDNESS (10%, BALL, 
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Fig.3. DIFFERENTIALS & THICKNESS OF CASE. 
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way of approach to this problem is through the hardness | of two variables, hardness and thickness of case. The 
test, but any hardness test, depending as most of them | difference between the two hardness readings is a 
do, on penetration of the surface by an indentor, merely | function of the second variable, thickness of case. The 
gives a false reading on case-hardened work, a reading, | third variable, hardness of core, may, without serious 
that is to say, which is liable to be influenced by three | error, be treated as a constant for any given variety of 


TABLE III.—DirrerRENTIALS AND CASE THICKNESSES. UBAS STEEL. 





ENGINEERING. 











a soft case or a thin case, or one which is both soft and 
thin, but the test is incapable of measuring either 
hardness or thickness. The essential difficulty of the 
problem arises from the existence of the above- 
mentioned three variables, and from the impossibility 
of determining more than one variable by a single 
measurement. 

The method to be described consists in making two 
different hardness tests, a primary test which measures 
only one variable, the hardness of the case, and a 
secondary test which measures the combined effect 


Ftg.2. DIFFERENTIALS & THICKNESS OF CASE. 
PRIMARY TEST: PENDULUM TIME 
HARONESS CONVERTED TO BRINELL 
HARDNESS. SECONDARY TEST:BRINELL 
























































Differential. 


Thickness of Case. 10T —B, or 13-5 D—B. 
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Differential. 


Thickness of Case. 10T —B, or 13-5 D—B. 




















| Brinell Brinell. | | | Brinell, | _ Brinell, 
Mm. In. 10-mm. ball, 5-mm. ball, | Mm. | Tn. | 10-mm. ball, | 5-mm. ball, 
| 3,000-kg. load. 750-kg. load. || 3,000-kg. load. | 750-kg. load. 
0-1 | 0-004 450 390 ee | 0-055 174 0 
0-2 0-008 430 330 | 1°5 | 0-059 151 me 
0-3 0-012 407 288 1-6 | 0-063 133 
0-4 | 0-016 386 245 1:7 | ~— 0-067 115 | 
0-5 0-020 364 200 1:8 | 0-071 96 
0-6 0-024 341 170 1:9 | 0-075 7 | 
0-7 =| 0-028 321 135 20 | 0-079 | 59 | 
0-8 | 0-032 300 100 21 | 0-083 | 42 
0-9 | 0-035 276 65 2-2 | 0-086 26 | 
1-0 0-039 256 33 2-3 | 0-090 12 
1-1 | (0-048 237 10 2-4 | 0-094 0 | 
1-2 0-047 218 0 2°5 0-098 0 
_ 1:8 0-051 195 0 | 


indentation in very hard steel, the time of swing by 
which the hardness is measured being a function of the 
radius of curvature of the elastic depression caused by 
the pressure of the ball, and in which the ball rolls. 
It is thus possible to measure hardness gradients by 
steps of 0-0005 in. or less by honing away the surface 
and making successive hardness tests. This method 
of measuring hardness gradients has been described 
and illustrated.* 

Tests show that true hardness readings are obtained 
with the pendulum on hard steel plates of any thickness 
down to 0-1 mm. (0-004 in.), when the plates are 
supported on soft mild steel, and true readings would 
be obtained on even thinner hard layers if integral 
with the soft core, as in case-hardened steel. In 
testing commercially case-hardened steel it may, 
therefore, be taken as strictly accurate that the pendu- 
lum reading is unaffected by the thickness of the case. 

Secondary Hardness Test.—The Brinell hardness 
number of a case-hardened specimen depends on the 
hardness and thickness of the case, and, especially 
if the case is very thin, on the hardness of the core. 
The effect of the Brinell test (10-mm. ball, 3,000-kg. 
load) on a steel having a case 0-5 mm. thick, is such 
that the case’ is pressed into the core, but it offers 
considerable resistance to penetration, the resulting 
hardness number being higher than that of the core 
by an amount which is nearly proportional to the thick- 
ness of the case. Annular cracks are usually found in 
the impression, but they do not seriously interfere 
with the measurement of its diameter. 

In the case of a Brinell impression in steel which had 
been case-hardened to a depth of 1-3 mm., the case 
is pressed into the core to a slight degree and the 
surface is unbroken, but a conical fissure is created 
below the impression, and this opens when the load is 
removed, owing to the elastic recovery of the hard 
surface. A Brinell test on a still thicker case does not 
crack it, but the surface of the specimen is seen to be 
slightly concave around the impression, showing that 
there has been some yielding of the core, and the hard- 
ness number is lower than it would have been if the 
steel had been hard throughout. 

Experiments were made with specimens of Ubas 
steel, which were carburised in boxes for various periods, 
quenched at 900 deg. C. in cold water, reheated, and 
quenched at 780 deg. C. The specimens were tested 
for hardness by the pendulum time test and by the 
Brinell test, the latter being made with a 10-mm. steel 
ball and a 3,000 kg. load, and with a 5-mm. ball and a 
750-kg. load. The specimens were sectioned by grind- 
ing, polished, and etched, and the thickness of case 
was measured under the microscope. The core hard- 
ness was measured by the Brinell method, and was 
found to be 228. The pendulum tests were made with 
a 1-mm. steel ball in the 4-kg. pendulum, and the 
time hardness numbers were converted into Brinell 
numbers by the formula, 

B = 10T, 

where B is the Brinell number and T the pendulum 
time hardness number. The tests could equally well 
have been made with the l-mm. diamond in the 
pendulum, the conversion factor in that case being 13-5. 
The Brinell hardness number of each specimen was 
subtracted from the corresponding converted pendulum 
number; the resulting differences are plotted against 
the thickness of case in Figs. 1 and 2, annexed. 

A specimen with an infinitely thin case of hardness 
700 Brinell would obviously give a Brinell reading 
equal to that of the core, 228, since an infinitely thin 
case would not affect the Brinell test. Thus the point 
where the curves of differences in Figs. 1 and 2 cut the 
axis of ordinates is 700 — 228 = 472. Starting from 
this point, the curve of differences is seen to be nearly 
a straight line, cutting the horizontal axis at a point 
corresponding to the minimum thickness of case for 
zero difference between the two hardness readings. 
This thickness is 2-4 mm. when the Brinell test is 
made with a 10-mm. ball and 3,000-kg. load, and 
1-15 mm. with a 5-mm. ball and 750-kg. load. On 
thicker cases the respective Brinell tests gave the true 
hardness, and the difference between the converted 
pendulum and the Brinell readings was zero. 

Thus the differential gives a clear and consistent 
indication of the thickness of the case. The secondary 











T = pendulum time hardness number ; 4-kg. pendulum, 1-mm. steel ball. 
D = diamond time hardness number ; 4-kg. pendulum, 1-mm. diamond. 


variables, namely, the hardness and the thickness of 


steel. 


The two hardness tests used in the differential 





method are the pendulum time test and the Brinell test. 

Primary Hardness Tests.—The time test made with 
the Herbert pendulum hardness tester measures the 
surface hardness, and is unaffected by hardness below 
the surface. This arises from the fact that the l-mm. 


the case, and the hardness of the core, but which fails 
to discriminate or to determine any one of them. A 
low Brinell reading on case-hardened steel may denote 





test with a 5-mm. ball is only capable of measuring 
case thicknesses up to 1-15 mm., but a zero differential 
indicates a case of not less than 1-15 mm., which would 
be sufficient for most commercial work. The 5-mm. 
ball Brinell test will often be preferred, because the 
impression is small and does not seriously deface the 
work, while the range of thicknesses it is capable of 
measuring covers general commercial practice. The 
10-mm. ball with 3,000-kg. load can be used to measure 
thicker cases up to 2-4 mm., and still thicker cases 
can be measured by using a heavier load. 

Table III gives thicknesses of case corresponding to 





* Proceedings of The American Society for Steel 





* Paper read before the Iron and Steel Institute, 


London, on Friday, May 3, 1929. Abridged. steel ball used in the pendulum makes no permanent 


Treating, October, 1928. 
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various differentials for the two standard Brinell tests, 
and is applicable to a steel having a core hardness of 
228 Brinell after quenching. 

A general expression for the differential method of 
case measurement applicable to steels which have 
different core hardness can be found by assuming a 
straight line for the differential curve. In Fig. 3, let 
OA be the average difference between the true Brinell 
hardness of the case and of the core, OB the minimum 
case thickness for zero differential, and D any point 
on the differential curve corresponding to a case 
thickness OC. 


Let C be the converted pendulum hardness of case 
10T, or 13-5D ; 
ce the Brinell hardness of the core ; ; f 
M the minimum case thickness for zero differential ; 
t the thickness of case corresponding to any 
point D ; and 
d_ the corresponding differential value. 
In the similar triangles AOB, DCB, 
OA CD 
OB CB 
C—ec d 
M M—¢ 
Md 
M3 i 
( c 


d 


=—C¢ 


) 


It will be observed that this expression takes account 
of all three variables, case hardness, case thickness, 
and core hardness, and that it contains only one 
constant, M, which depends on the conditions of the 
Brinell test, and on the core hardness of the particular 
steel employed. The value of M for any given steel 
can be found by experiment. It is only necessary to 
make differential tests on cases of known thickness, 
and solve the equation for M, taking C—c as the average 
difference between case and core hardness in the 
correctly case-hardened steel. 

It may be asked whether the differential method 
can be used with any hardness tests other than the 
pendulum and Brinell. The pendulum hardness tester 
is, so far as the authors are aware, the only instrument 
capable of making measurements of surface hardness 
which are unaffected by the hardness below the surface, 
and it is therefore the only one available for the primary 
test, but the Brinell is not the only hardness test which 
gives false readings on case-hardened work ; indeed, 
it may be doubted whether there is any hardness tester 
other than the pendulum which does not comply with 
this essential condition for the secondary test. Pene- 
tration tests, such as the Vickers and the Rockwell, 
are affected by the thickness of the case, and if used 
with sufficient load would, presumably, give useful 
indications of any thickness of case that is likely to 
be met with in practice. The only other necessary 
condition is that the secondary hardness test should 
give Brinell numbers, or numbers which can be con- 
verted to the Brinell or pendulum scale of hardness. 
The above formula will apply, if a suitable value is 
given to M. 

In applying the differential method to the measure- 
ment of case thickness, one element of uncertainty 
exists. A local thinness may have been caused by 
uneven heating during carburisation or by inadequate 
covering of some part of the work with carburising 
material. Local thinness may also be produced in 
the operation of grinding. Unless, therefore, some 
means can be employed for exploring the whole surface 
of the case-hardened article, local thinness of case may 
escape detection. The differential method only 
gives the thickness at the spot or spots to which it is 
applied. This element of uncertainty is eliminated 
by the cloudburst hardness test.* 

The cloudburst test consists of the dropping of a 
very large quantity of hard steel balls from a known 
height. The height of fall is so chosen that steel of 
the desired degree of hardness when placed in the 
cloudburst machine is unmarked by the impact of the 
balls, but any areas of inferior hardness are revealed 
by their indented appearance. The cloudbust test 
complies with the conditions for the secondary hardness 
test in the differential methoi of measurement. It is 
affected not only by the hardness but also by the 
thickness of the case. For a given height of fall 
there is a minimum thickness of case below which 
the surface will be indented even though fully hardened. 
The cloudburst test detects not only soft spots, but also 
thin spots in case-hardened work. 

The general conditions for testing case-hardened 


Thickness of case,t = M (a i 


work by the cloudburst method are a fall of 2 m. | 


with balls 3 mm. in diameter. Surfaces of 700 Brinell 
and upwards are unmarked by this test, provided 
that the thickness of case is not less than 0-5 mm. 
Thinner cases are more or less indented according to 
their thinness. Fig. 6, page 593, shows two specimens 


* ENGINEERING, vol. oxxiv, pages 420 and 470 (1927), 
and vol. exxvi, pages 28 and 361 (1928). 
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TABLE I.—Detatms or OBSERVATIONS 


PLOTTED IN Fic. 1. (See page 546 ante.) 











Flow in lb. per minute 














Temperature, Ib popatll . Total Heat, | Rise of A water | Total,Heat 
dex. F. pO Per ere | B.Th.U. per Ib. |— ] | * | Condensate. 
; of Water. of Steam. 
p H M | m | Dh | h 
1 | i } 
Isothermal of 709-6 deg. F. with 0-003 per cent. of air. 
709-6 3,181 | 1040-9 9-821 0-6681 65-58 76-7 
709-7 3,263 996-1 9-823 0-7434 69-30 80-4 
709-8 3,278 974-6 9-825 0-7452 67-76 | 81-2 
709-6 3,281 949-3 9-822 0-7588 67-36 77°3 
708-9 3,273 945-6 9-801 0-7751 68-27 82-3 
709-4 3,290 898-2 9-810 0-8229 68 - 64 | 79°9 
Isothermal of 711-5 deg. F. with 0-003 per cent. of air. 
710-5 | 3,184 1044-4 9-830 0-6662 65°57 76-8 
712-0 } 3,189 1049-8 9-832 | 0-6685 66°14 77-0 
711-2 3,285 990-1 9-849 | 0+7325 67-63 80-7 
711-5 | 3,302 977-7 9-835 0-7370 67-49 77-0 
711-8 | 3,350 892-1 9-801 0-8621 71-07 84-0 
713-0 i 3,360 927-8 } 9-812 0-8218 70-71 83-4 
Points for Comparison, with less than 0-001 per cent. of air. 
706-2 | 3,239 992-2 9-123 0-7568 76-28 | 72°7 
706-2 3,248 879-6 4-703 0°3727 66-34 | 60-5 
706-5 3,270 870-2 9-133 | 0:8428 73-80 70-4 
706-8 3249 | 960-0 | 9-136 0-7943 77-63 67-2 
707-3 3,262 | 934-7 | 8-997 0-8436 80-58 75°3 
708°7 3,305 903 +8 | 9-037 | 0-9054 82-78 77°6 
709-6 3,210 1025-1 9-082 | 0-7495 78°74 71-0 
709°8 3,371 866-7 9-115 0-8677 75-02 78°6 
711-2 3,225 1025-9 §-034 0-7317 77-52 68°6 
711-4 3,308 988-7 9-102 0-8096 81-34 | 74-2 
713-1 3,397 928-5 8-996 0-8920 84-09 80°5 
713-8 3,444 868-1 4-713 0-4194 71-59 63-5 





Formula for Condenser, 


of Ubas steel which had been case-hardened and tested 
by the cloudburst (3-mm. balls falling 2 m.). The 
specimen on the left has a case 0-5 mm. thick of time 
hardness 70-7 (707 Brinell), and it is unmarked by the 
cloudburst ; that on the right is of practically the same 
superficial hardness, 70-6 (706 Brinell), but the thick- 
ness of the case is only 0-127 mm. (0-005 in.), and it is 
seen to be considerably indented by the cloudburst. 

The general procedure recommended for the inspec- 
tion of case-hardened work is as follows: Cloudburst 
the whole surface with 3-mm. balls falling 2m. _ If the 
case everywhere has a hardness of at least 700 Brinell, 
and is not less than 0-5 mm. (0-020 in.) in thickness, | 
the surface will be unmarked, and no further test is 
required. 

If any indented areas appear, they are either thin, 
or soft, or both. Test such areas with the pendulum. 
If their time hardness is not much less than 70 (700 
Brinell) the case is hard, but thin. The actual thickness 
of case is then measured by making a Brinell test, 
subtracting the Brinell number from the converted 
pendulum number, and referring to Table III. If the 
thickness of case is considered inadequate, the carburis- | 
ing process may be repeated. If the pendulum shows 
the indented area to have low hardness value, measure 
the thickness of case by the differential method, and 
if the thickness is found to be adequate, requench the 
work. It is proposed to apply the differential method 
to the measurement of thickness of cases on nitrated 
steel and to the thickness of chromium plating ; these 
further developments and the use of secondary hardness 
tests other than the Brinell are under investigation. 








THE NEWCOMEN SOCIETY. 

In the history of railways there has never been 
a more famous engine than the Rocket, nor more 
notable trials of engines than those which took place | 
at Rainhill on the Liverpool and Manchester Railway 
in October, 1829, a century ago. At that time, 
though the Liverpool and Manchester line was nearing | 
completion there was still a doubt in the minds of the 
directors as to whether the trains should be worked by 
locomotives or stationary engines; and it was upon 
the advice of John Rastrick, and of James Walker, | 
the latter afterwards the successor of Telford as Presi- 
dent of the Institution of Civil Engineers, that it was 
decided to offer a prize of 500/. for a locomotive engine 
which should be “a decided improvement on those 
now in use, as respects the consumption of smoke, 
increased speed, adequate power and moderate weight.” | 
The main facts regarding the competition which ensued 
between the Rocket, which was entered by George and 
Robert Stephenson and Henry Booth, the Novelty 
entered by John Braithwaite and John Ericsson, the | 
Sans Pareil, entered by Timothy Hackworth and the | 
Perseverance which was built by Timothy Burstall, are | 








H = M x Dh/m + h. 


generally known, but in view of the immense influence 
which the trials had on locomotive development, the 
Newcomen Society recently requested Mr. Dendy 
Marshall to contribute a paper upon them, and this 
was accordingly read before the society at Caxton 
Hall on April 24. Both the Rocket and Sanspareil, 
were many years ago secured by Bennet Woodcroft 
for the old Patent Office Museum, and they are to be 
seen to-day in the Science Museum, together with 
one of the cylinders of the Novelty, and various 
drawings, models, notices, &c., of great historical 
interest. The Locomotive Catalogue of the Museum 
contains much information regarding the famous 
trials, and it may safely be said that no other engine 
has had so much attention paid to it as the Rocket. 
In his paper, Mr. Dendy Marshall reviewed the circum- 
stances leading up to the Rainhill Trials, the position 
of the locomotive at the time, the conditions of the 
competition, the construction of the engines which 
competed, and the final results of the trials, which 
took place during October 6 to October 14. The 
scene of the trials was a level stretch of the railway 
at Rainhill about 9 miles from Liverpool, the engines 
with their loaded trucks running forwards and_ back- 
wards over a stretch of a mile and a half. Three 
judges were appointed : Nicolas Wood, of Killingworth ; 
Rastrick and John P. Kennedy, a cotton spinner 
and inventor of Manchester; and the value of Mr. 
Dendy Marshall’s paper was much enhanced by 
extracts which he was able to give from a notebook of 
Rastrick’s, which, by a singular stroke of good 
fortune, has just come into his possession. At one 


|time during the competition the Novelty was the 
| favourite, and on October 6 it provided the sensation 


of the day, travelling at 28 miles ‘an hour, but when 
it came to serious work, the engines being required to 
run 70 miles, practically continuously, at an average 
speed of not less than 10 miles an hour, the Rocket 
proved her superiority, the others broke down and were 
withdrawn, and to George and Robert Stephenson and 
Booth was awarded the 500I. prize. The effect of the 


| trials was to establish the locomotive in an unrivalled 


position as the motive power of the future, and not 
solely on the ground of speed. Rainhill is situated 
between the inclined planes of 1 in 96, known as 
Whiston and Sutton, and there is no doubt that 
the ease with which these inclines were climbed by 
the locomotives, especially by the Rocket, led to 
the abandonment of the stationary engines which had 
been thought essential at those places. At the time 
of the competition, said Mr. Dendy Marshall, fifty 


| locomotives had been built in England, two in Germany, 


which would not go; and one, a mere model, in the 
United States. Two of ours had been exported to 
France, and four to America. In the Rocket were 
to be found features which have been copied ever 
since—a roomy firebox surrounded by water, a tubular 
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EXTENDED STEAM TABLES. 


TABLE Ir.—PrRoPeERTIES OF SATURATED STEAM IN Foot-PouND FAHRENHEIT UNITS ON A TEMPERATURE BASIs. 

















than the unbonneted lamp, but the presence of gas 
| reversed this condition. The gauzes of the bonneted 
| lamp reached their highest temperatures in still 
mixtures. Thus, in the 4 per cent. mixtures, the highest 
temperature of 312 deg. (of the inner gauze) with 











| 
Tempera- | Pressure, Volume, Entropy, . . . 
con =| Se perenne | cub. i per | B.Th.U. pet Ib. | Total and Latent Heat, still mixture dropped to 269 deg. as the air velocity 
deg.F. | inch. Ib. | per deg. F. | -Th.U. per Ib. increased to 600 ft. and 800 ft. The opposite held for 
the unbonneted lamps, with which the lowest tem- 
| | | | ratures were met with in still mixtures. The gas 
t P v 8 h | E pe ‘ ps PSR s 
| - $ | H |caps were always small until the mixture reached 
— J . 7 . . 
l |the explosive range; even tilting of the lamp by 
400 240°4 | 1-8572 0-5617 15888 | 875-1 | 831-3 1206-4 | 15 deg. did not cause perceptible heating in the non- 
| 279-2 +6622 “578 “52 386- 22. 1208-0 i i i 
420 | 311-6 |  1-4939 0-5917 | 15150 397-0 812-2 | 1209-2 = a ——. ——— - 7 = 
430 | 346-9 1-3459 0-6043 1-5058 408-2 802-2 | 1210-4 | ure was never observed in the bonneted lamp 
4400 | 385-1 | 11-2150 0-6167, | = 11-4967 419-6 | 791-6 | 1211-2 jat the maximum rate of air flow used in the un- 
| | | i i yas 7 
ne | ess | seem o-e2s0 =| ~—(1-4876 ms o1-0 sails | bonneted lamp. Continuous burning was only ob- 
460 471-1 | 0-990 «=| 0-642 «| = 1-4786 | 442-1 770-0 | 4949-4 tained when there was a perceptible current of 
470 519-2 0-9033 | 0-6536 | 1-4697 453-6 758-8 1212-4 | the mixture past the lamp. In other investigations 
480 571-0 | —-0-8209 0:6658 | 1-4607 465-2 | 747-1 | 1212-3 ti Bs : . : 
mm | ees | ot) Sime | Ee] GS | AS | HATS jonas, buming ‘vas oterved in doublegance 
‘ : : 
310 749-7 | 0.6211 0.7024 1.4337 500.9 | Li | ne 2,000 ft. The ignition temperature of methane (650 
749- | “62 -702 +4337 ¢ 709-2 210-1 re ined i <periments 
so | 817-7 | 509748 | 1-248 513-4 | 605-2 ame | SISA sda onene $0 prove Gepeieb are Oe 
| 90-2 “5182 +727 “41 25- | : 206-8 . sibs ital 
540 | 967°5 | 0-4739 «=| ~—(0-7395 1-4060 | 538-3 | 666-3 1204-6 | safety lamp and to throw doubt upon the reports of 
poe | 1089-6 0-486 orn 13965 | ese-o | ens see | alleged explosions caused by lamps of this class. The 
560 1136-8 0-3966 0-7644 1-3867 564-2 634-6 1198-8 | explanation of these cases would probably be that the 
570 1229-4 0-3626 =| = 0-769 1:3767 | 5776 617-3 1194-9 | double-gauze, bonneted lamps were either not properly 
580 1327-5 0-3317 0-7899 1-3664 591-3 599-3 1190-6 =| assembled, or that the gauzes were not intact or not 
590 | 1431-9 0-3029 0-8029 1-3556 605-4 580-1 1185-5 /clean, some petrol perhaps having been spilt. In 
ry | | = phe i si 3 . r 
oe | 3548-6 0-706 0-816 1-9466 sie? see-6 | 1179-7 | unbonneted lamps a strong current of air might force 
’ “2 | *82 33% “7 538- 1173-0 } ins 7 . i 
D4 | 1781.0 pi | 9.8488 1.3207 pa prob: sf | the flame against the gauze and overheat it. 
630 1911-0 0-2073 | 0°8573 1-3076 665-8 490-6 1156-3 
640 2049-0 0-1869 | 0-8719 1-2937 | 682°5 463-5 1146-0 
| * 
= —? | pipe cue 1-2785 700-8 433-3 1134-1 EXTENDED STEAM TABLES. 
2351: -1490 | 0-904 1-2618 719-9 400-2 1120-1 
670 «=| 2516-0 | 01807 0-9216 1-2431 740-6 362-7 1103-3 Rp RL CAO ER EAT, 
680 | 2693-0 | 0-1124 0-9424 1-2216 | 764-9 317-7 1082-6 - (Concluded from page 547.) 
se ; | | pteinics sige bicsaied sicsiha 7 Wuite the observed relation between p and ¢ at satu 
| | 07 | ‘ m" PRP ninaigagter a ass 
7. | s0se-@ ° —_ | : —_ _ os 7 a ration is quite appreciably affected by small impurities, 
oe om | 4 | "UL8e * 67 +2 o0U" ve 7 } : i 
707 3268-0 | 9-0560 | 41-0407 11311 882-0 105-4 987-4 as explained above, it appears that the relations be- 
710 3350-0 | 0-0539 = at 883-2 84-3 967-5 tween H and P, represented by the two saturation lines 
716 | 3563-0 0:0453 = a 872°5 20-7 893-2 | on the H—P diagram, are very little, if at all, altered. 
717 | 3650-0 | 9-043 . | 1-0086 1-0086 846-0 0-0 846-0 Tn all the isothermals which have been traced, as 
| 2 ; 7 
described above, condensation appears to start when 





TABLE IIr.—PRopeERTIES OF SATURATED STEAM IN F 











Pressure | r Entropy. 
: Temperature Volume pea ed ee Total and Latent Heat, 
Ib. per square | ae | B.Th.U. per Ib. eS ee eee 
ety | deg. F. | cub. ft. per Ib. | peo tag ty B.Th.U. per Ib. 
| | | 
) =e a 3 — sas Scan 
p | t | V | dw | os h L | H 
| } oor ! 
| | ra 7 ans 
400 443-8 | 1-1712 | 0-6212 | 1-4933 423-7 788-1 1211-8 
450 455-4 1-0419 0-6357 | 1-4827 437-0 775-1 1212-1 
500 466-1 | 0-9380 | 0-6487 | 1-4732 449-1 763-2 1212-3 
600 485-4 | 0-7805 0-6722 1-4559 471-6 740-4 1212-0 
700 | 502-1 | 0-6672 | 0-6929 1-4407 491-6 719-5 1211-1 
800 | 517°5 0-5804 | 0-7117 1-4269 510-1 699-0 1209-1 
900 531-3 | 0-5120 | 0-7288 1-4142 527-4 678-9 1206-3 
1,000 | 544-1 0-4570 0-7443 1-4021 543-6 659-8 1203-4 
| | 
1,200 | 566-9 | 0-3727 | 0-7734 1-3798 573-4 622-7 1196-1 
1,400 | 587-1 | 0-3111 0+7992 1-3587 601-3 585-6 1186-9 
1,600 | 605-1 | 0-2635 | 0-8230 1-3386 627-3 548-7 1176-0 
1,800 621-5 | 0-2255 | 0-8454 1-3186 652-4 511-4 1163-8 
2,000 636-5 | 0-1936 | 0:8669 1-2985 676-8 473-0 1149-8 
2,400 | 663-1 0-1433 | 0-9098 1-2561 726°3 388-8 1115-1 
2,800 685 +4 | 0-1029 0-9556 1-2078 780-4 290-6 1071-0 
3,200 704-4 0-0645 1-0231 1-1463 861-7 144-5 1006-2 
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boiler and the direct drive on to the wheel axle. The 
cylinders in the Rocket, it is true were placed aft 
at a steep angle, high up beside the firebox, but 
when, in the following year, 1830, the Stephensons 
built the Planet, the cylinders were placed under 
the smoke-box end of the engine, and such has been 
the universal practice ever since. It is to be hoped 
that the Newcomen Society will be able to publish 
Mr. Dendy Marshall’s paper in full, with notes on the 
interesting discussion which followed, before October 
of this year, without waiting for the publication of 
the Annual Volume of Transactions, for the matter 
has a topical interest which will naturally be accentu- 
ated as the actual date of the centenary approaches. 





| 








OVERHEATED SAFETY LAMPS AND| 
MINE EXPLOSIONS. | 

Tue United States Bureau of Mines has received | 
reports on several gas explosions which were ascribed | 
to correctly-assembled safety lamps burning, not in 
strong currents, but near the working face, where 
the ventilating current would be weak. Apparently | 
the wire gauze had become sufficiently hot to ignite 
the surrounding gassy atmosphere. Temperature 
measurements of the gauze were therefore made in the | 
Pittsburgh Experiment Station; they are described | 
in Investigation Report Serial No. 2913 by E. J.| 
Gleim, A. B. Hooker and P. G. Guest on A Study of | 





Gauze Heating in Miners’ Safety Lamps. The gas used 
was natural gas, the ignition point of which is some- 
what lower than that of methane, which is about 
650 deg. C. 

With air containing less than the 5 per cent. of meth- 
ane of an explosive mixture, the gas entering the lamp 
increases the size of the flame, which may reach the 
top of the gauze. When the methane percentage 
reaches the explosive range, the whole gauze cylinder 
will be filled with a blue flame, which may extinguish 
the wick flame or continue to burn if replenished from 
outside at a sufficient rate, so that the gauze becomes 
visibly hot. Most of the safety lamps in use in the U.S. 
are double-gauze, bonneted, petrol-burning lamps of 
the Wolf or Koehler type ; but a few single-gauze, un- 
bonneted, oil-burning Davy lamps are still found. The 
latter admit of better radiation and their gauzes will 
in gas-free atmospheres, keep cooler, but get hotter 
than the former in gassy air. For this reason, Davy 
lamps and Koehler lamps were tested, the latter 
partly with their bonnets removed. The thermo- 
couples were welded to the hottest part of the gauze, 
which was of No. 28 steel wire, 784 mesh. The air 
contained from 0 to 6 per cent. of gas, and was kept 
still or was moved at the rates of 200, 400, 600, 800 ft. 
per minute. 

It was proved that the inner gauze was always hotter 
than the outer, e.g., 156 deg. or 411 deg., against 65 deg. 





or 218 deg. C. in unbonneted Koehler lamps. In the 


the observed value of H for the steam reaches the 
theoretical H—P saturation line for pure steam, 
although the pressure does not remain constant at 
constant temperature during condensation. Similarly, 
condensation appears to be complete when the value 
of h for water is reached on the water saturation line. 
This remarkable result has not previously been sus- 
pected, and could not have been detected experiment- 
ally without a very accurate method of directly 
measuring the total heat at any point. 

Explanation of Table 1.—The observations are ar- 
ranged in Table I, opposite, as far as possible in order 
of temperature to facilitate comparison with Fig. 1, 
page 546 ante. Each observation represents the mean 
of ten nearly constant readings of the temperature and 
pressure of the initial steam, with corresponding read- 
ings of the rise of temperature of the cooling water 
and the final temperature of the condensate, all taken 
during an interval of 20 minutes for which the flows 
M and m of water and condensate were observed. 


| The initial temperatures were taken with platinum 


thermometers reading directly to 0-01 deg. C. (See 
Howard lectures).t| The means were corrected to the 
nearest 0-01 deg. C., but are given to the nearest 
0-1 deg. F. in the Table, as corresponding to the limit 
of accuracy of the pressure. The pressure-gauges were 
of the Budenberg standard type, and were frequently 
calibrated against deadweight gauges with ranges of 
5,000 Ib. per square inch, and 1,000 Ib. per square inch 
respectively, which were tested against a mercury 
column 75 ft. high, and found to be accurate to 0-02 per 
cent. Other details of the measurements are given in 
World Power, 1926. The rise of temperature of the 
cooling water, which required the greatest accuracy, 
was taken with a differential pair of platinum thermo- 
meters. The means were corrected to 0-001 deg. C., 
and reduced to give the increase of total heat Dh by 
applying the small corrections tabulated in the Philo- 
sophical Transactions. 1912.8 The values of DA are 
given in the table to the nearest 0-01 only, in mean 
B.Th.U. per lb., and are approximately equal to the 
rise of temperature of the cooling water in degrees F. 


| At the commencement of each run, when everything 


was steady, the flows of water and condensate were 
switched over simultaneously into their respective 
tanks, and were switched off simultaneously when the 
observations were complete. The ratio of the weights 
collected is the quantity required in the formula for the 
total heat, the actual flow per minute is required only 





* Report Ref. J/T 40 from the British Electrical and 
Allied Industries Research Association, published in the 
Proceedings of the Institution of Mechanical Engineers. 

+ ENGINEERING, vol. exxii, pages 649, 681, 712 (1926). 

t Vol. vi, pages 67 and 147. 

§ Vol. cexii, page 31. 
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for the correction for heat loss, which amounted to 
nearly half of 1 per cent. under the conditions of these 
experiments at 710 deg. F., and is included with the 
total heat of the condensate given in the last column. 

Corroboration by other Methods.—Observations in the 
critical region present the greatest difficulties owing to 
the instability of the equilibrium and the profound 
effect of impurities, and were therefore chosen as the 
most appropriate subject of illustration. These effects 
were corroborated indirectly by observations made on 
the critical temperature and volume in quartz glass 
tubes, which showed that the critical phenomena were 
completely altered by small traces of impurity. Obser- 
vations previously made at lower pressures showed 
similar effects in the neighbourhood of saturation, and 
could be rendered more consistent by the careful elimi- 
nation of air, which appeared to be the chief cause of 
corrosion of the boiler and superheater. The diffe- 
rential throttling method (2) could not be used at 
all for any values of the total heat much below 1,200 
B.Th.U. per lb., for reasons explained in World Power, 
1926,* but afforded valuable independent evidence at 
high superheats. Upwards of 100 observations had been | 
taken by this method at pressures between 1,000 and 
2,700 lb. per square inch, and at temperatures up to 
870 deg. F. Excluding a few observations at low 
superheats, which were perilously near the limit, the 
remainder showed a mean deviation of only 1-3 B.Th.U. 
per lb. from equation (4), and agreed so well with | 
the condenser method at moderate superheats, where | 
direct comparisons were available, as to suggest that | 
the variation of 8, with temperature had been over- | 
estimated. This point will be further tested when the | 
condenser method has been pursued to equally high | 
temperatures. | 

Direct measurements of total heat, by methods | 
similar to those here employed, have recently been | 
made by the Masaryk Academy of Work, at pressures | 
of 52, 100, 156, 202, and 253 atmospheres (740, 1,422, | 
2,220, 2,8707 and 3,600 Ib. per square inch), extending | 
to 510 deg. C. or 950 deg. F. The observations indi- | 
cated in their latest diagram, dated December 17, 1928, | 
appear to agree remarkably well on the whole with | 
equation (4), but give somewhat lower values than (4) | 
at high temperatures. This would require a smaller | 
mean value of 8, than that assumed in (4), but is not 
entirely conclusive. The assumption of a constant | 
mean value of §, is most desirable on the ground of 
simplicity for comparative purposes. The small 
quantity 6 might also be omitted from (4) on similar 
grounds, since the term abP amounts to only 2 B.Th.U. 
at 4,000 lb. pressure, but minor details of this kind | 
may well be reserved for the present. 

Nore.—The extended tables start at 400 deg. F., 
as they agree so closely with the old tables below this 
point that it was not necessary to repeat the calcula- 
tions.} 

Properties of saturated steam on a temperature 
basis :— 

Table Ir in foot-pound-Fahrenheit units. 

Properties of Saturated Steam Pressure basis :— 

Table Il¥ in foot-pound-Fahrenheit units. 

Properties of Superheated Steam :— 

Table II1F in foot-pound-Fahrenheit units. 








Removat or Coat Horst, Newport Docxs.—In 
accordance with the agreement arrived at in connection | 
with the closing of the Town Dock, Newport, Mon., | 
it was decided that the large hoist standing in this dock 
should be removed some considerable distance to the 
Alexandra Dock. The hoist weighs between 80 and 90 
tons and is 73 ft. in height. It was lifted off the quay 
wall by the Great Western Railway Company’s 125-ton | 
floating crane and then towed from the Town Dock | 
along the River Usk, to the Alexandra North Dock, and | 
there placed in its new position. Work was begun at | 
5 a.m. one day recently, the hoist was in position at | 
the Alexandra Dock at 8 a.m. .» and at 11.30 a.m. it was 
bolted down. The whole work thus occupied only six | 
and a half hours. It is anticipated that the handling | 
of coal will commence shortly. 

a | 


: ae 
ItauiAN Roya Tratn.—A new royal train, which, | 
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STEAM TABLES. 


TABLE IIIr.—Properties oF SUPERHEATED STEAM IN Foot-PoUND-FAHRENHEIT UNITS AT PRESSURES 


Temperature ¢ on the Fahrenheit scale. 


FROM 400 LB TO 4,000 LB. 


Total heat H in B.Th.U. per lb. Volume V in cubic feet per Ib. 
Entropy ¢ in B.Th.U. per Ib. per deg. F. 











it is stated, is the first to have been constructed entirely in | - 


Italy by Italian labour, was receitly delivered to the | 


Italian State Railways by the railway department of the | 
F.1.A.T. Company. The train comprises four steel | 
panel coaches. They are fitted with several kinds of | 

braking systems and lighting equipment, so that they | 

can be run over any European railway system. The 
train includes a coach for H. M. The King, a coach for the | 
Queen, and a dining car. Each of the first two coaches | 
contains a small vestibule, a sitting-room, a bed-room, 

and compartments for members of the sovereign’s per- | 
sonal suite. The dining saloon contains a 20-ft. table. 
Telephonic communication throughout the train, and a | 
system of electric-bell calls, have been installed. 


* Vol. vi, pages 67 and 147. | 
t Owing to the gap between 2,870 Ib. and 3,600 lb. per 
square - h, none of these observations could be plotted | 
in Fig. 1 
t The paper contains tables both on rae and 
Fahrenheit units. The former are omitted here. 
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P = 400 Ib. per square inch. | P = 450 Ib. per square inch. 
t | H Vv | b t | H | Vv r 
443-77 | 1211-8 11712 | 1:4983 | 455-4° | 1212-1 | 1-019 «| 1-482 
450 1216-0 1-1841 | 1-4983 500 1243-7 | 1-1296 1-5166 
500 1249-8 1-2898 i 5345 550 1276-1 | 1-2192 1-5495 
550 1281-0 1-3870 | 1-5664 600 1306-5 | 1-3033 1-5789 
600 | 1310-4 1-4788 1-5947 650 1335-4 | 1+3836 1-6056 
650 | 1338-8 1-5670 | 1-6209 700 | 1363-4 | 1-4609 1-6302 
700 | 1366-3 | 1-6528 | 1-6451 750 | 1390-6 1+5361 1-6532 
750 1393-0 | 1-7364 | 1-6677 800 1417-2 1-6100 1-6748 
800 1419-4 | 1-8182 1-6890 850 1443-4 1-6825 1-6951 
| — 
P : 500 Ib. _ per 8 square inch. | _P: = = 600 Ib. per ‘square i ine! nch. 
466 -0° 1212-3 | 09880 1-4732 | 485-49 1212-0 | 0+7805 1+4559 
500 1237-4 1- |  1+4998 500 0-8055 | 11-4684 
550 1271-2 1- | 1-5341 550 0-8822 1-5059 
600 | 1302-4 1- | 1-5643 | 600 | 0-9513 1-5381 
650 | 1332-1 1: | 1-5916 | 650 | 1-0159 1-5667 
700 | 1360-5 1-5 | 1-6167 | 700 1-0773 1-5928 
750 | 1388-1 1-3 1-6400 | 750 | 1-1362 1-6168 
800 | 1415-1 1- 1-6619 800 1-1937 1-6392 
850 | 1441-5 p 1-6824 | 850 | 1-2498 1-6602 
: P = 700 Ib. per square inch, iia a a Des = 800 ) Ib. per - square inch. 
502-1° 1211-1 0-6672 | 1-4407 | 517-5° | 1209-1 | 0-5804 1-4269 
Bak — es a roa ee ee 
550 | 1249-8 0-7361 | 1-+4802 | 550 | 1237-7 | 0-6251 1-4558 
600 | 1285-4 0-7997 | 1-5147 600 | 1276-3 0-6851 1-4931 
650 | 1318-1 | 0-8578 1:5448 | 650 | 1310-8 0-7389 1-5249 
700 | 1348-8 0-9126 | 1-5719 | 700 | 1342-7 0+7887 1-5531 
750 | 1378-1 | 0-9647 | 1-5966 750 | 1373-0 | 0-8358 | 1-5786 
800 1406-4 1-0149 | 1-6196 800 1402-0 | 0-8811 1-6022 
850 | 1434-0 1-0640 1-6410 | 850 | 1430-2 | 0-9249 | 1-6240 
900 1461-0 | 1-1121 1-6611 | 900 | 1457-6 | 0-9677 1-6446 
E; = 900 Ib. per square inch. ohana nn = =i 000 Ib. ‘per § square einch. : 
531-3 1206-3 o-s120 | 1-414 | 544-19 1203-4 | 04570 1-4021 
a are a an | a 2 | Nl aan 
550 1224-5 | | 550 | 1209-9 | 0-4649 1-4084 
600 1266°5 “595% | | 600 | 1256-1 |} 05226 | 1-4532 
650 1303-1 0- 64: 59 | 650 | 1295-1 0-5712 | 1-4892 
700 1336°5 | 0-6921 700 | 1330-0 0-6148 H 1-5200 
750 1367-7 | 0-7354 | 750 1362-4 0-6551 1-5473 
800 1397-6 | 0-7767 } 800 1393-0 0-6933 1-5721 
850 1426-3 | 0-8165 850 1422-4 0-7299 1-5950 
900 1454-2 0-8552 900 1450-8 0-7653 | 1-6163 
Pe 1, 200 Ib. per square inch. P = 1,400 Ib. per square inch, 
566-9° =| 1196-1 = | 1-3798 57-12 «| 186-9 =| 0-111 | 1+8587 
600 | 1232-7 0-4108 1-4148 600 1204-2 0-3264 | 1-3751 
650 | 1277-§ 0-4578 1-4565 650 1258-3 0-3746 | 1-4251 
700 | 1316- : 0-4980 1-4909 700 1301-8 0-4133 | 1-4635 
750 1351- | = 5341 1-5201 750 1339-6 0-4470 | 1-4954 
800 1383-8 0-5678 1-5463 800 1374-1 0:4777 | 1-5233 
850 1414-6 0-5997 hod 850 1406-3 0-5063 1-5484 
900 | 1444-0 | 0-6304 1-5923 900 1436-9 0-5336 | 1-5713 
950 1472-3 0-6598 1-6129 950 1466-2 0-5597 | 1-5925 
a ae ee: 2 1,600 Ib. per sq square inch. P = 1,800 Ib. per square inch 
605-1° | 1176-0 | 0-2635 | 1-3386 621-5° 1163-8 | 0-2255 1-3186 
650 | 1235-6 0-3099 650 1208-6 0-2565 1-3595 
700 } 1285-6 0-3488 700 1267-4 0-2972 | 1-4114 
750 | 1327-1 0-3812 j 750 1313-6 0-3292 | 1-4520 
800 1364-0 | 0-4099 | 800 1353-3 | 0-3567 1-4826 
| 850 1397-9 | 0-4363 | 850 1389-1 0-3815 1-5105 
| 900 1429-8 0-4611 900 1422-4 0-4046 | 1-5354 
| 950 1460-0 0-4847 | 950 1453-6 0-4262 1-5581 
| 1,000 1489-4 0-5076 | 1,000 1483-8 0-4471 | 1-5791 
be : [Peat 2, 2,000 Ib. per ‘square inch. a aan | eaiaaes P = 2,400 per square inch. 
636-5° | 1149-8 0-1936 1-2985 663-1 | 1115-1 | +1433 1-2561 
650 | 1175-4 | 0-2099 1-3218 700 | 1193-8 | 0-1842 1-3253 
700 | 1246-6 0-2543 1-3847 750 | 1263-9 | 0-2206 1-3849 
750 | 1298-8 0-2869 | 1-4288 800 | 1316-8 | 0-2480 | 1-4274 
800 1342-0 | 0-3137 | 1:4638 | 850 | 1360-3. | —-0-2706 1-4613 
850 | 1880-0 | -0-8874 | 14984 | 900 1398-3 | 0-2006 =| —1-4900 
900 | 1415-0 0-3592 | 1-5194 950 1433 +7 | 0-3087 1-5154 
950 | 1447-1 0-3793 | 1-5429 } 1,000 1466-7 | 0-3259 1-5383 
1,000 | 1478-4 | 0-3988 | 1-5645 | 
: P = 2,800 Ib. ‘per square inch. ; ai me P = 8,200 Ib. per square inch. or 
685-4° 1071-0 | 0-1029 1: 2078 a 703°5° | 1006-2 | 0-0645 | 1-1463 
700 1114-9 | 0-1224 1-2476 | 750 } 1158-7 0-1240 1 2769 
750 | 1219-9 0- 1:3368 | 800 | 1250-4 0+1597 1-3510 
800 1287-0 0- 1-3906 | , 850 1312-8 0-1840 1-3997 
850 | 1338-1 0-2 1-4305 900 | 1362-2 0-2032 1 4366 
900 | 1381-4 0°: 1-4628 950 1404-0 0-2195 1-4670 
950 | 1419-3 | 0- 1-4904 1,000 | 1441-9 0 +2343 | 1-4933 
1,000 1454-6 0-2 1-5149 A. 
: P = 3,600 Ib. per square inch etna ah: ; : P=. - 4,000 Ib. per square inch. _ . 
750 1067-1 0-0785 1+1953 _ | | 
800 1203-5 0-1254 1-3054 800 } 1140-7 | 0-0931 | 1-2487 
850 1282-8 0-1528 1-3673 850 | 1246-4 | 0-1260 1-3316 
900 | 1340-6 0-1729 1-4125 900 1316-1 | 0-1477 1-3850 
950 | 1387-3 | 0-1890 1+4445 950 1369-0 0°1642 1-4223 
1,000 | 1428-3 0-2033 1-4730 1,000 1413-8 | 0-1782 | 1+4535 





NOTE. —The first 1 line under each pressure gives the values of H, V and ¢ for dry steam at the saturation temperature /- 
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A METHOD FOR THE ESTIMATION 


OF HYDROGEN IN STEEL.* 


By T. E. Rooney, A.M.S.T., F.I.C. and 
Guy Barr, B.A., D.Sc. 


THE usual method of estimating gases in metals 
is to heat the sample in a vacuum and absorb the 
gases or their combustion products in various reagents, 
or else the total gas evolved is collected and an analysis 
made to determine its constituents. These methods 
have usually been applied to metals containing a 
relatively small proportion of gas, and, possibly on 
account of the extreme difficulty of maintaining a 
high vacuum without leakage in a complicated piece 
of apparatus, very divergent results have been recorded 
from time to time. The estimation of hydrogen by 
measuring the volume would appear to be preferable 
to combustion with oxygen and weighing the water 
formed. Also, if the hydrogen is evolved by heating 
without the aid of a vacuum the method can be very 
much simplified. In the present case, the problem was 
to determine whether a steel which had been in contact 
with hydrogen under pressure, and at an elevated 
temperature, for a considerable time contained any 
appreciable amount of hydrogen. 


= resistances. A constant working current 


of 0-12 amp. was used. A deflection type of gal- 
vanometer, which gave zero deflection with the same 
gas in both cells, was employed in the bridge. Arrange- 
ments were made so that the same galvanometer could 
be used to measure the standard current. 

Description of Apparatus.—The apparatus is shown 
in Fig. 1. The heating tube T, of transparent silica, 
is 24 in. long and 1 in. in diameter, closed at one end, 
and fitted at the open end with a glass cap C, the 
joint being sealed by means of a glass sleeve covered 
with vacuum wax. A transparent silica delivery 
tube projects through the cap and reaches nearly to 
the closed end of the tube T containing the sample S. 
The other end of the delivery tube is fitted to a glass 
tube by means of a waxed joint W, and the glass tube 
is connected, by means of a ball-and-socket type of 
joint,* with the push valve A of a circulating pump. 
An outlet tube in the glass cap is connected by means 
of a waxed joint W, to the pull valve A, of the pump, 
to one tube of the katharometer, and to a large vertical 
tube B containing mercury, which serves to keep the 
pressure in the apparatus constant during heating and 
cooling and to allow for an increase in volume due to 
any gas evolved from the sample. This vertical 
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Heyn, using samples of mild steel which had been 
heated in hydrogen and quenched, determined the 
amount of hydrogen retained by the metal by heating 
it in a current of nitrogen and passing the gas through 
hot copper oxide, the water formed being collected 
in phosphorus pentoxide and weighed. He found 
that his determinations gave very little more than the 
blank test, although the treatment in hydrogen had 
apparently caused brittleness in the steel, which was 
removed by subsequent heating in nitrogen. He had, 
however, only treated his samples with hydrogen at 
atmospheric pressure and for a relatively short time. 

As it was probable that the samples at the disposal 
of the present authors would contain considerably more 
hydrogen, it was decided to adopt the method of heating 
the sample in a known volume of nitrogen and measur- 
ing the volume of hydrogen evolved by means of 
the Shakespear katharometer.f The circulation of a 
limited volume of nitrogen minimises the effects of 
any impurities present in the gas, such as oxygen, 
&c. The laboratory type of katharometer, in which 
two spirals of platinum wire are mounted in separate 
cells in a metal block, was used. Small brass tubes 
communicated with each cell, and one of these was 
connected to the apparatus, as indicated in Fig. 1, 
above. The other was connected to the pure nitro- 
gen supply. The two spirals formed two arms of a 
Wheatstone bridge, which was completed by two 





* Communication from the National Physical Labora- | small pressure of water, which is admitted from the | 


tory, read before the Iron and Steel Institute, London, 
on Friday, May 3, 1929. Abridged. 

+H. A. Daynes, Proceedings of the Royal Society, vol. 
xevil, page 273 (1920 [A}). 
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| tube is fitted at the upper end with a thin glass rod R 
| drawn out to a point ; the point is tipped with blue glass 

so that the mercury can be adjusted to a constant level. 
The lower end is fitted with a tap and connected to 
a mercury reservoir. 

The push valve A is also connected to a tube with 
a tap for delivering a supply of pure nitrogen. The 
pull valve A, is connected to a capillary outlet tube 
carrying two taps D, and D,, as shown in Fig. 2. 
Between the taps, a T-junction provides a connection 
to a burette containing mercury, the lower end of which 
communicates with a mercury reservoir. The burette 
can be closed at the top end by a two-way tap D,, 
which connects, in one position, with a manometer M 
for the purpose of adjusting the gas in the burette to 
atmospheric pressure. 

The circulating pump, illustrated in Fig. 3, was 
designed by one of the authors, and a modified form 
has been described elsewhere.t A and A, are valves 
| containing concentrated sulphuric acid; the points 
| of connection to the other parts of the apparatus are 
| shown (see also Fig. 1). They are connected through a 
|common tube to one limb E of a U-tube containing 
| mercury. The mercury in this U-tube acts practically 
|as a piston by moving up and down, and, by means 
|of the valves A and A,, causes the gas in the appa- 
|ratus to be constantly circulated. The up-and-down 
| movement of the mercury is obtained by means of a 








* E. I. Lewis, Chemistry and Industry, vol. xlvii, 
page 1,238 (1928). 
+ G. Barr, Journal of the Chemical Society, 1928, p. 3293. 
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|mains at K to the other limb E, of the U-tube, and 
escapes at L. A small amount of mercury is trapped 
in the tube at H, and this is pushed along by the water 
in escaping to L, causing a rise of pressure and, therefore, 
depressing the mercury level at N and E,. The 
pressure is suddenly released as the small amount of 
|mercury is expelled into the tube O, causing the 
mercury level to rise again at N and E,. Consequently, 
another small amount of mercury is again trapped at H, 
owing to the rise of the level at N sealing off the water 
| current, and the cycle is repeated. Nitrogen could be 
| admitted to the apparatus through the tap D and 
| escape through taps D, and Dg. 

The nitrogen used was obtained from a cylinder, 
and was purified by passing through the following 
system :—(1) A U-tube containing soda-lime, to 
remove carbon dioxide. (2) Concentrated sulphuric 
acid, toremove moisture. (3) A tube heated to 700 deg. 
C. and containing first a spiral of copper gauze and 
next a spiral of nickel gauze, to remove the bulk of the 
oxygen. (4) Concentrated sulphuric acid. (5) A tube 
heated to about 800 deg. C. containing pure electrolytic 
iron turnings. (6) Concentrated sulphuric acid before 
passing into the apparatus. All joints on the ap- 
paratus were either made with vacuum wax or were 
of the ball-and-socket type. 

Calibration of Apparatus.—It was necessary to 
know the volume of the apparatus between the taps 
D and D,. This was determined by filling with 
carbon dioxide, and to avoid corrections due to changes 
in temperature and pressure and impurities in the 
carbon dioxide, a glass vessel of known volume was 
filled at the same time. The carbon dioxide in each 
was then washed out with nitrogen through potash 
bulbs, the bulbs being weighed before and after. 
The volumes of the apparatus and of the standard 
vessel are proportional to the increases in weight 
obtained. The katharometer was also calibrated by 
means of synthetic mixtures of pure nitrogen and 
hydrogen, nitrogen being used as the standard gas for 
comparison. 

Determination of Hydrogen.—A piece of the steel was 
carefully cleaned, weighed, and placed in the heating 
tube, as indicated in Fig. 1 at S, and the cap C was 
sealed on with wax. With the circulating pump in 
action, nitrogen was then passed through the appa- 
ratus for about 2 hours to ensure that all oxygen was 
washed out. The pump was stopped, the tap D closed, 
and the mercury levels in B and E adjusted to fiducial 
marks. When the pressure in the apparatus was 
atmospheric, the taps D, and D, were closed. The 
pump was again started and the nitrogen passed to 
the standard tube of the katharometer, and the electric 
current was adjusted to the standard reading on the 
galvanometer. An electric resistance furnace, regu- 
lated to a temperature of 600 deg. C., was then placed 
in position on the heating tube. 

The gas in the apparatus was retained at atmospheric 
pressure by lowering the mercury reservoir attached 
to the vertical tube B. The galvanometer was 
switched over to the bridge position, and the deflection 
caused by the evolution of hydrogen noted. The 
heating was continued for some time after a constant 
deflection had been obtained; the period of heating 
was usually about 1 hour. The furnace was then 
withdrawn, and during cooling the gas was main- 
tained at atmospheric pressure by raising the mercury 
reservoir. When normal conditions of temperature 
had been restored, the deflection was noted, the 
taps D, and D, were opened, and the increase in the 
volume of gas in the apparatus was measured by 
raising the mercury level in B to the blue point at R 
(the original level) and transferring the excess of gas 
into the burette ; the pressure was carefully adjusted 
to atmospheric, as indicated by the manometer M, 
by manipulation of the mercury reservoir attached 
to the burette. 

In Fig. 4 is shown a device for observing variations 
in volume due to changes in room temperature and 
barometric pressure during the course of an estimation. 
This apparatus is placed in contact with the heating 
tube when the latter is not in the furnace. Its volume 
is known and approximates to that of the main 
apparatus. The tap is closed at the commencement 
of an estimation at the same time that the other 
taps are closed. Any variations in temperature or 
pressure are recorded on the scale, and corrections 
can be made to the final volume. 

The method has been successfully used to estimate 
hydrogen in a number of samples of mild steel which 
had been subjected to special conditions. As the 
estimation of hydrogen by the katharometer would be 
affected by the presence of other gases, samples 
withdrawn from the apparatus were analysed by 
ordinary gas analysis methods. Only a very small 
amount of a hydrocarbon gas was detected, which would 
not materially affect the hydrogen results. The 
range of the galvanometer allowed a hydrogen content 
up to 10 per cent. to be measured in a total volume of 
440 millilitres. The method is very sensitive, as it 
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is possible to detect 0-5 millilitre of hydrogen. At a 
temperature of about 600 deg. C., ali the hydrogen 
was evolved with a heating period of 1 hour. Higher 
temperatures, up to 900 deg. C., gave no appreciable 
increase in the amount, but tended to decompose the 
small amount of hydrocarbon gas present. 








THREE-WHEEL LORRY WITH 
HYDRAULIC TIPPING GEAR. 
For manceuvring vehicles inside buildings, or in 
other confined spaces, for such purposes as bringing 


them up to a loading platform, a small turning circle is | 


desirable, and the lorry which we illustrate in the 
annexed figure is quite exceptional in this respect. 
As will be seen, the vehicle is fitted with a single wheel 
on the front axle, and can be pivoted round one or 
other of the rear wheels by locking the wheel and taking 
advantage of the action of the differential. In this way, 
a turning circle of only 17 ft. diameter is obtained. The 
lorry is fitted with hydraulic tipping gear, and has an 
overall length of 13 ft. 8 in., with a wheelbase of 8 ft. 
3} in. 
drop sides, the interior being lined with sheet metal. A 
specially low cab, with an overall height of 7 ft. 3 in., 
is provided to enable the vehicle to enter low sheds. 
The carrying capacity is from 2 to 2} tons. 


| 
The lorry has been built by Messrs. The Four Wheel | 


Drive Lorry Company, Limited, of 48, Charing Cross, 
8.W.1, and, as far as possible, standard units employed 
in the well known F.W.D. vehicles are embodied in the 
three-wheeler. This is of considerable advantage to 
the owner, as spares can thus be obtained from any 
F.W.D. agent. The engine, with a bore of 43-in. and a 
stroke of 5} in., has a rated horse-power of 36 (the | 
actual power developed being 56 brake horse-power) | 
and is placed on the left-hand side of the chassis, with a 
standard three-speed gearbox on the right alongside 
it. The gearbox, which gives three forward speeds of 
16, 8, and 4 m.p.h., is connected with the engine 
by an enclosed triple roller chain, running in oil and 
giving a 1 to 1 ratio. As the direction of rotation of 
the box is reversed, the gears are made with dogs 
relieved in the opposite direction to standard. 

The load-carrying axle is of the full floating type, 
the only modification made to the firm’s standard 
design being that the bevel pinion is almost exactly 
central with the chassis, and not offset as is usual. 
Steel wheels, with 36-in. by 5-in. twin tyres, are fitted, 
and the hand-brake operates on internal-expanding 
shoes on the wheels. The footbrake is at the rear of 
the gearbox, and acts on both wheels through the 
driving shafts. 

The third wheel, which is of cast steel and is fitted 
with a 20-in. by 6-in. solid tyre, runs on roller bearings 
interchangeable with the driving wheels. It is carried 
on a turntable, inserted between the bearing rings of 
which is a bronze ring of “‘ H” section, the flanges at | 
the edges serving to keep it central with the rings | 
and to hold in grease. Inserted in holes in this ring 
are a number of steel balls of slightly larger diameter 
than the thickness of the bronze ring, so that the turn- 
table is actually carried on a large ball thrust bearing. 
To take full advantage of the third wheel on sharp 
turns, a larger turning angle is necessary on the turn- 
table than on an ordinary stub axle. To permit of 
this, while utilising the standard steering column, the 
end of the horizontal drop arm is connected up to 
another lever. The latter is connected to a vertical 
shaft, on the upper end of which is a chain sprocket. 
This sprocket is connected by a triple roller chain to a 
second sprocket attached to the king-pin, which is 
rigidly mounted on the turntable. The sprockets are 
of unequal size, the smaller being attached to the king 
pin, and their ratio is such that, for a 90-degree move- 
ment of the steering drop arm, the turntable rotates 
nearly 180 degrees. Since, as already stated, a 
specially low cab is fitted to enable the vehicle to 
pass through relatively low openings, the steering 
column has been considerably shortened. As already 
mentioned, independent braking is applied to the 
two driving wheels, so that the inner wheels may be 
held stationary, allowing the machine to pivot about 
it. If this were not done, when the steering wheel 
had reached a certain lock, it would be dragged 
along sideways. 

This independent braking is effected as follows : 
Compensation of the hand brakes on the driving axle | 
is by means of a perch bar, at each end of which | 
there is a catch mounted on a shaft connected to a | 
special hand lever on the driver’s right, so that if 
this lever is moved in one direction, the catch drops 
and prevents that end of the perch bar from moving 
forward, while movement of the lever in the opposite 
direction holds the other end of the perch bar. As | 
soon as this lever has been moved, the hand-brake 
may be applied, and will only act on the side which 


The body is 7 ft. long, and is fitted with 20-in. | 


| 





is not held by the catch on the perch bar. For con- 
venience, the movement of this hand lever is in the 
same direction as the steering wheel. 
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CATALOGUES. 


Metal Rolling.—Messrs. W. H. A. Robertson and Com- 
pany, Limited, Bedford, have issued a reprint of an 
interesting paper by Mr. C. E. Davis, A.M.I.Mech.E., 
on the high-speed rolling of metal strip. 

Air Washer.—A list of apparatus for passing air, or 
other gases, through a washing medium and extracting 
dust, is to hand from Messrs. Blackman Export Company, 
Limited, 374, Euston-road, London, N.W.1. 

Lathes.—A circular giving prices and particulars of 
plain and screw-cutting models of the Wade lathe is to 
hand from Messrs. Lehmann Archer and Company, 
Limited, 5, Farringdon-road, London, E.C.1. 

Commercial Vehicles.—Useful information relating to 
tyre maintenance, rail cars and other matters, is given 
in the monthly news for December, published by Messrs. 
Sentinel Waggon Works, Limited, Shrewsbury. 

Accumulators.—A further issue of their catalogue of 
accumulators for motor-cars and other vehicles, is to hand 
from Messrs. Tungstone Accumulator Company, Limited, 
3, St. Bride’s House, Salisbury-square, London, E.C.4. 

Electrical Machinery—The A.C.E.C. Company, of 
Charleroi, Belgium, have sent us a copy of their review 
containing descriptions of the works and of electric 
machinery manufactured by the firm. The text is in 
French. 

Concrete Blocks,—A series of notes on standard practice 
in the manufacture of concrete blocks has been issued by 
Messrs. The Portland Cement Selling and Distributing 
Company, Limited, 20, Buckingham-gate, London, 8.W.1. 
The notes cover all the practical points in the process. 

Valves—From Messrs. The Walworth Company, 
Boston, Mass., U.S.A., we have received a copy of their 
monthly log giving particulars of the oil and gas indus- 
tries of the United States, for which the company have 
supplied large quantities of valves, pipe fittings and tools. 

Pipe Fittings—-We have received from Messrs. 
Sulzer Brothers, 31, Bedford-square, London, W.C.1, a 
circular describing their “ Afast’’ pipe-line stabiliser, 
which is a device containing a dashpot to damp out 
vibrations in pipe lines supported on brackets or hangers. 

Pyrometers.—Messrs. The Cambridge Instrument Com- 


pany, Limited, 45, Grosvenor-place, London, 8.W.1, have | 


sent us an illustration of their thermo-electric pyrometers 
for furnaces, suitable for temperatures up to 1,400 deg. C., 
and indicating at any number of points up to 24 from 
one instrument. 

Electrical Machinery.—The A. E. G. Electric Company, 


Limited, 131, Victoria-street, London, S.W.1, have sent | 
us a copy of their journal Progress containing descriptions | 


of power plants for Germany, hydro-electric plant for 
Austria, the Zugspitz mountain railroad, and other works 
executed by the firm, 


Electric Cables, &-c.—A catalogue of the Prescot wiring | 


system, and a list of trunk telephone cables laid during 
the last 15 years, have been received from Messrs. British 
Insulated Cables, Limited, Prescot, Lancs, and also a 
further catalogue of aluminium matting, sections and 
sheets, and copper sheets. 

Case-Hardening Boxes.—Messrs. Hadfields, Limited, 
Sheffield, have sent us a circular of case-hardening boxes 


made by Messrs. Thompson Bros. (Bilston), Limited, | 


from a special heat-resisting steel produced by Messrs. 
Hadfields, Limited. The boxes are welded, and great 
durability is claimed for them. 

Mining Plant.—Messrs. The Westinghouse Electric 
International Company, East Pittsburg, Pa., U.S.A., 


| have sent us a pamphlet illustrating the electric equip- 
ment which they have constructed for the Phelps-Dodge 
Metal Mining Company of Arizona, including generating, 
milling and transporting plant. 

Rail Bender—We have received from Mr. J. E. 
Burnell, Llanelly, Carmarthenshire, a catalogue of a 
portable rail and pipe bender made by Messrs. Bochumer 
| Kisenhutte Heintzmann and Company, Bochum, Ger- 
many. It is made in three sizes, the largest being 
operated by air or electric motor. 

Haulage Gear.—We have received from Messrs. The 
Rothermel Corporation, Limited, 24, Maddox-street, 
Regent-street, London, W.1, a catalogue of car pullers 
made by Messrs. The Mead-Morrison Manufacturing 
Company, East Boston, U.S.A., and consisting of capstans 
and haulage winches with electric drive. 


Moulding Machine.—Messrs. The Universal System of 
Machine Moulding and Machinery ;Company, Limited, 15, 
Wilson-street, London, E.C.2, have sent us a leaf catalogue 
of a new moulding machine. The cylinder is below the 
ground level, and either pneumatic or hydraulic power 
may be employed for operation. Great rapidity of 
working is claimed. 

Garage.—Messrs. The Hoisting Appliance Company, 
35, Hornsey-road, London, N.7, have issued an illustrated 
circular of Coldman’s patent pit garage. This consists of 
a waterproof concrete pit sunk in any convenient avail- 
able space, and provided with a platform lift to take a 
| car and a fixed roof or canopy which comes nearly flush 
| with the ground when the car is lowered. 


| Mine Lamps.—A self-contained electric lamp for use 
| in mines, as described in a catalogue recently received, 
comprises a generator and lamp and weighs 16 Ib., 
exclusive only of the hosepipe and control valve conveying 
the compressed air by which the generator is driven. 
It is certified by the Mines Department for use in any 
part of a coal mine, including the working face. The 
lamp is made by Messrs. The M-L Magneto Syndicate, 
Limited, Coventry, and it is sold by Messrs. John Davis 
— Son (Derby), Limited, 39, Victoria-street, London, 
8.W.1. 








Steam Turbines.—A pamphlet describing their large 
| high-pressure types of steam turbine has just been pub- 
| lished by Messrs. The British Thomson-Houston Company, 
Limited, of Rugby. ‘his firm was one of the pioneers 
in the use of high temperatures and pressures, and 
we note from the pamphlet that they have now built, 
or have under construction, a machine of 10,000-kw. 
rating, designed to operate with steam supplied at 
a total temperature of 1,000 deg. F., which corresponds 
to a visible red heat. The pressure, in this case, is 
365 lb. per square inch. Another interesting turbine, 
rated at 67,200 kw., is designed for an initial pressure 
of 600 lb. per square inch and a total temperature 
of 850 deg. F. The firm construct both “ straight im- 
pulse ’’ turbines and also machines having a two-stage 
| velocity-compounded wheel at the high-pressure end. 
An efficiency ratio, at the turbine coupling, of 82-95 per 
cent. has, it is stated, been obtained with one of this 
latter type having a maximum rating of 18,750 kw., 
| the designed speed being 1,500 r.p.m. The steam 
conditions correspond to a pressure of 195 lb. per square 
inch, and a superheat of 250 deg. F., the vacuum at 
the above loading being 27? in. Amongst the photo- 
graphs reproduced in the pamphlet are a number 
| showing the condition of low-pressure blading after 
|long runs. The freedom from erosion is remarkable, 
|and is presumably largely due to the plan, introduced 
by the firm some years ago, of drawing away the 
condensate as it forms compartment by compartment. 
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IRRIGATION WORKS IN THE BOMBAY 
DECCAN AND THE BHANDARDARA 
DAM AND BHATGAR DAMS.—II. 

By E. Copetanp SNELGROVE, F.R.G.S., M.Soc.C.E. 

(France), M.I.Struct.E. 

Tue Pravara River Works system comprises 
three divisions: First, a storage reservoir called 
Lake Arthur Hill, on the Pravara River at Bhandar- 
dara in the Akola Taluka of the Ahmednagar 
District, 29 miles by road from Igatpuri; secondly, 





over 282 ft. The name, Bhandardara, is taken 
from a small village of huts, on the right-bank 
of the river, shown in Fig. 6, which used to be closely 
surrounded by a brushwood stockade as a protection 
from the night attacks of panthers. 

The dam is built of cyclopean masonry laid in 
lime mortar made with crushed stone in the 
proportion 2 to 3, and has a gravity section. 
A 17-ft. 3-in. roadway is carried on the crest 
between parapets 4 ft. 3 in. in height, and a causeway | 





and 13, for a length of 600 ft. on a radius 
of 6,000 ft.; at the right bank end, the remaining 
1,030 ft. is roughly tangential to this curve. 

The foundations and the hills on either side are 
excellent, clean trap rock, and of this same rock 
the dam is built. Crushed stone was used for 
mortar-making in the entire absence of local sand, 
but the most gratifying results were obtained. 
Briquettes made of the hydraulic kunkar lime 
and pure crushed trap gave strengths as high as 


also crosses the valley below the dam. This is| 2,000 Ib. compression per square inch after nine 
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a pick-up weir at Ojhar 53 miles down the river; 
and, thirdly, two canals, named the Pravara Right 
and Left Bank canals, 33 and 48 miles long respec- 
tively. The first of these three division, namely, the 
Bhandardara Dam, called the Wilson Dam, which 
impounds Lake Arthur Hill, is the subject of the 
following account. 

The Bhandardara Dam is situated on the edge 
of the Western Ghats at an altitude of 2,170 ft. 
(base level) above mean sea-level, and at a distance 
of 75 miles north-east of Bombay and 65 miles 
from the coast. It closes a narrow gorge through 
which the channel of the Pravara River passes. 
It is the highest dam in India, having a height, 
above the lowest bed-level, in the river-channel of 
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well shown in the view in Fig. 19, Plate L. Orna- 
ment is provided by a series of 67 arches on the 
downstream face immediately below road level, 
and grouped in sevens symmetrically on either side 
a central group of nine as shown in Fig. 7 above. The 
arches do not penetrate through the wall, but, 
by providing deep shadows, a firm and pleasingly 
definite effect is given to the skyline. A sense 
of weight and strength is conveyed by eight stout 
bastions, which, appearing to grow vertically out 
of the curved sloping face of the wall, divide the 
series of arches into the groups as already 
described ; actually these bastions have a batter 
of 1 in 4 on the outer faces. In plan the dam 





is arched across the gorge, as shown in Figs. 8 


| 


|the toe. This is seen in Fig. 6. 





months. 
The waste weir or spillway does not, as in the 


|majority of dams, form a part of the general 


ensemble. At Bhandardara it is situated some 
4,000 ft. away from the dam wall, on the right 
bank of the river and near the site of the old 
village. A remarkable long ridge of rock crosses 
the valley at this point, and provides excellent 
facilities for a spillway at such a distance from 
the dam that the tail water is carried clear of 
Through this 
rocky spur of the hill, near the inspection bungalow, 
a level cutting 800 ft. in width, has been driven 
in rock with a bottom surface 10 ft. lower than 
the crest of the dam. In times of flood when the 
incoming catchment water exceeds the discharge 
from the sluices the surface water passes over this 
weir, down the natural rock slope, into a small 
nullah which joins the main river half a mile below 
the dam. The weir is designed to discharge a 
maximum depth of water of 8 ft. and to provide 


|accommodation for 50 automatic gates when 
| required. 


With a coefficient of 0°57, the full 
discharge of the weir would be 55,966 cusecs., 
and through 50 gates of 10 ft. width, with a 10 ft. 
depth of water (coefficient 0-66), the discharge would 
be 55,789 cusecs. These discharges correspond with 
a run-off from catchment (47 sq. miles) of 1-84 in. 
per hour. The maximum which has so far been 
observed was recorded in July, 1914, and amounted 
to 46,460 cusecs., or the equivalent of a run-off 
of 1-56 in. per hour; a run-off of 1} in. per hour 
would produce a discharge of 53,079 cusecs., there- 
fore the provision is ample. 

The Bhandardara Dam was opened by His 
Excellency Lieut.-Colonel the Right Hon. Sir Leslie 
Orme Wilson, P.C., G.C.I.E., Governor of Bombay, 
on Friday, December 10, 1926. The memorial 
tablet carries the following inscription :— 


Lake ArtTHUR HILL. 


For the supply of water to the left and right bank 
Pravara canals, constructed for the protection from 
famine of 229,000 acres in the Ahmednagar Collectorate 
and named after Mr. Arthur Hill, C.I.E., F.C.H., 
M.Inst.C.E., Chief Engineer for Irrigation and Secretary 
to Government, Bombay, in recognition of the valuable 
services rendered by him to Irrigation in the Bombay 
Presidency. 

Catchment area, 47 sq. miles. 

Capacity of lake, 10,086 million cub. ft. 

The dam is 270 ft. high above river bed, and 278 ft. 
above lowest foundation. It was commenced in 1910 
and completed in 1926. 

Cost, Rs. 84,14,188, 

The site for this dam was discovered in 1903 by 
Mr. Arthur Hill, while Executive Engineer, and the 
subsequent surveys were carried out by Mr. C. B. Pooley, 
Assistant Engineer, under the direction of Mr. H. O. B 
Shoubridge, Executive Engineer. 


There follows a list of executive engineers and 
others engaged onthe work. The heights mentioned 
on the tablet are the effective heights, that is up to 
full supply level only. 

Construction was commenced in the 1909-10 season, 
and in this and the next season 21,0001. were spent 
on preliminary work and on the preparation of 
foundations. The actual masonry was started in 
1911-12 and the diagram, Fig. 7, shows the work then 
done and the progress made in succeeding years. 
Up till the 1914-15 season the average annual expen- 
diture was 43,1001. sterling. The appearance at an 
early stage of the work is well shown in the photo- 
graph reproduced in Fig. 17, Plate XLIX, taken in 
June, 1913, looking at the 50 ft. high downstream 
face. By the end of the 1914-15 season the masonry 
had reached a height of 85 ft. Some slackening 
of the pace is found in the period 1915-16 to 
1919-20 (including the war years), the average 
annual expenditure during this time falling to 
40,8001. Nevertheless, by the end of the war a 
great portion of the work had done; Fig. 18, 
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ne Kenn iain: THE BHANDARDARA DAM, INDIA, 


face of the wall, which, at the end of the 1918-19 











season, stood 155 ft. in height. Thenceforward to 

the year 1923 there was a general speeding up, due CROSS SECTION THROUGH DOWN-STREAM ELEVATION cut OF Set ee 
to the provision of loan funds for irrigation works, SLUICE OF SLUICE INTHE RIVER BED 
so that the average annual expenditure rose, in the Uinoe ES. fi 

period 1920-21 to 1922-23 to 61,5007. The two) ALIS Tees = a 

later seasons, namely, 1924-25 and 1925-26, have | _Present ESL. op aed 

seen the completion, of the narrow top sections,, =L.2#7 6s =) oo 

roadway and details, which has been accomplished a i 0.10 

for a final disbursement of 45,000/. In 1923, the Fig.9. = Fig. 10. 


dam had been carried to an average height of 
257 ft. Fig. 19, already referred to, is a full view 
from the downstream side, where the causeway 
below the dam is seen in the foreground. This view 
was taken in April, 1925, when the height, exclud- wna meer eee 
ing parapets, above river bed. was 274 ft. 3 in. \ 
With the waste weir sill at the present 260-ft. 

level, the capacity of the reservoir is 10,086 million} Hock zn, | 

c. ft., but there is provision as stated for installing; “"S | 

automatic gates over the waste weir sill which will j 
increase the depth impounded by 10 ft. and the capa- Stuice ati80™ es a a asin sais 

| 

| 
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city of the lake by 2,004 million c. ft., when deemed RL 2327-62 
necessary. The length of the dam is 1,663 ft. and 
the maximum width at the base of the wall is 234 ft. J 
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in the rainfall in different parts of the catchment | 
area, notably 214 in. average annual rainfall at the | 
lake head and 227 in. at the dam. 

The detailed form and structure of the dam wall is a 
indicated in Figs. 9, 12 and 13. The stability of Paes ‘ Boo hy 2008 PA OIE CAR Pa 
the section was considered at twelve different levels. Co7s-0y 233 
The calculations for the first and the last of these} yy, .; num 2,978,125 x 2,278,125 catnien 0 lily mein sas te abel ty tie 
are here given; the others may, in like manner, be} —p gog.2¢ = 155°77 (2 + 4963,796 x 503-788) pipe between the water face shutter and the 
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It contains 12 million cub. ft. of masonry which,| Roc 
at an average cost of ll. 5s. 3d. per cub. yard Ne. 4 >» Ll! 
gives the final total cost of 560,946]. or Rs. 84°14 | 2s = peat ners 252222 a eeaeasee 
lakhs. Stuice at100 ol R Q 
On all sides the lake is surrounded by high spurs) 22227763 By | a 
of the Western Ghats, which here vary from 3,000 ft. By | 2 
to 5,000 ft. in altitude above sea level. The most) hz, fh) | — 
distant point on the lake shore is 8 miles from the | eR Pe Pipe3 dia, Staunching Ring . 
dam and the area of water surface at top water | i oe ——aa — 
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— readily from the date given in the stability = 199-77 lb, per square inch. down stream valve. On opening this 2-in. valve and 
diagram reproduced in Figs. 20 and 20a, Plate : wars 
Resultant cuts the base at 33-6 ft. from centre of base. | filling the space, the pressure of water inside the 
L. In order to reduce these to a reasonable : : : : ; ; : 
ate : : : qaet* | Maximum intensity of pressure at inner toe, pipe is balanced against the pressure of water 
scale for reproduction, the lower part, Fig. 20a, has | tank empt; r 
: . ae pty against the face shutter from upstream, and only 
been reduced twice as much as the upper, Fig. 20. 3,920,240 6 X 33-6 f es 
The d: 3 i Pic hecnk acd (Rp RE ic ada the weight of the sliding water face shutter has to 
» dam has a height of 270 ft., taking the road- 933-8 x 144 233-8 ome : 
way elevation aa BE. B667-43 . be handled from above; after raising this, the 
oe chai iia iid " = 216-81 lb. per square inch. screw down valves, at the downstream end of 
Wet Section An 8-ft. square vertical shaft rises in the wall| the pipes, which are operated by worm gearing, 
at ge» ll * oe 2437 -63 at the deepest section, and in this the varying deflec- | are opened. When shutting off, the screw-down 
Weight of masonry = 30,750 Ib. (masonry | tions for the various water levels are measured by | valves are closed first and then the water face 
; 150 Ib. per cu. ft.) | the means of a plumb line and quenched plumb-bob. | shutters are dropped. 
—— seeped of water on = 0 Ib. — 62-5 lb. | The observation shaft is shown, dotted, in Fig. 9. The water has direct access to each set of pipes 
Total vertical pressure on = 30,750 Ib. as The equipment for the operation of the dam is of | through approach channels and the tail waters are 
base the simplest kind. There are four sets of outlet pipes | severally conducted away from the toe of the dam. 
Horizontal pressure of water = 3,125 lb. at 50 ft., 100 ft., 150 ft., and 200 ft. above the| The two lowest outlets are protected on the inside 


Resultant cuts base at 0-10 ft. from centre of base. | oor of the reservoir. Each set c i f ith h h ade of stout rail 
Maxi + onde Mieagte sethees : or of . n set comprises two| face wi eavy hooped cages made of stout ra 
nie ied pipes, } in. in thickness. The| sections placed horizontally and buried deep in the 





p.-*8 ( 1+ “*) _ 30,750 ( 6 x 7) control at the water face is by iron shutters, with | masonry of the wall. The outflows fall down the 
A © 21 x 144 21 bye-passes, worked by hand from the top of the| natural rocky ravine into the river bed as shown in 
= 10-46 lb. per square inch. dam, and on the downstream side by sluice valves| Fig. 13, and thence embark on their 53 miles journey 
7 3,125 enclosed in masonry chambers in which the hand | to the pick-up weir at Ojhar, where distribution 
oe = mechanism for them is situated. Fig. 9 shows the! in the canal system commences. 


levels of the four outlets; Figs. 8 and 13 show, 

in plan, the independent channels which carry the | 

various outflows to the river bed below the dam.|7>47R TRON AND STEEL INSTITUTE 

Fig. 12 shows the positions of the sluices in the eleva- | ; 
(Continued from page 574.) 

| hand wheels at the top of the dam on the water face, | WueEN members reassembled in the hall of the 








Maximum P sec.2 a = 19-46 ( 1+ a 
30,750 x 30,750 


= 10-56 lb. per square inch. 


Resultant cuts base at 0-30 ft. from centre of base. 
Maximum intensity of pressure at inner too— 
tank empty 


tion, of the downstream face. In Fig. 11 are seen the | 








__ 30,750 (1 4 6 x ant the two shutters and the protecting cage of rails | Institution of Civil Engineers, Westminster, on 
21 x 144 21 | at the R.L.2227-63. Fig. 10 shows a pair of screw- | the morning of Friday, May 3, Professor Louis again 
= 11-04 Ib. per square inch. |down, hand operated, sluice valves at the! occupied the chair. His first duty was the presen- 


| R.L.2277-63 in the masonry chamber at discharge | tation of the Carnegie Gold Medal to Dr. Arthur 


Twelfth Section— 
Level of base = R.L. 2177-63 | end of the outlet. Fig. 14 is a plan of the sluices| Bramley, Chief of the Department of Pure and 
Width of base = 233-8 ft. | at R.L.2227-63 ; Fig. 15 is a section on the centre | Applied Science at Loughborough College, Leicester- 
Lae ep ee Ph ———. | line of this outlet (sluice valve end) and Fig. 16 a shire. He said that this medal was awarded in 
tne ok alae , ; | front elevation of the outlet, down-stream end. It) respect of the report, which, in the opinion of the 
Total vertical pressure on = 4,263,796 lb. | Should be noted that the two lowest outlets are | Council, was the most meritorious piece of research 
—- a aE ee | provided with pairs of sluice valves in duplicate. | work presented in the course of the year by an 
acalibiieh saat teams ah @ 0, Aecen canteen of heen. | The water is invariably let out from the highest investigator working under the Carnegie Scholarship 
Seednnen nemmad tntnesiies egmenene ah entee too + | set of pipes that the lake level for the time being | Scheme of the Institute, with the aid of a grant from 
R = Pion : Pe | Teaches, in order to produce the least emergent | the Carnegie Scholarship Fund. The first report 
P=x ( 1 + ~) " s33-5 + 1a ( re 333-8) | velocity. Unduly high velocities are liable to set| presented by Dr. Bramley to the Institute dealt 
= 165-77 “Naas | up serious vibrations in the pipes and may cause| with the gaseous cementation of iron and steel, 
oe | unnecessary scouring in the channels. The method | and this had been followed by further reports on 
Tan q me 2218125 jot operating the outlets is as follows :—A 2-in. bye- | the diffusion of carbon and nitrogen into iron and 
4,263,796 pass is provided and controlled by a valve by the! steel. In all he had presented six reports, which 
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thad all been printed in the publications of the 
Institute. In accepting the medal, Dr. Bramley 
said that he wished to take that opportunity of 
thanking his associates, without whose assistance 
he could not have carried out the work. The 
President then announced the decision of the Council 
in regard to the award of the Williams Prize. As 
stated in the Report of the Council, the prize had 
been divided between Messrs. J. E. Holgate and 
R. R. F. Walton and Messrs. A. Crooke and T. 
Thomson. The Secretary then announced that 
grants from the Carnegie Research Fund had been 
made to Dr. R. H. Aborn, Mr. S. G. Ericson, Dr. A. L. 
Norbury, Mr. H. O’Neill, and Mr. J. E. Dangerfield. 


THE PropuctTion or SounD STEEL. 


The first paper on the agenda was entitled “A 
New Method for the Production of Sound Steel,” 
by Sir Charles Parsons and Mr. H. M. Duncan. 
In a brief introduction, Sir Charles stated that the 
present method had been developed from an old 
process used by his father some ninety years pre- 
viously, for the casting of large copper-tin alloy 
specula, 6 ft. in diameter and 5 in. thick. An 
adaptation of that chilling process to steel might, 
in Mr. Duncan’s and his opinion, lead to some im- 
provement in the manufacture of large steel ingots. 
It was for this reason that the research was 
undertaken. The paper itself was read in abstract by 
Mr. Duncan. The authors’ method of overcoming 
segregation and axial unsoundness is based on the 
principle that the freezing of the ingot should 
proceed from the bottom upwards. The process 
consists essentially in pouring the metal into a mould 
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having its}longitudinal dimensions greater than its 
vertical, and continuously supplying heat to the 
upper surface, after casting, so that the upper 
layer is the last to solidify. The paper is reprinted 
in abridged form on page 623 of this issue. 
Speaking as Chairman of the Committee on 
Heterogeneity, Dr. W. H. Hatfield said that it had 
been gratifying to find that the publication of the 
researches of that Committee had led Sir Charles 
Parsons and Mr. Duncan to perform such a bold 
experiment. Some time previously, the Com- 
mittee’s attention had been drawn to the work of 
the authors, and opportunity had been given them 
to study the actual 20-ton ingot. Many of the mem- 
bers of the Committee had agreed that the authors’ 
conception had been idealistic, i.e., they had en- 
deavoured to obtain, in practice, uni-directional 
freezing from the bottom upwards, without the 
introduction of other disabilities. It was, therefore, 
of interest to consider in detail the degree to which 
the new process permitted the attainment of the 
authors’ ideals. The macrostructure of aloncjiudinal 
section of the 20-ton ingot at its central axis indi- 
cated that this had not been fully achieved, owing 
to disturbances caused by freezing from the top 
downwards, and also from the walls of the mould, 
the effect in the latter case increasing towards the 
top of the mould. This was due to practical 
difficulties of temperature regulation, and had a 
serious effect on leaving segregates in such position 
as to necessitate quite a substantial discard. Heat- 
ing of the mould walls could not prevent the effect 
of differential freezing, as was shown, for example, 
by comparing the carbon contents at the positions 


C3, C6 andO4 in the authors’ Fig. 2, which 
depicted the chemical composition on a longitudinal 
section of the 20-ton ingot at its central axis. The 
carbon percentages at these positions were, respec- 
tively, 0-29, 0-20, and 0-17, although, theoretically, 
it might have been anticipated that the segregate 
would largely have found its position as a top layer 
of the ingot. Again, the practical effect of the 
hot walls must surely be that the consequent 
delaying of the freezing would lead to the production 
of a very coarse structure and increased size of the 
non-metallic inclusions. This matter had, in fact 
been referred to in the first heterogeneity report, 
in which the structure of an ingot cast in sand 
and another in loam had been described. 
The Committee asked for more information 
concerning the light bands, roughly parallel with the 
base, which occurred in the sulphur print of the 
longitudinal section of the ingot at its central axis. 
Had the authors any views as to the cause of these 
zones of apparently dissimilar composition? One 
important fact not mentioned in the paper, was that 
when sectioning this ingot along the axis, in the 
presence of the Heterogeneity Committee, a shell 
of steel of appreciable thickness had split off from 
one of the sectional faces. Having in mind that 
the cylindrical form of ingot adopted was conducive 
to high internal stress, this might possibly be the 
explanation. The Committee considered this phase 
of the matter as meriting serious discussion. Two 
further points of a practical character might be 
mentioned. The authors had referred to the fact 
that when a stream of liquid struck the cold bottom 
of a mould and spread over its surface, the fluid 
metal was cooled considerably, and might even 
become solid. The Committee would remind the 
authors that in practice a “well” was provided 
at the bottom of big ingots to minimise this effect. 
The other point concerned the suggestion of casting 
a stalk on the authors’ type of ingot, for forging 
purposes, i.e., after the ingot was solid. This, they 
believed, would hardly serve the intended purpose, 
since it would most probably break off at the root 
during the forging process. 

Turning now to more general matters, exception 
was taken to the shape of the ingot on the grounds 
that it did not conform with practical experience, 
which had shown that the depth in the chill should 
be about 3} times the average lateral dimension ; 
also that by a reduction in section in the downward 
direction at a critical rate, axial weakness was 
reduced to a negligible degree, always assuming that 
a reasonable feeder head was provided, and that 
casting and other conditions were satisfactory. 
Further, with exceptions, the Committee believed 
that a cylindrical ingot of the shape indicated could 
not be cast under such conditions without developing 
high internal stress. Incidentally, it was not a 
suitable shape for the production of many forgings. 
It might also be added that the method would 
prove costly, since it would appear that what was, 
in fact, a special furnace, had to be prepared for each 
ingot. The successful casting of large masses of 
steel was dependent upon many complementary 
factors, and the merit of the authors’ experiments 
was that they had very boldly dealt with certain 
aspects on unorthodox lines. It was largely by 
such experiments that the technology of the subject 
could be advanced. 

Mr. T. M. Service said that four principal defects 
were usually found in ingots. These comprised, 
axial weakness; axial segregate; the inverted- 
cone type of segregation, midway between the centre 
and the outer walls of ingots; and non-metallic 
inclusions. There was no doubt that the authors’ 
ingot was free from both axial weakness and axial 
segregate. There were traces of a new type of 
segregation, however, which had been revealed 
by sulphur printing, and to which Dr. Hatfield 
had referred. As regards non-metallic inclusions, 
he could not see how the authors could remove these. 
The question was rather one of steelmaking than of 
cooling conditions. Sir Robert Hadfield, who 
spoke next, asked the authors how their method 
would operate if applied to smaller ingots. His 
own experience with very large ingots was not great. 
He regarded the paper as not so much dealing with 
large ingots as with the question of sound steel. 





During the war, his Company had turned out many 
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thousands of 9-2-in. high-explosive shells, and no 
cases of unsound, segregated, or fissured material 
had come to their notice. Taking the case of | 
18-in. armour-piercing shells, a lot of work had to be | 
done on them and the heat-treatment, to which they 
were subjected, was delicate. No trouble had, how- 
ever, been experienced from either cracking or 





for the production of sound steel. The greatest 
possible purity of materials should be aimed at, 
so that no segregation was possible, except in so 
far as the carbon, and perhaps the manganese, were 
concerned. The filling of the mould should then 
be carefully regulated ; the rate of pouring being 
just sufficient to compensate for the contraction of 


unsoundness. These statements showed that satis-|the metal in the mould. Provided the materials 
factory results had been obtained in the past with| were correctly chosen at the commencement 
the existing methods of casting and ingot manu- of operations, the finished ingot should be entirely 
facture. He would like to ask the authors if! satisfactory. 

enough attention was being paid to the purity,| Mr, B. Talbot said that the authors’ process had 
i.e., the extreme purity of the materials employed. | heen applied for a particular purpose. His own 
In his opinion, this was an important point to! experiments had been directed to the improvement 
bear in mind in connection with steel manufacture. of the quality of cheap commercial ingots. It was 
In conclusion, he would like to know if the authors | necessary to have an ingot which was longer than it 


could give some idea of the cost of the new process | 
when applied to semi-large ingots of from 15 to 30) 
tons, to medium-sized ingots of from 5 to 10 tons | 
and to smaller ingots of from 2 to 3 tons, and from | 
one-half to 1 ton. 

Mr. E. H. Saniter pointed out that there was | 
nothing in the new method which had not been | 
tried before. The process consisted of a combina- 
tion of methods which had been previously applied 
in actual practice. Ingots of circular section had 
been used before, but owing to the shape, internal 
stresses were set up in the steel and cracking often 
resulted. This difficulty had apparently been 
overcome to some extent, but Dr. Hatfield had 
mentioned that something in the nature of a rupture 
had taken place in the ingot. He himself had 
used oil burners similar to those employed by the 





was broad if it were intended for the rolling mills. 
The costs of production in the authors’ specially 
lined moulds, and the question of regularity of 
output had also to be taken into account. The 


| existing methods of maintaining the top of an ingot 


hot, and processes of a similar type, had yielded 
satisfactory results. Naturally, steel which was 
absolutely free from axial weakness was to be pre- 
ferred over all other, there was no question about it, 
but it had to be obtained at a reasonable cost. 

In his reply to the discussion, Sir Charles Parsons 
said that it had been stated that casting in disc form 
would result in the production of heavy stresses. 
Two types of stress were involved, namely, shear 
stress, which depended on temperature gradients, 
and bulk stress. Speculum metal—a brittle material 
—was cast in this manner, a casting 6 ft. in diameter 


authors for the past 25 years. Short ingots had | and 5 in. thick weighed about 4 tons. When this 
also been adopted for certain purposes for many | cooled it did not crack, proving that the sheer stress 
years past. The chill bottom was always present | was not great. Turning now to the question of 
in ingot moulds, and the lining of the sides of the | bulk stresses. When the mass cooled, the outside 
ingot with bricks was also old practice in many get first and formed a shell. The inside, being 


respects. The herring-bone type of segregation | 
was merely due to the sagging down of the steel 
as the ingot set. -In the sulphur print of a longi- 
tudinal section of the authors’ ingot, the white 
lines were signs of the presence of the herring-bone | 
segregation. Instead of taking its usual outline, 
the segregation had become horizontal owing to 
the short height of the ingot. 


still molten, began to contract, and cavities were 
bound to form at the centre, and in a long cylin- 
drical ingot, cavities would certainly occur at the 
centre. When, however, the ingot was shorter, and 
it was caused to cool in horizontal layers, in the 
manner indicated in the paper, no bulk stresses 
were produced. Only the sheer stress had to be 
contended with, and the specula proved that these 





Professor J. H. Andrew said that he had examined | were not serious. 
under the microscope pieces of the ingot sent to! Mr. Duncan, who also replied to the discussion, 
him by Mr. Duncan. Investigation had shown |said that in their industry it was essential to 
that, owing to the fact that the metal had been | have steel which was absolutely dependable. Their 
kept liquid for a long time, the segregated impurities | efforts had been directed to the removal of axial 
had become conglomerated into large particles. | unsoundness. Dr. Hatfield had said that the pro- 
He could not understand, however, why these|cess had one serious defect, in that some of 
impurities had not floated to the top of the ingot.|the major segregation had been left at the top 
The micrographs showed that they had had plenty of | corners, and a fair proportion of the ingot had to be 
opportunity of doing so. The micrographs also | discarded. Surely, however, in an ingot cast in the 
indicated that there was strong evidence of internal | ordinary way some of the segregation was left in 


stress; many of the structures were distorted. | 

The next speaker, Dr. W. Rosenhain, desired to | 
know what was the justification for the scientific | 
idea, at the base of these experiments, that an | 
ingot should solidify from the bottom upwards. 
Quite apart from questions of segregation, the 
real success obtained by the authors probably lay 
in the fact that the mode of solidification had been 
suited mainly to the elimination of gas from the 
crystal boundaries. The mechanical tests of the 
authors might show, in the end, that the slow 
cooling had led to the elimination of gas from the 
liquid metal rather than to any reduction of segre- 
gation. Experiments on these lines, using other 
metals, had been carried out at the National 
Physical Laboratory. The metal was kept hot 
in the crucible for some time, and was then allowed 
to cool very slowly in the furnace. No matter how 
‘* gassy ’’ it was originally, tnis procedure brought 
about the expulsion of all the gas present. As soon 
as the metal had solidified it was remelted at 
once and poured into the moulds. Sound castings 
were always obtained. He submitted that something 
very similar had happened in the present process. 
Countering this, however, was the fact that a coarse 
structure was produced, which as had already been 
pointed out, no amount of subsequent forging could 
eliminate. It was an inevitable consequence of the 
slow cooling and was perhaps one of the disadvan- 
tages, possibly the main disadvantage, of the 





process. 
He would like to suggest an alternative procedure 


the interior of the ingot proper and no amount of 
discard could remove it. Mr. Saniter’s explanation 
of the white bands was probably the correct one. 
The coarse structure of their ingot has been empha- 
sised. He was not quite sure how these statements 
could be reconciled with the fact that the mechanical 


| tests, determined on specimens taken from the 


centres of the “cheeses,” cut from their ingots 
after forging, were better than those yielded by 
similar material produced by other methods. 

Dr. Hatfield had referred to a shell of steel of 
appreciable thickness which had split off on sec- 
tioning one of their ingots. This particular ingot 
had purposely been cooled rapidly and internal 
stresses had been bound to occur. They had not 
experienced any difficulties in manipulation. Their 
stalks had not broken off at the root, as had been 
suggested ; moreover, the method would no doubt 
be improved subsequently. Ingots cast in loam 
and sand moulds had been mentioned. These 
could not be cited as parallel cases. The loam and 
sand had not been heated, the top of the ingot had 
not been kept hot, and the chill at the bottom had 
not been similar to that used by them. The shape 
of the ingot had been criticised, and he reiterated 
that it had been forged without difficulty into a 
bloom measuring 40 in. in diameter, in one heat. 

In answer to Sir Robert Hadfield, they had only 
produced one small ingot, 3 tons in weight. He 
wished to point out, however, that they had not 
envisaged the question of making such products as 
rails; they had no desire to:compete with older 





methods. All they had in mind was the production 
of high-quality steel for special purposes. Their 
method certainly added to the cost of the steel 
produced. The first cost of their mould, it should 
be pointed out, however, was not enormous. More- 
over their first mould stripped clean andj{was 
immediately ready for the next charge. Mr. Saniter 
had implied that their method was a combination of 
older methods. This was indeed the case; they 
did not claim that it was otherwise. Dr. Rosenhain 
had said that the good results obtained were due to 
the expulsion of the gases from the steel. This 
might be true, whatever the reason the excellence of 
the material was undoubted. They had made the 
great mistake of pouring their first ingot too slowly. 
It was most important that the teeming speed and 
the temperature of the metal should be carefully 
adjusted. The faster the casting speed, the better 
the final results obtained. The oxide crust formed 
at the commencement of pouring could be reduced 
by filling the mould with nitrogen. At all events, 
question of crust formation did not offer insuperable 
difficulties. 

In his concluding remarks, Professor Louis said 
that he wished it to be clearly understood that the 
Bessemer-Medal had been presented to Sir Charles 
Parsons for his outstanding contributions to industry 
during a period extending over many years, and not 
for the work contained in the present paper. In 
fact, the Bessemer Medal Committee were not aware 
of the research until after they had given their 
decision. The medal had never been given to the 
inventor of any process, no matter how promising it 
appeared, until it had proved its worth in actual 
practice. The present year marked the jubilee of 
the basic process, and he reminded the members that 
§. G. Thomas was not awarded the Bessemer Medal 
until four years after his epoch-marking paper of 
1879. 


HETEROGENEITY OF STEEL INGorTs. 


The second contribution dealt with on Friday 
morning was the “Third Report on the Hetero- 
geneity of Steel Ingots.” It consisted of a number 
of sections, each dealing with a research into a 
fundamental question, and was briefly introduced 
by the Chairman of the Committee, Dr. W. H. 
Hatfield. 

Sections II and III were then introduced by Pro- 
fessor J. H. Andrew; these dealt, respectively, 
with the liquidus and solidus ranges of commercial 
steels, and the solubility of iron and manganese 
sulphides in steel. Section IV, on the density of 
molten steel, was read in abstract by Professor 
Desch, and Section V, dealing with latent heat and 
the solidification of steel ingots, by Mr. N. M. H. 
Lightfoot. We intend to reproduce a summary of 
the report in a subsequent issue. Owing to lack of 
time, the President asked that the discussion should 
be carried out by correspondence. 


MICROSTRUCTURES OF QUENCHED STEELS. 


The next two papers, namely, “The Micro- 
structure of Rapidly-Cooled Steel,” by Dr. J. M. 
Robertson, and ‘“‘ The Transformation of Austenite 
into Martensite in a 0-8 per cent. Carbon Steel,” 
by Mr. Dartrey Lewis, were taken together for the 
purpose of discussion. 

In presenting his paper, Dr. Robertson said that 
he had investigated the sequence of structures 
obtained when austenite was caused to decompose 
at progressively lower temperatures, by cooling 
small steel specimens in molten metal at various 
temperatures between 600 deg. and 220 deg. C. 
The ultimate composition of the product of the 
decomposition of austenite appeared to vary gradu- 
ally as the temperature at which the transition took 
place was lowered. When the transition took place 
at the normal temperature the product consisted of 
a-iron and cementite. As the temperature of the 
transition was lowered, more carbon was retained in 
solution in «-iron, and less separated as cementite. 
The crystallographic form of the product of the 
decomposition of austenite depended upon whether 
the decomposition was initiated by the allotropic 
change or by the formation of cementite. The 
Ar change was initiated by cementite, and the 
series of structures obtained at Ar’ was determined 
by this fact. The Ar” transformation was initiated 
by the allotropic change, and the structures formed 
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at this change point were related to the crystallo- 
graphic planes of the austenite. 

Two series of structures were produced by increas- 
ing the rate of cooling. Within each series the 
variation in structure was gradual. All structures 
formed at Ar” might be tempered, and the tem- 
pered structure was related to the original structure, 
to the time and to the temperature of tempering. 
The structures formed by cooling at different rates 
could not be obtained by tempering other struc- 
tures. So far as crystallographic form or structure 
was concerned, there was no relation between 
cooling at different rates and tempering at different 
temperatures. The same ultimate constitution 
might, however, be produced in either of two ways. 
When the « solid solution, produced by very rapid 
cooling, was reheated, carbon gradually separated 
from solution and formed cementite. By reheating 
to different temperatures, all variations in con- 
stitution between solid solution and ferrite-cementite 
aggregate might be obtained. 

Mr. Dartrey Lewis, who read his contribution in 
abstract, stated that it had been found that 
specimens of a 0-8 per cent. carbon steel, quenched 
in a molten salt bath at 232 deg. C., were, on with- 
drawal, non-magnetic and soft, but on cooling in 
air they became strongly magnetic and extremely 
hard and brittle. That steel of this composition 
could be quenched to comparatively stable aus- 
tenite, which became transformed into extremely 
hard martensite by quite slow cooling, was un- 
expected. The rate at which the change to marten- 
site took place might be made very slow, and in 
cases in which the steel was drawn without cooling 
to room temperature the quantity of martensite 
formed might be controlled. Such treatment 
should be of value in avoiding quenching cracks 
and distortion. The fact that the austenitic state 
was stable at 232 deg. C. for at least 5 minutes 
opened up the possibility of conducting forming 
operations at this temperature. The parts would 
then harden on cooling in air. 

Professor S. M. Dixon, discussing Dr. Robertson’s 
paper, stated that for the last three years the Wire 
Ropes Committee of the Safety in Mines Research 
Board had had examinations made of colliery 
winding ropes which had failed in service, and also 
of the successive recapping samples taken from a 
number of ropes. The results of these examinations 
showed clearly the need of some correlation 
between the behaviour of ropes in service and the 
microstructure of hard-drawn carbon-steel wire. 
It was necessary to discover criteria by which a 
wire which gave good results in service could be 
recognised. The mechanical tests at present 
specified were insufficient, since wires which con- 
formed to the same specified tests were afterwards 
found to give very different results in practice. For 
example, it sometimes happened that a rope which 
had given excellent results was taken from service 
only because it had completed its statutory life of 
3} years. It was replaced by an exactly similar 
rope made to the same specification, as shown by the 
mechanical tests, and yet the second rope might 
fail after less than two years, although the con- 
ditions of service were unchanged. A satisfactory 
endurance test was badly needed. As was well 
known to metallurgists, the microstructure of steel 
wires passing the same mechanical tests might 
differ. As a preliminary step in the study of hard 
steel wires, Dr. Robertson’s work on steel rod 
seemed to an engineer particularly valuable, since 
his results showed very definitely the effects on 
microstructure of very slight differences in the 
temperature of the lead bath. 

The discussion on these two papers was continued 
after the luncheon interval, and Professor J. H. 
Andrew was the first speaker. He said that, for 
the first time, Dr. Robertson had shown metallur- 
gists a complete series of structures obtained from 
steelin the form of wire. In his paper he had spoken 
of the formation of cementite, and Dr. Robertson 
evidently believed that carbon could exist in steel 
as separate molecules. Therefore, when he used 
the term formation he really meant this, and not 
separation. He desired to know if the author had 
any proof that carbon existed in steel as free carbon 
molecules rather than as Fe,C. Mr. Lewis’ paper 





showed clearly that a change of austenite to marten- 





site took place at a temperature of about 200 deg. C. 
The next speaker, Mr. J. H. Whiteley, pointed out 
that Dr. Robertson had not given the manganese 
content of the steel he had used, nor had he stated 
the etching medium employed in his metallographic 
work. Mr. D. Lewis, discussing Dr. Robertson’s 
paper, asked regarding the times of treatment in 
the quenching medium. His own work had shown, 
that if a 0-8 per cent. carbon steel were quenched 
for, say, $ minute at 300 deg. C., it remained 
austenitic. If, on the other hand, it were left for 
5 minutes or half an hour in the quenching bath 
at that temperature, the austenite broke down and 
an entirely different structure resulted. 

Dr. Robertson, in his reply, stated that he had 
always considered that the specific volume results 
obtained by Professor Andrew and his co-workers 
had confirmed the view that carbon did exist in 
solution in steel as carbon. In answer to Mr. 
Whiteley, the manganese percentage in his steel 
specimens was between 0-6 and 0-8, and, as had 
indeed been stated in the paper, all his specimens 
were etched with a solution of 1 per cent. nitric 
acid in alcohol. He had maintained his specimens 
in the molten lead for periods longer than 1 minute. 
This was not enough ; the usual time was 4 minutes. 
In his answer to the discussion on his paper, Mr. D. 
Lewis said that the practical side of the matter 
dealt with might be of great importance to the 
industry, but had not been commented upon. He 
wished to emphasise that there were at least two 
possible applications. In the first place, if a 0-8 
per cent. carbon steel were quenched at 230 deg. C., 
it was austenitic and soft, and remained in this 
condition for at least 5 minutes. A strip of the 
material could be coiled into a spring, while it was 
in the soft state, and on cooling the product would 
possess a Brinell hardness of 650. In the second 
place, the method might be employed to avoid 
quenching cracks and distortion. Moreover, the 
cooling might be regulated in such a way that some 
austenite remained, so that the final structure should 
not be wholly martensitic. 


(T'o be continued.) 





THE IVRY PORT POWER STATION, 
PARIS. 


(Concluded from page 572.) 


CoNTINUING our account of this station, we have 
now to deal with the machinery equipment. Each 
of the 12,000-kw. main turbo-generator units con- 
sists of an Escher Wyss compound turbine, coupled 
to a generator made by the Ateliers de Construc- 
tions Electriques de Jeumont. The units run at 
3,000 r.p.m., the stop valve pressure being 18 kg. 
per square centimetre (256 lb. per square inch) 
with steam at 350 deg. C. (662 deg. F.). The low- 
pressure cylinder is arranged with inward flow and 
there are seven discs in the high-pressure end and 
three in each of the parallel operating low-pressure 
sections. The alternators are designed for a con- 
tinuous output of 21,400 kv-a. with cos ¢ 0-7 and 
with the pressure at the terminals, 10,500 volts at 
50 periods. The ratio of permanent short circuit 
current to normal is 1-6 to 1, the short circuit fall 
of pressure with cos ¢ 0-7 is 34 per cent., and with 
unity power factor 24 per cent. At full load the 
efficiency at unity power factor is 96-4 per cent. 
and with cos ¢ 0-7, 95-9, the corresponding figures 
for half load being 92-1 and 91-9. A 74-kw. 
exciter, generating at 240 volts, is arranged at the 
tail end of the alternator shaft. The stator wind- 
ings are in star, to facilitate the use of protective re- 
lays, and ultimately the machines will be operated 
with the neutral point earthed. The alternators are 
cooled by air circulation in a closed circuit; a 
tubular air cooler of the type made by the Société 
de Condensation et d’Applications Mécaniques 
(Scam) is arranged at the base of the alternator, 
the circulating cooling water being furnished by the 
main condenser circulating pump, an auxiliary 
supply from the raw water feed tanks also being 
available. By means of a vane and hand wheel, the 
circulating air can be immediately cut off from the 
alternator in case a fire should occur in the wind- 
ings of the machine. 

The two auxiliary turbine sets were each con- 
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structed by the Maison Bréguet, and they operate 
under the same steam conditions as the large sets. 
The turbines run at 6,900 r.p.m., driving, through 
gearing, a three-phase alternator generating current 
at 250 volts and 50 periods. The normal output of 
these sets is 650 kw., with cos ¢ 0-7, and they 
run at 1,000 r.p.m. The condensers are each of 
85 sq. m. (915 sq. ft.) cooling surface. The circu- 
lating pump is operated in each case with current 
from the alternator. Bréguet type steam-operated 
air ejectors are fitted. 

The condensers of the main sets are placed with 
their axes at right angles to the turbine shafts. ‘The 
surface of each condenser is 1,300 sq. m. (14,000 
sq. ft.), and they are designed to give a vacuum of 
96-4 per cent. with 72,000 kg. (158,690 lb.) of steam 
or 98-8 per cent. with 57,000 kg. (125,630 Ib.) of 
steam, with condensing water at 15 deg. C. (77 
deg. F.). The circulating pumps are placed in 
reinforced-concrete water-tight chambers, the sides 
of which are carried above the highest flood level. 
Each chamber contains two units, each consisting 
of a steam turbine running at 6,000 r.p.m., geared 
down to 1,000 r.p.m. for driving a circulating and 
an extraction pump. Three main condensers are 
fitted with compound air ejectors, with heat recu- 
peration, and the fourth with a water-jet ejector 
driven by an auxiliary turbine. 

The pump house contains the de-aerators, the 
water heating arrangements and the distillers ; 
these are placed on the same level as the turbine- 
house basement, ample space being left between 
this apparatus and the circulating pumps. 

The arrangements for heating and de-aerating the 
feed water are very complete, and are shown dia- 
grammatically in Fig. 10, on page 604. The water 
taken by each of the extraction pumps passes 
through a measuring tank K, and then passes along, 
with drainage from steam traps, &c., into the main 
feed tanks L. Water is drawn from these tanks by 
pumps and passed into a de-aerator, thence into 
the feed heaters, and thence into the feed-water 
main. Two steam-turbine pumps and two electric- 
motor operated pumps are used for this service, each 
having an output of 100 cub. m. (22,000 gallons) 
per hour. 

The de-aerators indicated at A in Fig. 10, one 
of which is illustrated in Fig. 13, on page 605, 
are heated by steam bled from the main turbines at 
a pressure of 0-4 kg. per square centimetre (5-7 lb. 
per square inch). The feed heaters draw from a 
higher stage at 1-7 kg. per square centimetre (24 lb. 
per square inch) absolute. There are three low- 
pressure steam mains, one from the low-pressure 
bleeding exhaust, one from the higher pressure, and 
a third from the exhaust of the turbine feed and 
other pumps. The de-aerators are on the Scam- 
Contraflo system, made by the Société de Conden- 
sation et d’Applications Mécaniques, of Paris. 

The water to be de-aerated passes into a cast-iron 
chamber in the de-aerator, which contains a 
perforated diaphragm and a series of perforated 
trays. Passing through this chamber it is broken 
up to a fine spray, and de-aeration takes place 
owing to the spray formed coming into contact 
with vapour rising from below, the spray being 
thereby heated to boiling point. The water then 
comes into contact with a series of horizontal 
tubes heated by the turbine-bled steam and 
steam from the distiller. This set of tubes acts 
as a kind of flash boiler, producing a violent 
ebullition as the heated water falls from tube to 
tube, the air being thereby liberated; this air is 
drawn out at the top by means of a live steam 
exhauster indicated at F, F, in Fig. 10. The 
steam thus expended passes into the collectors E, E 
so that the bulk of the heat in it is not lost. A 
vacuum is maintained by the ejector corresponding 
to the temperature of the water at the de-aerator 
outlet. The supply of inlet water is controlled by 
a float valve in accordance with the demand of the 
extraction-pump suction on the base of the de- 
aerator, which forms a small reservoir. 

The two de-aerators installed have each the follow- 
ing capacity: Normal quantity of water treated 
per hour, 85 tons; temperature of water at inlet 
35 deg. C. (95 deg. F.), at outlet, 65 deg. C. (149 
deg. F.); quantity of low-pressure steam supplied at 
0-4 kg. (5-7 lb. per sq. in.), 4,600 kg. (10,138 Ib.) ; 
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A. De-aerator. 

B. Re-heater for de-aerated water. 
C. Saturator. 

D. Atmospheric condenser. 
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power for extraction pump, 25 h.p.; and steam for 
ejector, 250 kg. (551 Ib.). The extraction pumps 
are indicated at I in Fig. 10. The feed to each 
de-aerator is supplied through a centrifugal pump 
with a vertical shaft, taking 8-5 h.p. Both the 
above-mentioned pumps are driven by three-phase 
induction motors supplied from the 250-volt station 
mains, 

The extraction pump delivers the de-aerated 
water through a re-heater B, of the vertical Scam- 
Contraflo type. It is heated by bled steam from 
the higher turbine stage, and also can be heated | 
by the steam-turbine feed-pump exhaust. The | 
heater is of the vertical type, the steam circu- | 
lating round the tubes in a cast-iron cylindrical | 
chamber. The inlet and outlet is in one casting | 
with a dividing wall, the tubes being in two groups | 
with a cross connecting casting at the far end; 
this casting is free to move with the expansion | 
of the tubes. The normal inlet temperature of the | 
feed water is 65 deg. C. (149 deg. F.), and the out- 
let temperature is 92 deg. C. (187 deg. F.). The | 





quantity of bled or other steam used at a pressure | 


Fig.10 


E. Steam-trap discharge chamber. 

F. De-aerator ejector fed by live steam. 
G. Steam-turbine driven feed pump. 

H. Feed pump with electric-motor drive. 
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J. Feed pump for de-aerators. 
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of 1-7 kg. per square centimetre (24 Ib. per square 
inch) absolute, is 4-250 kg. (9,367 Ib... GL 

The distilled water for make-up feed is produced 
by Scam-Contraflo distillers; they are fed with 
water from a water-softener placed in the boiler 
house. Before entering the distiller, the water is 
passed through tubular pre-heaters, supplied with 
some of the exhaust steam from the distillers. 
These heaters are shown in the diagrammatic 
arrangement of the distiller connections given in 
Fig. 11. 

The water enters the heaters at 15 deg. C. (49 
deg. F.), and leaves at 167 deg. F. The bulk of 
the salts in the water come down during this pre- 
heating, thus reducing to a minimum the necessity 
for cleaning the distillers. The distillers are of the 
low-pressure type, with continuous circulation under 
| pressure. One of them is shown in section in 
| Fig. 12, on this page, and a general view of it, in 
| position in the station, is given in Fig. 14, on the 
opposite page. 
enters below and circulates round vertical tubes, 
through which the water to be distilled is passed. 








(25.M) 


The make-up {feed water enters the apparatus 
through a float: regulating box. It is handled by 
a circulating pump, and is passed under pressure 
through the heating tubes, and delivered into a 
flash chamber through a series of nozzles. As the 
temperature of the water after passing through the 
tubes is higher than that in the chamber, much of 
it passes off at once into vapour and goes out 
into the exhaust. The remainder is circulated round 
again and again. The sludge is drawn off from the 
delivery side of the circulating pump. The distil- 
lation is effected at a temperature of 85 deg. C. 
(185 deg. F.). The output of each unit is 5,000 kg. 
(11,000 Ib.) per hour. The distiller can also be 
operated with double effect, producing 5 tons per 
hour instead of 10 tons with single effect.’ The 
heating can be carried out either by 3,200f kg. 
(7,052 Ib.) of live steam at boiler pressure (313 Ib. 
per square inch) passing through injector-com- 
pressors or by the utilisation of turbine-pump ex- 


The low-pressure steam supply | | haust acy or bled steam at a pressure of 1-7 kg. 
























































The vapour distilled off. passes into the heating 
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chamber of the de-aerator; on the way it goes|above the grids containing the driving motors, 
through a thermostat on the Arca system, by | centrifugal service pumps, and motors for operating 
means of which the temperature in the distiller is | the control sluices. 
kept constant. The water formed in the heating! The high-tension switchgear is housed in a 
chamber of the distiller is drained by a trap and | building formed with a framework of reinforced 
passed into the base of the de-aerators. ‘concrete filled in with lime-silica bricks. The 
The measuring tanks, shown at K in Fig. 10, are | length of the building is 56 m. (183 ft. 9 in.), and 
arranged with discharge pipes delivering into four | the width 9-25 m. (30 ft. 4in.). It has four storeys, 
tanks L, of 25 cub. m. capacity. The outlets of these | with a flat roof on the top with a balustrade. The 
tanks are connected to a main pipe, on to which are | floors, balconies, and partitions are also of reinforced 
branched the auxiliary tanks M, M (the level in which | concrete. At present, the building contains the 
is regulated by float valves), the suction of the main | apparatus for controlling four alternators of 15,000- 
feed pumps with automatic foot valves, and the | kw. and two groups of feeders, each of six cables, of 
de-aerator suctions. In case of the stoppage of the | 5,000-kw. capacity at 10,500 volts. Arrangements 
pumps J, the de-aerators can be supplied directly | are also made for three incoming feeders from the 
by the tanks L. The whole of the de-aerating, | transformer station which is to be erected in the 
distilling, and feed-heating apparatus was con- | future on the other side of the river. 
structed under the patents of Messrs. The Contraflo| There are two double sets of ’bus-bars, each 
Engineering Company, Limited, of Westminster. set being made up of an external bar and an 
The circulating water enters the station through |Ivry bar. The alternators are connected up to 
two ducts of ovoid in section, with a sectional area of |two branches, each with a distance-controlled 
4-75 sq. m. (51 sq. ft.). The two inlet chambers | circuit-breaker and triple-pole reversing links. The 
are placed alongside one another, near the upstream | alternator bars and test bars can be connected 
boundary of the power-station enclosure; the| by a progressive up-and-down booster transformer 
chambers are placed under the wharf, the concrete | arrangement, made up of two transformers, each of 
floor being extended as far as the outermost piles | 200 kv.-a., by the aid of which, by operating with 
to form an apron to protect the wharf from damage | a regulating rheostat, a maximum of 18,000 volts 
due to wash. The inlets are protected by grids| between phases can be obtained. By this means 
made of bars 40 mm. (1-57 in.) in diameter spaced | cables can be gradually put under pressure and, if 
20 cm. (7-8 in.) apart. The water then passes/|required, put under excess pressure for testing 
through the ducts to the filter chambers, and then | purposes. The first floor of the switch building 
into two rectangular monolithic ducts which run|contains the apparatus for putting the cables 
underneath and parallel with the pump-house.| under pressure and the cable end boxes. The 
The discharge ducts are partly rectangular and | second floor contains the bars connected to the 
partly circular; the outlet chambers, which are| external feeders and the synchronising voltage 
placed 140 m. below the inlets, are also of reinforced | transformers; the third, the alternator oil circuit 
concrete. The water passes through mechanical | breakers and the transformers for the supply of 
filters of the revolving hanging flexible metallic blind | auxiliary services. The main bars, the potential 
type, on the Beaudrey and Bergeron system; they | transformers, and synchronising gear are on the 
are contained in a watertight chamber including | fourth floor. 
six cells. A reinforced-concrete building is placed| All the 10,500-volt oil circuit breakers are placed 
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in drained concrete cells closed by roller shutters, 
which open out on to open-air balconies, arranged 
with a narrow-gauge tramway along the front of the 
cells. If any explosion should take place, the effect 
would be dissipated in the open, and other switch- 
gear would not be affected. The cable end boxes 
are contained in similarly arranged cells. The 
10,500-volt circuit-breakers are provided with 
triple oil tanks; they are operated by means of 
direct current at 220 volts, supplied from a battery 
of accumulators. The breakers are capable of 
opening a circuit of 600,000 kv.-a.; they can be 
manually closed if desired. 

All the connections are of bare copper bar 
mounted on smooth-surfaced insulators, the main 
bars being separated by cement slabs, with wire 
gridwork panels arranged to enable the bars to be 
inspected in safety. Triple reactance coils are 
arranged on the connections of each alternator to 
reduce the intensity of a short-circuit current ; 
with normal current the pressure difference on these 
coils is 5 percent. The alternators are regulated 
automatically on the Brown-Boveri system, or by 
hand on the exciter field coils; field circuit breakers, 
with discharge resistances, are provided. The alter- 
nators are protected by differential Merz-Price relays, 
operating on the field circuit, the protection of the 
alternators against external short circuits being 
obtained with Brown-Boveri relays. Overload and 
time relays are fitted to the feeder circuit breakers. 
Water-jet excess-pressure dischargers are fitted. 

Control is carried out from two desk-type and 
three upright-type switchboards. To safeguard the 
operation of the station, in case of a defect in the 
desk-board connections, arrangements are made for 
the emergency synchronising and regulation of 
each unit by means of apparatus kept in a cupboard 
alongside each alternator. Indicating pyrometers, 
with the aid of which the temperature of different 
parts of the alternator stator windings can be taken, 
are also fixed alongside; an alarm syren is also 
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arranged to operate in case of an excess tem- 
perature. 

The auxiliaries are operated off 220-volt three- 
phase circuits, the current for which is obtained 
from the 650-kw. auxiliary turbines or from two 
900-kv.-a. transformers. The auxiliary switchgear 
is placed in a special switch house, which also 
contains, two motor generators, each of 40 kw., 
for charging a battery of Tudor accumulators for 
the operation of the trip gear and for emergency 
lighting, which is automatically switched on in case 
of a failure of the main supply. 

Alternative supplies are arranged for each auxili- 
ary motor, by means of a change-over switch con- 
necting either to the auxiliary turbines or to the 
900-kv.-a. transformer through an emergency circuit. 
The gear for the control of the grates and fans for 
each boiler is arranged in enclosed stands. Two air 
compressors, each driven by a 77-h.p. motor, supply 
compressed air for repair work or for the blowing 
out of apparatus ; arrangements are also made for 
suction cleaning. The instruments belonging to the 
starting and controlling gear of each auxiliary are 
protected on the faces by means of flaps, which can 
be dropped down once the machine is started. 

The turbine-house floors are of square mosaic, the 
different parts being marked with a metallic label at 
the side showing the weight that any section of the 
floor can support. The pipes are carefully covered 
and are painted in distinctive colours. The whole 
layout of the station gives an impression of airyness 
and cleanliness, the result of very careful assembly 
design. The external appearance of the building is 
pleasing and business-like, and the whole arrange- 
ment is a credit to M. E. Nicolini, the managing 





and technical director of the Société d’Electricité 
de la Seine. 

A combined reinforced-concrete cable bridge and 
foot way, which can be seen in Fig. 1, on Plate 
XLVIII, ante, is constructed close to the power 
station. This carries a number of cables for the use 
of the Metropolitan Railway, and also the inter- 
connecting cables of the Compagnie Parisienne that 
supplies Paris proper with light and power. It will 
later take connections from a step-down substation 
to the south of Paris, to be supplied with power from | 
the Auvergne Plateau. There are three separate | 
cable ducts one above the other. The bridge also | 
acts as a passageway for employees of the power | 

‘ station. It is, however, the property of the City of | 
Paris, and was constructed by the Navigation De- | 
partment of the City. A substation will be erected | 
shortly on the north bank of the river close to the | 
bridge, and this will act as a connecting link between 
the stations at Ivry, Gennevilliers and St. Ouen, | 
and will eventually be connected with incoming 
cables from the south. 








| 
TESTS OF A NICKEL STEEL AT | 
HIGH TEMPERATURES. | 


In the Engineering Series of Special Reports of the 
Department of Scientific and Industrial Research, one | 
by Mr. H. J. Tapsell and Mr. J. Remfry has recently 
been published on some experiments carried out at 
the National Physical Laboratory for the Engine 
Sub-Committee of the Aeronautical Research Com- 
mittee on the probable ‘‘ creep’’ properties of a high- 
nickel high-chromium steel at temperatures between 
600 deg. C. and 800 deg. C.* This material, which 
was intended for use in exhaust turbine wheels for 
supercharger units, contained 26-5 per cent. of nickel 
and 14-0 per cent. of chromium, with 3-59 per cent. 
of tungsten, 1-09 per cent. of manganese, and 0-46 
per cent. of carbon, and is stated to have been made 
by Messrs. Hadfields, Limited, under their patents, 
and those of the Commentry Fourchambault and 
Decazeville Company. It was iupplied as a forged 
bar 4 ft. long by 2 in. by 2 in., finished at about | 
950 deg. C. The results of the tests are summarised 
in Figs. 1 and 2. 

For comparison with the creep tests, short-time | 
tensile tests were carried out in duplicate at 15, 500 
(only single test), 600, 700 and 800 deg. C. on test pieces 
about 0-35 in. in diameter, and of gauge-length equal to | 
four times the square root of the area. The load was | 
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* Department of Scientific and Industrial Research. | 
Engineering Research: Special Report No. 15. Properties 
aterials at High Temperatures, No. 5. The ‘* Creep” 


° 
p Bean of a High Nickel-High Chromium Steel between 


applied in 3 to 4 minutes, after preliminary soaking 
for at least half an hour at the temperature of the 
test, and the results are shown clearly in Fig. 1. The 
creep tests were applied at 600, 700 and 800 deg. C. 
on test pieces 0-25 in. diameter and about 1-6 in. 
gauge length, tet in electric furnaces at the required 
temperature. The method, which, with its apparatus, 
was described in Special Report No. 1,* consisted in 
applying loads to give decreasing initial stresses, and 
determining for each stress the time taken for failure, 
unless this was too long, the strain in inches of creep 
per inch of gauge length being measured at short 
intervals, and plotted against the duration of test until 
fracture or abandonment. Stress duration curves for 
the test were also plotted, and:are here reproduced in 

Fig. 1. RESULTS OF SHORT TIME TENSILE AND 

“CREEP” TESTS AT DIFFERENT TEMPS 
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Fig. 2. From these results limiting creep stresses, 
or stresses giving very long life, were estimated, and 
in curve D, Fig. 1, these estimates are plotted against 
the temperatures. The estimates were put at a little 
below the lowest stress at which elongation appeared 
to cease or became very small, a point which the 
figures show was marked with some sharpness. Thus 
at 600 deg. C. a test-piece under a stress of 14 tons 
per square inch broke after 41 days with a final elonga- 
tion of about 20-5 per cent., whereas under 12 tons 
per square inch the test-piece was unbroken after 
116 days, and showed no sign of further elongation. 
At 700 deg. C. under 8 tons per square inch, the test 
piece broke after 32 days, with a final elongation of 
about 28 per cent., while that subjected to 7 tons per 
square inch was unbroken after 103 days, with a 
final elongation of about 2-5 per cent. At 800 deg. C. 
under 2-8 tons per square inch, the piece broke after 
152 days, with a final elongation of about 2 per cent., 
while under 2-4 tons per square inch the final elonga- 
tion was 0-04 per cent. after 41 days, when the test 
was discontinued. The limiting creep stresses for 
these temperatures were estimated at 11, 6 and 2 tons 
per square inch respectively. 

It was found that the elongations under which 


fracture occurred at a given temperature were some- 





600 deg. C. and 800 deg. C. 
[6d. net.] 


H.M. Stationery Office. 


* See ENGINEERING, vol. cxxiv, page 181 (1927). 





times rather erratic, which is explained as due probably 
to occasional failure by intercrystalline fracture, as 
shown microscopically in some, but not all, test-pieces. 








METAL CONSTRUCTION FOR 
AEROPLANES. 


Ir is now some four years since the Air Ministry an- 
nounced their intention eventually to employ only air- 
craft of metal construction, owing to its greater dura- 
bility and the saving in weight as compared with wood, 
and those British designers and constructors of aircraft 
who had not previously done so, found it necessary 
to turn their attention to the production of acceptable 
machines. Some aircraft firms in this country, however, 
had taken up metal-construction work at an earlier date, 
and had produced successful aeroplanes of this class 
before the Air Ministry announcement above referred 
to was made. The Aviation Department of Messrs. 
Vickers Limited, for instance, commenced the manu- 
facture of all-metal aircraft at their Weybridge Works 
in 1922, and since then have produced a consider- 
able number of machines of which the main con- 
structional, material has been Duralumin. At the 
present time, the greater part of the output of the 
firm, now known as Messrs. Vickers (Aviation), Limited, 
with London offices at Vickers House, Broadway, 
Westminster, 8.W.1, consists of all-metal machines, 
the construction of which involves a number of inter- 
esting problems in structural design. It is, of course, 
necessary in aircraft construction, where weight consi- 
derations are of primary importance, to employ a 
design in which the material is utilised to a high degree of 
efficiency, although economic conditions preclude the 
use of special forms and sections which give rise to diffi- 
culties in manufacture and in forming the necessary 
connections. Moreover, since, under peace conditions, 
the numbers of identical machines constructed are 
generally quite moderate, it is distinctly advantageous 
if the forms and sections used can be adapted with 
but little modification to a wide range of designs. 
These conditions appear to have been met in a satis- 
factory manner in the metal construction system em- 
ployed by Messrs. Vickers, which we now propose to 
describe with the aid of the illustrations on Plates LI 
and LII, and on page 607. 

Referring first to the method of wing construction, 
the most important members are, of course, the spars, 
and for these a particularly interesting form of con- 
struction has been devised. This is illustrated in Figs. 
1 to 6 on page 607, and from these illustrations it will 
be seen that the web resembles a trough floor in plan, 
and that the flanges are in the form of double tees to 
which the webs are connected by riveting. The 
parallel portions of the webs, as is perhaps most clearly 
shown in Fig. 4, are formed with vertical flutes, which 
materially stiffen the web at this part against buckling. 
The webs are produced in continuous lengths by pressing 
from a Duralumin strip, and the flanges are extruded 
sections of the same material. Figs. 1 to 3 show 
various methods of increasing the moment of inertia 


| of the section, either locally or throughout the length 


of the spar, in order to increase its resistance to bending 
moment. In Fig. 1, a narrow strip is shown riveted 
on the inner face of the flange, while in Fig. 2 a wider 
strip is shown riveted on the outer face. Small angles 
can also be riveted on to the overhanging edges of the 
flanges, as shown in Fig. 3. 

In a bending test of a spar of the type described, the 
maximum calculated stress in the flange at failure 
amounted to 17-19 tons per square inch, thus indicating 
that the material is efficiently utilised. The particular 
spar on which this test was carried out had flanges 
2-4 in. wide of 14 gauge material, attached by 4 in. 
diameter rivets to the web, which was of 20 gauge 
material. The overall depth of the spar was 6-375 in., 
and the maximum bending moment amounted to 
5,945 lb.-ft. The maximum shear was 1,400 lb., and 
the weight of the spar was 1-4 lb. per foot run; the 
latter figure is some 30 per cent. less than that for a 
spar of equal strength in wood. 

The system of spar construction described lends itself 
particularly well to the attachment of the struts, 
bracing wires, ribs, &c., since the outer surfaces of 
the flanges are flat and the web comprises a number 
of flat: faces comparatively close together. Fig. 4 shows 
the attachment of a main strut and a drag strut to the 
front spar of a bottom wing, pin connections being made 
to pressed-steel plates, which also carry the bracing 
wires. In the joint shown in Fig. 5, steel wiring plates 
are provided for the bracing wires, and the drag rib, 
which is that having booms of tee section, is connected 
to the flanges of the spar by short bolts. Riveted 
Duralumin clips are used for connecting the plain 
ribs to the spars, as shown on the left in Fig. 5, and 
also for attaching the short auxiliary nose ribs used 
for supporting the leading edge between the main ribs. 
The connection for one of the nose ribs is shown in 
Fig. 6, and in Fig. 8, on Plate LI, a number of these can 
be seen in position. 
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Figs. 7 and 8, we may here explain, are reproduced 
from photographs of a Vickers Vivid machine, practically 
completed except for the covering of the wings, fuse- 
lage and stabilising and control surfaces with doped 
fabric. In Fig. 7, the corrugations of the webs of the 
wing spars can be discerned, and it will be noticed, 
from Fig. 8, that a similar construction is used for 
cross bracing the centre section of the upper wing. 
The open rectangular space in the starboard wing is, of 
course, to accommodate one of the petrol tanks, the 
other tank being shown in position in the port wing. 
This machine, which is an excellent example of metal- 
construction work, is a two-seater general-purpose 
biplane, and the power plant consists of one 550 h.p. 
Napier Lion XI water-cooled engine. The upper wings 
have a span of 45 ft. 1 in. and a chord of 8 ft. 3 in. 
while the corresponding dimensions for the lower wing 
are 39 ft. 7in. and 7 ft.0 in. The total wing area is 
thus 590 sq. ft., and as the weight, loaded, is 5,550 Ib. 
the wing loading works out to 9-35 1b. per square foot 
and the power loading to 9-65 lb. per horse-power. The 
weight empty is 3,560 Ib. 

The general construction of the wings can be followed 
from an inspection of Figs. 7 and 8 on Plate LI, and 
details of one of the ordinary profile ribs are given 
in Figs. 9 to 16 on Plate LII. They are composed of 
Duralumin tubes braced with tubes of smaller diameter, 
as shown in Fig. 9. The connections between the boom 
tubes and bracing tubes are made by means of pressed- 
Duralumin plates, tapered pins of the same material 
being passed through reamered holes in the tubes and 
plates, as shown in Figs. 13 and 14; the ends of the 
pins are lightly riveted over to prevent them from 
working loose. The leading and trailing edges of the 
wings are formed by tubes, the former of circular 
section and the latter of elliptical section, and the 
connections of the rib booms to these are shown in 
Fig. 10 and in Figs. 15 and 16, respectively. These 
figures are self-explanatory, and this remark also applies 
to Figs. 11 and 12, which illustrate the connection of 
the rib to the top of the front spar; similar connec- 
og are shown, in isometric projection, on the right of 

ig. 4. 

A very material saving of weight is effected by employ- 
ing this form of metal construction for ribs, instead of 
wood. In the case of the Vickers Virginia machine, in 
which the wings are of R.A.F. 15 section and the chord 
is 13 ft., the weight of a wooden rib was 2 lb. 2-7 oz. 
while one of the Duralumin ribs, of the same strength, 
weighed only 1 lb. 6-25 oz., the saving thus amounting 
to nearly 36 per cent. Wooden ribs for the Vixen 
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machine, also of R.A.F. 15 section and having a chord 
length of 8 ft. 3 in., weighed 13-3 oz., as compared 
with 9-3 oz. in Duralumin, the weight saving in this 


case being about 30 per cent. In the smaller Vivid 
machine illustrated in Figs. 7 and 8 on Plate LI, the 
saving in the weight of the wing ribs alone would be 
of the order of 35 per cent. 

Details of one of the compression ribs, which, together 
with the bracing wires support the horizontal thrust on 
the wing due to the drag, are illustrated in Figs. 17 to 23. 
It is, of course, only the part of the rib between the 
spars which is in compression, and in this part the 
booms are of tee-section extruded Duralumin, the 
bracing being composed of angles of the same material 
connected to the booms by riveting, as shown in Figs. 
20 and 21. The part of the rib between the leading 
edge and the front spar is of tubular construction, similar 
to that employed for the plain ribs, as shown on the 
left of Fig. 17. The connection of the nose portion and 
of the compression rib to the top of the front spar is 
clearly shown in Figs. 18 and 19, while Figs. 22 and 
23 illustrate the connection of the compression rib 
to the top of the rear spar. Normally, the part of the 
wing between the rear spar and the trailing edge is 
of tubular construction, the connection to the spar 
being similar to that shown in Figs. 18 and 19, but the 
connection illustrated in Figs. 22 and 23 is that em- 
ployed in front of the ailerons. A rather different 
form of compression rib, in which the bracing members 
are Duralumin tubes, slotted at the ends to fit over the 
webs of the booms, is shown in Fig. 5, on this page, 
which also illustrates the method of connecting it to 
the spar. 

A particularly simple and effective form of construc- 
tion is used for the interplane struts, details of which 
are given in Figs. 24 to 26 on Plate LII. The strut, it 
will be seen, is composed of a single Duralumin plate, 
bent to form a streamline section in plan, and riveted 
along the trailing edge. The struts are pin-jointed to 
the spars, the connections being made by means of 
plugs machined from Duralumin stampings fitting 
into the ends of the strut and held in position by taper 





pins. One of these struts, made of 12-gauge sheet and 
measuring 74 in. by 2} in. in plan, and 10 ft. 3 in. in| 
length between the centres of the pins, failed at a load | 
of 5-63 tons, the latter figure being about 334 per cent. | 
above the designed load. 

An elevation and plan of part of the fuselage structure | 
are given in Figs. 27 and 28, respectively, on Plate LII, 
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tubes with steel wires for the side and diagonal bracing. 
Figs. 29 to 31 show the connection of one of the upper 
longerons to the front part of the fuselage, in which the 
cockpit is situated, and it will be seen that a cap is 
fitted on to the end of the longeron by means of tubular 
rivets, the cap being connected to a similar fitting on the 
front section by means of a pin ing through lugs on 
each. Pin joints are used for the connections between 
the struts and longerons, and details of one of these 
connections are given in Figs. 32 and 33. It will be 
seen that Duralumin plugs are fitted into the ends of 
the struts and secured by taper pins, lugs formed on the 
plugs being connected by bolts to clips made of 
Duralumin plate and fitted round the longerons. 
The side-bracing wires are also connected to the clips 
by bolts, as shown in Fig. 33, but the diagonal wires are ' 
connected to a bolt which passes through the longeron, 
as will be clear from Fig. 32. The cambered top and 
bottom surfaces of the fuselage are formed by small 
Duralumin tubes supported on light frames of con- 
struction similar to that employed for the wing ribs ; 
the frames and tubes are both distinguishable in Figs. 
7 and 8. In these figures, the construction of the tail 
unit can be seen, and since it is generally similar to that 
employed for the wings, it need not be dealt with in 
detail. 

In conclusion, it may be remarked that the form of 
metal construction described has proved highly satis- 
factory in practice, the weight-saving amounting, on 
an average, to about 20 per cent. in comparison with a 
machine designed for the same factor of safety and 
constructed in wood. A considerable number of 
machines of this type have now been in service for 
several months, and we understand that no trouble has 
arisen that could be traced to the form of metal con- 
struction adopted. All the Duralumin parts are, of 
course, treated by the anodic-oxidation process or are 
otherwise protected against corrosion. 








BIRMINGHAM BUREAU OF STANDARDS AND MEASURE- 
MENT.—We have received a brochure dealing with the 
activities of the Birmingham Bureau of Standards and 
Measurement, Limited, Empire House, Great Charles- 
street, Birmingham. The bureau, which is associated 
with Messrs. Dowding’s Machine Tool Company, Limited 
38, Albert Embankment, London, 8.E.11, undertakes the 
testing of, and the certifying and reporting on gauges, 
jigs, measuring instruments, gears, screw-threaded 
components, &c. It also acts in an advisory capacity in 
the matter of inspection lay-out. The scientific advisor 


and the construction can also be seen in Figs. 7 and 8, on | and controller of the laboratory of the bureau is Professor 


Plate LI. 


Both longerons and struts are of Duralumin | F. W. Burstall. 
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LABOUR NOTES. 


During 1928, the combined funds of the Amalgamated 
Engineering Union increased by 51,3771. to 1,853,9441., 
of which 1,611,715l. belonged to the superannuation 
reserve fund, and 242,229/. to the general fund. A 
slight decrease took place during the twelve months 
in the average number per month of unemployed 
members. The average number was 14,102 as com- 
pared with 16,755 in 1927. For the first time since 
the depression set in an increase in the net membership 
is recorded. At the end of 1927, the total number of 
members was 218,339; at the close of 1928 it was 
218,871. Members’ arrears of contributions were 
reduced during the year from 92,464I. to 81,7761. The 
invested funds of the Approved Society at December 31, 
1928, amounted to 1,264,0331. (cost price). 





In April, the home branch membership of the 
Amalgamated Engineering Union increased from 
191,293 te 191,676, and the Colonial branch membership 
from 27,827 to 27,881. The number of members in 
receipt of sick benefit decreased from 7,493 to 5,938, 
and the number of members in receipt of superannua- 
tion benefit increased from 10,187 to 10,189. The 
total number of unemployed members decreased from 
11,130 to 10,804. 


An editorial note in the Amalgamated Engineering 
Union’s Monthly Journal deals with the subject of 
unemployment. ‘‘ We have,” the writer says, “in 
the pages of this journal repeatedly directed attention 
to the need for steps being taken to deal with this ques- 
tion, which we have morv than once said is most vital 
to the worker, having regard to the fact that his 
standard of living and that of those dependent upon 
him is affected by his position in the labour market. 
Several years ago we advocated the calling together 
ot a representative body whose duty it would be to 
examine every phase of the problem in order that 
steps might be taken to prevent a recurrence of what 
has happened since 1920. We welcome the belated 
recognition of the necessity for applying our minds and 
energies to the solution of the problem; and whilst 
we appreciate the suggestions that are being made 
respecting road-making, &c., at the same time, it 
will readily be recognised that these are only palliatives 
and could only result in temporary relief. The problem 
goes much deeper, and would need to be dealt with 
by a policy which has for its object the elimination, 
as far as is humanly possible, of this blight upon the 
nation’s life.” 


At a Conference in Brunn of employees of Central 
European iron works and rolling mills, a resolution 
was adopted declaring that the workers were not 
opposed to rationalisation, but that, in view of the 
more strenuous physical and mental efforts involved 
by the new system, they requested the adoption of 
more effective measures of social protection, the strict 
observance of the eight-hour day, development of 
works councils, collaboration between the workers 
and the technical committees, increased wages in 
proportion to the increase in output, and reduction of 
hours of work in the case of arduous work. The 
Conference invited member organisations to take 
action to bring about ratification of the Washington 
Hours Convention; it demanded more effective 
supervision of cartels and the extension of the powers 
of the works councils. Seventy-nine delegates attended 
from Austria, Czechoslovakia, Hungary, Poland and 
the Serb-Croat-Slovene Kingdom. 


The French National Federetion of Seamen’s Unions, 
at a recent Conference in Paris, passed a resolution 
declaring that the laws and decrees regulating work 
on board ship, especially those relating to daily hours 
of work, were not always respected by the shipowners, 
and requested the Government to draw the attention 
of the maritime registration authorities to this fact. 
The resolution further demanded that complaints 
from seamen’s unions should be registered without 
delay or prejudice, and that the methods of investiga- 
tion should be simplified. It was further resolved to 
insist on an eight-hour day; and, noting the arguments 
of an international character put forward by the French 
shipowners, the Congress pointed out that the seamen’s 
unions had always advocated the international applica- 
tion of the Eight Hour Act in the mercantile marine 
and emphasised that in this task, to-day more necessary 
than ever before, the French shipowners should play a 
part corresponding with that of the workers’ organisa- 








tions. | 


On May 6, 1929, the number of unemployed persons 
on the registers of Employment Exchanges in Great 
Britain was 1,132,700. Of these, 816,600 were wholly 
unemployed, 235,300 were temporarily stopped, and 
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80,800 were persons normally in casual employment ; 
882,000 were men, 35,300 boys, 184,000 women, and 
31,400 girls. Of 1,163,808 on the registers on April 28, 
1929, 824,404 were wholly unemployed, 259,882 were 
temporarily stopped, and 79,522 were persons normally 
in casual employment ; 907,079 were men, 37,685 boys, 
186,631 women, and 32,413 girls. The number of 
unemployed persons on May 7, 1928, was 1,103,822 
of whom 887,693 were men, 33,165 boys, 151,568 
women, and 31,396 girls. 





A conference on the wages question took place in 
London, on Thursday of last week, between repre- 
sentatives of the Shipbuilding Employers Federation 
and representatives of. a majority of the shipyard 
trade unions. The Federation of Engineering and 
Shipbuilding Trades acted for the organisations 
affiliated to it, and, of the six unattached craft unions, 
only four took part in the discussions. The Boiler- 
makers and the Woodworkers were not represented. 
Spokesmen for the unions explained the reasons for 
the application that had been made for a wages advance 
of 5s. per week, and the employers, after considering 
the matter in private, intimated that they would 
put the statement before the Central Board of their 
Federation and communicate their decision at another 
joint conference convened for a mutually convenient 
date. It is understood that the unions based their 
claim on the improvement that has taken place in the 
state of the industry. 


Industrial and Labour Information, the weekly 
official organ of the International Labour Office, 
states that the Government of the Soviet Union is 
seriously concerned about the fall in the standard of 
discipline in State industrial undertakings and is 
taking measures to check it. Output figures for the 
first half of the current fiscal year have shown the 
management of industry and the Supreme Economic 
Council that the estimated results have not been 
realised. Wages have risen more rapidly, and output 
more slowly, than had been calculated, with the result 
that not only have cost prices undergone no general 
reduction, but in some branches, including the mining, 
metal and textile industries, they have actually risen. 
The industrial authorities, the Commissariat of Labour 
and the trade unions, are agreed that the chief reason 
for this is to be found in the slack state of discipline 
which pervades the industrial undertakings run by 
the State. There is, however, less agreement as 
regards the causes of this slackening in discipline. 
Numerous inquiries have been made at the instigation 
of the industrial managers and the trade unions, and 
meetings held to determine the measures necessary to 
improve the present state of affairs. 





As the result of these investigations and at the 
request of the Supreme Economic Council, the Govern- 
ment of the Soviet Union published on March 6, 1929, 
an Order of the Council of People’s Commissaries, 
which is intended to raise the standard of discipline in 
the factories. A previous Order issued by the Supreme 
Economic Council on January 31, 1929, laid down 
for the first time the regulations governing the rights 
and obligations of the management staff of State 
undertakings, while a second Order of the same date, 
issued by the Commissariat for Workers’ and Peasants’ 
Inspection, requested the supervisory committees 
attached to that department to co-operate with the 
Supreme Economic Council for the enforcement of 
the said regulations. 


The Order of March 6, 1929, relating to the main- 
tenance of discipline gives the administrative authorities 
of the State enterprises full power to inflict the various 
disciplinary ays laid down in the internal regu- 
lations for breach of labour discipline. Workers 
punished under these regulations may appeal to the 
joint conciliation committees, whose ruling is final. 
The Order requires the public labour exchanges to 
find employment for workers dismissed for flagrant 
breaches of discipline only after all other workers on 
their books have been placed; in all cases such 
workers may not be placed with the undertakings 
from which they were dismissed. The medical and 
legal institutions and the State retail and co-operative 
shops must arrange their consulting and business 
hours so that the workers may transact whatever 
business they may have to do with them outside 
working hours. The Commissariat of Labour must 
see that its organs comply strictly with the provisions 
of the Order. The regulations issued on January 31, 
1929, for the management staff of State undertakings 
stipulate that each undertaking must be personally 
administered by a manager, assisted by two deputy 
managers, one of whom is responsible for technical 
questions connected with output, and the other for 
labour questions. 











The manager is to be the undisputed head of the 
undertaking. All operations require his personal 
approval unless he has delegated certain powers to his 
assistants. He has full power to take disciplinary 
measures against the workers, employees and technical 
staff in accordance with the internal regulations and 
disciplinary rules of the undertaking. As the mouth- 
piece of the Supreme Economic Council points out, 
these measures clearly establish the principle of personal 
management and break with the collective methods 
introduced at the outset of the revolution. The creation 
of a deputy manager’s post for the supervision of labour 
questions is an innovation which seems to be considered 
of great importance by the managers of State industry. 
The deputy manager for labour directs all operations 
connected with the orgenisation of labour and the 
normal employment of the workers. He must study 
wage-movements, prepare the way for the conclusion 
of collective agreements, see to the observance of 
labour legislation, arrange for the distribution of work 
and the drafting of internal regulations and enforce 
labour discipline. He must also ensure the adoption 
of the measures necessary for the workers’ safety and 
health, carry out research work on the cause and pre- 
vention of accidents, arrange for the housing of workers, 
the distribution of working clothes, &c. 





The engagement of workers and the training of an 
adequate number of skilled workers also fall within the 
competence of the deputy manager, and he, or his 
substitute, must be present at the deliberations of the 
trade unions and other labour organisations. The 
regulations also define the rights and obligations of the 
engineers and technical staff. Each member of the 
technical staff is responsible to his immediate superior 
and to the director. He must carry out all orders 
received, but may lodge a protest against any order 
with the immediate superior of the persor issuing it. 
If he fails to do so he shares with the person issuing 
the order the responsibility for its execution and any 
consequences that may ensue. The engineers and 
technicians must see that the workers obey orders 
and comply with labour discipline. They may impose 
disciplinary sanctions on their subordinates. 





Addressing the National Committee of the Amalga- 
mated Engineering Union at Llandudno on Tuesday, 
Mr. J. T. Brownlie, the President of the organisation, 
said that one of the most valuable assets of a country 
which depended for its existence on the export of 
manufactured articles was the skill of its workers. 
Yet the number of engineering apprentices engaged 
since the war had been restricted by two regrettable 
causes. One was the hesitation of employers to increase 
the number of apprentices, and the other the reluctance 
of boys to bind themselves to an industry which 
offered so small a financial inducement. Employers 
might, Mr. Brownlie said, take advantage of the 
present economic position to withhold an advance of 
wages, but they would eventually be driven, he 
declared, by sheer economic necessity, in their own 
interest, to pay a rate of wages that would induce 
intelligent youths to apprentice themselves to the 
trade. 





Dealing with the question of rationalisation, Mr. 
Brownlie said that, at all stages, responsible participa- 
tion by the workers and a vigilant maintenance of the 
general social interest by the State, as representing the 
community, were essential if industrial reorganisation 
was to raise the national standard of life. “‘ We hold,” 
he said, “‘ that the State, deeply concerned, as it must 
be, ought to supervise the reconstruction process, so 
as to secure that it is in each industry carried through 
with the close and constant co-operation of the workers 
concerned—and in such a form as to give them a real 
share in it—and carried through as between the various 
industries on a coherent and co-ordinated plan, such 
as may secure that the gains are not wholly monopolised 
by groups, sections, or individuals, but, as far as 
possible, diffused through the community.” 





An official report issued at the close of the annual 
meeting of the Federation of Engineering and Ship- 
building Trades, which opened at Barrow-in-Furness 
on Tuesday, stated that the delegates had dealt 
with the existing position in shipbuilding, and the effect 
of rationalisation in that industry. It was felt that 
they ought to deal with rationalisation in some form 
of joint body in order to lessen any distress that might 
be caused by, or through, the weeding out of non- 
economic factors in the industry. In respect to engineer- 
ing wages, the action of the executive authority in 
deciding to make a national application, as against the 
suggested sectional applications from the industries 
within the engineering industry, was confirmed as the 
policy of the Federation. 
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PULVERISED-FUEL BURNER FOR 
LANCASHIRE BOILERS. 


THovGH the use of the water-tube boiler is extending, 
even in comparatively small plants, it is stated, and 
we believe correctly, that the Lancashire boiler far 
outnumbers any other type in Great Britain. It is 
also asserted, again with some truth it must be con- 
fessed, that its thermal efficiency, at all events as 
usually worked, is very low. Further, there is a very 
general opinion prevalent that its construction prohibits 
the effective use of pulverised fuel in it. This last 
statement may be challenged; indeed, it may be con- 
ceded that the results of the tests on a Lancashire 
boiler, which we give below, controvert it and show 
that the second statement may need to be modified. 
Before commenting on the test, however, some descrip- 
tion of the apparatus employed is necessary, and this 
we illustrate by Figs. 1 to 5, on page 614. Reference 
may also be made to an illustrated article on the same 
type of burner fitted to a marine boiler, given on page 
336 of our last volume. This latter article describes 
tests made with the pulverised-fuel system of Messrs. 
“B. & L.” Powdered Fuel, Limited, York Mansion, 
Petty France, London, 8.W.1, and the present account 
deals with the work of the same firm in converting 
two Lancashire boilers at Messrs. Savill Brothers’ 
ie at Stratford, London, E., to burn pulverised 
coal, 

A general idea of the appearance of the Lancashire 
boilers so converted is given in Fig. 1, which is a view 
of the stokehold at Messrs. Savill’s Brewery. It will 
be noticed that the two boilers are fitted with radically 
different arrangements of pre-furnace. The boiler on 
the right has a horizontal type of pre-furnace which 
is, except for some minor details, identical with that 
used on the marine boiler tests referred to above. 
The evaporative tests given below were carried out 
on this boiler, so that the results in the two cases are 
comparable. The boiler on the left hand has a new 
type of pre-furnace which is shown in section in Fig. 2. 
It has been designed for situations in which space is 
limited and has the incidental advantage that the 
slag doors are easier of access. At the same time, as 
the combustion space is somewhat reduced, the inclined 
type is, perhaps, not quite so suitable for burning 
fuels of very low volatile content. Thus, while the 
horizontal furnace is designed to be used with coal 
having from 17 per cent. to 40 per cent. volatile matter, 
the inclined furnace should be employed only for that 
having from 25 per cent. upwards. 

Although the two types of pre-furnace have a 
cardinal difference, in the design of the essential 
parts they are the same, as a comparison between the 
figures given in the previous article and Fig. 2 will 
show. The secondary air enters the air chamber by 
a trunk of square section tangential to it, as seen in 
Fig. 1, and is thus given a swirling motion inside it. 
It then passes through the slots of a cylindrical regulator 
of the sleeve type which is furnished with deflecting 
vanes at the edge of the slots. These vanes are shown in 
Fig. 2, as also is the method of regulating the air supply 
by rotation of the sleeve, which rotation is effected by a 
pinion having a lever handle and geared to the sleeve. 
The burner pipe is adjustable longitudinally and has a 
flared end, as before, but the spreading cone is omitted. 
The primary air carrying the fuel is given a rotary 
motion, contrary in direction to that of the secondary 
air, by means of the two sets of helical vanes inserted in 
the burner pipe at the points shown. The firebrick 
lining to the furnace mouth is substantially the same 
as that for the horizontal pre-furnace, and the whole 
burner can be swung out on hinges as in the previous 
case. Three mica-covered sight holes are provided. 

Referring again to Fig. 1 it will be noticed that the 
four fuel-supply pipes to the furnaces are each fitted with 
a shut-off cock and have a flexible connection to 
permit adjustment of the burner tubes. Their con- 
nection with the distributor will, however, be more 
clear from Fig. 3, while Figs. 4 and 5 show this part 
of the apparatus in detail. It consists, primarily, 
of a vertical fan driven, through bevel gears, by a small 
motor, and discharging into four branches arranged 
tangentially on its casing, to which branches the 
fuel-supply pipes are attached. The fuel, borne in the 
primary air supply, enters the centre of the fan in a 
downward direction. The vanes of the fan do not, 
of course, extend to the centre. The sleeve regulating 
device above the fan is intended to provide a further 
means of controlling the fuel stream by a preheated 
auxiliary current of air, but, as will be seen from the 
blank flange in Fig. 3, this part of the distributor was 
not used in these tests. The fuel-supply pipe is 
shown at the top right-hand corner of Fig. 3, and is 
continued to the pulveriser. This was a No. 8 
Atritor, made by Messrs. Alfred Herbert, Limited, 
Coventry, a well-known appliance previously described 
in these columns. The total power expended in 
pulverising, delivering and firing the fuel over the 
test period of 24 hours was 15-25 kw.-hours. 





The boiler tested is 7 ft. in diameter by 26 ft. long, 
and has a heating surface of 778 sq. ft. The volume 
of each of the two furnaces is 155 cub. ft. There is 
neither economiser nor superheater, and the hot gases 
discharge directly into a flue communicating with a 
brick chimney. The test, of 24 hours’ duration, was made 
on February 8 and 9, and was supervised by Mr. W. H. 
Patchell, M.I.Mech.E., 64, Victoria-street, Westminster, 
S.W.1. The burners were of the horizontal pre- 
furnace type, on the Brand system, giving a turbulent 
rotary flame. The coal used was the same as that 
burnt in the tests previously mentioned, viz., Darton 
Main slack, and had a calorific value of 12,902 B.Th.U. 
per lb. The analysis, as fired, was :—Moisture, 1-81 
per cent. ; volatile matter, 29-67 per cent. ; fixed car- 
bon, 54-88 per cent.; and ash, 13-64 per cent. In a 
sieving test, 92-4 per cent. passed through a 200 mesh, 
and 3 per cent. of the remainder passed a 150 mesh. 

The total quantity of water evaporated during 
the 24 hours, was 129,950 lb., which gives an average 
of 5,410 lb. per hour. The temperature of the feed 
water was only 40 deg. F., and, in commenting on this 
performance, Mr. Patchell, in his report, points out 
that records of previous tests on 7 ft. by 26 ft. Lan- 
cashire boilers with ordinary methods of firing show 
evaporations of from 3,600 lb. to 3,800 lb. of water 
per hour obtained with hot feed. The total coal 
burned was 17,230 lb. No trouble whatever was experi- 
enced with the pulveriser or pipes from clogging of 
the fuel. The actual water evaporated per Ib., of fuel, 
as fired, was 7-54 lb., and the corresponding figure 
from and at 212 deg. F. was 9-04 lb. The gross 
overall thermal] efficiency of the boiler works out to 69-02 
per cent. The boiler pressure was 90-7 Ib. per sq. in. 
absolute. 

In considering these figures, we would refer to data 
supplied by Messrs. Brownlie and Green, published 
in ENGINEERING, vol. ci, page 341. In this article, the 
average figures of tests on 100 Lancashire boiler plants, 
each consisting of anything up to four boilers, are given. 
The calorific value of the fuel used was 12,680 B.Th.U., 
and the ash content was 9-3 per cent., figures agreeing 
very well with those of the test under discussion. The 
thermal efficiency of the boilers only, that is, without 
economisers or superheaters, was 55:65 per cent., and the 
rate of evaporation was correspondingly low, being 8-11 
lb. of water per lb. of coal from and at 212 deg. F., the 
steam pressure being 108 lb. per square inch absolute. 
The CO, content of the flue gases was 7-5 per cent. 
In the present test the flue gases, at the front of the 
side flue, contained 14-13 per cent. CO,, 0-18 per cent. 
CO, and 5-3 per cent. O, and no dark smoke was 
apparent at any time, the general condition at the 
chimney top being a light vapour, which was some- 
times quite invisible. 

In comparison with Messrs. Brownlie and Green’s 
figures, which were published in 1916, the increase in 
thermal efficiency from 55-65 per cent. to 69-02 per 
cent., amounts to over 24 per cent., and indicates that 
the use of pulverised fuel in the Lancashire boiler is 
distinctly advantageous. At a matter of fact, it is 
possible to improve the efficiency considerably by the 
use of preheated air. Thus, if air of a temperature of 
150 deg. F. above atmospheric temperature were 
employed, the efficiency of the Brand system would 
reach 76 per cent. on Lancashire boilers. As it was, 
the tests were carried out when the temperature of 
the atmosphere was only 38-6 deg. F. The air carry- 
ing the fuel was delivered to the burner at a tem- 
perature of 108 deg. F. and a pressure of 3-9 in. 
water gauge. The gases at the furnace exits were at 
1,130 deg. F., and, at the base of the chimney 592 deg. 
F., conditions which indicate that a superheater 
and economiser could be used with advantage, at all 
events in this particular case, in which the boiler is 
comparatively short. The flame in the furnaces 
appeared very similar to that obtained with a good 
oil-burner, and the attendance required was very little. 
The reduction of the stokehold personnel is another of 
the advantages claimed for the employment of pul- 
verised fuel in existing Lancashire-boiler plants. 








THE Passtinc or Otp Swan Prer.—Old Swan Pier, 
which was moored for many years in the Thames close 
to London Bridge, has been sold to Messrs. James 
Livingston and Son, of St. Benet Chambers, 1, Fenchurch- 
street, London, E.C.3, to be broken up at their works at 
Millwall, E.14. 

SwepisH LANoASHIRE IRron.—A small illustrated 
pamphlet entitled ‘‘ The Swedish Lancashire Iron ” has 
recently been published by the Association of Swedish 
Lancashire Iron Works. The first section of the pamphlet 
gives an account of the introduction of the Lancashire 
method into Sweden, the second section deals with 
present methods of manufacture, and the third with the 
mechanical and physical properties of the material. 
A few notes indicating the principal applications of 
Swedish charcoal iron, and methods of recognising the 

muine material, are also included. Copies of the 
pamphlet may be obtained from Messrs. Ernst B. 


Westman, Limited, 39, Lombard-street, London, E.C.3. ! 





SOUND TRANSMISSION THROUGH 
WALLS AND FLOORS. 


THE modern preference for fireproof buildings, 
consisting essentially of steel beams and columns with 
thin walls, increases the acoustic difficulties of the 
architect, which are still so little understood. The 
problem of finding a type of wall of high sound insula- 
tion, small weight and reasonable cost has been engaging 
the attention of the United States Bureau of Standards, 
which, working in co-operation with manufacturers, 
gives in a recent report* further particulars of the con- 
struction and experiments with nearly 150 kinds of 
panels, The materials ranged from light wrapping 
paper to floor tiles weighing 109 lb. per square foot. 

The intensity measurements are now made with the 
aid of a beat-frequency oscillator, consisting of two 
radio-frequency circuits; one is maintained by a piezo- 
electric quartz crystal, and the capacity of the other 
is varied for frequency bands covering a range from 
250 cycles to 3,365 cycles by the aid of a variable 
condenser. Results are expressed in sensation units, 
and it is pointed out that the human ear fails to keep 
pace with increasing sound intensity, automatically 
preventing excessive stimulation, as the eye does, in 
such a way that the response of the ear is proportional 
to the logarithm of the physical intensity. Thus the 
so-called ear scale of the Bureau, 1, 2, 3, &c., corre- 
sponds to 10, 100, 1,000 on the physical scale. The 
unit of the audiometers of the Western Electric Com- 
pany, used in telephone investigations, is such that 
1, 2, 3 on the ear scale corresponds to 10, 20, 30 
on the audiometer scale. On the ear scale, the noise 
in the New York Subway has an intensity of about 
80, the noise in a train of 65, and an average whisper at 
4 ft. distance of 20, and comparisons are made from the 
reduction in the intensity which the interposition of a 
sound insulator produces. Weight is the predominating 
factor, but by no means the only factor in good sound 
insulation. Thus a 3-in. combination floor panel 
finished with plaster, gave better sound insulation than 
the same panel filled with 2 in. of breeze concrete and . 
1 in. of cement, because the concrete and the slab 
were brought into direct contact, though the rigidity 
and strength were but little increased by the filling. 
Rigid panels transmit least sound. Solid walls must 
be heavy to be good insulators; but when they are 
divided into layers, they are more effective insulators. 
When a sound box lined with highly-absorbing material 
was placed in a reverberant room, the speech of a person 
inside the box remained unintelligible to anybody out- 
side, but the person inside could distinctly hear what 
was spoken outside. The above remarks apply primarily 
to air-borne sounds. To keep out impact or tapping 
sounds, such as are produced by footsteps, is much 
more difficult, but floating floors, fibre boards laid on 
concrete, and suspended ceilings are of some use for 
this purpose. 


THE HUMFREY-SANDBERG RATCHET 
GEAR. 


THERE are innumerable instances in industrial 
engineering work where it is necessary to obtain a 
very slow rotary motion which may, for example, 
be required in connection with the feeding of material 
into a grinding mill or other machine for treatment. 
Usually a ratchet and pawl is employed for the 
purpose, in conjunction with some form of speed- 
reducing gear, the latter being necessary when slow 
rates of feed have to be provided from high-speed 
driving gear. The ratchet and pawl, although 
admittedly a most useful mechanical device, has 
certain drawbacks, among which may be mentioned 
the facts that its use involves some backlash and 
shock, it is liable to wear and tooth breakage, and 
the range of adjustment is limited and can only be 
carried out in steps. These drawbacks appear all 
to be avoided, and some other advantages included, 
in an improved form of ratchet mechanism now being 
developed by Messrs. Humfrey-Sandberg (Sales), 
Limited, Transport House, Smith-square, London, 
S.W.1. In this mechanism, the toothed wheel and 
pawl employed in the ordinary ratchet year are replaced 
by a Humfrey-Sandberg clutch, which gives a positive 
drive without backlash or shock, is silent in operation, 
is extremely neat and compact, and is completely 
enclosed, so that it is unaffected by corrosive or 
abrasive atmospheres. Such wear as may take place, 
though it is very slight, is taken up automatically 
without affecting the working of the device, but 
perhaps its most important advantage is that its 
use enables a rotary motion which is infinitely variable 
between wide limits to be obtained by means to be 
described below. 

The essential portion of the gear is, of course, the 











* Trinsmissi n of Sound through Wall and Floor 
Structures, by V. L. Chrisler ani W. F. Siyder. Bureau 
of Standards Journal of Research, March, 1929. 
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THE HUMFREY-SANDBERG RATCHET GEAR. 
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Humfrey-Sandberg clutch, which was invented by 
Mr. J. C. W. Humfrey, of Messrs. Sandberg, in 1924, 
and has been used as a free-wheel drive for motor cars, 
as a simple friction clutch, and for many special 
purposes which need not be referred to here. The 
principles of the clutch are probably familiar to our 
readers, but we may briefly explain that it resembles 
a roller bearing, both as regards its arrangement and 
the materials used in its construction. The rollers, 
however, instead of lying parallel to the axis of the 
shaft, are placed at an angle with it, as shown in 
Fig. 1, which illustrates the clutch as mounted in 
a.motor car free-wheel gear. As there shown, a 
cage which is free to rotate and bears no load, 
is provided to keep the rollers in position, and plates 
are fitted to the side faces of the inner race to limit 
their longitudinal movement. The surfaces of the 
races between which the rollers run are of conoidal 
form, produced during manufacture by a simple 
grinding operation, and the rollers, which are true 
cylinders, make line contact with the conoidal 
surfaces for the whole of their length, since the 
surface of the inner race is slightly concave, that of 
the outer race being convex to the same extent. If, 
with the arrangement illustrated in Fig. 1, a slight axial 
pressure, in a direction from left to right, be applied to 
the inner member, and the latter is at the same time 
turned in a clockwise direction, the rollers, by tending 
to run up the cone, will immediately jam and lock 
the inner and outer members solidly together, thus 
permitting the transmission of a heavy torque. 
Rotation of the inner member in an anti-clockwise 
direction, however, will at once release the rollers, 
enabling the inner member to rotate freely in the 
outer member, the rollers between them then behaving 
in a similar manner to those in an ordinary roller 
bearing. 

It should, perhaps, be pointed out that, when 
the two parts of the clutch are in engagement, 
the torque is transmitted equally by all the rollers, 
and not merely by one of them. Moreover, since 
the rollers can engage with any part of the conoidal 
surfaces of the races, the wear is uniformly distributed. 
As already stated, the wear is slight and can hardly 
be detected after some millions of engagements and 
disengagements. Such as it is, however, it does not 
affect the form of the surfaces of either the races or 
the rollers, its only effect being slightly to displace 
the inner and outer member relatively to each other 
in a direction parallel to the shaft axis, and this 
is automatically compensated for by the spring 
pressure, 

It will be obvious that the clutch described above 
will function as a ratchet gear, and since the rotation of | 
one part relatively to the other of less than ,j>5 
of a revolution is sufficient to cause engagement 
or disengagement, the device lends itself particu- 
larly well to the design of slow-speed feeding mecha- 





nisms. It has, in fact, been used for feeding ebonite | 
powder to an air-classifying machine in the works of | 
Messrs. Rissik, Fraser and Company, Limited, Factory | 
Lane, Croydon. and Figs. 3 to 6 illustrate the arrange- | 
ments adopted for this particular installation; a | 
photograph of the gear in position is reproduced in 
Fig. 2. For the particular purpose for which this gear 
is employed a wide range of feeds is required, for the | 
separation of powders of different qualities and degrees 
of fineness, and the feed decided upon must be main.- | 
tained without variation to ensure a uniform produce. 
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The powder is actually fed into the machine from a 
vane wheel enclosed in a drum, in the end covers of 
which are formed the bearings for the shaft carrying 
the vane wheel. The shaft is extended at one end, 
as shown in Fig. 4, and on this shaft is keyed a sleeve 
to which the inner member of the clutch is also fitted 
by means of splines. To the outer member of the 
clutch are bolted end covers, which are bored to a 
running fit on the sleeve, and a light compression spring 
is fitted between the inner clutch member and the 
cover to provide the end pressure necessary to keep the 
rollers in contact with the surfaces of the races. One 
of the covers, viz., that on the left in Fig. 4, is formed 
with a radially projecting arm, shown in elevation in 
Fig. 6, and in this arm, which is slotted for the purpose, 
fits a roller by means of which the oscillatory motion 
is imparted to the clutch. 

From the photographic illustration, Fig. 2, it will 
be seen that a crank-pin on an auxiliary shaft, which 
runs at 84 r.p.m., is connected by a rod to a bell-crank 
lever pivoted on the end cover of the feed drum. The 
short arm of this lever is slotted, as is most clearly 
shown in Fig. 3, and in the slot is fitted a block which 
can be moved along the slot by means of ascrew. This 
block carries the roller which fits into the slot in the 
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radial arm on the clutch cover, previously referred 
to, and it will be clear that, with the arrangements 
described, the clutch cover will be rotated in opposite 
directions at each alternate oscillation of the bell-crank 
lever. The angle through which the cover is turned 
at each oscillation can be varied by adjusting the 
position of the block in the slotted arm of the bell- 
crank lever, and, since backlash is absent, the feed 
shaft will be turned through the same angle for 
each revolution of the auxiliary shaft. The adjust- 
ment provided, in the example illustrated, enables 
the feed shaft to make from ,}, to }, of a re- 
volution for each revolution of the auxiliary shaft, 
and any rate of feed between these limits is ob- 
tainable. 

The gear illustrated, we understand, has now been 
in operation for some months and has given entire 
satisfaction for that period. It could, obviously, be 
adapted to many other requirements of a similar 
character, as well as to other auxiliary drives in 
which a large but variable speed reduction is needed. 
Messrs. Humfrey-Sandberg (Sales), Limited, whose 
chief engineer is Captain J. S. Irving, are devoting 
their activities entirely to the development of the 
device for industrial applications, many of which will 
doubtless be found in the chemical manufacturing and 
allied industries. 








FILTRATION PLANT FoR CANADA.—It is stated, in a 
recent issue of the Canadian Engineer, that the City 
Council of Belleville has approved a report drawn up b) 
Messrs. Gore, Nasmith, and Storrie, consulting engineers, 
Toronto, regarding the construction of a filtration plant 
estimated to cost 200,000 dols. Instructions have been 


issued to prepare the contract plans, and it is hoped 
to commence building operations during the present 
year. 
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Fie. 2. PENS AND OPERATING MAGNETS OF CHRONOGRAPH. 
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Fie. 3. Track Contact Strip. 


THE Late Mr. W. Cortn.—We regret to note the recent | 
death, at his home at Chatswood, Sydney, New South | 
Wales, of Mr. William Corin, who was, for more than 15 
years, Chief Electrical Engineer of the Public Works 
ms. gerne at Sydney. Mr. Corin was born in 1867, | 
and was —- Chief Electrical Engineer at Sydney | 
in 1908, ile occupying this position he was sent | 
abroad by the New South Wales Government to study | 
hydro-electric developments in Great Britain, Europe, 
and the United States. He resigned his position in 1923, 





and has since been in practice as a consulting engineer 
in ry A former student member of the Institution 
of Civil Engineers, he became an associate member on 
December 5, 1893, and was promoted to full membership 
on April 23, 1907. Mr. Corin was elected an associate 
of the Institution of Electrical Engineers in 1895; 
four years later he was made an associate member, 
and finally became a full member in 1902. He was 
also a member of the American Institute of Electrical 
Engineers. 
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TIMING APPARATUS FOR 
MOTOR-CAR RACES. 


PuBLICc attention having been directed to the subject 
of motor-car racing by the recent remarkable achieve- 
ments of Sir Henry Segrave at Daytona Beach, Florida, 
and of Captain Malcolm Campbell at Verneuk Pans, 
in South Africa, it may be of interest to give some 
particulars of the apparatus used for timing such 
events with the necessary degree of accuracy. The 
method adopted is to place electrical contacts on the 
track at an accurately measured distance apart, so 
that the car, in passing over each of the contacts in 
succession, closes circuits controlling the operation of 
pens under which a paper strip is moved at a uniform 
speed by clockwork. As the car passes over the 
contacts, the pens are momentarily deflected, so that 
kinks are produced in the straight lines drawn on the 
paper strip. Another pen, marking on the same paper 
strip and operated by a chronometer, is deflected every 
half-second, so that, by measuring the distance of the 
kinks produced by the car on entering and leaving the 
measured distance from the nearest kinks produced 
by the chronometer, and counting the number of com- 
plete half-seconds recorded on the strip, the time 
occupied by the car in passing over the measured dis- 
tance, and hence its velocity, can be obtained with the 
necessary precision. 

The apparatus illustrated in Figs. 1 to 3 on this 
page was constructed for the above-mentioned purpose 
by Messrs. Thomas Mercer, Eywood-road, St. Albans, 
Herts, and is of the type generally used by the motor-car 
racing authorities in thiscountry. It was also employed 
by Captain Malcolm Campbell for timing his runs at 
Verneuk Pans, during which a speed of 217-1 m.p.h. 
was attained. The main parts of the equipment, in 
the case in which they are transported, are illustrated 
in Fig. 1, on the right of which is the chronometer. 
The latter is one of Messrs. Mercer’s standard two-day 
movements, fitted with a stopping and starting device 
which can be operated without opening the case ; this 
feature, it may be mentioned, renders unnecessary the 
usual operation of corking the balance for transport, 
which operation can only be carried out by a skilled 
mechanician. The contacts are visible and are made 
as robust as possible ; they are designed to give a very 
brief contact, which facilitates the accurate measure- 
ment of the record on the paper strip. 

The chronograph, shown on the left in Fig. 1, com- 
prises a spring-driven motor with a magnetic governor, 
and an indicator to show when it is necessary to 
re-wind ; actually the motor will run for 30 minutes 
with one winding. The paper strip, which is 1 in. 
wide, is stored on the drum seen near the centre of the 
case, and is driven at uniform speeds of 2 in. or 4 in. 
per second. <A very slow speed is also provided to 
enable the strip to be run at this speed preparatory to 
the actual timing run, to ensure that the pens are 
marking satisfactorily. The three pens employed in 
the chronograph are shown in detail in Fig. 2. They 
are of the Holden type, that in the centre being operated 
by the chronometer contacts, while the other two are 
operated simultaneously by the track contacts. The 
electrical circuits from the track contacts to the pens 
are also duplicated in each case, to reduce the possibility 
of electrical failure to a minimum ; two or three dry 
cells are sufficient to supply the necessary electrical 
energy. 

It will be obvious that, since the duration of the 
track contact is exceedingly brief, special precau- 
tions had to be taken in the design of the electro- 
magnetic pen-operating gear to obtain a very rapid 
response. In the arrangement adopted, the armatures 
to which the pens are attached are held on to the poles 
of permanent magnets against the action of strong 
springs, the strength of the latter being just insufficient 
to pull the armatures off the poles. On the ends of the 
latter, however, small coils are mounted, as shown in 
Fig. 2, and when the track contacts are closed by the 
passage of a car, the current which flows through these 
coils has the effect of temporarily demagnetising the 
permanent magnets, thus permitting the armatures to 
be pulled off by the springs. Immediately afterwards 
the armatures are restored to their normal positions, 
so as to reset the pens, by other electro-magnets which 
are automatically energised by the movement of the 
armatures under the influence of the springs. 

The track contact strips, one of which is shown in 
Fig. 3, consist of two rubber covers with jointed brass 


| strips attached to their inner surfaces, the strips being 


normally kept apart by rubber tubes which are inflated 
by means of a bicycle pump ; the valves for this purpose 
can be seen on the right of the illustration. When 
pressure is applied by the wheels of the car passing over 
any portion of the outer cover, the brass strips are 
brought into contact, and the electrical circuit control- 
ling the operation of the pens is momentarily com- 
pleted ; the circuit is, of course, opened again imme- 


| diately after the car has passed by the air pressure 
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in the inflated tubes. The outer cover of the contact 


strip can be opened by undoing the cord lacing at the 
edges, clearly shown in Fig. 3, so that the contacts 
can be cleaned and adjusted. 

To facilitate the measurement of the distances 
between the kinks in the lines of the record. to determine 
the time occupied by the car in traversing the measured 
distance on the track, a special instrument has been 
designed and constructed by Messrs. Mercer. It 
consists of a heavy rectangular brass baseplate having 
a groove in the upper surface, near the front edge, 
equal in width to the width of the paper strip. A 
roller clamp at each end keeps the strip flat in the 
groove but enables it to be pulled along as required ; 
the rollers can also be raised to permit the strip to be 
inserted or removed. A metal scale with a bevelled 
edge is mounted on a compound slide fitted on the 
back of the base, so that the scale, which is hinged 
to the slide, can be brought into actual contact with 
the paper strip. It can also be moved transversely or 
longitudinally with respect to the strip, to bring it 
into the correct position for reading, by means of 
milled-head screws on the compound slide. A large 
magnifying glass mounted on an adjustable support is 
provided, and it is thus possible to measure the dis- 
tance between the nearest half-second mark and the 
kink produced by the car on entering and leaving the 
measured distance to within 0°01 in. The error in 
time measurement, assuming the speed of the paper 
strip to have been 4 in. per second, would thus be of 
the order of 0-0025 second, and in the case of a car 
travelling at 200 m.p.h. over a measured distance of 
one mile, the timing error would affect the speed re- 
corded by less than 0:03 m.p.h. 

The record-measuring instrument is enclosed in a 
strong mahogany case, measuring 9 in. by 5 in. by 
3 in. and weighing 2} lb. complete. The dimensions 
of the case containing the chronograph, &c., as shown 
in Fig. 1, are 2 ft. 6 in. by 1 ft. 2 in. by 11 in., and its 
weight amounts to 60 lb. The whole apparatus is 
thus easily portable. 








LETTERS TO THE EDITOR. 


POWER STATIONS AND SULPHUROUS 
FUMES. 


To THE EprTor oF ENGINEERING. 

Sir,—With regard to the letter in your issue of the 
10th instant concerning Battersea, by Mr. W. Arthur 
Jones, General Secretary of the Electrical Power 
Engineers’ Association, would you allow me to point 
out that some of the statements made are of a somewhat 
ambiguous character. It is elementary knowledge to 
engineers that, while a power station run on modern 
scientific lines will emit no smoke and relatively small 
amounts of grit and dust, not the slightest attempt 
has hitherto been made to deal with the deleterious 
sulphurous and sulphuric acid from the sulphur in the 
coal. 

The basic facts are that, taking 14 per cent. total 
sulphur in the coal as a reasonable figure, this new 
station at Battersea will discharge every 24 hours 
30 tons of sulphur, or 90 tons calculated as sulphuric 
acid. This is equivalent to the amount of strongly 
acid gases discharged by about 120,000 private houses. 
That is a huge town, and the power station at Battersea 
will be no more efficient, from the point of view of 
eliminating acids from the gases, than the ordinary 
private house. It is true that if ever we get electricity 
at a reasonable price, there will be an increase in the use 
of domestic cooking by electrical means, and to this 
extent a reduction in black smoke will take place, but 
not in deleterious gases from sulphur. 

As against this, the Battersea Power Station has the 
extremely serious disadvantage that the 90 tons of 
sulphuric acid per 24 hours will be vomited forth from 
one central spot only, with full concentration upon a 
relatively small and unfortunate area, instead of being 
widely distributed, as would be the case with 120,000 
private houses. Incidentally also. I should like to 
know how the nuisance to the Battersea neighbourhood, 
resulting from the unloading and handling of 2,000 
tons of coal per 24 hours, with the consequent dust 
blown about by the wind, is to be prevented, while 
other points are congestion in she river due to the 
barges necessary, and the fact we have no guarantee 
that black smoke, grit, and dust will be eliminated, since 
there are many power stations already in London 
to-day that are gross offenders in these matters, quite 
apart from sulphur. 

Yours, &c., 
David Brown tte. 
46, Grange Road, Ealing, London, W.5., May 11, 1929. 





To THE Evrror oF ENGINEERING. 


Srr,—The General Secretary of the Electrical] 


Power Engineers’ Association writes from a distinctly 
special point of view in the letter that you publish in 
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your issue of the 10th inst., and rather overlooks that 
the ash from high-efficiency boiler furnaces will have 
had much more of the original sulphur of the fuel 
expelled from it than when left from most other fur- 
naces, and certainly than when from the domestic 
grate. This sulphur is largely derived from sulphates 
and from organic sources, rather than from pyritic 
matter in many coals, as is well known, and is finally 
displaced when the ash fuses with the silica present. 
The effluent gases can, therefore, be much more 
troublesome from a power station than from other 
sources on this account. 

He seems, also, somewhat optimistic in the view that, 
with current at even ld. per B.T.U., households, as 
regards, say, 75 per cent. of the population, can afford 
to replace the direct use of fuel, or even its indirect 
use as gas, by electricity for heating purposes. It is 
a matter, indeed, of some interest, to see how far the 
use of gas for general heating will be permanent among 
those members of the industrial classes who made 
acquaintance with it, under compulsion, owing to the 
recent house shortage and the offer of houses without 
coal grates. For use for cooking and for occasional 
heating, the matter is different ; still, we are evidently 
far from having conditions comparable with, say, those 
holding in Italy with regard to costs and prices. 

But in any discussion of the general question, I 
would suggest that the point arises as to how far the 
simple issue of ensuring a minimum cost for electrical 
energy delivered in bulk at an arbitrary central point 
should not only dominate the question, but remain the 
only thing to be considered. Some concession to the 
amenities appears to be contemplated in the case of 
the proposed new power station at Battersea—the 
rather unnecessary avoidance of the use of pulverised 
fuel, and the suggested washing of the effluent gases 
are in this direction—and one would submit that with 
the small extra cost (if any) that would remain if the 
transmission from an eastern site were undertaken, the 
advantage for acquiring large non-domestic loads would 
far outweigh it. 

Yours faithfully, 
Henry C. JENKINS, 
M.Inst.C.E. 

815-817, Salisbury House, E.C.2., May 15, 1929. 

[The point raised by Mr. Jenkins in the last para- 
graph of his letter was dealt with in the leading 
article, which appeared on page 554 of our issue of 
May 3. We estimated that if the Battersea site were 
abandoned in favour of one lower down tlie river, it 
would cost about 233,000/. per annum to transmit the 
necessary power from the east to the west end. Even 
in these days, this amount can hardly be termed a 
“small extra.” Moreover, the centre of gravity of 
London’s load, contrary to what might be expected, is 
becoming more firmly fixed in the west, which is another 
reason for utilising the Battersea site. We notice that 
our views on both these matters are supported by the 
Chairman of the London Power Company in a reasoned 
reply to the critics, which appeared in The Times of 
Wednesday.—Eb. E.] 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The scarcity of Cleveland 
pig iron is as acute as ever, and prospects of early relief 
by enlargement of output is not at all bright. Idle 
blast-furnaces would be re-kindled but for the shortage 
of Cleveland ironstone, due to the inability to re-start 
inoperative mines owing to lack of skilled workmen. The 
long depression has driven many ironstone miners from 
the district, and a number of those who remained in this 
area are now too old for arduous underground duty, 
while the young men of Cleveland have had little oppor- 
tunity to acquire mining skill. Miners who have drifted 
elsewhere in search of work are, however, gradually 
returning, and one or two idle mines may be re-started 
shortly. Cleveland pig can no longer be bought at any- 
thing like the fixed minimum prices which are based on 
68s. 6d. for No. 3. Ironmasters have no marketable 
pig until October, and they are not quoting. Merchants 
have only small quantities to dispose of, and they ask 
72s. 6d. for No. 1 quality, 70s. for No. 3 g.m.b.; 69s, for 
No. 4 foundry, and 68s. 6d. for No. 4 forge. 

Hematite.—East coast hematite is by no means as 
scarce as Cleveland pig, but producers are fully sold 
to the end of June, and second hands are in no hurry to 
dispose of their holdings as they look for rise in values. 
Forward business is passing at 74s. and upwards, according 
to quality. 

Foreign Ore.—There is little activity in foreign ore but 
merchants are well sold, and market rates are stiff at 
the equivalent of best rubio at 23s. c.i.f. Tees. 

Blast-Furnace Coke.—Durham blast-furnace coke is 
less scarce, but is still far from plentiful, and good 
average qualities are approaching 19s. delivered to 
works in this district. 

Manufactured Iron and Steel.—Manufactured-iron 
firms are well occupied and they report orders as still 
coming steadily forward. Semi-finished steel continues 
to find a ready market, and producers are running 
plant at high pressure to meet needs. In the finished 
steel departments output is heavy. The most busily 
employed branches are those producing shipbuilding 
requisites, railway material, and plates. Among the 
principal market quotations are: Common iron bars, 
101. 15s. ; best bars, 111. 5s. ; double best bars, 112. 15s ; 
treble best bars, 12/. 5s. ; iron rivets, 111. 10s. ; packing 
(parallel), 8/.; packing (tapered), 10/.; steel billets 
(soft), 61. 17s. 6d.; steel billets (medium), 7/. 12s. 6d. ; 
steel billets (hard), 8/. 2s. 6d.; steel rivets, 111. 5s. ; 
steel ship plates, 8]. 7s. 6d; steel angles, 7/. 17s. 6d. ; 
steel joists, 71. 17s. 6d.; heavy sections of steel rails, 
81. 10s.; black sheets (No. 24 gauge), 107. 10s.; and 
galvanised corrugated sheets (No. 24 gauge), 131. 15s. 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Scottish Steel Trade.—While it cannot be said that there 
has been any marked improvement in the Scottish steel 
trade, there are, nevertheless, indications of some better- 
ment. More plant is being put into operation in Lanark- 
shire, and inquiries tend to show that quite a fair amount 
of material is likely to be wanted in the near future. In 
the meantime the demand for sections is relatively better 
than that for ship plates, as has continued during recent 
weeks. With the addition of a few more shipbuilding 
contracts this state may soon be altered. The makers 
of black sheets are not too well off for work at the 
moment and the demand for the heavier gauges is 
particularly poor. Prices are all firm, and costs of 
production are still mounting up. The current market 
quotations are :—Boiler plates, 10. 10s. per ton; ship 
plates, 8/7. 7s. 6d. per ton; sections, 7/. 17s. 6d. per ton ; 
black sheets, } in., 81. 15s. per ton; and galvanised 
corrugated sheets (No. 24 gauge), 131. 15s. per ton, all 
delivered at Glasgow stations. 

Malleable-Iron Trade——In the West of Scotland 
malleable-iron trade a dull and uninteresting tone prevails. 
Specifications are scarce and tonnages are small. The 
re-rollers of steel bars are also on the look-out for more 
work, as there has been a falling away in the demand. 
Raw material continues dear and the return is not 
satisfactory. Prices are as follow :—‘‘ Crown” bars, 
101. 5s. per ton for home delivery, and 9/. 15s. per ton 
for export; re-rolled steel bars, 8J. per ton for home 
delivery, and 7/. 15s. per ton for export. 

Scottish Pig-Iron Trade.—No change can be reported 
in the Scottish pig-iron trade, and producers are well 
able to meet the current demand. Foundry qualities are 
particularly quiet but hematite iron continues to move 
steadily. To-day’s market quotations are :—Hematite, 
78s. per ton, delivered at the steel works ; foundry iron, 
No. 1, 75s. per ton, and No. 3, 72s. 6d. per ton, both on 
trucks at makers’ yards. P 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
Saturday last, May 11, amounted to 1,709 tons. Of that 
total the overseas tonnage was 1,553, and the balance of 
156 tons went coastwise. For the corresponding week 
of last year the figures were 380 tons overseas arid 102 
tons coastwise, making a total shipment of 482 tons. 








Unrrep States Motor-Car Inpustry.—A confiden- 
tial report on the motor-car industry of the United States, 
during February, 1929, has been received by the Depart- 
ment of Overseas Trade, 35, Old Queen-street, London, 
S.W.1. United Kingdom firms desirous of receiving & 
copy of the report should communicate with the Depart- 
ment, quoting reference No. A.X. 7846. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Though the local steel and engineering 
trades still present unsatisfactory features, the general 
trend of conditions is towards improvement. Steel 
output is on the up-grade, and further expansion is 
probable. A significant feature is the further widening 
in the matter of pig iron and hematite production. More 
steelmaking materials of all classes are going into con- 
sumption. There is a notably increased demand for 
scrap though this is largely the result of the consistent 
rise in export requirements—a rise which is causing some 
anxiety among those who are anxious to safeguard 
supplies of essential materials at furnaces to cover forward 
contracts. Basic varieties of crude steel are in strong 
request both on home and export account, and there is 
evidence of a slightly better tone in acid steel. Respect- 
ing the latter — the position may show marked 
improvement if development schemes now under con- 
sideration by railways in British dependencies and some 
of the principal foreign markets materialise to the advan- 
tage of British steelmakers. Rolling mills are operating on 
a more satisfactory basis largely as a result of the healthier 
requirements of the general engineering trades. A heavy 
demand is experienced by the large foundries. The light 
foundries are not sharing with equal benefit though 
when the building trades resume their seasonal stride 
progress should receive a fillip. There is a wide market 
for structural iron and steel, particularly in connection 
with electrical development schemes in this country 
and elsewhere. Ship steel and agricultural steel are 
moderately active but the recently improved demand for 
colliery gear and equipment shows a temporary shrinkage 
due to the easier state of affairs in the coal market. 
Bright features are seen in the tool trades. Despite 
Continental competition, makers of twist drills are doing 
good business, and there is a steady run on all kinds 
of tools for engineers, joiners, electricians and road- 
makers. An early improvement is anticipated in the 
output of farm and garden implements. ; 


South Yorkshire Coal Trade.—The easier tendency 
reported last week in coal trade conditions has under- 
gone a further development. Though export business 
is arriving fairly freely, gross demands on collieries are 
less robust, and prices have a tendency to weaken. 
Inland requirements of industrial fuel are maintained at 
a fair level at recent rates, with prospect of steady 
development. Furnace and foundry coke represent 
a moderately active market, but there has been some 
easement in the position of inferior slacks and smalls. 
Business in house coal is patchy, though there is still 
an active call for the best grades. Quotations: Best 
hand-picked branch, 27s. to 28s. 6d.; Derbyshire 
best bright house, 20s. to 23s. ; Best house coal, 19s. 6d. 
to 20s. 6d.; Screened house coal, 17s. 6d. to 188. 6d. 
Screened house nuts, 16s. to 17s. 6d.; Yorkshire hards, 
15s. 6d. to 16s. 6d. ; Derbyshire hards, 15s. 6d. to 16s. 6d. ; 
Rough slacks, 88. 6d. to 98. 6d. ; Nutty slacks, 6s. to 7s. ; 
Smalls, 2s. to 4s. 








Moror-CycLteE SHow, MEtBournEe.—A copy of the 
official catalogue of the first Olympia Motor-Cycle Show, 
held in the Town Hall, Melbourne, from March 7 to 9 last, 
has been received by the Department of Overseas Trade, 
35, Old Queen-street, London, §8.W.1. The catalogue 
will be forwarded, on loan, to interested British firms. 
- applications should bear the Reference Number 

. 7872, 





Motor VEHICLES IN THE UnrTEeD StatEes.—According 
to statistics published by the United States Bureau of 
Public Roads, Department of Agriculture, the number of 
motor vehicles registered in the United States during 
1928 was 24,493,124, as compared with 23,133,241 
during 1927. Of the 1928 total, 21,379,125 were pas- 
senger motor cars, taximeter cabs and omnibuses, and 
3,113,999 motor lorries and road tractors. Other 
registered vehicles included 148,169 trailers and 117,946 
motor cycles. 


THE Late Mr. C. E. Crockrer.—Mr. Claude Edward 
Crocker, who, we regret to state, died suddenly at 
Perth, Western Australia, had for many years past been 
general manager of the Perth City Council’s Electricity 
and Gas Department. Mr. Crocker was in his 53rd 
year and was born in Utah, U.S.A. He received his 
technical training in the United States, mainly at 
Schenectady, and proceeded to Australia in 1900, at the 
age of 25, in order to take up the position of engineer to 
the Deep Leads Electric Power Transmission Company, 
Victoria. In the following year, however, he went to 
Western Australia and joined the Kalgoorlie Electric 
Power and Lighting Corporation, Limited. He was 
eventually appointed to the position he was holding 
at the time of his death, and one of his principal under- 
takings was the conversion of the electric “<a of 
Perth from direct to alternating current. e@ was 
also responsible for the reorganisation of the electric 
and gas distributing systems and supervised the con- 
struction of new gas works. In addition to his other 
activities, Mr. Crocker was Chairman of Messrs. West 
Australian Airways, Limited. He became an associate 
member of the Institution of Mechanical Engineers in 
1903, and was elected to full membership in 1914. He was 
a member of the Australian Advisory Committee of that 
Institution. Mr. Crocker became an associate member 
of the Institution of Electrical Engineers in 1904, and 
was promoted to full membership rank in the following 
year. He was also for many years a member of the 
Institution of Engineers, Australia, was President in 
1926-27, and was a member of the Council at the time 
of his death. 
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NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 


The Coal Trade.—Very quiet conditions have ey 
in the Welsh steam-coal trade. A lack of shipping has 
curtailed the volume of business very considerably, 
while the fact that shippers have to pay much higher 
freights has also caused exporters, wherever possible, to 
postpone buying. The result is that many collieries are 
finding it very difficult to clear current outputs, but with 
the holidays close at hand involving the loss of three days’ 
production, sellers hope to keep prices at current levels 
despite the bear tactics pursued by prospective buyers. 
For quick shipment quoted prices can be discounted 
by 3d. to 6d. per ton from some collieries, though others, 
who are comfortably placed both for orders and shipping, 
are not disposed to sell at less than the quoted figures. 
Large coals of all classes are plentiful, but smalls are none 
too freely available and are steady round 13s. 6d. for the 
best bunker descriptions, with inferior grades from 
lls. 6d. upwards. Duff coals are scarce and strong on the 
basis of 13s. 6d. for washed dry duff and from Ils. 6d. 
for unwashed duff. Shipments of coal and coke in the 
past week amounted to 531,180 tons, which was 94,570 
tons less than in the preceding week but 44,317 tons more 
than in the corresponding week of last year. Compared 
with the previous week, exports at Newport were reduced 
from 118,860 tons to 99,740 tons, at Penarth from 
51,220 tons to 45,090 tons, at Barry from 192,610 tons 
to 146,570 tons, and at Swansea from 82,650 tons to 
48,580 tons, but at Cardiff increased from 150,150 tons 
to 152,900 tons and at Port Talbot from 30,260 tons to 
38,300 tons. The Palestine Railways are inviting prices 
for 18,000 tons of large coal and the New Zealand 
Government for 30,000 tons, while it is stated that the 
Brazilian Central Railway has placed part of its order 
for 200,000 tons of large and small coal with Poland 


Minimum Prices Advanced.—Shippers of Welsh coal 
received @ surprise this week when it was announced 
by the Marketing Association that they had decided to 
advance immediately the minimum f.o.b. price of all 
large steam coals by 6d. per ton, making prices from 
3d. to 1s. 6d. per ton below current market levels. For some 
time there has been talk concerning advancing minimum 
prices, and many exporters now contend that the rise 
should have been made when prices were higher than 
at present. Colliery owners, however, say that, had the 
minima been raised a couple of months back, the 
advance would have been more than 6d. per ton. The 
minimum price for best Admiralty large is now 19s. 9d., 
compared with a market figure of 20s. to 21s., while the 
minimum for best dry large is 18s. 3d. against a market 
price of 19s. to 19s. 6d., and of best Monmouthshire large 
18s. 3d. (Newport shipment) compared with a market 
value of 18s. 9d. to 19s. 3d., so that there is still room 
for a reduction in export values. The 6d. advance does 
not apply to inland sales, the minimum prices of which 
are about 6d. at the pit head below the f.o.b. export 
values, which, of course, includes rail charges from pit 
to port. 








British Locomotives ror Inp1a.—On page 583 of 
our issue of last week, we stated, in our “ Contracts ”’ 
column, that Messrs. Sir W. G. Armstrong, Whitworth 
and Company, Limited, had received an order from the 
High Commissioner for India for 12 locomotives for the 
broad-gauge lines of the Madras and Southern Mahratta 
Railway Company. Messrs. Armstrong, Whitworth now 
inform us that the statement, that the order had been 
placed through the High Commissioner for India, was 
issued by them in error ; the contract was actually placed 
by the railway company itself. 





PERSONAL.—The President of the French Republic 
has conferred the Legion of Honour upon Mr. R. W. 
Dana, Secretary of the Institution of Naval Architects.— 
Messrs. Delta-Star Electric Company, Fulton-street, 
Chicago, U.S.A., have taken over the Champion Switch 
Company, Kenova, West Virginia, and have acquired 
an interest in the Monarch Electric Limited, St. Johns, 
Quebec. Manufacturing arrangements have also been 
completed with the Société d’Installations et de Construc- 
tions Electriques et Mécaniques, Boulogne-sur-Seine.— 
Mr. J. Beaumont Nielson, deputy chairman of Messrs. 
Baldwins, Limited, has joined the Board of the English 
Steel Corporation, Limited.—Messrs. Industrial Brown- 
hoist Corporation, Cleveland, Ohio, U.S.A., have pur- 
chased the manufacturing operations, business, drawings 
and records of the McMyler Interstate Company, of 
Bedford, Ohio.—The reorganisation of the manufacturing 
activities of Messrs. 8. G. Brown, Limited, Western 
Avenue, North Acton, London, W.3, has been decided 
upon by the directors of the company. Mr. H. Walking- 
ton has been appointed works manager. Messrs. Kelvin, 
Bottomley and Baird, Limited, Glasgow, and Messrs. 
J. W. Ray and Son, Liverpool and London, have been 
ee sole agents for the Gyro compass. The 

lectro-megaphone (land installations) is under the 
control of Mr. E. W. Dorey, Avenue Chambers, Vernon- 
place, Southampton-row, London, W.C.1, whilst the 
marine installations are under the care of Messrs. Kelvin, 
Bottomley and Baird, Limited, Messrs. J. W. Ray and 
Son, and Mr. E. W. Dorey. Inquiries and estimates will 
also continue to be dealt with at the head office of the 
new company, Messrs. Smith and Coventry 
(Small Tools), Limited, 5, John Dalton-street, Manchester, 
has been formed to take over the goodwill, stocks, and 
connection of the twist-drill and small-tools department 
of Messrs. Smith and Coventry (1927), Limited. The 
manufactures of the company will continue to include 
high-speed: twist “drills, milling cutters, reamers, Pearn’s 
tapper taps, and tool holders, 
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NOTICES OF MEETINGS. 





Royat Sanrrary Instrrure.—Saturday, May 18, 
10 a.m., Town Hall, Devizes. ‘‘ Some Aspects of Local 
Government on Air, Water and Sewerage,” by Mr. H. R. 
Hooper. ‘“‘ Devizes Sewage Works and Small Type 
Refuse Destructor,” by Mr. A. W. Jakeway. 


INSTITUTION OF MUNICIPAL AND County ENGINEERS.— 
Yorkshire District: Wednesday, May 22, 6 p.m., Philo- 
sophical Hall, Leeds. Joint meeting with North 
Western District, and the Northern Division of the 
Town Planning Institute. ‘“‘ Hexagon Planning and 
some Town Planning Problems in Canada,” by Mr. N. 
Cauchon. 


Royat AERONAUTICAL SocreTy.—Thursday, May 23, 
6.30 p.m., Royal Society of Arts, John-street, Adelphi, 
W.C.2. ‘“* Lubrication of Aircraft Engines,” by Mr. F. A. 


Foord. 
Farapay Soorety.—Thursday, May 23, 7.45 ay 
Chemical Society, Burlington House, Piccadilly, W.1. 


Annual General Meeting. 








Contracts.—The Central Electricity Board has 
placed contracts for secondary transmission lines in 
connection with the schemes for South-East England, 
Central England, North-West England and North Wales 
with Messrs. Watsham’s Limited, Victoria-street, London, 
S8.W.1; Messrs. Siemens Brothers and Company, 
Limited, Woolwich, S.E.18; and Messrs. John Collier 
and Company, Limited, Manchester. Orders for 
secondary transformers have been placed with Messrs. 
The English Electric Company, Limited, Stafford.— 
Messrs. G. and J. Weir, Limited, Cathcart, Glasgow, 
have installed two main condensers, having each a 
capacity of 110,000 Ib. per hour, and one auxiliary con- 
denser having a capacity of 16,000 lb. per hour, on the 
vessel Viceroy of India, 





Toe Water Supply AND SEWERAGE OF PERTH, W. 
AUSTRALIA.—A commencement is being made with the 
construction of the Canning reservoir, of the Metro- 
politan Water Supply Board, Perth, Western Australia. 
The reservoir will have a capacity of 10,000 million gallons 
and ise ted to cost some 1,250,0001. Itis anticipated 
that the work will occupy from five to six years to com- 
plete. A sewerage scheme for Perth has also been 
approved, the estimated cost of which lies between 
3,000,0007. and 4,000,0007. The sewage of the city is 
at present treated in septic tanks on Burswood Island, 
East Perth, and the effluent from the plant is discharged 
into the Swan River. The installation, however, has 
almost reached the limit of its capacity. The new scheme 
will provide for two outfalls into the ocean, the one south 
of Freemantle and the other south of Perth. 





Mrxtne Inpustry or New Sourn Watss.—Largely 
on account of the depressed condition of the coal industry 
and the low prices ruling for lead, zinc, and tin, the mining 
industry of New South Wales experienced a generally 
unfavourable year during 1928. According to figures 
issued recently by the Minister of Mines of that State, 
the value of the mineral output of the mines and quarries 
of New South Wales exceeded 20,000,000. during 1926 
and 1927; the 1928 production, on the other hand, 
shows a decrease from that total of from 2,000,000/. 
to 2,500,0002. The year under review has proved a 
critical one for the coal-mining industry, and outputs 
have fallen off by about 1,750,000 tons ; in the nort ern 
field alone the decrease has been placed as high as 
1,250,000 tons. The decline in prices ruling during the 
whole of 1928 has adversely affected outputs of silver- 
lead-zinc ores. The 1927 production was valued at 
4,485,000/., whereas the corresponding figure for 1928 
was but 4,000,0007. Again, at the Broken Hill mines, 
the ore raised totalled 1,100,000 tons, as against 1,390,000 
tons during 1927. Furthermore, the number of men 
employed in the Broken Hill area at the end of last year 
was 4,350, a decline of 500 compared with the previous 
year. On the other hand, the production of Portland 
cement, iron ore, and bricks, tiles and other clay products 
has been well maintained during 1928. 





Tue InstrrvTion oF MunicrpaL AND County EncI- 
NEERS.—The fifty-sixth annual general meeting and 
conference of the Institution of Municipal and County 
Engineers will¥be held at Buxton from June 19 to 22 
next. The proceedings will commence at 10 a.m., on 
the first day, when after the preliminary business, Lt.-Col. 
E. B. Martin will deliver his presidential address. The 
afternoon will be devoted to visits to various Derbyshire 
cement works and quarries, to Derwent Valley Water- 
works, and to other places of interest. The whole of the 
second day, June 20, will be given to the reading and 
discussion of papers. These comprise: ‘‘ The Evolution of 
Main Drainage in the City of Manchester,” by Mr. J. B. L. 
Meek ; “‘ Notes on Bye-laws, &c., relating to New Streets 
and Buildings,” by Mr. T. Pierson Frank; “ Regional 
Planning: some Executive Problems,” by Mr. H. H. 
Humphries; ‘The Manchester Ship Canal,” by Mr. 
H. A. Reed; and “Municipal Works of Salford,” 
by Mr. R. G. Baxter. The annual dinner of the Institu- 
tion will be held at the Palace Hotel, at 7.15 p.m. A tour 
of Manchester Ship Canal, and visits to the Mersey 
Tunnel and Liverpool arterial roads, the Mines Experi- 
mental Station, and to the works of Messrs. Hillhead 
Quarries and Road Products, Limited, have been arranged 
for Friday and Saturday, June 21 and 22. The offices of 
the Institution are at 84, Eccleston-square, Buckingham 
Palace-road, London, 8.W.1. 
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PULVERISED-FUEL BURNER FOR LANCASHIRE BOILERS. 


CONSTRUCTED BY MESSRS. 


«B. & L.” POWDERED FUEL, LIMITED, ENGINEERS, LONDON. 


(For Description, see Page 609.) 





Fie. 1. GENERAL VIEW 


NON-FERROUS METALS RESEARCH. 


THE work of the British Non-Ferrous Metals Research 
Association is probably familiar, in a general way, in 
most engineering circles in this country, although it is 
to be feared that among users, as distinct from pro- | 
ducers, of non-ferrous metals, the necessity for directly 
supporting the organisation is not as widely realised 
as is desirable. A study of the list of members of, 
and subscribers to, the association will show that by 
far the majority of the firms whose subscriptions 
enable it to be carried on belong to the metal-manu- 
facturing groups. Among the metal users many 
important names appear, and the association is, for 
instance, well supported by the electric-cable manufac- 
turing industry, but on the whole, the support from 
the engineering industry generally is meagre. 

The council of the association has proposals before 
it at the present time which, if they can be carried to 
fruition, should considerably extend the value of the 
work of the association, and perhaps render it more 
attractive to the type of firm which is inclined to 
think that research is of no particular value in its 
business. The proposals are for a new headquarters 
with laboratories and offices under one roof, and for 
the inauguration of development work. It is to this 
latter item that we would, at the moment, more particu- 
larly refer. At the present time there is, with much | 
research work, a definite gulf between the production | 
of new knowledge in the laboratory and the utilisation | 
of that knowledge to practical ends in the workshop. 
The smaller type of firm, which in some respects should 
gain most from membership of such a body as the 
British Non-Ferrous Metals Research Association, is | 
frequently not in a position to attempt to bridge this 
gulf. A scientific advance will usually demand much 
development on a semi-practica. scale before it can 
usefully be introduced into the shops, and most small 
firms have no facilities for such work. Even for large 
firms, unless they have definite development depart- | 
ments, the handling of new knowledge may frequently | 
be so inconvenient that it will be largely neglected. It | 
is more than probable that much scientific work is not | 
now pursued to its full practical ends, and the intro- | 
duction of a department in which the association can | 
develop its own discoveries so that they can be directly | 
adopted in practice should be of the first importance to | 
the non-ferrous metal industry generally. The claims | 
of this department, and of the association generally, 
were advanced by the Chairman, Mr. T. Bolton, 
Mr. H. T. Tizard, and others, at a luncheon held on 
Monday last in connection with the ninth annual general 
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Fie. 3. CENTRIFUGAL DISTRIBUTOR. : 
meeting of the association, and it is hoped that 


this appeal may enable the association to carry on 
and extend its work. Any engineering firm interested 
in the subject should communicate with the Director, 
Dr. R. S. Hutton, at the offices of the Association, 
71, Temple Row, Birmingham, \ 
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THE LAKE ARTHUR HILL-WILSON DAM, BHANDARDARA, BOMBAY. 


(For Description, see Page 599.) 
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(For Description, see 
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TWO-SEATER ALL-METAL AEROPLANE. 


CONSTRUCTED 


BY MESSRS. VICKERS (AVIATION), LIMITED, ENGINEERS, WEYBRIDGE. 


(For Description, see Page 606.) 
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THE STATUS OF THE MECHANICAL 
ENGINEER. 


At a special meeting, on Friday of last week, the 
Institution of Mechanical Engineers decided to 
apply for a Royal Charter. This movement is a 
wholly commendable one, and it is somewhat difficult 
to understand why it was not madeseveral years ago. 
Many times in these columns have we dealt with the 
question of the status of engineers, compared with 
that of members of more fully-organised professions, 
such as medicine and the law, and have urged that 
anything that would tend to improve that status 
should be supported and encouraged. The value of 
a Royal Charter in adding to the standing of their 
institutions was recognised long ago by civil 
engineers, and in recent years by electrical engineers, 
and the leading institutions concerning themselves 
with these two branches of work now have charters 
which enable their corporate members to describe 
themselves respectively as Chartered Civil Engineers 
and Chartered Electrical Engineers. 

That the Institution of Civil Engineers, the 
Institution of Mechanical Engineers, and the 
Institution of Electrical Engineers are the leading 
bodies in this country, each in its own field, does 
not admit of dispute, and it has been something of 
an anomaly that, while civil and electrical men 
could describe themselves as “ chartered engineers,” 
a like privilege has been denied to mechanical men. 
The present proposal on the part of the Institution 
of Mechanical Engineers may, we trust, be taken as 
the first step in an attempt to do away with this 
anomaly. The draft charter, as it stands, hardly 
compasses that end. Under its terms, corporate 
members will have the right to describe themselves 

as “‘ Member of the Chartered Institution of Mech- 
anical Engineers,” or Associate Member of, &c., as 
the case may be. This appears to us an important 
distinction from the position under the charters of 
the “ Civils ” and “ Electricals.” 

We do not know that there is any particular value 
in a charter per se. It carries with it various 
disadvantages, such as the necessity of referring 
proposed changes in by-laws to the approval of the 
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Privy Council. Its advantages are indirect, and 
mainly lie in the added status it brings. If, how- 
ever, this status is to be of{full value to members 
of an institution, there must be some readily usable 
official form by which its existence can be conveyed 
in everyday usage. This condition has been realised 
by the Institutions of Civil and Electrical Engineers, 


| and their members have advantage of the brief and 


expressive manner of describing themselves which 
we have quoted. ‘‘ Member of the Chartered Insti- 
tution of Mechanical Engineers” seems a cumber- 
some formula to set against “Chartered Electrical 
Engineer.” 

This appears to us a very important matter, and 
it will not be imagined that we take it up in any 
spirit of minor fault finding. The Institution of 
Mechanical Engineers and its Council have received 


2} consistent support and encouragement in these 


columns over very many years, and we like to think 
that this is the last place in which biassed or 
uninstructed criticism might be expected to appear. 
The status of the Institution of Mechanical Engineers 
is, however, a matter of such vital interest to a large 
and important profession that if, on any occasion, 
full advantage is not taken of an opportunity to 
raise that status, it would neither be fair to the 
profession, nor ultimately to the advantage of the 
Institution, to pass it over in silence. ‘To appreciate 
the full bearing of this matter, it is necessary to look 
at the present position of the Institution in a broad 
way. We said above that, beyond dispute, the 
Institution is the leading body in this country in 
its own field; it is prospering and increasing in 
membership, and is on the eve of the most largely- 
attended Summer Meeting it has ever held. These 
are all matters for congratulation. In weighing the 
present position of the Institution, it is necessary, 
however, to look further than its domestic affairs, 
and to consider how it stands in relation to the branch 
of engineering in which it is its right and duty to 
take a leading part, and to some extent to control. 

Two of the great advances in mechanical engi- 
neering in recent years have been in the develop- 
ment of the internal-combustion engine and in the 
evolution of power station steam plant. These 
are unquestionably the twin centres of mechanical 
engineering progress at the present time, and it is 
remarkable —one might almost say it is disastrous— 
that these spheres of work appear to lie outside 
the activities of the Institution of Mechanical 
Engineers. The small power unit internal-com- 
bustion engine has become the care and interest 
of the Institution of Automobile Engineers, and 
the large heavy-oil engine has fallen to the Institu- 
tion of Naval Architects and various enterprising 
provincial institutions; while the steam end of 
power stations has been taken over by the Institu- 
tion of Electrical Engineers. We cannot now 
examine in detail how these things have happened, 
although clearly they must to some considerable 
extent be put down to lethargy and lack of enter- 
prise in the Institution in the past. The matter 
of the internal-combustion engine is a case in 
point. The petrol engine, its design and manu- 
facture, form an important branch of mechanical 
engineering, and there is no good reason why they 
should be dealt with by a separate institution. 
The breaking away of this branch of mechanical 
engineering is a matter of history and probably 
nothing can now be done, but, with a greater 
foresight and a greater energy in the past, the 
Institution of Automobile Engineers would not 
now be a separate and to some extent a rival 
institution. It would be the automobile branch 
of the Institution of Mechanical Engineers. The 
Institution of Electrical Engineers have not been 
content, in’ somewhat similar circumstances, to 
allow an important and growing branch of their 
work and interests to break away, and by forming 
their Wireless Section have both added to their own 
status and created a branch which in a very few 
years has taken its place as the authoritative body 
in its own field. 

The bearing of this digression on the matter of 
the Oharter is very close. The Institution of 
Mechanical Engineers has done, and is doing, 
valuable work in research and education, and its 
proceedings contain important’papers on mechanical 
engineering subjects, even on the internal-combustion 
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engine and power station development, but it 
would be idle to pretend that the Institution takes 
the place it should in these major branches of 
work. To win the place it properly should hold in 
mechanical engineering science and practice would 
be a difficult matter and the work of many years, 
but the present moment offers an opportunity of 
making some way towards a position as undisputed 
head of all mechanical engineering practice in this 
country. If it could be compassed that mechanical 
engineers of status should, as a matter of course, be 
“Chartered Mechanical Engineers,” and, in that 
distinction, of necessity members of the Institution 
of Mechanical Engineers, an important step would 
have been taken towards the position which the 
Institution should rightly hold. 

In the Royal Charter of the Institution of Elec- 
trical Engineers it is stated that corporate members 
may describe themselves as belonging to the 
Chartered Institution of Electrical Engineers. 
Some three years after the grant of the Charter, 
however, a by-law was adopted, and was allowed 
by the Privy Oouncil, which permits corporate 
members to describe themselves as “ Chartered 
Electrical Engineers.”” The Draft Charter of the 
Institution of Mechanical Engineers in this respect 
resembles the Charter of the Institution of Electrical 
Engineers, but it would have been a matter of 
satisfaction if the Council, at the meeting at which 
the decision to apply for a Charter was approved, 
had intimated that in due course they proposed 
to apply for an amending by-law in the same sense 
as that of the sister institution. In this matter no 
doubt another sister institution will desire to be 
heard. It is common knowledge that the Institu- 
tion of Civil Engineers would have preferred that 
the expression ‘Chartered Engineer” had been 
confined to its own members. The justification 
for this preference it is not now necessary to dis- 
cuss, since the time has passed when it could be 
gratified. As we have Chartered Civil Engineers 
and Chartered Electrical Engineers, the merest 
common justice dictates that in due course we 
should have Chartered Mechanical Engineers. 
We trust the Council of the Institution have this 
always in mind and propose to take suitable 
steps in due course. No doubt there will be oppo- 
sition, but we are not sure that the existence of 
such opposition will not be additional evidence of 
the desirability of the step from the point of view of 
the future status and influence of the Institution. 
We commend to the Council a phrase used by Figaro 
in Le Barbier de Séville, “ la difficulté de réussir ne 
fait qu’ajouter a la nécessité d’entreprendre.” 








THE EXPORT TRADE OF THE 
UNITED STATES 

THROUGHOUT the present century it has been the 
settled policy of the United States to increase its 
exports of manufactured goods as opportunity 
arose, and to decrease its imports. It has been 
extraordinarily successful in giving effect to this 
programme. Comparing, for instance, the five 
years 1901-1905 with 1927, crude materials and food 
stuffs formed not far short of two-thirds of its 
entire export trade during the earlier period, the 
balance consisting of semi-manufactured and finished 
manufactures. For the later year, on the other 
hand, the relative magnitudes of the groups were 
strikingly reversed, the proportions being roughly as 
44 to 56, while the imports of manufactured goods 
reached only half the percentage of the exports. 
Confining ourselves to the engineering trades, and 
comparing the 1927 figures with those of the five 
years before the war, still more remarkable results 
are seen. The most imporiant of the increases in 
the exports is found in those of automobile parts 
and accessories, the value of which increased in that 


comparatively short interval more than 16-fold 
Other large increases appear in machinery excluding 
automobiles, the value of which nearly trebled, and 
that of rubber and its manufactures, which increased 
fivefold. The process, moreover, is still going on 
Comparing the exports of all machinery other than 
vehicles for the years 1926-27 and 1027-28, the 
later period shows an increase in exports of nearly 
15 per cent Industrial machinery increased by 


just under 10 per cent., and electrical machinery by 


just under 5 per cent., while agricultural machinery 


ee. 


and cash registers and adding machines each in- 
creased by over 25 per cent., typewriters and parts 
by over 15 per cent., and printing machinery by 
nearly 20 per cent. American motor manufacturers, 
moreover, are paying more and more attention to 
foreign markets, their efforts extending even to pro- 
moting the building of roads and other measures 
calculated to stimulate the demand for motor 
vehicles. In the last five years the sale of Ameri- 
can-made automobiles in export markets has in- 
creased nearly sixfold, to 450,000 units per year. 
In view, moreover, of the existence or likelihood of 
protective tariffs manufacturers have been setting 
up every year assembly plants in the countries 
where such measures are apprehended, and in 1927 
turned out just on 200,000 units from these plants, 
nearly a third more than in 1926 and more than 
24 times as many as in 1923. 

Both the rates of these increases and the amounts 
of trade they represent are formidable, and they 
derive great significance from the fact that they 
have been formed from a comparatively small frac- 
tion of American production. The last year for 
which figures are available on the production of 
machinery, not including vehicles, is 1925, in 
which the total value of the output was calculated 
at about 1,000,000,0007. In 1927-28 the exports 
under the same heading were less than 10 per cent. 
of that amount, and in accordance with the figures 
given above the percentage for 1926-27 was sub- 
stantially less. Of the constituent sub-headings of 
this group the largest percentage of production 
devoted to export appeared in 1927 in agricultural 
machinery, when it reached about 20 per cent. 
of the estimated total production. The percentage 
in the motor industry has been increasing rapidly. 
In 1923 it was just under 4 per cent. of the 
aggregate production, but in 1927 it rose to a 
little under 18 percent. It is to be observed that 
in all these branches of export trade by far the 
largest customer is the British Empire. In 1927-28 
it took 42 per cent. of the entire export of American 
industrial machinery, a slightly larger proportion of 
electrical machinery, 49 per cent. of agricultural 
machinery and 42 per cent. of the motors, while 
in spite of the duty of 334 per cent. the American 
export of motors to the United Kingdom itself was 
almost double its amount in the previous year. 
In addition the United Kingdom itself is by far the 
largest purchaser of the rapidly expanding business 
in office machinery and appliances, the exports of 
which in the year in question were about 9,000,000/. 

That up to now the United States have devoted 
only a small part of their productive power to the 
purposes of the export market is certainly no 
necessary result of their policy, and even if their 
manufacturers do not increase their productive 
power deliberately in order to do a larger export 
trade, it is quite certain that they will endeavour to 
devote a larger fraction of it to export purposes as 
soon as the home demand ceases to absorb as much 
as it does at present. The number of circumstances 
that may lead to such a situation is indefinitely large. 
In the case of the motor trade the event which for 
years past has seemed most likely is that the market 
would reach the so-called saturation point, which, 
as Sir Joyce Broderick remarks in a recent Report 
on “The External Trade of the United States of 
America in 1928” (H.M. Stationery Office, 1s. 6d. 
net.), appears to be always at hand and yet always 
receding. At the present moment over 20,000,000 





motor cars and about 3,000,000 motor lorries are 
registered in the United States, not far short of one 
| to a family if they were distributed uniformly. It 
| seems difficult to conjecture for how many more such 
| vehicles the country can find employment, but at the 
| rate at which production is going on it seems certain 
that ultimately it must surpass the demand to a 
much larger extent than it does at present. That 
up to now it has not shown signs of doing so is the 
more remarkable because instalment selling, which 
has been one of the principal means of creating the 
home market, is now being appreciably curtailed. 
In 1926 it was estimated that fully 70 per cent. of 
the new cars and lorries were sold on the instalment 
system, while in the following year this percentage 
was less than 60. Another influence that indirectly 
might have tended to reduce the strength of the 
home market is dearness of money. In the year 
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under notice much apprehension had been felt that 
this cause would operate to postpone important 
contracts in the building trade, and thus reduce the 
turnover of the many industries that depend on it 
directly or indirectly. As it has turned out, 
however, no sign has appeared that the high rate for 
money has exercised any such effect. In part this is 
due to the fact that many large building operations 
have been financed out of surplus earnings instead of 
from new borrowings. High rates of interest remain 
nevertheless among the possible causes of weakness 
in the building industry, and offer a corresponding 
threat to the business of the trades that serve it. 

These facts, which are given in the Report to 
which we have referred, suggest naturally the con- 
sideration of the measures by which the engineers of 
this country can meet an increase in American ex- 
ports. Doubtless there are many well-known aids to 
the cultivation of export markets, which might be 
practised more completely than they are. Appro- 
priate designs, efficient local service, advertising, 
personal touch with customers, co-operative selling, 
and other such provisions are well-known factors of 
export business. Consciously or unconsciously, the 
buyer takes account of them at the same time as 
he considers the article and the price, and very con- 
sciously the supplier takes account of their cost as 
far as he can estimate it, and tries to calculate 
whether they will pay. When, however, all such 
measures have been taken—and doubtless there is 
every reason to perfect them wherever they will be 
profitable—their purpose in existing markets is to 
get a larger share of existing business and leave a 
smaller share for competing makers in other 
countries. They do not increase the aggregate 
business to be divided among the community of 
manufacturing countries, and the percentage of 
energy that has to be spent on the internal friction of 
competition must keep on increasing. In the course 
of the present report it is remarked that the largest 
percentage increases in American export trade have 
all occurred in countries which are still in an early 
stage of development, and it is inferred that the 
effect of increased American exports will be felt 
most severely in those countries. The fact, however, 
is a reminder that export trade can be cultivated 
effectively and usefully by assisting to develop 
new countries, where this course is practicable, and 
so creating an increased demand, as well as by 
intensifying the competition for a demand that 
exists already. It is true that such operations 
cannot usually be conducted in watertight compart- 
ments. The Report suggests, for instance, that 
countries whose resources are being developed 
by American agricultural machinery and means of 
transport will become automatically improved 
markets for the other products of British engineers, 
if it is thought worth while to cultivate them. 
Admittedly, it is seldom possible for pioneers who 
help to develop a country to keep the results 
exclusively for themselves, but in all experience 
they get the lion’s share of the results. In principle 
the method moreover is the sounder because it takes 
account of the fact that a scramble becomes less 
severe or may be avoided altogether if there is 
enough to scramble for. The great British export 
trade was built up largely by attention to these 
principles. Apart from the many foreign countries 
where it can be applied, there is no lack of choice 
and opportunity in the British Empire itself. 








THE INSTITUTE OF TRANSPORT. 


Tue eighth annual congress of the Institute of 
Transport was held at Harrogate from Thursday, 
May 9, to Saturday, May 11, under the presidency 
of Air Vice-Marshal Sir W. Sefton Brancker. On 
the opening day a civic welcome was extended to 


ithe congress by the Mayor of Harrogate (Captain 


C. W. Whitworth), after which a paper on “ Chara 

teristic Features of the Transport Facilities of the 
North Eastern Area of the London and North 
Eastern Railway " was presented by Mr. T. Hornsby, 
Divisional General Manager (North Eastern Area 

London and North Eastern Railway. 


ransrort Facturries cy THe Nortn Eastern Aneta. 
After an historical introduction, Mr. Hornsby 

said coal had always been the principal traffic « 

the railway in the north-east area, and in 1022 
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over 42 million tons were conveyed, or 70 per cent. 
of the total freight. In 1928 the amount was 
38 million tons, of which over 23 million tons was 
for shipment at north-eastern ports. The present 
tendency was for shipping places to be constructed 
close to the mines. Thus while staiths had been 
erected recently at West Blyth, Dunston and West 
Dunston, Tyne Dock, which at one time dealt with 
7,000,000 tons per annum, had been considerably 
depleted. A peculiarity was that 89 per cent. of 
the coal transported in the area was carried in 
railway-owned wagons, mainly with a capacity of 
20 tons, though some 40-ton wagons were used. 
These were principally of the hopper type, owing 
to the method of discharge used both at the ports 
and at the iron and steel works. Each colliery or 
group of collieries was given a daily allotment 
measured in tonnage capacity, and steps were taken 
to maintain the supply of wagons necessary for this 
purpose. This allotment was based on a number 
of factors, and was frequently reviewed in the inter- 
ests of elasticity. The working forward of the coal 
from the mine to the dock, or staith, was determined 
by information regarding the time of arrival of the 
ship to be loaded. A similar arrangement based on 
weekly requirements, had been adopted with regard 
to wagons for the supply of coal, coke, limestone and 
ironstone to the blast furnaces and steel works on 
the Teeside. 

Coal for retail sale was delivered into open-topped 
cells at the various depots, thus ensuring the prompt 
discharge of the wagons and eliminating stacking, 
while coal for shipment was largely dealt with by 
staiths, in combination with hoists and con- 
veyors. These staiths were provided with gravity 
spouts, which were raised and lowered in accord- 
ance with the state of the tide. Telescopic ends 
were fitted to these spouts to cater for boats of 
different beam. Trap ends to check the flow of 
coal, “‘slews” to assist horizontal trimming and 
electrically driven belts, so that shipping at an 
angle could be effected were also used. At Blyth, 
a number of anti-coal breakers had been installed. 
At Hull coal was shipped by long conveyor belts, 
hoists and cranes. 

As regards the iron and steel industry, ironstone 
from the Cleveland district was conveyed to Middles- 
brough in 20- and 30-ton hopper wagons owned by 
the railway company, while limestone was brought 
from Weardale and Wensleydale. Of the other 
industries in the area, mention might be made of 
the erection of sugar-beet factories at York and Selby, 
and of the manufacture of oils and cattle feeding 
stuffs at Selby and Hull, the latter town being the 
largest oil and seed crushing centre in the world. 

Finally, reference was made to the use of electric 
traction and steam rail coaches on the Tyneside, 
and to the acquirement by the railway company 
of an interest in the omnibus services in the district, 
one result of which would be the interchangeability 
of rail and omnibus tickets between specific pairs 
of points. 

The discussion was opened by Mr. H. A. Watson, 
who pointed out that one of the characteristic 
features of the north-east area was that the 
railways were much more exposed to competition 
from the sea than they were elsewhere. Another 
feature was the extraordinary short hauls of the 
traffic. For coal it only averaged 19 miles, so that 
the ratio of terminal time to running time was 
high and the cost was thereby increased. A third 
exceptional feature was the large proportion of coal 
traffic that was handled without the use of loco- 
motives. 

Mr. T. Storey said that the author had rather 
neglected the part played by the London and 
North Eastern Railway in the development of 
agriculture, while Mr. D. R. Gracie expressed dis- 
appointment that nothing had been said about the 
facilities provided at the ports for the rapid handling 
of traffic. These had always excited his admiration. 
Mr. M. 8. Strang, added that in the past the railway 
company had been helped by the fact that their 
passenger traffic was mainly of a through character, 
and that they had had little to do to obtain it. The 
absence of competition had meant that no great 
effort had had to be made to get business, and they 
had therefore been left free to develop their other 
resources. If they had to fight more they would 
probably have done better 
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Mr. J. T. Naisby remarked that in many ways 
the old North Eastern Railway had been pioneers, 
and instanced cheap tickets, interval services and 
publicity as examples. Road competition and bad 
trade had meant a large loss in passenger traffic, so 
that in taking over the local ’bus services the railway 
company were adopting a sound policy, since it 
would enable full advantage to be taken of local 
knowledge. 

Mr. D. R. Lamb thought that improved signalling 
and more economical power units would do as 
much as electrification to regain the traffic lost. 
The excellent arrangements that existed with regard 
to coal haulage were one of the results of a monopoly 
and it would be a great advantage, if railway- 
owned wagons could exclusively be used. He asked 
if such an arrangement could be enforced. 
Mr. D. E. Budworth pointed out that if the rail- 
ways owned all the wagons it would postpone the 
extension of the marshalling yards and generally 
assist organisation. 

In reply, Mr. Hornsby said that the question of 
electrification required a good deal of consideration. 
When it was first used on the Tyneside the traffic 
had increased, but this fell off again when the local 
tramways were electrified. Much of this loss was 
regained by reducing the fares and improving the 
service, but recently again the effects of road com- 
petition had been felt, principally owing to the 
distance of some of the stations from the towns they 
served. Within the last few months, however, 
matters had once more improved. It would be 
greatly to the advantage of traders if the railway 
company owned all the wagons. 


TRANSPORT DEVELOPMENT. 


A paper on “Influences affecting Transport 
Development and Efficiency” was then presented 
by Major E. G. Beaumont, O.B.E., in which the 
author said that whether the numerical increase 
of the road vehicles in use, the growth in power, 
weight and travelling capabilities or the consequent 
necessity for improved highways and traffic manage- 
ment were considered, circumscribing factors 
affecting further development or efficiency would 
be found. Viewed broadly, there was at the present 
time an evident disparity between the traffic on 
the roads and the carrying capacity of the latter, 
both in urban and country districts. It was equally 
evident that time and the rate of expenditure had set 
definite limits to the efforts to improve the highways 
correspondingly. Variable weather and road sur- 
faces demanded constant watzhfulness on the part 
of drivers and there could be no doubt that 
inexperience, carelessness and negligence were 
together responsible for a considerable proportion 
of the increasing number of accidents. It was 
absolutely necessary that all serious accidents 
should be carefully investigated, in order that road 
transport should not be detrimentally affected. 
There would be common agreement also that earlier 
Acts should be consolidated in the much delayed 
Road Traffic Bill, and that new clauses should be 
included for the better regulation and control of 
road transport. 

As regards highway improvement, the provision 
of new, and the reconstruction of old, roads had 
removed obstacles to traffic flow and helped to 
reduce financial losses, which in London alone were 
estimated to amount to 25,000,000/. per annum, 
while the co-ordination of public services would 
remove a further source of waste. There were, 
however, many other hindrances to progress. 
The delay in connection with the Road Traffic and 





Bridges Bills was preventing much necessary 
strengthening of weak links. The passage of the | 


|former measure would enable regulations to be | 


made to deal with public service vehicles, and thus | 


‘remove the complications due to the existence of 


diverse and conflicting views. At present manu- | 
facturers were unable to make substantial prepara- 


tions for construction, owing to the variety of 
regulations bearing upon such fundamental matters 
as limits of weight, leading dimensions and mechani- 
cal and carriage details. This constituted a for 
midable obstacle to progress. 

Some reference was made to traffic manage 
ment. Though in the case of large organisations 
the services were well maintained this example 


was not followed by the amaller undertakings, with 
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the results that both men and vehicles were 
“sweated,” and that much public discontent 
arose due to bad road conduct, risky driving and to 
the use of schedules, which were in flagrant defiance 
of the law. Such matters brought discredit on road 
transport. This indictment applied equally to 
many haulage contractors. 

The discussion was opened by Mr. E. S. Shrapnell- 
Smith, who said that in dealing with fatalities on 
railways and roads, like was often not compared 
with like. This had reacted to the disadvantage 
of the latter. He thought that the “ terrible infre- 
quency ” of verdicts of manslaughter showed that 
the accidents were not due solely to the driver. It 
was good news that the Bridges Bill was about to 
receive the Royal assent. The notices on the 
bridges should show that the permissible axle weight 
was the loaded and not the unloaded weight, other- 
wise an unnecessary restriction would be placed on 
unloaded wagons. 

Colonel E. S. Sinnott pointed out that the country 
authorities could not provide any more money on 
account of roads. If an increased programme of 
construction was required, it must therefore be 
paid for by the State. As regards road accidents, 
he would welcome a similar procedure to that now 
applied to the railways. He would also like 
to see a central body appointed to examine and 
report on the condition of the cast-iron bridges 
throughout the country and to suggest future action 
with regard to them. 

Mr. E. W. Willis said the position of the Road 
Traffic Bill was a scandal. It had been on the 
stocks for two years and nothing had been done. 
Major-General 8. S. Long thought that legislation 
should be introduced to force the pedestrian to 
use the same caution as the vehicular road user, 
while Mr. O. C. Power said that more real co-opera- 
tion was wanted between the rail and road autho- 
rities. The policy of cutting rates would not solve 
the question. Money would be better spent on 
widening existing roads and strengthening bridges 
than in constructing arterial roads. Mr. F. G. 
Bristow pointed out that the heavy taxation on 
motor vehicles was in many cases causing a reversion 
to horse traffic, with a consequent loss in fluidity. 
Less accidents were due to motor omnibuses and 
coaches than to any other type of vehicle. 

Major Beaumont, in reply, said he thought 
drivers’ tests were essential, but these should be 
conducted by their employers and not by officials. 

In the afternoon those attending the Conference 
visited York, where the carriage works of - the 
London and North Eastern Railway and the factory 
of Messrs. Rowntree and Company, Limited, were 
inspected. The carriage works cover an area of 
about 62 acres, of which nearly 18 acres are occupied 
by buildings. They are well equipped and can 
turn out one vestibuled passenger coach every 
two days. A good deal of reconditioning work is 
being carried out. This normally takes place after 
about 80,000 miles have been run, and includes 
where necessary, the equipment of the stock with 
both vacuum and air brakes. 


(To be continued.) 








NOTES. 
MeEmMorIAL TO MatrHew Murray. 


History shows that progress in engineering is 
largely a matter of co-operation, even when, as 
is so often the case, that co-operation is instinctive 
rather than intentional. While, therefore, as we 
have recently pointed out, it is unprofitable that 


discussion should range round the claims of this 
or that pioneer to priority in the invention of a 
particular engineering device, it is only right that 
those who have made outstanding contributions 
to the information of which so much use is made 
to-day should receive due acknowledgment It is 
for this reason, rather than because he may have 
been the first to build a successful steam locomotive 
that we are glad to see that steps have been taken 
to commemorate the work of Matthew Murray, who 
has been called * The Pathe r of Leeda F Hyiheeriny 

This memorial ia to take the form of the erection 
of tablets in Leeds and at the Institution of 
Mechanical Engineers in London, the provision of 
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engine and power station development, but it 
would be idle to pretend that the Institution takes 
the place it should in these major branches of 
work. To win the place it properly should hold in 
mechanical engineering science and practice would 
be a difficult matter and the work of many years, 
but the present moment offers an opportunity of 
making some way towards a position as undisputed 
head of all mechanical engineering practice in this 
country. If it could be compassed that mechanical 
engineers of status should, as a matter of course, be 
“‘ Chartered Mechanical Engineers,” and, in that 
distinction, of necessity members of the Institution 
of Mechanical Engineers, an important step would 
have been taken towards the position which the 
Institution should rightly hold. 

In the Royal Charter of the Institution of Elec- 
trical Engineers it is stated that corporate members 
may describe themselves as belonging to the 
Chartered Institution of Electrical Engineers. 
Some three years after the grant of the Charter, 
however, a by-law was adopted, and was allowed 
by the Privy Council, which permits corporate 
members to describe themselves as ‘‘ Chartered 
Electrical Engineers.”” The Draft Charter of the 
Institution of Mechanical Engineers in this respect 
resembles the Charter of the Institution of Electrical 
Engineers, but it would have been a matter of 
satisfaction if the Council, at the meeting at which 
the decision to apply for a Charter was approved, 
had intimated that in due course they proposed 
to apply for an amending by-law in the same sense 
as that of the sister institution. In this matter no 
doubt another sister institution will desire to be 
heard. It is common knowledge that the Institu- 
tion of Civil Engineers would have preferred that 
the expression ‘‘ Chartered Engineer” had been 
confined to its own members. The justification 
for this preference it is not now necessary to dis- 
cuss, since the time has passed when it could be 
gratified. As we have Chartered Civil Engineers 
and Chartered Electrical Engineers, the merest 
common justice dictates that in due course we 
should have Chartered Mechanical Engineers. 
We trust the Council of the Institution have this 
always in mind and propose to take suitable 
steps in due course. No doubt there will be oppo- 
sition, but we are not sure that the existence of 
such opposition will not be additional evidence of 
the desirability of the step from the point of view of 
the future status and influence of the Institution, 
We commend to the Council a phrase used by Figaro 
in Le Barbier de Séville, “la difficulté de réussir ne 
fait qu’ajouter & la nécessité d’entreprendre.”’ 








THE EXPORT TRADE OF THE 
UNITED STATES 

THROUGHOUT the present century it has been the 
settled policy of the United States to increase its 
exports of manufactured goods as opportunity 
arose, and to decrease its imports. It has been 
extraordinarily successful in giving effect to this 
programme. Comparing, for instance, the five 
years 1901-1905 with 1927, crude materials and food 
stufis formed not far short of two-thirds of its 
entire export trade during the earlier period, the 
balance consisting of semi-manufactured and finished 
manufactures. For the later year, on the other 
hand, the relative magnitudes of the groups were 
strikingly reversed, the proportions being roughly as 
44 to 56, while the imports of manufactured goods 
reached only half the percentage of the exports. 
Confining ourselves to the engineering trades, and 
comparing the 1927 figures with those of the five 
years before the war, still more remarkable results 
are seen. The most important of the increases in 
the exports is found in those of automobile parts 
and accessories, the value of which increased in that 
comparatively short interval more than 16-fold. 
Other large increases appear in machinery excluding 
automobiles, the value of which nearly trebled, and 
that of rubber and its manufactures, which increased 
fivefold. The process, moreover, is still going on. 
Comparing the exports of all machinery other than 
vehicles for the years 1926-27 and 1927-28, the 
later period shows an increase in exports of nearly 
15 per cent. Industrial machinery increased by 
just under 10 per cent., and electrical machinery by 
just under 5 per cent., while agricultural machinery 





and cash registers and adding machines each in- 
creased by over 25 per cent., typewriters and parts 
by over 15 per cent., and printing machinery by 
nearly 20 per cent. American motor manufacturers, 
moreover, are paying more and more attention to 
foreign markets, their efforts extending even to pro- 
moting the building of roads and other measures 
calculated to stimulate the demand for motor 
vehicles. In the last five years the sale of Ameri- 
can-made automobiles in export markets has in- 
creased nearly sixfold, to 450,000 units per year. 
In view, moreover, of the existence or likelihood of 
protective tariffs manufacturers have been setting 
up every year assembly plants in the countries 
where such measures are apprehended, and in 1927 
turned out just on 200,000 units from these plants, 
nearly a third more than in 1926 and more than 
24 times as many as in 1923. 

Both the rates of these increases and the amounts 
of trade they represent are formidable, and they 
derive great significance from the fact that they 
have been formed from a comparatively small frac- 
tion of American production. The last year for 
which figures are available on the production of 
machinery, not including vehicles, is 1925, in 
which the total value of the output was calculated 
at about 1,000,000,0007. In 1927-28 the exports 
under the same heading were less than 10 per cent. 
of that amount, and in accordance with the figures 
given above the percentage for 1926-27 was sub- 
stantially less. Of the constituent sub-headings of 
this group the largest percentage of production 
devoted to export appeared in 1927 in agricultural 
machinery, when it reached about 20 per cent. 
of the estimated total production. The percentage 
in the motor industry has been increasing rapidly. 
In 1923 it was just under 4 per cent. of the 
aggregate production, but in 1927 it rose to a 
little under 18 percent. It is to be observed that 
in all these branches of export trade by far the 
largest customer is the British Empire. In 1927-28 
it took 42 per cent. of the entire export of American 
industrial machinery, a slightly larger proportion of 
electrical machinery, 49 per cent. of agricultural 
machinery and 42 per cent. of the motors, while 
in spite of the duty of 334 per cent. the American 
export of motors to the United Kingdom itself was 
almost double its amount in the previous year. 
In addition the United Kingdom itself is by far the 
largest purchaser of the rapidly expanding business 
in office machinery and appliances, the exports of 
which in the year in question were about 9,000,0001. 

That up to now the United States have devoted 
only a small part of their productive power to the 
purposes of the export market is certainly no 
necessary result of their policy, and even if their 
manufacturers do not increase their productive 
power deliberately in order to do a larger export 
trade, it is quite certain that they will endeavour to 
devote a larger fraction of it to export purposes as 
soon as the home demand ceases to absorb as much 
as it does at present. The number of circumstances 
that may lead to such a situation is indefinitely large. 
In the case of the motor trade the event which for 
years past has seemed most likely is that the market 
would reach the so-called saturation point, which, 
as Sir Joyce Broderick remarks in a recent Report 
on “The External Trade of the United States of 
America in 1928” (H.M. Stationery Office, 1s. 6d. 
net.), appears to be always at hand and yet always 
receding. At the present moment over 20,000,000 
motor cars and about 3,000,000 motor lorries are 
registered in the United States, not far short of one 
to a family if they were distributed uniformly. It 
seems difficult to conjecture for how many more such 
vehicles the country can find employment, but at the 
rate at which production is going on it seems certain 
that ultimately it must surpass the demand to a 
much larger extent than it does at present. That 
up to now it has not shown signs of doing so is the 
more remarkable because instalment selling, which 
has been one of the principal means of creating the 
home market, is now being appreciably curtailed. 
In 1926 it was estimated that fully 70 per cent. of 
the new cars and lorries were sold on the instalment 
system, while in the following year this percentage 
was less than 60. Another influence that indirectly 
might have tended to reduce the strength of the 
home market is dearness of money. In the year 





under notice much apprehension had been felt that 
this cause would operate to postpone important 
contracts in the building trade, and thus reduce the 
turnover of the many industries that depend on it 
directly or indirectly. As it has turned out, 
however, no sign has appeared that the high rate for 
money has exercised any such effect. In part this is 
due to the fact that many large building operations 
have been financed out of surplus earnings instead of 
from new borrowings. High rates of interest remain 
nevertheless among the possible causes of weakness 
in the building industry, and offer a corresponding 
threat to the business of the trades that serve it. 

These facts, which are given in the Report to 
which we have referred, suggest naturally the con- 
sideration of the measures by which the engineers of 
this country can meet an increase in American ex- 
ports. Doubtless there are many well-known aids to 
the cultivation of export markets, which might be 
practised more completely than they are. Appro- 
priate designs, efficient local service, advertising, 
personal touch with customers, co-operative selling, 
and other such provisions are well-known factors of 
export business. Consciously or unconsciously, the 
buyer takes account of them at the same time as 
he considers the article and the price, and very con- 
sciously the supplier takes account of their cost as 
far as he can estimate it, and tries to calculate 
whether they will pay. When, however, all such 
measures have been taken—and doubtless there is 
every reason to perfect them wherever they will be 
profitable—their purpose in existing markets is to 
get a larger share of existing business and leave a 
smaller share for competing makers in other 
countries. They do not increase the aggregate 
business to be divided among the community of 
manufacturing countries, and the percentage of 
energy that has to be spent on the internal friction of 
competition must keep on increasing. In the course 
of the present report it is remarked that the largest 
percentage increases in American export trade have 
all occurred in countries which are still in an early 
stage of development, and it is inferred that the 
effect of increased American exports will be felt 
most severely in those countries. The fact, however, 
is a reminder that export trade can be cultivated 
effectively and usefully by assisting to develop 
new countries, where this course is practicable, and 
so creating an increased demand, as well as by 
intensifying the competition for a demand that 
exists already. It is true that such operations 
cannot usually be conducted in watertight compart- 
ments. The Report suggests, for instance, that 
countries whose resources are being developed 
by American agricultural machinery and means of 
transport will become automatically improved 
markets for the other products of British engineers, 
if it is thought worth while to cultivate them. 
Admittedly, it is seldom possible for pioneers who 
help to develop a country to keep the results 
exclusively for themselves, but in all experience 
they get the lion’s share of the results. In principle 
the method moreover is the sounder because it takes 
account of the fact that a scramble becomes less 
severe or may be avoided altogether if there is 
enough to scramble for. The great British export 
trade was built up largely by attention to these 
principles. Apart from the many foreign countries 
where it can be applied, there is no lack of choice 
and opportunity in the British Empire itself. 








THE INSTITUTE OF TRANSPORT. 


THE eighth annual congress of the Institute of 
Transport was held at Harrogate from Thursday, 
May 9, to Saturday, May 11, under the presidency 
of Air Vice-Marshal Sir W. Sefton Brancker. On 
the opening day a civic welcome was extended to 
the congress by the Mayor of Harrogate (Captain 
C. W. Whitworth), after which a paper on “ Charac- 
teristic Features of the Transport Facilities of the 
North Eastern Area of the London and North 
Eastern Railway ”’ was presented by Mr. T. Hornsby, 
Divisional General Manager (North Eastern Area), 
London and North Eastern Railway. 

TRANSPORT FACILITIES IN THE NorTH EASTERN AREA. 

After an historical introduction, Mr. Hornsby 
said coal had always been the principal traffic on 
the railway in the north-east area, and in 1922 
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over 42 million tons were conveyed, or 70 per cent. 
of the total freight. In 1928 the amount was 
38 million tons, of which over 23 million tons was 
for shipment at north-eastern ports. The present 
tendency was for shipping places to be constructed 
close to the mines. Thus while staiths had been 
erected recently at West Blyth, Dunston and West 
Dunston, Tyne Dock, which at one time dealt with 
7,000,000 tons per annum, had been considerably 
depleted. A peculiarity was that 89 per cent. of 
the coal transported in the area was carried in 
railway-owned wagons, mainly with a capacity of 
20 tons, though some 40-ton wagons were used. 
These were principally of the hopper type, owing 
to the method of discharge used both at the ports 
and at the iron and steel works. Each colliery or 
group of collieries was given a daily allotment 
measured in tonnage capacity, and steps were taken 
to maintain the supply of wagons necessary for this 
purpose. This allotment was based on a number 
of factors, and was frequently reviewed in the inter- 
ests of elasticity. The working forward of the coal 
from the mine to the dock, or staith, was determined 
by information regarding the time of arrival of the 
ship to be loaded. A similar arrangement based on 
weekly requirements, had been adopted with regard 
to wagons for the supply of coal, coke, limestone and 
ironstone to the blast furnaces and steel works on 
the Teeside. 

Coal for retail sale was delivered into open-topped 
cells at the various depots, thus ensuring the prompt 
discharge of the wagons and eliminating stacking, 
while coal for shipment was largely dealt with by 
staiths, in combination with hoists and con- 
veyors. These staiths were provided with gravity 
spouts, which were raised and lowered in accord- 
ance with the state of the tide. Telescopic ends 
were fitted to these spouts to cater for boats of 
different beam. Trap ends to check the flow of 
coal, “‘slews”’ to assist horizontal trimming and 
electrically driven belts, so that shipping at an 
angle could be effected were also used. At Blyth, 
a number of anti-coal breakers had been installed. 
At Hull coal was shipped by long conveyor belts, 
hoists and cranes. 

As regards the iron and steel industry, ironstone 
from the Cleveland district was conveyed to Middles- 
brough in 20- and 30-ton hopper wagons owned by 
the railway company, while limestone was brought 
from Weardale and Wensleydale. Of the other 
industries in the area, mention might be made of 
the erection of sugar-beet factories at York and Selby, 
and of the manufacture of oils and cattle feeding 
stuffs at Selby and Hull, the latter town being the 
largest oil and seed crushing centre in the world. 

Finally, reference was made to the use of electric 
traction and steam rail coaches on the Tyneside, 
and to the acquirement by the railway company 
of an interest in the omnibus services in the district, 
one result of which would be the interchangeability 
of rail and omnibus tickets between specific pairs 
of points. 

The discussion was opened by Mr. H. A. Watson, 
who pointed out that one of the characteristic 
features of the north-east area was that the 
railways were much more exposed to competition 
from the sea than they were elsewhere. Another 
feature was the extraordinary short hauls of the 
traffic. For coal it only averaged 19 miles, so that 
the ratio of terminal time to running time was 
high and the cost was thereby increased. A third 
exceptional feature was the large proportion of coal 
traffic that was handled without the use of loco- 
motives. 

Mr. T. Storey said that the author had rather 
neglected the part played by the London and 
North Eastern Railway in the development of 
agriculture, while Mr. D. R. Gracie expressed dis- 
appointment that nothing had been said about the 
facilities provided at the ports for the rapid handling 
of traffic. These had always excited his admiration. 
Mr. M. S. Strang, added that in the past the railway 
company had been helped by the fact that their 
passenger traffic was mainly of a through character, 
and that they had had little to do to obtain it. The 
absence of competition had meant that no great 
effort had had to be made to get business, and they 
had therefore been left free to develop their other 
resources. If they had to fight more they would 
probably have done better. 





Mr. J. T. Naisby remarked that in many ways 
the old North Eastern Railway had been pioneers, 
and instanced cheap tickets, interval services and 
publicity as examples. Road competition and bad 
trade had meant a large loss in passenger traffic, so 
that in taking over the local ’bus services the railway 
company were adopting a sound policy, since it 
would enable full advantage to be taken of local 
knowledge. 

Mr. D. R. Lamb thought that improved signalling 
and more economical power units would do as 
much as electrification to regain the traffic lost. 
The excellent arrangements that existed with regard 
to coal haulage were one of the results of a monopoly 
and it would be a great advantage, if railway- 
owned wagons could exclusively be used. He asked 
if such an arrangement could be enforced. 
Mr. D. E. Budworth pointed out that if the rail- 
ways owned all the wagons it would postpone the 
extension of the marshalling yards and generally 
assist organisation. 

In reply, Mr. Hornsby said -that the question of 
electrification required a good deal of consideration. 
When it was first used on the Tyneside the traffic 
had increased, but this fell off again when the, local 
tramways were electrified. Much of this loss was 
regained by reducing the fares and improving the 
service, but recently again the effects of road com- 
petition had been felt, principally owing to the 
distance of some of the stations from the towns they 
served. Within the last few months, however, 
matters had once more improved. It would be 
greatly to the advantage of traders if the railway 
company owned all the wagons. 


TRANSPORT DEVELOPMENT. 


A paper on “Influences affecting Transport 
Development and Efficiency” was then presented 
by Major E. G. Beaumont, O.B.E., in which the 
author said that whether the numerical increase 
of the road vehicles in use, the growth in power, 
weight and travelling capabilities or the consequent 
necessity for improved highways and traffic manage- 
ment were considered, circumscribing factors 
affecting further development or efficiency would 
be found. Viewed broadly, there was at the present 
time an evident disparity between the traffic on 
the roads and the carrying capacity of the latter, 
both in urtan and country districts. It was equally 
evident that time and the rate of expenditure had set 
definite limits to the efforts to improve the highways 
correspondingly. Variable weather and road sur- 
faces demanded constant watzhfulness on the part 
of drivers and there could be no doubt that 
inexperience, carelessness and negligence were 
together responsible for a considerable proportion 
of the increasing number of accidents. It was 
absolutely necessary that all serious accidents 
should be carefully investigated, in order that road 
transport should not be detrimentally affected. 
There would be common agreement also that earlier 
Acts should be consolidated in the much delayed 
Road Traffic Bill, and that new clauses should be 
included for the better regulation and control of 
road transport. 

As regards highway improvement, the provision 
of new, and the reconstruction of old, roads had 
removed obstacles to traffic flow and helped to 
reduce financial losses, which in London alone were 
estimated to amount to 25,000,0007. per annum, 
while the co-ordination of public services would 
remove a further source of waste. There were, 
however, many other hindrances to progress. 
The delay in connection with the Road Traffic and 
Bridges Bills was preventing much necessary 
strengthening of weak links. The passage of the 
former measure would enable regulations to be 
made to deal with public service vehicles, and thus 
remove the complications due to the existence of 
diverse and conflicting views. At present manu- 
facturers were unable to make substantial prepara- 
tions for construction, owing to the variety of 
regulations bearing upon such fundamental matters 
as limits of weight, leading dimensions and mechani- 
cal and carriage details. This constituted a for- 
midable obstacle to progress. 

Some reference was made to traffic manage- 
ment. Though in the case of large organisations 
the services were well maintained this example 
was not followed by the smaller undertakings, with 


the results that both men and vehicles were 
“sweated,” and that much public discontent 
arose due to bad road conduct, risky driving and to 
the use of schedules, which were in flagrant defiance 
of the law. Such matters brought discredit on road 
transport. This indictment applied equally to 
many haulage contractors. 

The discussion was opened by Mr. E. S. Shrapnell- 
Smith, who said that in dealing with fatalities on 
railways and roads, like was often not compared 
with like. This had reacted to the disadvantage 
of the latter. He thought that the “ terrible infre- 
quency ” of verdicts of manslaughter showed that 
the accidents were not due solely to the driver. It 
was good news that the Bridges Bill was about to 
receive the Royal assent. The notices on the 
bridges should show that the permissible axle weight 
was the loaded and not the unloaded weight, other- 
wise an unnecessary restriction would be placed on 
unloaded wagons. 

Colonel E. 8. Sinnott pointed out that the country 
authorities could not provide any more money on 
account of roads. If an increased programme of 
construction was required, it must therefore be 
paid for by the State. As regards road accidents, 
he would welcome a similar procedure to that now 
applied to the railways. He would also like 
to see a central body appointed to examine and 
report on the condition of the cast-iron bridges 
throughout the country and to suggest future action 
with regard to them. 

Mr. E. W. Willis said the position of the Road 
Traffic Bill was a scandal. It had been on the 
stocks for two years and nothing had been done. 
Major-General S. 8. Long thought that legislation 
should be introduced to force the pedestrian to 
use the same caution as the vehicular road user, 
while Mr. O. C. Power said that more real co-opera- 
tion was wanted between the rail and road autho- 
rities. The policy of cutting rates would not solve 
the question. Money would be better spent on 
widening existing roads and strengthening bridges 
than in constructing arterial roads. Mr. F. G. 
Bristow pointed out that the heavy taxation on 
motor vehicles was in many cases causing a reversion 
to horse traffic, with a consequent loss in fluidity. 
Less accidents were due to motor omnibuses and 
coaches than to any other type of vehicle. 

Major Beaumont, in reply, said he thought 
drivers’ tests were essential, but these should be 
conducted by their employers and not by officials. 

In the afternoon those attending the Conference 
visited York, where the carriage works of the 
London and North Eastern Railway and the factory 
of Messrs. Rowntree and Company, Limited, were 
inspected. The carriage works cover an area of 
about 62 acres, of which nearly 18 acres are occupied 
by buildings. They are well equipped and can 
turn out one vestibuled passenger coach every 
two days. A good deal of reconditioning work is 
being carried out. This normally takes place after 
about 80,000 miles have been run, and includes 
where necessary, the equipment of the stock with 
both vacuum and air brakes. 


(To be continued.) 








NOTES. 


MemoriaAL TO MatrHew Murray. 


History shows that progress in engineering is 
largely a matter of co-operation, even when, as 
is so often the case, that co-operation is instinctive 
rather than intentional. While, therefore, as we 
have recently pointed out, it is unprofitable that 
discussion should range round the claims of this 
or that pioneer to priority in the invention of a 
particular engineering device, it is only right that 
those who have made outstanding contributions 
to the information of which so much use is made 
to-day should receive due acknowledgment. It is 
for this reason, rather than because he may have 
been the first to build a successful steam locomotive, 
that we are glad to see that steps have been taken 
to commemorate the work of Matthew Murray, who 
has been called ‘‘ The Father of Leeds Engineering.” 
This memorial is to take the form of the erection 
of tablets in Leeds and at the Institution of 
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engine and power station development, but it 
would be idle to pretend that the Institution takes 
the place it should in these major branches of 
work. To win the place it properly should hold in 
mechanical engineering science and practice would 
be a difficult matter and the work of many years, 
but the present moment offers an opportunity of 
making some way towards a position as undisputed 
head of all mechanical engineering practice in this 
country. If it could be compassed that mechanical 
engineers of status should, as a matter of course, be 
“Chartered Mechanical Engineers,” and, in that 
distinction, of necessity members of the Institution 
of Mechanical Engineers, an important step would 
have been taken towards the position which the 
Institution should rightly hold. 

In the Royal Charter of the Institution of Elec- 
trical Engineers it is stated that corporate members 
may describe themselves as belonging to the 
Chartered Institution of Electrical Engineers. 
Some three years after the grant of the Charter, 
however, a by-law was adopted, and was allowed 
by the Privy Council, which permits corporate 
members to describe themselves as “Chartered 
Electrical Engineers.”” The Draft Charter of the 
Institution of Mechanical Engineers in this respect 
resembles the Charter of the Institution of Electrical 
Engineers, but it would have been a matter of 
satisfaction if the Council, at the meeting at which 
the decision to apply for a Charter was approved, 
had intimated that in due course they proposed 
to apply for an amending by-law in the same sense 
as that of the sister institution. In this matter no 
doubt another sister institution will desire to be 
heard. It is common knowledge that the Institu- 
tion of Civil Engineers would have preferred that 
the expression “Chartered Engineer’? had been 
confined to its own members. The justification 
for this preference it is not now necessary to dis- 
cuss, since the time has passed when it could be 
gratified. As we have Chartered Civil Engineers 
and Chartered Electrical Engineers, the merest 
common justice dictates that in due course we 
should have Chartered Mechanical Engineers. 
We trust the Council of the Institution have this 
always in mind and propose to take suitable 
steps in due course. No doubt there will be oppo- 
sition, but we are not sure that the existence of 
such opposition will not be additional evidence of 
the desirability of the step from the point of view of 
the future status and influence of the Institution. 
We commend to the Council a phrase used by Figaro 
in Le Barbier de Séville, “la difficulté de réussir ne 
fait qu’ajouter a la nécessité d’entreprendre.”’ 








THE EXPORT TRADE OF THE 
UNITED STATES 

THROUGHOUT the present century it has been the 
settled policy of the United States to increase its 
exports of manufactured goods as opportunity 
arose, and to decrease its imports. It has been 
extraordinarily successful in giving effect to this 
programme. Comparing, for instance, the five 
years 1901-1905 with 1927, crude materials and food 
stuffs formed not far short of two-thirds of its 
entire export trade during the earlier period, the 
balance consisting of semi-manufactured and finished 
manufactures. For the later year, on the other 
hand, the relative magnitudes of the groups were 
strikingly reversed, the proportions being roughly as 
44 to 56, while the imports of manufactured goods 
reached only half the percentage of the exports. 
Confining ourselves to the engineering trades, and 
comparing the 1927 figures with those of the five 
years before the war, still more remarkable results 
are seen. The most important of the increases in 
the exports is found in those of automobile parts 
and accessories, the value of which increased in that 
comparatively short interval more than 16-fold. 
Other large increases appear in machinery excluding 
automobiles, the value of which nearly trebled, and 
that of rubber and its manufactures, which increased 
fivefold. The process, moreover, is still going on. 
Comparing the exports of all machinery other than 
vehicles for the years 1926-27 and 1927-28, the 
later period shows an increase in exports of nearly 
15 per cent. Industrial machinery increased by 


just under 10 per cent., and electrical machinery by 
just under 5 per cent., while agricultural machinery 





and cash registers and adding machines each in- 
creased by over 25 per cent., typewriters and parts 
by over 15 per cent., and printing machinery by 
nearly 20 per cent. American motor manufacturers, 
moreover, are paying more and more attention to 
foreign markets, their efforts extending even to pro- 
moting the building of roads and other measures 
calculated to stimulate the demand for motor 
vehicles. In the last five years the sale of Ameri- 
can-made automobiles in export markets has in- 
creased nearly sixfold, to 450,000 units per year. 
In view, moreover, of the existence or likelihood of 
protective tariffs manufacturers have been setting 
up every year assembly plants in the countries 
where such measures are apprehended, and in 1927 
turned out just on 200,000 units from these plants, 
nearly a third more than in 1926 and more than 
24 times as many as in 1923. 

Both the rates of these increases and the amounts 
of trade they represent are formidable, and they 
derive great significance from the fact that they 
have been formed from a comparatively small frac- 
tion of American production. The last year for 
which figures are available on the production of 
machinery, not including vehicles, is 1925, in 
which the total value of the output was calculated 
at about 1,000,000,0007. In 1927-28 the exports 
under the same heading were less than 10 per cent. 
of that amount, and in accordance with the figures 
given above the percentage for 1926-27 was sub- 
stantially less. Of the constituent sub-headings of 
this group the largest percentage of production 
devoted to export appeared in 1927 in agricultural 
machinery, when it reached about 20 per cent. 
of the estimated total production. The percentage 
in the motor industry has been increasing rapidly. 
In 1923 it was just under 4 per cent. of the 
aggregate production, but in 1927 it rose to a 
little under 18 percent. It is to be observed that 
in all these branches of export trade by far the 
largest customer is the British Empire. In 1927-28 
it took 42 per cent. of the entire export of American 
industrial machinery, a slightly larger proportion of 
electrical machinery, 49 per cent. of agricultural 
machinery and 42 per cent. of the motors, while 
in spite of the duty of 334 per cent. the American 
export of motors to the United Kingdom itself was 
almost double its amount in the previous year. 
In addition the United Kingdom itself is by far the 
largest purchaser of the rapidly expanding business 
in office machinery and appliances, the exports of 
which in the year in question were about 9,000,000/. 

That up to now the United States have devoted 
only a small part of their productive power to the 
purposes of the export market is certainly no 
necessary result of their policy, and even if their 
manufacturers do not increase their productive 
power deliberately in order to do a larger export 
trade, it is quite certain that they will endeavour to 
devote a larger fraction of it to export purposes as 
soon as the home demand ceases to absorb as much 
as it does at present. The number of circumstances 
that may lead to such a situation is indefinitely large. 
In the case of the motor trade the event which for 
years past has seemed most likely is that the market 
would reach the so-called saturation point, which, 
as Sir Joyce Broderick remarks in a recent Report 
on “The External Trade of the United States of 
America in 1928” (H.M. Stationery Office, 1s. 6d. 
net.), appears to be always at hand and yet always 
receding. At the present moment over 20,000,000 
motor cars and about 3,000,000 motor lorries are 
registered in the United States, not far short of one 
to a family if they were distributed uniformly. It 
seems difficult to conjecture for how many more such 
vehicles the country can find employment, but at the 
rate at which production is going on it seems certain 
that ultimately it must surpass the demand to a 
much larger extent than it does at present. That 
up to now it has not shown signs of doing so is the 
more remarkable because instalment selling, which 
has been one of the principal means of creating the 
home market, is now being appreciably curtailed. 
In 1926 it was estimated that fully 70 per cent. of 
the new cars and lorries were sold on the instalment 
system, while in the following year this percentage 
was less than 60. Another influence that indirectly 
might have tended to reduce the strength of the 
home market is dearness of money. In the year 





under notice much apprehension had been felt that 
this cause would operate to postpone important 
contracts in the building trade, and thus reduce the 
turnover of the many industries that depend on it 
directly or indirectly. As it has turned out, 
however, no sign has appeared that the high rate for 
money has exercised any such effect. In part this is 
due to the fact that many large building operations 
have been financed out of surplus earnings instead of 
from new borrowings. High rates of interest remain 
nevertheless among the possible causes of weakness 
in the building industry, and offer a corresponding 
threat to the business of the trades that serve it. 

These facts, which are given in the Report to 
which we have referred, suggest naturally the con- 
sideration of the measures by which the engineers of 
this country can meet an increase in American ex- 
ports. Doubtless there are many well-known aids to 
the cultivation of export markets, which might be 
practised more completely than they are. Appro- 
priate designs, efficient local service, advertising, 
personal touch with customers, co-operative selling, 
and other such provisions are well-known factors of 
export business. Consciously or unconsciously, the 
buyer takes account of them at the same time as 
he considers the article and the price, and very con- 
sciously the supplier takes account of their cost as 
far as he can estimate it, and tries to calculate 
whether they will pay. When, however, all such 
measures have been taken—and doubtless there is 
every reason to perfect them wherever they will be 
profitable—their purpose in existing markets is to 
get a larger share of existing business and leave a 
smaller share for competing makers in other 
countries. They do not increase the aggregate 
business to be divided among the community of 
manufacturing countries, and the percentage of 
energy that has to be spent on the internal friction of 
competition must keep on increasing. In the course 
of the present report it is remarked that the largest 
percentage increases in American export trade have 
all occurred in countries which are still in an early 
stage of development, and it is inferred that the 
effect of increased American exports will be felt 
most severely in those countries. The fact, however, 
is a reminder that export trade can be cultivated 
effectively and usefully by assisting to develop 
new countries, where this course is practicable, and 
so creating an increased demand, as well as by 
intensifying the competition for a demand that 
exists already. It is true that such operations 
cannot usually be conducted in watertight compart- 
ments. The Report suggests, for instance, that 
countries whose resources are being developed 
by American agricultural machinery and means of 
transport will become automatically improved 
markets for the other products of British engineers, 
if it is thought worth while to cultivate them. 
Admittedly, it is seldom possible for pioneers who 
help to develop a country to keep the results 
exclusively for themselves, but in all experience 
they get the lion’s share of the results. In principle 
the method moreover is the sounder because it takes 
account of the fact that a scramble becomes less 
severe or may be avoided altogether if there is 
enough to scramble for. The great British export 
trade was built up largely by attention to these 
principles. Apart from the many foreign countries 
where it can be applied, there is no lack of choice 
and opportunity in the British Empire itself. 








THE INSTITUTE OF TRANSPORT. 


Tue eighth annual congress of the Institute of 
Transport was held at Harrogate from Thursday, 
May 9, to Saturday, May 11, under the presidency 
of Air Vice-Marshal Sir W. Sefton Brancker. On 
the opening day a civic welcome was extended to 
the congress by the Mayor of Harrogate (Captain 
C. W. Whitworth), after which a paper on ‘“ Charac- 
teristic Features of the Transport Facilities of the 
North Eastern Area of the London and North 
Eastern Railway ” was presented by Mr. T. Hornsby, 
Divisional General Manager (North Eastern Area), 
London and North Eastern Railway. 

TRANSPORT FACILITIES IN THE NoRTH EASTERN AREA. 

After an historical introduction, Mr. Hornsby 
said coal had always been the principal traffic on 
the railway in the north-east area, and in 1922 
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over 42 million tons were conveyed, or 70 per cent. 
of the total freight. In 1928 the amount was 
38 million tons, of which over 23 million tons was 
for shipment at north-eastern ports. The present 
tendency was for shipping places to be constructed 
close to the mines. Thus while staiths had been 
erected recently at West Blyth, Dunston and West 
Dunston, Tyne Dock, which at one time dealt with 
7,000,000 tons per annum, had been considerably 
depleted. A peculiarity was that 89 per cent. of 
the coal transported in the area was carried in 
railway-owned wagons, mainly with a capacity of 
20 tons, though some 40-ton wagons were used. 
These were principally of the hopper type, owing 
to the method of discharge used both at the ports 
and at the iron and steel works. ach colliery or 
group of collieries was given a daily allotment 
measured in tonnage capacity, and steps were taken 
to maintain the supply of wagons necessary for this 
purpose. This allotment was based on a number 
of factors, and was frequently reviewed in the inter- 
ests of elasticity. The working forward of the coal 
from the mine to the dock, or staith, was determined 
by information regarding the time of arrival of the 
ship to be loaded. A similar arrangement based on 
weekly requirements, had been adopted with regard 
to wagons for the supply of coal, coke, limestone and 
ironstone to the blast furnaces and steel works on 
the Teeside. 

Coal for retail sale was delivered into open-topped 
cells at the various depots, thus ensuring the prompt 
discharge of the wagons and eliminating stacking, 
while coal for shipment was largely dealt with by 
staiths, in combination with hoists and con- 
veyors. These staiths were provided with gravity 
spouts, which were raised and lowered in accord- 
ance with the state of the tide. Telescopic ends 
were fitted to these spouts to cater for boats of 
different beam. Trap ends to check the flow of 
coal, ‘“‘slews”’ to assist horizontal trimming and 
electrically driven belts, so that shipping at an 
angle could be effected were also used. At Blyth, 
a number of anti-coal breakers had been installed. 
At Hull coal was shipped by long conveyor belts, 
hoists and cranes. 

As regards the iron and steel industry, ironstone 
from the Cleveland district was conveyed to Middles- 
brough in 20- and 30-ton hopper wagons owned by 
the railway company, while limestone was brought 
from Weardale and Wensleydale. Of the other 
industries in the area, mention might be made of 
the erection of sugar-beet factories at York and Selby, 
and of the manufacture of oils and cattle feeding 
stuffs at Selby and Hull, the latter town being the 
largest oil and seed crushing centre in the world. 

Finally, reference was made to the use of electric 
traction and steam rail coaches on the Tyneside, 
and to the acquirement by the railway company 
of an interest in the omnibus services in the district, 
one result of which would be the interchangeability 
of rail and omnibus tickets between specific pairs 
of points. 

The discussion was opened by Mr. H. A. Watson, 
who pointed out that one of the characteristic 
features of the north-east area was that the 
railways were much more exposed to competition 
from the sea than they were elsewhere. Another 
feature was the extraordinary short hauls of the 
traffic. For coal it only averaged 19 miles, so that 
the ratio of terminal time to running time was 
high and the cost was thereby increased. A third 
exceptional feature was the large proportion of coal 
traffic that was handled without the use of loco- 
motives. 

Mr. T. Storey said that the author had rather 
neglected the part played by the London and 
North Eastern Railway in the development of 
agriculture, while Mr. D. R. Gracie expressed dis- 
appointment that nothing had been said about the 
facilities provided at the ports for the rapid handling 
of traffic. These had always excited his admiration. 
Mr. M. S. Strang, added that in the past the railway 
company had been helped by the fact that their 
passenger traffic was mainly of a through character, 
and that they had had little to do to obtain it. The 
absence of competition had. meant that no great 
effort had had to be made to get business, and they 
had therefore been left free to develop their other 
resources. If they had to fight more they would 
probably have done better. 





Mr. J. T. Naisby remarked that in many ways 
the old North Eastern Railway had been pioneers, 
and instanced cheap tickets, interval services and 
publicity as examples. Road competition and bad 
trade had meant a large loss in passenger traffic, so 
that in taking over the local ’bus services the railway 
company were adopting a sound policy, since it 
would enable full advantage to be taken of local 
knowledge. 

Mr. D. R. Lamb thought that improved signalling 
and more economical power units would do as 
much as electrification to regain the traffic lost. 
The excellent arrangements that existed with regard 
to coal haulage were one of the results of a monopoly 
and it would be a great advantage, if railway- 
owned wagons could exclusively be used. He asked 
if such an arrangement could be enforced. 
Mr. D. E. Budworth pointed out that if the rail- 
ways owned all the wagons it would postpone the 
extension of the marshalling yards and generally 
assist organisation. 

In reply, Mr. Hornsby said that the question of 
electrification required a good deal of consideration. 
When it was first used on the Tyneside the traffic 
had increased, but this fell off again when the, local 
tramways were electrified. Much of this loss was 
regained by reducing the fares and improving the 
service, but recently again the effects of road com- 
petition had been felt, principally owing to the 
distance of some of the stations from the towns they 
served. Within the last few months, however, 
matters had once more improved. It would be 
greatly to the advantage of traders if the railway 
company owned all the wagons. 


TRANSPORT DEVELOPMENT. 


A paper on “Influences affecting Transport 
Development and Efficiency ’” was then presented 
by Major E. G. Beaumont, O.B.E., in which the 
author said that whether the numerical increase 
of the road vehicles in use, the growth in power, 
weight and travelling capabilities or the consequent 
necessity for improved highways and traffic manage- 
ment were considered, circumscribing factors 
affecting further development or efficiency would 
be found. Viewed broadly, there was at the present 
time an evident disparity between the traffic on 
the roads and the carrying capacity of the latter, 
both in urban and country districts. It was equally 
evident that time and the rate of expenditure had set 
definite limits to the efforts to improve the highways 
correspondingly. Variable weather and road sur- 
faces demanded constant watzhfulness on the part 
of drivers and there could be no doubt that 
inexperience, carelessness and negligence were 
together responsible for a considerable proportion 
of the increasing number of accidents. It was 
absolutely necessary that all serious accidents 
should be carefully investigated, in order that road 
transport should not be detrimentally affected. 
There would be common agreement also that earlier 
Acts should be consolidated in the much delayed 
Road Traffic Bill, and that new clauses should be 
included for the better regulation and control of 
road transport. 

As regards highway improvement, the provision 
of new, and the reconstruction of old, roads had 
removed obstacles to traffic flow and helped to 
reduce financial losses, which in London alone were 
estimated to amount to 25,000,000/. per annum, 
while the co-ordination of public services would 
remove a further source of waste. There were, 
however, many other hindrances to progress. 
The delay in connection with the Road Traffic and 
Bridges Bills was preventing much necessary 
strengthening of weak links. The passage of the 
former measure would enable regulations to be 
made to deal with public service vehicles, and thus 
remove the complications due to the existence of 
diverse and conflicting views. At present manu- 
facturers were unable to make substantial prepara- 
tions for construction, owing to the variety of 
regulations bearing upon such fundamental matters 
as limits of weight, leading dimensions and mechani- 
cal and carriage details. This constituted a for- 
midable obstacle to progress. 

Some reference was made to traffic manage- 
ment. Though in the case of large organisations 
the services were well maintained this example 
was not followed by the smaller undertakings, with 





the results that both men and vehicles were 
“sweated,” and that much public discontent 
arose due to bad road conduct, risky driving and to 
the use of schedules, which were in flagrant defiance 
of the law. Such matters brought discredit on road 
transport. This indictment applied equally to 
many haulage contractors. 

The discussion was opened by Mr. E. S. Shrapnell- 
Smith, who said that in dealing with fatalities on 
railways and roads, like was often not compared 
with like. This had reacted to the disadvantage 
of the latter. He thought that the “ terrible infre- 
quency ” of verdicts of manslaughter showed that 
the accidents were not due solely to the driver. It 
was good news that the Bridges Bill was about to 
receive the Royal assent. The notices on the 
bridges should show that the permissible axle weight 
was the loaded and not the unloaded weight, other- 
wise an unnecessary restriction would be placed on 
unloaded wagons. 

Colonel E. 8. Sinnott pointed out that the country 
authorities could not provide any more money on 
account of roads. If an increased programme of 
construction was required, it must therefore be 
paid for by the State. As regards road accidents, 
he would welcome a similar procedure to that now 
applied to the railways. He would also like 
to see a central body appointed to examine and 
report on the condition of the cast-iron bridges 
throughout the country and to suggest future action 
with regard to them. 

Mr. E. W. Willis said the position of the Road 
Traffic Bill was a scandal. It had been on the 
stocks for two years and nothing had been done. 
Major-General 8. S. Long thought that legislation 
should be introduced to force the pedestrian to 
use the same caution as the vehicular road user, 
while Mr. O. C. Power said that more real co-opera- 
tion was wanted between the rail and road autho- 
rities. The policy of cutting rates would not solve 
the question. Money would be better spent on 
widening existing roads and strengthening bridges 
than in constructing arterial roads. Mr. F. G. 
Bristow pointed out that the heavy taxation on 
motor vehicles was in many cases causing a reversion 
to horse traffic, with a consequent loss in fluidity. 
Less accidents were due to motor omnibuses and 
coaches than to any other type of vehicle. 

Major Beaumont, in reply, said he thought 
drivers’ tests were essential, but these should be 
conducted by their employers and not by officials. 

In the afternoon those attending the Conference 
visited York, where the carriage works of the 
London and North Eastern Railway and the factory 
of Messrs. Rowntree and Company, Limited, were 
inspected. The carriage works cover an area of 
about 62 acres, of which nearly 18 acres are occupied 
by buildings. They are well equipped and can 
turn out one vestibuled passenger coach every 
two days. A good deal of reconditioning work is 
being carried out. This normally takes place after 
about 80,000 miles have been run, and includes 
where necessary, the equipment of the stock with 
both vacuum and air brakes. 


(To be continued.) 








NOTES. 


MemoriAL TO MattHew Murray. 


History shows that progress in engineering is 
largely a matter of co-operation, even when, as 
is so often the case, that co-operation is instinctive 
rather than intentional. While, therefore, as we 
have recently pointed out, it is unprofitable that 
discussion should range round the claims of this 
or that pioneer to priority in the invention of a 
particular engineering device, it is only right that 
those who have made outstanding contributions 
to the information of which so much use is made 
to-day should receive due acknowledgment. It is 
for this reason, rather than because he may have 
been the first to build a successful steam locomotive, 
that we are glad to see that steps have been taken 
to commemorate the work of Matthew Murray, who 
has been called “‘ The Father of Leeds Engineering.” 
This memorial is to take the form of the erection 
of tablets in Leeds and at the Institution of 
Mechanical Engineers in London, the provision of 





618 


- ENGINEERING. 





Sie! ll 





a prize fund for scholars at the Leeds Technical 
College, and the making of copies of Murray’s 
models in the South Kensington Museum for the 
Leeds City Museum. Though 300/. is still required 
to complete the whole memorial, it has been possible 
to erect a tablet on the wall of a factory in 
Water-lane, Leeds, which occupies the site of the 
Round Foundry, built by Fenton, Murray and 
Wood over a century ago. This tablet, which 
was unveiled by the Lord Mayor of Leeds on 
Wednesday, May 8, consists of a bronze plate, 
on which are engraved a portrait of Murray with a 
brief history of his career, as well as a representation 
of the steam locomotive which ran on the Blenkinsop 
rack railway between Leeds and Middleton from 
1812 to-1835. It may be recalled that, as a young 
man, Murray commenced work with John Marshall, 
a flax spinner of Leeds, and soon afterwards 
succeeded in improving the machinery used in his 
employer's mill. In 1795, he joined David Wood 
in a workshop at Mill Green, where water power 
was used, while four years later he built a steam 
locomotive and started the works on the site of 
which the memorial has been placed. Among 
Murray’s inventions were the three-port slide valve, 
a screw-feed boring machine, and a metal-planing 
machine, while he was also one of the first to 
carry out researches into the strengths of cast and 
wrought iron, making one of the early hydraulic 
testing machines for this purpose. After Murray’s 
death, a number of workmen employed by him 
pooled their savings to form the firm now known 
as Kitson and Company. It is interesting to learn 
that a grandson of one of the founders of this 
undertaking was present on the occasion to which 
we are referring—in the person of Lieut.-Colonel 
E. Kitson Clark, who took the opportunity of 
paying a tribute to Murray as the embodiment of 
the common sense, courageous, able, determned, 
dogged, practical and, at the same time, imaginative 
genius which constituted the British character. He 
demonstrated this by saying that, only the other 
day, there came into the Airedale Foundry an 
engine built by Fenton, Murray and Wood, which 
had been running since 1838. 


PRoroSED ROYAL CHARTER FOR THE INSTITUTION 
OF MECHANICAL ENGINEERS. 

At a special meeting of the Institution of 
Mechanical Engineers, held on the 10th instant, a 
resolution was adopted to the effect that applica- 
tion be made to the Crown for a Royal Charter, 
the terms of which had been presented to the 
members of the Institution in the form of a draft. 
The President, Mr. Daniel Adamson, in _intro- 
ducing the matter, pointed out that during the last 
twenty years or so, seven institutions of a some- 
what similar character to the Institution of 
Mechanical Engineers had applied for, and obtained, 
Royal Charters, and there were in all thirteen such 
bodies holding Royal Charters, beginning with the 
Royal Society in 1662. The question of applying 
for a Charter had been discussed by the Council 
for a number of years, and it was now felt that the 
time had arrived when the matter should be carried 
forward. Mr. Richard Allen, who supported the 
proposal that a Charter should be applied for, 
said that it seemed anomalous that the Institution 
of Mechanical Engineers, which had been in existence 
for more than eighty years, should not have a 
Charter when the Institutions of Civil Engineers, 
Electrical Engineers and Naval Architects were all 
in that position. The proposal to apply for a 
Charter having been passed by the meeting, the 
President proposed that the form embodied in the 
draft should be accepted. Dr. H. S. Hele-Shaw, 
seconding this resolution, said that the question 
why the Institution had no Charter had been raised 
many times, and he had himself proposed the present 
application five years ago. It had been felt that 
that time was not opportune, but with the present 
membership of the Institution, and the fact that 
so many kindred, but less important, institutions 
now had Charters, made it evident that the time 
was ripe for the Institution to apply for one for 
themselves. The present time was particularly 


appropriate as, in a sense, this year marked the 
centenary of mechanical engineering. The Institu- 
tion was only 82 years old, but the year 1829, which 
saw the opening of the Liverpool and Manchester 


Railway and the triumph of the Rocket, marked 
one of the greatest advances in mechanical engi- 
neering. As the commg summer meeting of 
the Institution was to be held in Manchester, 
it would, in a sense, participate this year in this 
| mechanical engineering centenary. After the adop- 
tion of the draft Charter had been proposed 
and seconded, some discussion took place on it. 
Mr. Legros thought a Charter might be of great 
| value to junior members of the Institution. and 
| pointed out that, in connection with account- 
ants, for instance, there were different rates of pay 
for accountants depending on whether they were 
|chartered accountants or not. He would like 
to be assured that the proposed Charter was as 
full and complete as possible, and that the Institu- 
tion would not be forced to petition for a supple- 
mentary Charter at a later date. Mr. S. A. Smith 
and Sir George Willis referred to various detail points 
in the draft, Sir George Willis asking if the 
Council had considered the cost of alterations to 
bye-laws under Clause 12. The President, in reply, 
said that the Charters of the Institutions of Civil 
and Electrical Engineers had been constantly 
before the Council while they had been considering 
the proposed Charter, and they were satisfied 
that the form proposed would be the best for the 
Institution. The cost of alteration to bye-laws 
would not be heavy. After the President’s reply, 
the draft Charter was put to the meeting and 
unanimously accepted. We comment on some 
aspects of this matter in a leading article this week. 








FLAME CHARACTERISTICS OF PINKING AND Non- 
PINKING FUELS. 

The paper with the above title, which Messrs. G. B. 
Maxwell and R. V. Wheeler, D.Sc., read before the 
Institution of Petroleum Technologists on May 14, 
was a continuation of a similar paper presented last 
year, and dealt chiefly with iso-pentane, a pinking 
fuel, benzene, which is non-pinking, and mixtures of 
the two. The experiments were made in a cylinder, 
15 in. long and 6 in. diameter internally, provided 
with a fan which was drawn back flush with the end 
plate before igniting the mixture by a sparking plug, 
also mounted in the end plate, 1 in. below its centre. 
A glass window extended along the cylinder for 
observing and photographing the flame. The shrill 
note of pinking explosions occurred almost at the 
end of the flame propagation, when the flame, 
already vibrating, reached the end plate. A com- 
pression wave then travelled back, and an intense 
glow appeared throughout the flame products, while 
there was little or no after-burning in the wake of 
the travelling flame. Raising the initial temperature 
of the pentane-air mixture to 100 deg. C., affected 
the pinking only slightly ; in the benzene-air mix- 
tures, audible explosions were heard above 30 deg., 
and a shock wave was set up near 100 deg. The 
pinking seemed to be less spasmodic as the initial 
temperature was raised. In blends of pentane and 
benzene with air, ignition of the unburnt mixture 
sometimes occurred close to the end plate, and this 
auto-ignition sent back a second flame; but the 
explosions were not then more violent, and the 
auto-ignition did not appear to be the cause of 
pinking in an engine. The difference between pink- 
ing and non-pinking seemed to lie in the nature of 
the reactions proceeding in the hot gases remain- 
ing after the flame had passed. Of two pro-knocks 
tried, amyl nitrite proved much more effective in 
small proportions (0-15 per cent.) than ethyl ether. 
The addition of carbon dioxide weakened the oscilla- 
tions without suppressing them. Water-vapour 
had a pronounced mitigating effect. Carbon disul- 
phide-air mixtures gave continuous combustion, 
long sustained, behind the flame front ; hydrogen- 
air mixtures did not pink. It is concluded that 
pinking requires the shape and size of the cylinder 
and the mixture to be such that a stationary wave 
can be set up. It is rather strange that turbulence 
appeared to prevent the formation of a stationary 
wave without affecting the acoustic properties of 
the gas. 


THE JuNIOR INSTITUTION OF ENGINEERS. 


The annual dinner of the Junior Institution of 
Engineers, held on Friday last, celebrated the 
forty-fifth year of that body’s existence, from which 
it is clear that only sentimental reasons make it 





cling to its title, unless, like the fair sex, it is deter- 
mined never to admit before the world that it is 
growing up. In point of fact the Institution claims 
some notice that, as regards seniority, it is among the 
first ten bodies of the kind devoted to engineering, 
while we all know that members once young are 
no longer so in years, nor junior in status. Starting 
with 25 members, it now has nearly 1,600, and many 
Societies come after it both in date and membership. 
It has already had the distinction of answering to 
no less than five names, and obviously the present is 
neither one thing nor another, though it serves to 
perpetuate the basic principles of the body that the 
ideas of youth, as regards friendliness and helpfulness, 
should prevail within its borders, among and between 
members whether old or young. What will happen 
if the Institution is attacked by the Royal Charter 
fever, now so prevalent, it is difficult to say. Shall 
we some day have “Chartered Juniors” claiming 
attention ? We believe that, in order to establish a 
claim to a charter, proof is required of a definite 
contribution to progress not anticipated by claims 
of others. Whether the Privy Council would 
recognise it as sufficient or not, the Junior Institution 
has undoubtedly contributed to good fellowship 
among engineers in a way not accomplished by any 
other body, and, starting with the small nucleus of so 
many years ago has now leavened quite a good 
percentage of the profession with its spirit. The 
function on Friday last was, as usual, characterised 
by the genuine “ Junior”’ feeling between old and 
young, and for this reason alone was a success. 
The toast of the evening was “‘ Pioneers of Progress,” 
given by Mr. Frank Hodges and replied to by the 
President, Lt.-Col. J. T. C. Moore-Brabazon, M.P., 
himself a pioneer in aviation and other fields. In 
fact, among the pioneers of recent times, many 
have held the presidential office of the Junior 
Institution, to the undoubted advantage of the 
Society and most probably of themselves as well. 








THe Dreset-Evectric VESSEL “ BRUNSWICK.’’—A 
recent inspection of the Diesel-electric oil-tank ship 
Brunswick has revealed that the electrical machinery is 
in as good a condition as when first installed. The vessel 
is the largest Diesel-electric ship so far built in this 
country; it has a deadweight carrying capacity of 
12,500 tons and a maximum displacement of 17,680 tons. 
The Brunswick was constructed by Messrs. Scotts’ 
Shipbuilding and Engineering Company, Limited, 
Greenock, and was completed in August, 1928. The 
manufacturers of the electrical propulsion equipment, and 
of the auxiliary motors and control gear, were Messrs. 
The British Thomson-Houston Company, Limited, 
Rugby. The vessel is owned by the Atlantic Refining 
Company, of Philadelphia, U.S.A., and, at the time of 
inspection, had covered some 48,000 miles in 7 months. 
She had travelled between California and South Africa, 
Australia, and New Zealand. A description of the 
vessel appeared on page 272 of our issue of August 31, 
1928. 

INTERNATIONAL FounpRyY Concress.—The _ third 
International Foundry Congress and the twenty-sixth 
Annual Convention of the Institute of British Foundry- 
men will be held in London from June 10 to 14 next. 
The Congress is the third of the series of triennial Inter- 
national Foundry Congresses, the first of which was 
held in Paris in 1923, and the second in Detroit in 1926. 
The Congress proper will open on June 11, at 10 a.m., at 
the Guildhall of the City of London, when Mr. Wesley 
Lambert will deliver his presidential address, and papers 
will be read and discussed. The sittings of the Congress 
will continue on the mornings of June 12 and 13. The 
afternoons of June 11 and 12 will be devoted to visits 
to works in London and the Home Counties, and, at 
2.30 p.m., on June 13, an official visit will be paid to 
the International Foundry Trades Exhibition, Royal 
Agricultural Hall, Islington, N.1. An excursion to 
Canterbury has been arranged for Friday, June 14. 
The papers to be presented comprise: ‘“‘ Some Inter- 
Relationships in Grey Iron Metallurgy,” by Mr. J. W. 
Bolton; ‘‘ The Desulphurisation of Iron and Steel,” 
by Mr. K. Gierdziejewski ; ‘‘ Cast-Iron Testing Methods,”’ 
by Mr. Le Thomas ; ‘‘ Testing in Relation to the Design 
of Castings,” by Mr. J. G. Pearce; ‘‘ The Influence of 
Chromium in Cast Iron,” by Dr. J. W. Donaldson ; 
‘* Influence of Manganese in Cast Iron,”’ by Dr. A. L. 
Norbury; “The Practical Application of Nickel in 
Cast Iron,” by Dr. A. B. Everest; ‘‘ Practical Points 
from the Metallurgy of Cast Bronzes, by Mr. H. C. 
Dews; ‘“ Die Castings,” by Mr. A. H. Munday ; “ Staff- 
ing for the Foundry Industry,” by a Belgian author ; 
“The Problem of Foundry Moulding Sand,” by Mr. H. 
Van Aarst ; “ Coal Dust as Applied to Moulding Sands,’ 
by Mr. B. Hird; ‘“‘ The Application of Pulverised Fuel,” 
by Messrs. H. W. Hollands and E. Lowndes; “ The 
Critical Examination of Steel Castings,” by Mr. G. F. 
Gillott ; “‘ Influences on Graphitisation in Pig Iron,” by 
Professor Diepschlag; and “Crystalline Grains in 
Castings,” by Professor A. Glazunov. The general 
secretary of the Congress is Mr. T. Makemson, St. John- 





street Chambers, Deansgate, Manchester. 
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THE D.I.N. AND THE SKODA LIMIT | 
SYSTEMS. 
By Dr.-Ine. G. ScHLESINGER. 


In an article in ENGINEERING of March 30, 1928, | 


page 373, Professor Sawin, research engineer to the | 
Skoda Works, Pilsen, stated that the D.I.N. system of 

tolerances had not been found satisfactory in practice | 
in the Skoda Works, and that, after careful study and | 
investigation, he had developed a system of his own 

which was free from the defects of the German system. 

Professor Sawin stated that the D.I.N. system broke | 
down in practice because in many cases, owing | 
to the magnitude and orientation of its tolerances, | 
driving fits actually came out as sliding fits, leading | 
to rejection of pieces in interchangeable work. | 
In view of the conference on limit systems, which is | 
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to be held in Paris on May 22, and at which Switzer- 
land, Sweden, Czechoslovakia, Germany and Belgium 
will be represented, it will be well to examine 
Dr. Sawin’s statements and arguments. 

Dr. Sawin ascribes the so-called failure of the 
German limit system to its fundamentally wrong 
basis. The specification of tolerances in this 
system is based on the rule 


One tolerance unit = 0-0053/D 


It is argued by Dr. Sawin, however, that the toler- 
ances required in practice do not follow any definite 
rule, and certainly not such a simple one as this. 
The correct tolerance for each range of diameter 
must be fixed independently from consideration 
and experiment. 

The tolerances specified by the D.I.N. system are, 
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Dr. Sawin contends, too coarse for small diameter| 1918—and that any problems they raised were in 


ranges, and too fine for large diameters. Dr. Sawin 
stated that it was a further defect in the D.I.N. 


| system that fit characteristics had been specified 


in terms of the cube root of D. A grading propor- 
tional to the square root of D would be more correct, 
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the main satisfactorily solved, has been fully esta- 
blished by the extensive and entirely satisfactory 
practical application of the system during this 
long period. 

Turning to an examination of Dr. Sawin’s main 
| points, his first contention is that the basing of 
tolerances on 0-005 (/D is wrong, and that tolerances 
should be fixed independently for each diameter 
range. In reply to this, I would point out that, 
when the D.I.N. system was introduced in 1918, 
the point kept in view was the fixing of the smallest 
tolerances practicable for manufacturers, as was done 
at Skoda. The system paid due regard to the 
four main sources of error (a) surface defects, 
(6) inaccuracy of measurement, (c) temperature 
| influences, and (d) faulty geometry. The examina- 
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or to 0:0008 D. This basis had been adopted in 
the Skoda system. 

By fit characteristic Dr. Sawin understands 
minimum clearance in the case of running fits, 
medium clearance in the case of push fits, and maxi- 
mum clearance in the case of driving fits. He 
contended that, in view of the bad grading, and the 
basis of the tolerances, the D.I.N. system was not 
sufficiently definite. Finally, he alleged that a 
force fit was missing in the systems. The latter 
point can at once be refuted, as the normal sheets of 
the D.I.N. system Nos. 54 and 55, of 1923, specify 
force fits, as shown in Fig. 4 on’ page 620. 

Before examining the criticisms made by Dr. 
Sawin, it may be pointed out that all the objections 
now raised were thoroughly discussed and examined 
in Germany ten years ago—in the years 1917 and 


tion of these considerations led to results similar, 
although not identical, with those given in Figs. 15 
and 16 of Dr. Sawin’s article referred to. The 
practical tests and inquiries were conducted in works 
of widely-differing types and discrepancies amount- 
ing to several microns (1 micron = 0-001 mm.) were 
naturally found in the various productions of the 
different works. The idea of basing a limit system 
onthe result of an experimental inquiry in one 
selected works was excluded. It was realised from 
the first that an average value would have to be 
adopted, which covered as widely as possible the 
results obtained by all the works and investigating 
institutions, and which paid due regard to the vary- 
ing influences that might come into play. A 
thorough investigation of the kind which was con- 
ducted in Germany should have been made before 
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the adoption of the Skoda system. The system 
should have been tried by many firms of various 
types, and should not have been based on the ex- 
perience of one works only. 

One example will suffice to show that Dr. Sawin’s 
figures are not in accordance with experience gained 
in works of equal magnitude and standing to 
the Skoda. Dr. Sawin’s geometric curves for errors 
in hole and shaft do not accord with the experience 
of the Hannoversche Maschinenfabrik A.-G., of 
Hannover-Linden, which employs 6,000 men in 
the construction of locomotives, steam engines, 
automobiles and boilers. This firm’s experience for 
errors in holes and shafts is embodied in Fig. 1 
on page 619, which should be compared with Fig. 1, 
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of Dr. Sawin’s paper. It may be noted, moreover, 
that Dr. Sawin himself states in his article that he 
does not claim absolute accuracy for his values. 

In specifying the tolerances of the D.I.N. system, 
search was made for a curve which would not only 
reproduce the values, determined empirically, with 
sufficient accuracy, but also would not restrict 
tolerances to an uneconomical degree of fineness 
within the range of small diameters. Small 
diameters are most frequently employed in mass 
production, and every increased refinement in 
this range involves a large increase in manufac- 
turing costs over a wide range of industry. 

It was found in Germany that the practical 
requirements of manufacturers were well met by 


the 0-005%’D rule, and the D.I.N. system was 
accordingly based on it. In Fig. 2, on page 619, a 





Sawin (C.S.N.) systems for standard holes and 
standard shafts, and for the four grades common to 
both systems. The figure also includes graphs of 
the fifth Sawin grade, although the D.I.N. system 
does not recognise this grade. The difference 
between the two systems consists, as already 
stated, mainly in the fact that Dr. Sawin adopts 
smaller tolerances than the D.I.N. system for small 
diameters, and larger tolerances for large diameters. 
This cutting down of the tolerances for small 
diameters, would only be justified if the D.I.N. 
tolerances had proved unsatisfactory. As explained 
below, this has not been the case, and the D.I.N. 
system has been found satisfactory over a large 
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The following consideration will show that the 
costs in mass production are substantially increased 
by the adoption of the Sawin system. If for shafts 
of from 50 mm. diameter downwards the tolerance 
is reduced from 25 « to 20, as Dr. Sawin proposes, 
the reduction will increase costs by at least 20 per 
cent. and may increase them 40 per cent. to 50 per 
cent. With fine limits of this kind every reduction 
by 1 has a marked economic effect. The actual 
percentage increase of cost of any such reduction 
depends on the equipment of the works concerned ; 
working with fine limits might double the costs 
in some works. Some works, in fact, would be 
entirely unable to work to the finer limits which 
such reduction might involve. 

For large diameters, conditions are somewhat 
different. The minimum tolerances suggested 
by Dr. Sawin for large diameters deviate consider- 


ably from practical experience in large works, as 
shown in Fig. 1. Further, Dr. Sawin would increase 
tolerances to such an extent that the quality of 
the fits obtained becomes questionable and may no 
longer satisfy the demands of good practice. In 
respect to fine fits, push fits of the first and 
second grades, Dr. Sawin varies the tolerances but 
little in the range of large diameters. Generally, 
the saving in wages which could be effected on these 
large diameters, by the greater tolerances proposed, 
would far from justify the imperfect fits which 
might result. If one considers, for instance, the 
case of a shaft 360 mm. in diameter, the D.I.N. 
system allows a tolerance up to 60 for a fine 
interference fit, while the Skoda tolerance is 70 v. 
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This difference is one "of 16 per cent., while 
the saving in cost of production might be very 
small or non-existent, in view of the fact that all 
pieces of large diameter require very careful work- 
shop treatment in view of their intrinsic value. 
The systematic definite tolerances of the D.I.N. 
system serve the practical needs of industry better 
than the alternative proposals made by Dr. Sawin, 
and have the advantage of a common basis. It 
may be admitted, however, that the adoption of 
the Sawin system, with its substantially increased 
cost, would be justified for diameters up to 100 mm., 
most usual in mass production parts, if the claim 
that the D.LN. system satisfies all practical 
requirements were found to be untenable. 

Dr. Sawin believes that the main defect of the 
D.I.N. system lies in the fact that the tolerances are 


not based on the /D rule. As I have already said, 
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however, Dr. Sawin selects his tolerance character- | fit characteriatio, and not to select in one case the ce or medium, clearance is based on - D or 
istics arbitrarily. In practice, only the maximum| minimum and in the others the medium or maxi-| 0-0008D. 

clearance can be considered to be of importance,|mum. A comparison of the bases of the two] In order better to differentiate {between the two 
since maximum and minimum tolerances only occur | systems will show that the D.I.N. has a systematic | systems, diagrams making comparisons between all 
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fits common to the two have been plotted in Figs. 
3 to 6. Sacrificing economy, Dr. Sawin has, for 
all small diameters, made the tolerances for fine 
and precision fits smaller than the tolerances of 
the D.I.N. system. He has thus disregarded the 
main basis of all limit systems, which should be 
planned for sufficiently good, but not unnecessarily 
good, results (see Figs. 3 and 4). It is particularly 
striking that Dr. Sawin employs 33 fits against 
the 22 of the German system. In the system of 
Dr. Sawin there is one additional fit in the fine 
grade (Fig. 4) and in the third grade (ordinary 
fit, Fig. 5), Dr. Sawin has eight additional fits. 
Further, his fifth additional grade distinguishes 
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the whole series is repeated from running to driv- 
Fia8 KE ing fits. Strictly speaking, this differentiation is 
eal Ale 28 "n> A unintelligible, inasmuch as it appears diametrically 
257m. Dia. Keying Fit. M —" opposed to Dr. Sawin’s aim and intention. While 
oe sass sls | asserting that the D.I.N. tolerances of the second 





fine grade are too coarse for fine fits, he proposes 
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possible to produce fine fits with even larger toler- 
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in all countries, a reduction in the number of fits is 
together in rare cases when, in the parts to be| Structure and the Skoda has not. Maximum and | desirable. 

assembled, all the errors are additive on one or the | ™minimum clearances in the D.I.N. system are| The system which is fundamentally most satisfac- 
other side. It would have been more correct to | uniformly based on the unit 0-005 /D, apart from | tory whether the D.I.N. or another, cannot, however, 
designate the medium clearance uniformly as the | the force fit, while in the Skoda system only the | be selected merely by theoretical deductions. To 
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settle the matter, it is necessary to consult works 
managers and designers who are able to speak from 
long experience. It is only such experts who can 
claim authority in a matter which necessitates a fine 
sense of touch, in addition to long experience in the 
drawing office and workshop. In Germany, an 
appeal was made to a large number of leading firms 


to allow their chief engineers and designers to report | 


on the application of various limit systems in various 
branches of work. In this enquiry, the following 
classes of manufacture were represented by the firms 
whose names are given :— 

Machine Tools.—Messrs. Ludwig, Loewe, A.G., 
of Berlin; Messrs. Schuchardt and Schiitte, A.G., 
of Berlin ; and Messrs. Fritz Warner, A.G., of Berlin- 
Marienfelde. 

Engine Building.—Messrs. Hanomag, of Hanover ; 
Messrs. Hentschel and Sohn, of Cassel ; Messrs. Fried. 


Krupp, A.G., of Essen; and Messrs. M.A.N., of 


Augsburg-Niirnberg. 

Automobile Manufacture.—Messrs. Daimler-Benz, 
A.-G. of Untertiirkheim ; Messrs. Wanderer Werke, 
of Chemnitz-Schénau; Messrs. Nationale Auto- 
mobil Gesellschaft, of Berlin; and Messrs. May- 
bach-Motorenbau, of Friedrichshafen. 

Electrical Machinery.—Messrs. A.E.G., of Berlin ; 
Messrs. Siemens-Schuckerkwerke, of Berlin. 

‘Shafting and Gearing.—Messrs. Bamag, Berlin- 
Anhaltische Maschinenbau A.-G., of Dessau; and 
Messrs. Eisenwerk Wiilfel, of Hannover. As repre- 
senting experts in limit gauging, Dr. Ing. W. Kiihn, 
of Frankfurt on Main, and the author also reported. 

The opinions of the various works managers 
and experts were presented in a series of articles 
published in a special issue of Werkstatt Technik, of 
April 15, 1928, and, without exception, the authors 
expressed the opinion that the D.I.N. system had 
given entirely satisfactory results and was capable 
of meeting all manufacturing requirements. 

There is the possibility with the D.I.N. system 
that the driving fit of the second grade may, in an 
extreme case, pass into a sliding fit (see Fig. 4). 
This can, however, only occur when both the 
hole and the shaft happen to have the maximum 
allowable tolerances. Normally, a trained man will 
keep inside the allowable limits, and in any case 
absolutely to ensure a driving fit under all circum- 
stances, the shaft made to the second grade (fine 
fit) may be used in conjunction with a hole made 
to the precision fit. The same result is obtained 
by Dr. Sawin with the driving fit of the second 
grade (Fig. 7). Systems of limit gauging are in- 
tended to be used with discretion and not to be 
slavishly followed, and the terminology of the 
various classes of fit has been adopted to guide the 
designer, not to hamper him. 

The best proof of the utility of the D.I.N. system 
has been obtained in the difficult field of the manu- 
facture of ball and roller bearings, by Messrs. The 
A.E.G. and Messrs. Siemens-Schuckert. The A.E.G. 
employs the second grade fine driving fit in manu- 
facturing bearings for small motors and is turning 
out some 20,000 a month. They have also been 
turning out 40,000 parts a month made to the easy 
keying fit of the second grade and have not had a 
single case of rejection due to the tolerances allowed. 
Messrs. Siemens-Schuckert produce about 160,000 
D.I.N. fits 2 month in the manufacture of roller 
bearings. The production of the inner ring of 
the ball race is one of the most difficult items in 
everyday mass-production work, and in no case 
has the system of tolerances used been found to 
fail. In order to test whether the tolerances for fine 
fits and motor shafts had been properly selected, the 
firm subjected to re-examination a number of parts 
which had already passed final inspection. The 
results of these 20 re-measurements are given in 
Fig. 8. It will be seen that only about half the 
total tolerance allowable had been actually taken 
advantage of. A close tolerance, however, would 
not have been advisable. It would have raised 
the cost of manufacture and increased the pro- 
portion of rejections, while it would have neces- 
sitated more frequent renewal of the gauges. The 
re-examined parts were taken from ordinary stock 
made on mass-production methods, and represented 
a fair test of the quality of work being turned out. 
Of the 670,000 D.I.N. fits produced in these works 
every month, 160,000 are in connection with the 
manufacture of roller bearings. 
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| While it is theoretically correct to sayJthat a 
second grade driving fit may turn out to be sliding 
| fit, the experience of firms like the A.E.G. and 
Siemens-Schuckert establishes that any grade of 
work required in practice can be successfully pro- 
duced with D.I.N. tolerances, provided that the 
| drawing office and the shops properly understand 
the system. A works in which limit systems are 
'not correctly applied, will find even greater diffi- 
|culties with a system employing finer tolerances 
| than they will experience with the D.I.N. system. 
'In conclusion, it may be pointed out that the 
adoption of the D.I.N. system has not been confined 
|to Germany, but has been applied in Austria, 
| Belgium, Holland, Italy and Norway, either in its 
| entirety or with slight modifications. 








THE ROYAL SOCIETY 
CONVERSAZIONE. 


| Tue first Royal Society Conversazione of this 
| year, the fourth year of the presidency of Sir Ernest 
| Rutherford, O.M., was held last Wednesday. The 
exhibits, of average number, included various mat- 
ters of interest to the engineer. The two kine- 
| matograph demonstrations, given in the course of 
the evening by Dr. R. G. Canti, of King’s College, 
Cambridge, on behalf of the Strangeways Research 
Laboratory, Cambridge, illustrated the growth of 
living cells in normal and in malignant tissues on 
a much accelerated time scale, and also showed 
various recent investigations conducted in the same 
Laboratory, and in St. Bartholomew’s Hospital, 
London. 

Beginning with historical exhibits, we may first 
mention a portrait in wax of Sir Isaac Newton, 
shown by Sir Richard Glazebrook. The silver pocket 
sundial of John Churchill, first Duke of Marl- 
borough (1650-1722), exhibited by Mr. George H. 
Gabb, was made about 1705 by John Rowley “at 
the Sign of the Globe under St. Dunstan’s Church 
in Fleet-street.”” Rowley also designed the two large 
sundials for Christopher Wren on St. Paul’s Cathe- 
dral, which served originally to regulate Bradley’s 
great clock. Sundials of the pocket type were much 
carried in those days and were used to regulate ordi- 
nary watches. Marlborough’s dial is engraved with 
the latitudes of several localities known from his 
campaigns—Antwerp, Maestricht, Liége, &c.; the 
gnomon, indicating the latitude, was the tongue 
of the griffin of the Marlborough Arms. A similar 
sundial, also made by Rowley for the physicist, 
Charles Boyle, Earl of Orrery (1676-1731), was 
another exhibit of Mr. Gabb’s. Some of the very 
interesting series of photographs of eminent men, 
displayed by Mr. A. A. Campbell Swinton and taken 
by himself since 1877, may hardly be recognised by 
the younger generation, to whom men like Thomas 
Huxley, Sir Andrew Noble, Osborne Reynolds, Sir 
Frederick Bramwell, Sir Frederick Abel, and Sir 
William White, belong to a remote period. 

Dr. R. T. Gunther, Curator of the L. Evans 
Museum, Oxford, exhibited the apparatus by means 
of which Foucault measured the velocity of sight 
within the small space of his laboratory. Foucault 
described this great achievement in the Comptes 
Rendus of the second half of 1862, on page 792, 
but he did not illustrate the apparatus, which, 
indeed, has never been described in detail. The 
parts shown, only a few inches in height, comprise 
a diaphragm crossed by a wire, from which a beam 
of light, concentrated by a lens, was thrown on a 
rotating mirror, } in. in diameter, and mounted on 
the spindle of a turbine, which was driven by 
compressed air at 700 or 800 r.p.s. The light was 
flashed back to a fixed mirror and returned to the 
rotating mirror, which reflected it to an oblique 
glass plate and to the eyepiece. The velocity de- 
duced was 298,000 km. per sec., which differs very 
little from the now accepted value of 298,986 km. 
per sec. The Dent dipleidoscopes, of 1875, exhibited 
by Mr. R. S. Whipple, to which attention was 
drawn at last year’s Conversazione by Mr. C. V. 
Boys, are simple transit instruments, designed by 
J. M. Bloxam and made by Messrs. E. Dent and 
Company, of London. The name indicates that 
two images of an object are seen to coincide under 
conditions from which the position of the object 
can then be deduced. The dipleidoscope was a 
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hollow prism, an equilateral triangle, two sides being 
internally-silvered mirrors and the third of coloured 


transparent glass. The observer, watching the 
sun through the prism a little before noon, would 
see two solar images approach one another, then 
coincide, and afterwards separate again. 

The optical exhibits of Messrs. Adam Hilger, 
Limited, comprised the Thibaud X-ray grating 
spectrograph, which we illustrated in connection 
with the Physical and Optical Societies’ Exhibition, 
on page 83 of our issue of January 18 last, and a 
new reflection echelon grating made on the proposal 
of -Mr. W. E. Williams, of King’s College, London. 
When Michelson first described his echelon spectro- 
scope in 1898, he also considered a reflecting type, 
but was afraid that it would be too difficult to join 
the separate plates so as to have always the same 
distance between them, especially considering that 
the construction of a reflecting echelon, having 
nearly four times the resolving power of a trans- 
mission echelon, would require four times the accu - 
racy of workmanship. Messrs. Hilger, however, have, 
for many years, been most successful in producing 
optically true plane plates. The echelon shown 
was a metal box in which 25 plates of platin- 
ised fused silica are mounted vertically in direct 
contact, so that each plate overlaps the one in 
front of it a little, and so that 24 steps, 1 mm. 
in height, are formed. The first plate is about 
lem. high. The effective aperture of this echelon 
is 40 mm. by 24 mm., and the resolving power, 
for A = 4,000 A, is 875,000. Larger types of 38 
or 40 plates, have resolving powers of 1,150,000 
and 1,400,000. Another exhibit of Messrs. Hilger 
was a quartz prism of remarkable size, with faces 
7 in. long and 4} in. high. The prism, made of 
crystalline quartz, for a quartz monochromatic 
illuminator, is of the Cornu type, that is to say it 
consists of two right-angled triangular prisms with 
two faces in optical contact, one half being left- 
handed and the other right-handed quartz. 

Messrs. The Parsons Optical Glass Company, Derby, 
showed photographs of glasses for astronomical tele - 
scopes remarkable for their size. There were flint 
and crown discs, 43 in. in diameter, for large re- 
fractors of 41 in. clear aperture ; a hard crown lens, 
roughly polished, 32 in. in diameter, suitable for use 
as the positive component of a 30-in. refractor ; and 
thick plates of flint glass, cut from large blocks and 
polished on all six surfaces for examination prior 
to being moulded into discs intended for object 
glasses. 

The only astronomical exhibit, by the Astronomer 
Royal, consisted of three charts, two showing the 
minor fluctuations in longitude of the sun and moon 
since 1750, and a third showing the behaviour of 
the free-pendulum clock Shortt No. 3, to which we 
referred in connection with a paper read by Dr. J. 
Jackson, of Greenwich, at the Glasgow meeting of 
the British Association, on page 450 of our issue of 
October 5, 1928. 

(To be continued.) 








TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British Posses- 
sions and in foreign countries. The closing date of 
each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Breakwater and Jetty.—The construction of the 
Silsileh branch of the Port-Est breakwater and the 
Silsileh jetty. The Municipality of Alexandria, Egypt ; 
October, 29. (Ref. No. A.X. 7930.) 

Slaughter House, &c.—The construction of a slaughter 
house, cold storage, and refuse destructors. The 
Municipality of La Plata, Argentina; June 12. (Ref. 
No. A.X. 7932.) 

Bridges.—The construction of a bridge over the 
Bagouriah Canal, near Kasr Nasr-El Dine; July 25 
(Ref. No. A.X. 7955). The construction of a swing 
bridge over Bahr Chebin Canal, near Ibkhas; July 23. 
(Ref. No. A.X. 7956.) The Egyptian Ministry of Com- 
munications. 

Rails.—On page 582 ante we stated that the Board of 
the Port and Railways, Lourengo Marques, was calling 
for tenders for rails, fishplates, and bolts. We now learn 
that the closing date has been postponed from June 24 to 
August 15. (Ref. No. A. 7969.) 

Tunnel Construction.—In connection with the call for 
tenders for the construction of a tunnel through the 
Precordillera, Mendoza, mentioned on page 106 ante, we 
are informed that the Argentine Department of Sanitary 
Works, Buenos Aires, has postponed the closing date 
from April 8 to May 23. (Ref. No. A. 7970.) 
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A NEW METHOD FOR THE PRO- | which is easily renewable. A circular ingot, height 


* | 45 in. diameter 70 in., and weight 20} tons, was cast 
DUCTION OF SOUND STEEL | by the new method. There was no trace of V-segregate 


By The Hon. Sir Cuartes Parsons, 0.M., K.C. B.| oF axial weakness in the ingot, and the main segregate 
F.R.S., and H. M. Duncan, B.Sc. | was only noticeable at the top, which would a 
THE authors’ method of overcoming segregation and | carded. Fig. 2 gives the chemical composition, and 
axial unsoundness is based on the principle that the | attention is drawn to the uniformity and to the absence 
freezing of the ingot should proceed from the bottom | of serious segregation. The mechanical properties of 
upwards, the isothermals being substantially parallel | the ingot are shown in Table I; the positions from 
to the bottom of the ingot. A patent has been granted | which the test-pieces were taken are indicated in Fig. 7. 
to the authors for a process of casting steel ingots! A more detailed examination was made of a section 
comprising the pouring of the molten metal into a/ cut from the centre of the ingot. This was etched, 
mould having its longitudinal dimensions greater | first with 5 per cent. alcoholic nitric acid, and then 
than its vertical, thick refractory materials covering | with Heyn’s reagent. The etching picture showed 
the sides of the mould and a bottom chill of large | long narrow grains, streaming with slight inward 
dimensions, preferably of metal, preheating the mould | curvature to a horizontal line just below the tails 
to a high temperature of the order of molten steel| of the top segregate. The surface was next etched 
before pouring the metal therein, and continuously | with Humfrey’s reagent, the acidity being increased 
supplying heat to the upper surface of the molten| from 0 per cent. to 4 per cent. until the etch was deep 
metal after casting, so that the upper layer is the last 
to solidify. 
Fig. 1, on this page, represents a section of an ingot 


Fig.1, SECTION OF AN INGOT AND MOULD. 
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zone up to the top quarter. (e) Fine and uniform 
graining of the top quarter, with the exception of 
the top segregated zone, which was dendritic. The 
transverse markings appear roughly to follow the 
iso-thermals. The tensile test, No. 9, Table I, taken 
across one of these markings, revealed a definite 
flaw and reduction in strength. Micro-examination 
of section F, Fig. 7, containing the plainest of these 
markings, showed an almost continuous line of inclu- 
sions in a ferrite band. 

As all steel makers and steel users know, non- 
metallic inclusions are among the most harmful 
defects which occur in steel, and particularly if they 
occur in definite bands, as they have done in this 
case. All steel makers know that when a stream of 
liquid steel strikes the cold bottom of a mould and 
spreads over its surface, the fluid metal is considerably 
cooled, and may even become solid. As the mould at this 
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stage is full of air, oxidation takes place; the oxide 


Fig.2. THE CHEMICAL COMPOSITION OF A LONGITUDINAL SECTION OF THE 20-TON INGOT AT 
ITS CENTRAL AXIS. 
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Tur Positions or Test PIECES AND MICROSECTIONS TAKEN FROM THE CENTRAL SLICE OF THE 20-Ton INGOT. 


and mould. The mould consists of a strong sheet-steel| enough for contact printing. Some features of the | is liquefied by further additions of fluid metal, and, 


casing (a), slightly conical in form, as shown, and| structure, from the bottom up, were: 


(a) A fine | according to generally accepted ideas, it should float 


reinforced by heavy angles (b) at the top and bottom. | equiaxed layer, about 1 in. thick. (6) A columnar | to the surface, but, unfortunately, owing to the down- 


The casing is lined with shaped firebrick quorls (d) 
closely fitted together and to the outer casing, and is 
preferably provided with lifting eyes (c) riveted to 


layer, 5 in. deep, crossed by several very narrow | ward pressure of the stream of metal,¢much of this 


TABLE I.—MEcHANICAL TESTS FROM CENTRAL SLICE. 





the sides. The cover (e) is likewise made of suitably 
shaped firebrick quorls fitted together and into a 
massive steel angle ring (f), which retains them. The 


Tensile Tests. 





| Izod Test. Ft.-lb. 120-ft.-lb. Machine. 




















| 

cover (e) may be lifted by the eyes (g) riveted to the | Pi Yield. Tons | Break. Tons | Elongation. | Contraction. | 1 = | 4 
ring (f). In the cover one or more suitable holes (h) | — per square inch.| persquareinch.| Per cent. Per cent. | : ss : 
are provided for the insertion of gas or oil burners (J), | bn - 
and also one or more suitable vent-holes (&) to allow 1L 18-5 26-5 1-0 Nil 1:5 2-5 2-3 
the hot gases to escape. These burners are used for | oT 19-0 21-0 Nil Nil | 1-8 1:8 2-0 
applying heat to the surface of the metal after pouring, | 3L 13°5 31-5 15-0 20°5 | 5-0 5:1 . : 
in order to keep the top layer molten until the last, | 7 <2 a ae Ci aa oa 3.0 
while the mould is preheated by placing it, with its | 6T 12-0 28-5 14-0 18-0 6-7 5-5 5-2 
cover in place, on the top of an adjoining firebrick | 7L 12-0 29-5 17-5 21-0 | 5-1 6-8 a 
table containing suitable gas or oil burners delivering | ig ih -F pt bah iigne ~ oe 
flame upwards. If desired, the burners (j) may be} 107 13-0 29-5 32-5 45+5 6:5 as 8:0 
used for preheating the mould. The cover is also| 11L 15-0 29-8 25-0 | 38°5 10-5 8-5 5:2 





| 


| 
| 
| 
| 





provided with a hole (1) for use when pouring. 

The chill block (m) may be of cast iron or steel 
formed of one or more pieces fitted together; it is 
preferably protected on its upper surface against 
the wash of the molten steel by a thin steel plate (n), 


transverse markings. These markings were surrounded 
by shorter grains, which appeared darker in the print. 
(c) General equiaxed graining from the columnar zone 
upwards, except for one white band of long and almost 
vertical dendrites. (d) Bands of longish dendrites of 
no special orientation occurring within the equiaxed 








r read before the Iron and Steel Institute, 
Abridged. 


* Pa 
in London, on Friday, May 3, 1929. 





L = longitudinal ; 7 = transverse. 


scum is retained in the bottom portion of the ingot. 
It is generally found in practice that as the area of 
the ingot is increased, the amount of non-metallic 
inclusions in the product is usually greater. In 
order to minimise this defect, it is necessary to flood 
the mould bottom as quickly as possible. 
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™ In the case of the authors’ ingot, it should be borne 
in mind that the area is very great—6 ft. in diameter 
and, further, the bottom is composed of plates 6 ft. 
deep, in order to induce very rapid cooling. As the 
nozzle was only 1} in. in diameter, the flooding of 
the bottom was slow, and consequently oxidation 
would occur, with the formation of scum. In the 
authors’ opinion these transverse defects can be entirely 
prevented by a proper teeming speed, using more or 


ENGINEERING. 





cent. Some of the specimens were first heated to 
980 deg. C. and cooled in the furnace, the ultimate 
strength values of these were found to be between 
27-6 and 33 tons per square inch, the elongation on 
2 in. from 10 per cent. to 27 per cent. and the reduction 
of area from 15-2 per cent. to 50 per cent. 

The ingot can be forged in the ordinary way under a 
vertical press by casting a head or stalk on the top 





increasingly difficult, and the utmost care must be 
exercised to produce a sound forging ; in designing, a 
large factor of safety must be allowed on account of 
the segregated areas. Since modern electrical rotors 
are becoming larger and larger, and there is no satis- 
factory alternative to a solid forging, it becomes 
increasingly important that some method should be 
adopted whereby segregation and axial weakness 





of the ingot after it has just set, thus enabling a porter 





Fie. 10. THE SEGREGATED ZONE, PosITION 


A In Fic. 7, SHOWING INCLUSIONS IN THE 
’. FERRITE. xX 50. 


larger nozzles, and in confirmation of this a 3-ton ingot, 
3 ft. in diameter, cast with a nozzle 1} in. in diameter, 
was found to be entirely free from these defects. 
Microstructure.—Microsections were taken from 
the positions A, B, (', D, Z, and F, in Fig. 7. Inclusions 
of various types were visible in the unetched specimens. 
The more numerous were very small, and occurred 
mostly in lines. There were, however, a few large 
isolated inclusions showing a duplex structure. Micro- 
graphs of representative fields are given in Figs. 10, 
1l, 13 and 15 on this page. All specimens were 
etched with nitric acid. Figs. 10 and 11 from the 
segregated zone show, respectively, inclusions in the 
ferrite, and rather high carbon. Fig. 13 shows a coarser 





structure with more ferrite than Fig. 11. Fig. 15, 


TA BLE II.—Rap1at Test-Pieces Cut FROM A TRANSVERSE SECTION OF A LARGE FORGING, 57-IN. IN DIAMETER, | 
MADE IN THE ORDINARY WAY. 





Fia. 11. 
A IN fF ic. 7, SHOWING RATHER HIGH 
CarRBon. X 50. 


THE SEGREGATED ZONE, POSITION 


bar to be used. This has been done with an ingot | 
weighing 20 tons, and the ingot, 72 in. in diameter, | 
forged to a bloom 40 in. in diameter in one heat. 
Segregation.—In considering the heterogeneity of a | 
steel ingot as disclosed by analysis, it must be remem- | 
bered that such analyses only give the average com- 
position of the material drilled from a % in. or }4-in. 
hole, and are not a satisfactory guide to the intensity 
of the segregation and its evil effect, as the drillings 
always contain purer metal which dilutes the samples. 
Judged by the results obtained by analysis alone, there | 
would not appear to be much difference between the | 
amount of segregation in the authors’ ingot and that 
in an ingot cast by the best ordinary method, but 
if the sulphur prints and macrographs from these 





| 
Across the Segregate. | 
| 





Near the Outside. 











means Det Ultimate a bere | EES , 
= — Strength. | Elongation on 2 in. a of badly —_ Strength. | Elongation on 2 in. i | 
souare inch Tons per | Per cent. P st | P h Tons per Per cent. Per cent. | 
q * | square inch. | EOE. || SEURES IM: | arnnte ncn: | : 

| 

| —e | eee parte = | 
18-0 | 21-92 | 20 4:9 17:8 34:0 | 24-0 335 
18-6 23-24 | 3-5 O.M.H 4:9 18-8 34°68 | 23-0 24-5 | 
18-8 X e: | 3-0 0.G.L a 18-6 35-6 | 20-0 24+5 | 
18-2 31:8 7-0 11:7 | 18-0 35-52 | = 21-5 | 88-5 
18-8 31-2 6-0 O.G.L. 11-7 | 18-8 35-2 24-0 O.M.H. | 2405 
18-6 31-4 8-0 O.M.H. | M7 |] Bee 34:56 30°5 | 47-2 
18-4 29-48 | 5:0 8-4 | 192 | 34:0 | 21-5 30-6 | 
18-8 26-28 | 4-5 8-4 | 17-0 33-96 24-0 33-5 | 
18-5 27-9 | 4-9 8:8 18-2 34-6 | 23-6 31:5 





| 





O.M.H. = outside middle half. 


from the chilled zone, shows more ferrite with less | 
marked patterning, and definitely selective etching of 
the ferrite grains. Other microphotographs showed 
numerous small and a few Jarge isolated inclusions 
in a ferrite band. It should be noted that the four 
microphotographs which appear on this page have 
been reduced, in reproduction, to two-thirds of their 
original size. 

A section, designated Section 1, adjoining the central 
slice of the ingot, was sulphur printed ; it was after- 
wards etched with a 12 per cent. neutral, then with a 
5 per cent. acid ammonium copper chloride solution, 
and finally with 5 per cent. nitric acid solution. 

This latter method of etching is more drastic than 
the copper ammonium chloride, and consequently 
destroys the outline of the primary crystallisation. 
It only shows the secondary crystallisation—that is, | 
the structure which is formed within the primary | 
network. The structure comprised a line of fine| 
crystals at the extreme bottom end of the ingot, from | 
which grew columnar crystals for a distance of about | 





6 in. ; above this was an area of indeterminate structure, | steel.” 


then an outline of crystals, and towards the outside a 
very marked crystalline structure. Mechanical tests | 
were also taken on specimens cut from various pgsitions | 
in Section 1. The ultimate strength value was found | 
to range from 28-3 to 32-6 tons per square inch, the 
elongation on 2 in. from 12 to 26-5 per cent., and 
the reduction of area from 18-4 per cent. to 47-2 per! 





0.G.L. = outside gauge length. 


X = broke in radius. | 


may be diminished or avoided altogether. Probably 





Fie. 13. Postrion C in Fic. 7, SHOWING 
A COARSER STRUCTURE WITH More FERRITE 
THAN Fie. ll. x 50. 





Fie. 15. Position # 1n Fic. 7; Tue 
CHILLED ZONE. X 50. 


everybody will agree that steel free from segregation 
and axial weakness is to be preferred for every purpose, 
provided it can be obtained at a reasonable cost, and 


‘the authors think that this can be secured by their 


process. 








Royat Arm Force Disptay.—The tenth Royal Air 
Force Display will take place at Hendon, London, 
N.W.9, on Saturday, July 13. The programme will 
provide a demonstration of the functions of the Royal 
Air Force ; events are to be incorporated indicating the 
progress of training and the latest developments in air- 


| manship and service aircraft. 


ingots are examined, the difference is seen to be very | 
marked in favour of the new method. Further, when 
the great loss of ductility across the segregated areas 
in the ordinary ingot, as shown in Table II, is borne 
in mind, it is felt that sulphur printing gives a truer 
indication of the harmful segregates than analysis. 

The left half of Table II gives the results of mechanical 
tests taken radially across a segregated zone from a 
forging 57 in. in diameter cast in the ordinary way ; 
the right half of Table II gives the mechanical tests of 
the material nearer the outside of the same forging. 
Attention is directed to the very serious loss in ductility 
met with in the segregated zone ; as these zones run in a 
longitudinal direction, forgings and guns exposed 
to centrifugal or bursting stresses are considerably 
handicapped. 

Woodvine and Roberts,* in a paper on “ The 
Influence of Segregation on the Corrosion of Boiler 
Tubes and Superheaters,”’ stated : ‘‘ Where it has 
been possible to get positive evidence from service 
failures the trouble could usually be traced to segregated 





| 

The Heterogeneity Committee has pointed out | 
that segregation increases with the size of the ingot, | 
and as the stresses due to heating or cooling also | 


increase in proportion to the mass, the manufacture 
of large forgings free from internal fissures becomes 





* See ENGINEERING, vol. exxi, page 646 (1926). | 





British ScrENCE GuiILtp.—We have received from the 
secretary of the British Science Guild, 6, John-street, 
Adelphi, London, W.C.2, a copy of the annual report of 
the executive committee of the Guild for 1928-29. 
This was presented at the general meeting of members, 
held in London on May 8 last. The contents of the report 
include two addresses, one on fertilisers from the air, by 
Sir Frederick Keeble, and the other on synthetic drugs, 
by Mr. F. H. Carr, both of which were delivered at a 
meeting held in London on April 24 last. 





British STANDARD SPECIFICATION FOR DISTRIBUTION 
Boarps.—The British Engineering Standards Association 
has recently issued a new specification, designated No. 
214/1929, for distribution boards. The new publication 
is a further addition to the series of standard specifica- 
tions for electrical accessories and installation materials. 
It relates to two-pole distribution fuse-boards and 
distribution switchboards, for ordinary duty, with work- 
ing currents not exceeding 30 amperes per way, and for 
use in circuits, the voltage of which does not exceed 
250 volts. The boards are rated in terms of the largest 
current, per way, which can be carried continuously 


| without the temperature-rise of any of the parts exceeding 


a specified amount. There are three standard sizes, 
namely, 5, 15 and 30 amperes per way. The specification 
lays down requirements as to design and construction of 
wood and metal cases, the performance of the switches 
(if any), and fusible cut-outs, and details of tests to be 
carried out on completed distribution boards. Copies of 
the specification can be obtained on application to the 
Publications Department, B.E.S.A., 28, Victoria-street, 
London, S.W.1, price 2s. 2d. post free. 
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THE HARDY ELECTRIC HEADING 


MACHINE. 


CONSTRUCTED BY MESSRS. THE HARDY PATENT PICK COMPANY, LIMITED, ENGINEERS, SHEFFIELD. 





Fig.1. 


(1335 A.) 


(1335. B.) 
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Fie. 5. GENERAL ViEW oF MACHINE, SHOWING Motor, GEAR Box AND CUTTERS. 


THE HARDY ELECTRICAL HEADING | as longer cutter bars are inserted in the head. The 
MACHINE. | machine will cut from 12 ft. to 20 ft. in width and 


5 ft. to 6 ft. in depth at one setting, with a height of 
UntTiL comparatively recently, the electrically- | cut of about 34 in. 
equipped mine was at somewhat of a disadvantage in| The mechanism of the machine is shown, in some 
the matter of working headings and other confined | detail, in Figs. 1 to 3, but its general appearance may 
spaces, as there existed no electrically-driven appliance | best be gathered from Figs. 4 and 5, the former of 
capable of doing similar work to the small air-driven| which shows the column round which it is slewed, 
percussive heading machine, the use of which, in such a | whilst the latter shows the motor casing and gear-box. 
mine, involved the installation of an air-compressing set | Dealing with the mechanism first, it must be under- 
of something like 20 brake horse-power. Effective |stood that this consists of three elements, viz., a 
electrical heading machines have, however, now been | slipping friction clutch to prevent damage to the 
evolved, an example of which we illustrate in the accom- | motor should the machine be stalled; the gear for 


panying Figs. 1 to 5. These show the Hardy electrical 
heading machine, manufactured by Messrs. The Hardy 
Patent Pick Company, Limited, Sheffield. It consists 
of a power unit mounted on a small trolley and actua- 
ting a rotating cutter bar which is also given a recipro- 
cating motion, the method of construction permitting 
the ratio between the number of revolutions and recipro- 
cations to be varied if desired. The machine can be 





rotating the cutter spindle; and the gear for recipro- 
cating it. The friction clutch is situated on the shaft 
which transmits the power to the rotating and recipro- 
cating gears. This is a small secondary shaft carrying 
at one end a pinion which meshes with a similar pinion 
on the motor shaft, and, at the other, the friction disc 
of the clutch. Both faces of this disc are gripped 
between friction rings attached to the outer casing of 


rotated round a centre, so that an arc-shaped undercut | the clutch, which is itself keyed to a sleeve running 
is made the width and depth of which is increased | on the shaft and terminating in the pinion marked A 
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Fie. 4. GENERAL VIEW OF MACHINE, SHOWING COLUMN. 


in Fig. 1. The necessary degree of friction in the 
clutch is maintained by the helical springs shown. 
When the machine is working up to its capacity, the 
arrangement described provides for the pinion A and 
the secondary shaft running together as one part, the 
driving power being transmitted to the rotating and 
reciprocating gears through the pinion. Should the 
machine be carelessly handled or the pick strike some 
very hard material, the clutch slips and the secondary 
shaft continues to revolve, and also the motor, without 
rotating the pinion. When the pick is released by 
withdrawal for a short distance, the clutch immediately 
re-engages. 

The pinion on the clutch sleeve engages witn a 
pinion having three separate toothed peripheries. 
These are distinguished by the letters B and D in 
Figs. 1 and 3. One of the former is the drive, the 
other, meshing with the pinion C on the cutter spindle 
causing it to rotate. The centre part of the triple 
pinion D drives, through a gear train E, F, Fig. 3, the 
cylinder enclosing the spindle reciprocating gear, which 
cylinder is formed as a pinion at the end G.- The 
method of rotating the cutter spindle is readily followed 
by a reference to Fig. 1, and it is only necessary to 
point out that the spindle is free to move axially in 
the pinion C, a short key in a long keyway permitting 
this sliding movement. The method of reciprocating 
the spindle is not, however, quite so apparent, but is 
clearer if it is borne in mind that the cylinder G is 
rotated independently of the pinion C and the cutter 
spindle. The spindle is formed with a cylindrical 
cam, in:the groove of which a pin, on the inside of the 
cylinder G, engages. The independent rotation of the 
cylinder, then, during which the pin moves in one 
plane only, causes the spindle to reciprocate by dis- 
placement of the cam in an axial direction. The 
pin is furnished with a roller. In the example shown, 
the ratio of the gear wheels D and E is such that the 
cutter spindle makes a complete revolution while it is 
being thrust forward and another during its return, but 
by fitting wheels of different diameters the relation of 
the two motions can be altered, the rationale of the 
operation being analogous to changing the gears of a 
screw-cutting lathe. 

The manceuvring mechanism is constructed as 
follows: The column is rigidly bolted to a base plate 
which is mounted on four wheels having a gauge to suit. 
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THE TRANSFER 


PERIODIC VARIATION OF TEMPERATURE 


IN THE CYLINDER WALLS. 
Fig. 45. 
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REDUCTION IN THE VARIA- 
TION OF TEMPERATURE IN 
THE INTERIOR OF THE 
CYLINDER WALLS. 


Fig. 46. 
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Fig. 48 TEMPERATURE CURVES WHEN WARMING-UP. Fi ig. 49. ADDITIONAL STRESSES WHEN Fig. 50. ADDITIONAL STRESSES INA 
Gas % 


Wall Water 











the particular colliery concerned. The column con- 
tains a jack-screw, operated by a ratchet lever, which 
is used to secure the machine in position by pressure | 
on the roof of the working, the wheels, of course, | 
having been removed on the arrival of the machine | 
at its destination. On the lower part of the column, 
and free to swivel, is carried a casting to which the 
sliding way for feeding the cutter spindle is attached 
by means of the conical foot seen in the part longitudinal 
section Fig. 2. This method of attachment permits the 
cutter to be tilted slightly in a vertical plane, a property 
of the machine likely to be useful when cutting at floor- 
level is required. A locking bolt is seen to the right 
of Figs. 1 and 4. A casting, embodying a toothed 
sector, is rigidly clamped to the upper part of the 
column. This is best seen in Fig. 5. The swivelling 
casting is formed with a bracket carrying a worm 
which gears with the sector and is rotated by a lever 
handle. This gear provides the swivelling movement 
of the cutter in the horizontal plane. The motor, 
gear-box and cutter head slide on the pair of ways 
above referred to. A portion of the ways, which are 
flat, is seen to the right of the gear-box in Fig. 5, and 
beyond them is the traversing screw with the lever 
handle by which the cutter is fed up to the coal-face. 

The motor, of 24 h.p., is flame-proof, and the gear-box 
oil-tight, the lubrication being devised so that the 
gears run in oil. Ball bearings are fitted throughout. 
The cutter head is provided with a conical chuck, 
having a cap secured by two bolts. The cutter bars, 
as shown in Fig. 4, are of four different lengths, with 
detachable picks. Cutting is done with the edge of 
the picks, a forward feed of two full turns of the feed 
screw being usually given, followed by the horizontal | 
swivelling motion imparted by turning the worm handle. 
As soon as the desired depth is obtained at the centre 
of the cut, the operator squares out the arc-shaped groove 
until a channel of uniform depth is obtained. In 
working on a longwall face, or when pillars are being 
taken out, the successive cuts break into one another 
and give a continuous undercut, the machine being 
moved transversely as desired. The total weight, in 
working condition, is about 8 cwt., and two men can 
handle the machine. When working, one man operates 
the cutter, while the other clears away the holings from 
the undercut. 
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THE TRANSFER OF HEAT IN RE- 
CIPROCATING ENGINES.—V. 
By Proressor Dr.-Ine. A. NAGEL. 
(Concluded from page 469.) 


In the two preceding articles the results of investiga- 
tions carried out on a steam engine were considered, 
and attention may now be devoted to a similar in- 
vestigation on a Sulzer Diesel engine. Before this 
work was carried out, the opinion was commonly held 
that the surfaces of the walls exposed to the hot gases 
participate uniformly in the heat transfer. This 


change, due to the periodic temperature variations of 
the working cycle, was unimportant from the point of 
view of practical design. This assumption led to 
serious errors, particularly in cases where the cylinder 
size was large and the revolution speed was low. 

Dr. Eichelberg, of Sulzer Brothers, Winterthur, 
Switzerland, basing his conclusions on diagrams of the 
temperature variation at the inner surface of the 
liner, deduced by Fourier’s analysis, was the first to show 
that, in spite of small temperature variations, the heat 
fluctuation was comparatively great, and also that, 








| | “ENGINEERING 


due to the fluctuation in the quantity of heat, the 
stresses in service may, under certain conditions, 
become dangerous. Fig. 45 is a diagram for a point 
of the combustion chamber of a Diesel engine, giving 
the computed temperature variation at depths of 
1, 2, 3, 4 and 5 mm. below the inner surface of the 
metal. In preparing such diagrams, EKichelberg used 
one of the most recent formule derived by Latzko 
for the heat transfer in pipes. He showed that the 
coefficient of heat transfer was directly proportional to 
the specific heat of the gas at constant pressure, 
Cy per unit volume at standard pressure and tem- 
perature, and was also directly proportional to 
the velocity of the gas v raised to the power of three- 
quarters. 

Thus, if « is the coefficient of heat transfer, we have 
a = 24,0°-Cy: vt keal. per square metre per deg. C. 
per hour. 

Eichelberg made the assumption, as a first approxi- 
mation, that the mean gas velocity was 40 m. per 
second. This assumption gave a very close agreement, 
for the heat flow, with figures obtained by observation 
of the heat carried away by the cooling water. After 
the application of this check had shown that the 
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RECIPROCATING ENGINES. 


ARRANGEMENT OF THE MEASURING POINTS 
IN LINER, COVER, AND PISTON. 
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EXPERIMENTAL ENGINE ON Test BED. 














Fie. 53. String GALVANOMETER FOR TEMPERATURE MEASUREMENTS. 


formula might be safely used, it was applied to the 
fluctuating heat flow in a working cylinder wall, and 
gave the curves shown, from which further informa- 
tion may be derived. 

In Fig. 46, the temperature curves are shown on a 
base of depth below the surface, the dotted line show- 
ing the slope of mean temperature calculated from the 
heat absorbed by the cooling water. The full lines 


show the temperature distribution at various chosen | 


crank angles. The temperature gradient is determined 
by the value of the fluctuating heat transfer quantity, 
which may be many times greater than the mean 


value of the transmitted heat, as can readily be see | 


by a comparison of the slope of the full lines with 
that of the dotted line. 

The curve for the heat absorbed by the inner wall 
of the combustion space is shown, in kcal. per square 
metre per hour, in Fig. 47, and the mean value for the 
heat taken by the cooling water, which is 160,000 kcal. 
per square metre per hour, is shown as a horizontal 
dotted line on the same figure for purposes of compari- 
son. As will be seen, the fluctuating heat flow reaches 
a maximum value during the combustion period, when 





it is approximately six times the mean value. The 
curve is calculated for a two-cycle engine running at 
a constant speed of 100 r.p.m. With alterations in the 
speed of revolution, the ordinates vary according to 
the exponential functions which express the effect of 
the depth below the surface of the wall, and are in 
inverse proportion to the square root of the speed of 
revolution. It is, therefore, of special importance to 
consider the heat transfer at reduced speeds of revolu- 
tion. Eichelberg extended his researches to cover the 
conditions when the engine is starting, in order to 
indicate the stresses that may be set up during the 
period before the temperatures reach to their normal 
value. The temperatures in a flat plate of cast iron, 


| 50 mm. thick, subjected to the conditions which arise 


when the engine is suddenly started on full load, at 
various intervals up to five minutes after starting, 
are shown in a series of curves in Fig. 48. After a 
period of five minutes, the temperature is only 15 deg. C. 
lower than that reached during normal working. If 
the plate were perfectly free to expand and to bend, 
the stresses resulting from the conditions outlined above 
should be in accordance with the curves shown in Fig. 49. 








Fig. 56. 
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Compressive stresses occur on both the gas and the 
water side of the plate, while in the centre of the latter 
tensile stresses are produced. The tensile stresses 
vary very little with time. On the other hand, the 
compression stresses on the gas side increase very 
quickly at first, reaching their maximum value after 
10. seconds, while the compressive stresses on the 
water side do not reach a maximum value until 40 
seconds after starting. The variation of the compres- 
sive stresses on the gas and water sides, respectively, 
and those of the tensile stresses in the centre of the 
wall, are shown, on a time basis, in Fig. 50. If the 
wall cannot bend and expand, the result is that 
additional compressive stresses are set up on the gas 
side, and corresponding tensile stresses are produced 
on the water side, while in the wall there is a lineal 
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TRANSFER 


OF HEAT IN RECIPROCATING ENGINES. 





Fie. 57. 


Fie. 63. 


variation from one to the other, all stresses being 
superimposed on the stresses already existing. 
, The temperature-distribution curves that Eichelberg 
derived for the upper part of a cylinder liner are given in 
Fig. 51 on the left-hand side of the diagram, while the 
right-hand side of this figure indicates the deformation 
that would take place if the liner surface were free to 
bend. The deflection in the latter case is magnified to 
100 times the actual amount, in comparison with the 
scale of the liner, in order to make the diagram clearer. 
To render the information derived from Eichelberg’s 
work of value in increasing the reliability of an actual 
engine, it is necessary to be fully conversant with all 
the local conditions, caused either by flame distribu- 
tion or the movement of gases in the combustion space, 
or by the conditions in the surrounding water space. 
To obtain such information, Messrs. Sulzer Brothers, in 


1922, adopted the methods already described, of | 


indicating actual temperatures, some remarkable results 
being obtained. 


For these experiments, a two-cycle four-cylinder | 


Diesel engine, of 600 mm. bore and 1060 mm. stroke, 
was used. The normal power of the engine, at 100 
r.p.m. and with separately driven scavenging blowers, 
was 1,350 brake horse-power. Fig. 52 shows the engine 
on the test bed, the nearest cylinder being that on 
which the actual observations were made. The switch 
table, at floor level, can be seen in front of the operator, 
while Fig. 53 shows the string galvanometer, which was 











oe. 


}set up in a separate room near to the engine. The 
| location of the numerous measuring points is shown in 
the sectional drawing of the cylinder, cover and piston 
head, which is given in Fig. 54. It should be 
particularly noticed that two measuring points were 
arranged in the top piston ring. 

The following lettering is used for the various measur- 
ing points: D, cylinder cover; E, cylinder liner; 





K, piston, and R, piston ring. The individual measur- 
ing points are signified by suffixes; Roman numerals 
indicate the measuring points situated at a depth of 
0-5 mm. from the inner surface of the combustion 
chamber, whilst ordinary numerals designate points 
situated near the surface in contact with the cooling 
water. The construction of the plugs for the thermo- 
couples is shown in Fig. 55. 
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in many cases, make possible valuable 
conclusions which greatly increase the 
reliability of future construction. In par- 
ticular, these observations show where the 
weakest points in the design occur. Par- 
ticular care can then be given to the design, 
should the cylinder size be increased, to avoid 
faults at these weak points. 
12 Since the paper read by Mr. Robert Sulzer 
before the Institution of Naval Architects 
(see ENGINEERING, vol. cxxi, page 447, 
1926). Dr. Eichelberg has used the research 
installation for further tests to confirm the accuracy 
of his calculations of the temperature variation and 
heat transfer in various parts of the cylinder, and 
to throw further light on the whole subject. The 
whole calculation essentially followed the same lines 
as already described in discussing the tests on the 
uniflow steam engine. Because of this it is unnecessary 
to do more than give the actual results of the more 
recent investigations of Eichelberg. 
He made a further step in that he derived the tem- 
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In Fig. 56, the temperature-distribution chart for the 
engine, when running at full load and at 100 r.p.m., is 
given. It will be noted that the highest temperature 
recorded is 332 deg. C. at the upper end of the cylinder 
liner; the piston rings do not reach this part of the 
liner. In the cover and piston, the highest temperature 
observed is about 300 deg. C. A point of particular 
interest is that, with air injection of the fuel through a 
central valve, the inner edge of the cover has the lowest 
temperature, while the highest temperature is found 
at about half way between the central valve bushing 
and the outer circle. Referring to the piston surface, 
the lowest temperature is observed in the centre, and 
the highest value, when the engine is running at 
half load, is observed about half way between the centre 
and the edge, but moves towards the outer edge of the 
piston at full load. 

Fig. 57 to 61 show a series of diagrams of temperature 
variation measurements at a depth of 0-5 mm. below 
the surface. The measuring point K, in the piston 
centre showed a temperature variation of about 8 degC., 
as indicated in Fig. 57. At the half radius, on the other 
hand, the steep temperature rise during the combustion 
period can be observed, Fig. 58 showing a total variation 
of about 15 deg. C. At position E,, Fig. 59, in that 
upper portion of the surface of the liner over which 
the top piston ring slides, a cooling effect on the wall 
due to the movements can be seen. If, at this point, 
the temperature range caused by the air compression 
and expansion only is recorded, the fuel supply being 
interrupted, only a small temperature variation occurs. 
This is shown in Fig. 60. 

The temperature variation curve obtained at a point 
0-5 mm. below the rubbing surface of the top piston 
ring is of particular interest. As shown in Fig. 61, 
the temperature fell both during the expansion and 


compression strokes, and rose at both the upper and 
lower dead centres to a maximum of about 130 deg. C. 
The temperature variation was about 15 deg. C. This 
diagram was taken at three-fourths load. The next 
diagram, Fig. 62, shows a reading taken 1 mm. farther 
below the surface, with the same conditions of load. 
As will be seen, the variation in temperature at this 
depth was only 3 deg. C. 

The arrangement of measuring apparatus described 
was also used to record the varying conditions of tem- 
perature of the wall whilst the engine was starting or 
stopping. Fig. 63 shows the conditions when starting 
on fullload. The drum of the recorder was turned very 
slowly, so that a long series of temperature readings 
was obtained; these showed the temperature at the 
inner surface of the cylinder cover at a point about 
half way between the centre and the edge. The gal- 
vanometer was connected for an instant, every ten 
seconds, to the thermocouple on the water side of the 
metal, so that a series of temperature readings on a 
time base was obtained. A comparison of the two 
curves shows the lag in the temperature rise on the 
water side, as compared with that on the gas side. 
By examining the number of peaks on the upper curve 
that occur in each ten seconds interval, the increase in 
revolution speed can be noted. 

The record reproduced in Fig. 64, shows the condi- 
tions at the same measuring point when the engine 
was stopped, and, as in the previous case, there is a 
lag in the change of temperature at the water side. 
The last diagram of this kind, Fig. 65, shows the increase 
in temperature observed at twenty-second intervals, 
at various points in the piston head, when the engine 
was being started up. It is evident that observations 
such as these are of the greatest value in giving an 
insight into the working conditions in an engine, and, 











| perature curves from Fourier series, and calculated 
| the curves for the heat transfer to the inner surface 
| of the metal. 


In these calculated curves, Eichelberg 
found that any uncertainties inherent in a problem of 
this nature showed themselves when treated with 
approximate methods of calculation. Eichelberg 
|further attempted to develop a second method of 
checking the results. By measurements of the area of 
the temperature curves, he obtained the heat content of 
the wall, at various depths, and at various times. 
The check points, which Eichelberg calculated in this 
way, are shown as crosses in the diagrams which follow. 

Fig. 66 shows the temperature curve taken at the 
above-mentioned point in the cylinder cover, 200 mm. 
from the centre line of the cylinder, 0-5 mm. below the 
surface on the gas side, while the engine was running on 
full load at 100 r.p.m. It will be seen from the figure 





|that the temperature reaches a maximum figure of 
| 320 deg. C. and has a minimum value 21 deg. C. lower 
than this. The series of diagrams which are reproduced 
in Fig. 67, show the calculated temperature variation 
at the surface, and down to a depth of 5 mm. below the 
surface ; while the temperature distribution at various 
depths below the surface, corresponding to certain 
values of crank angle, is given in Fig. 68. 

In Fig. 69 the calculation is carried a step further ; 
the two upper curves show the heat content of the wall, 
to a depth of 5 mm., and below that depth, respec- 
tively. The next curve shows the quantity of heat 
per square metre of surface per hour drawn on a base of 
crank angle. From the ordinates of the gas-tempera- 
ture curves on a corresponding time base, estimated 
from the indicator diagram and given in the next 
curve, the curve showing the variation of the 
coefficient of heat transfer was prepared and is shown 
in the lowest curve. The very steep rise during the 
combustion period is particularly noteworthy. 

Fig. 70 shows a similar curve of the coefficient of 
heat transfer at the same position of the measuring 
thermo-couple, but with the engine speed reduced to 
70 r.p.m. The alteration of the value of the coefficient 
of heat transfer itself seems not to be of importance. 
Fig. 71 shows the variation of the coefficient of heat 
transfer at half load, when running at 100 r.p.m. 
Fig. 72 gives a similar curve for no load at 100 r.p.m. 





Fig. 73 gives the curve for the coefficient of heat transfer 
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at a point on the piston surface, 130 mm. radially from 
the centre, at full load. 

Eichelberg himself suggests that the extreme steep- 
ness of the curves of the coefficient of heat transfer 
actually measured in the cylinder, as compared with 
the calculated figures, is due to the fact that the latter 
are based on the assumption that the temperature of the 
gas is the same throughout the combustion space, while 
in actual practice local temperatures of the gas, prob- 
ably much higher than the mean value, may be attained. 
The curves show very clearly the enormous increase in 
heat transfer with high temperatures and pressures. 





APPENDIX I. 


From the equation governing the conduction of heat 


66 1 50 

dQ= 2.5. dt=—d. isey ae t™ 
\ being the coefficient of conductivity and time, the 
heat transfer radially outwards through 1 sq. m. area 
of the wall at depth s, by partial differentiation of 
equation (1) with respect to s, is 
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Notation and Methods of Deduction. | eran 
The temperature 6,,, at crank angle a and depth s| { — ( ee —a= sue J) 


from the inner wall surface, according to the laws of | 
heat transmission, is given by the relationship : 


= (va—0. /Mzar Ma |. a2. (3) 


y= @ | 


Ow = 4% — Vst+s 
y= l 


a the summation term refers to the fluctuating 
heat. At the inner surface, where s = 0, integration 
between the limits 0 and a of a working period gives 


'=—-2 Avy 12077 
Ga+ 2 _ — 
yaQ Le= VT 


{ sin (va — €y + 7) + sin (« -Z)}]] (4) 


To obtain the heat interchanged per hour this equa- 
tion should be multiplied by 60n; if the equation be 


(1) | 


[xn 

—é 60 rnv 

Ave \ i cos (va —20/ = ~ey ) 
s=0 


where :— 
0, is the mean temperature on a time basis at the | 
inner surface at the measuring point (s = 8,). 
“kee : 
= =e is the temperature gradient of the wall, | 


S 
6, being the temperature at the outer surface and 8a | 
the total thickness of the wall at the measuring point, | 


In this and the following equations the term in 6% 


|on the right includes the steady transmitted heat, 
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APPENDIX II.—Dara or Tests oN STEAM ENGINE. 





— | 17 22 3 24 





Test number 2 
Date os ee “* - | 21.4.14 29.5.14 4.6.14 4.6.14 
Admission pressure, abs. p, in atm. 11-72 11-04 11-07 11-04 
Admission steam temperature .. in Deg. C. 191-4 190-2 49+1 347-9 
Back-pressure, abs. os om Po in atm. | 0-071 0-068 0-043 0-049 
Cut off per cent. of strok _- 25 2 12 12 
Revolutions per minute : n ; 81-8 | 149-5 751 150-2 
Mean indicated pressure * .| piin atm. 4 co ee | ee He 
Indicated horse-power .. ihe ee ae oe Ni 170-2 | 185-0 | 106-7 169-5 
Total steam consumption, kilogrammes per hour <e as og al h.| 1205 | 1127-3 | 502-8 736-3 

| ); in | 

| | 

Steam consumption, per indicated horse-power per hour a Kg = 7-08 | 6-09 4-71 4-34 

| ih.p. per bh. | 





1 atm. = 14-22 Ib. per square inch or 737-4 mm. of mercury. 


* The upper figures refer to the cover-side, the lower to the crank-side. 


v is the ordinal number of the member of the Fourier 
series expressed in the summation member, 
4 v is the coefficient of the member with the ordinal 
s=0 
member v from the development of the Fourier series 


for the temperature fluctuation at the inner surface | 


of the wall, t 

n = revolutions per minute of the engine, 

56 : 

ye 7250. 0-116 
temperature rise of the cast iron of the cylinder wall,* 
and 

e, is the angle by which the harmonic part-fluctua- 
tion of the temperature at the inner surface, with the 
ordinal v, is displaced in phase with respect to the 
initial point of the period considered. 

If equation (1) above is written in the form :— 

9w = A, sina +A,sin(2a) + A,sin(3a)+... 

+ By + B, cosa + B, cos (2a) + B,cos(3a) +. (1a) 

then, for a given depth s of the wall :— 
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\ 





60 rnv 
Ave~9N 7 
Ay = aie sin [° Gee sent 
7 
Bo = 0) — Os!, 
, 60 7 nv t 
pig i aa ee 
By = eee cos[ oy /Bzar se, | 
‘if 
and 
cy marotan (7?) — 2, /Omny, 
B, T J 


(2) 
If the series of values of A,, B,, and B, are calculated 


by the harmonic analysis of the curve of temperature | 

obtained at a depth s in the wall, then the amplitudes 
Av of the harmonic components of the temperature 

3s= 0 

variations at the inner surface and the corresponding 

phase angle may be found from equation (2). This 

the uni-dimensional treatment of the theory of heat 


= 0:0672 a is the rate of | 


divided by D, the steam consumption per hour in 
kilograms, the basis used in Fig. 32 is obtained. Finally 
in equation (3), the heat entering at the inner surface 
to give the heat from steam to wall, may be expressed 
as 


| dQ=a.A0.dt=a.A0. 


| where a is the coefficient of heat transfer in 


1 
12070 O 
keal. : 
m?. °C. t 
| A @ is the difference of temperature between steam and 
| wall in deg. C., and ¢ is the time in hours, so that the 
product a A @ becomes :— 


v=o A a 

d.aAg=\]0'+ > [ . pra 
y=lle=0 v 

{ cos (va — ey) —sin (-a-e) } I 

a el Av a 
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ELectricIry SupPLyY IN SHANGHAI.—As the Shanghai 
Municipal Electricity Department has been handed over 
to private enterprise, we suppose that Mr. T. H. V. 
Aldridge’s report for the year ended December 31, 1928, 
which has recently come to hand, will be almost the last, 
if not quite the last, of its kind. If that be so, it is 
satisfactory to be able to record that the profit made 
during the twelve months was the largest that has 
yet been recorded, and that the output increased, 
mainly owing to an ever-rising demand from existing 
consumers. The electricity sold amounted to 458,360,215 
kw.-hr., a figure 14-49 per cent. in excess of that of 
the previous year. Of this, 8,381,676 kw.-hr. were con- 
sumed for heating and cooking, an increase of no less 
than 21-43 per cent. The total connected load was 
193,895 kw., of which 109,718 kw. represented power, 
49,346 kw. lighting, and 34,141 kw. heating and cooking. 
Of this total, 18,976 kw. were added during the year. 
The maximum demand was 104,500 kw., and in January 
it exceeded 100,000 kw. for fifteen days. The annual 
load factor was 61 per cent. The coal consumption 











was 1-748 lb. per kw.-hr., which is better than the 1927 





conductivity, forms the basis of calculation for the | 
condition of temperature in the wall. | 


* Landolt and Bornstein: Physikaliach-Chemische 
Tabellen. Fifth edition, vol. ii, page 1309. 








» of 1-8 lb., but does not reach the 1926 record 
of 1-683 lb., while the overall efficiency was 17-6 per 
cent. as compared with 17-41 per cent. in 1927. The 
number of consumers connected was 50,532 in 1928 com- 
pared with 47,018 in 1927. 





CATALOGUES. 


Sound Signals.—Messrs. Klaxon, Limited, 36, Bland- 
ford-street, London, W.1, have sent us a descriptive 
pamphlet and a priced list of Klaxon motor-driven horns 
for road, rail, factory, and marine use. 


Drawing Inks.—A colour chart of 14 drawing inks, 
and a pamphlet in black and coloured printing {to 
demonstrate the class of drawings made with these inks, 
is to hand from Messsrs. Chas. M. Higgins and Company, 
271, Ninth-street, Brooklyn, N.Y., USA. 


Cutting Tools.—A list of tools for turning, boring, 
planing, &c., with high-speed steel cutting tips, has come 
to hand from Messrs. The Rennie Tool Company, 169, 
Oxford-road, Manchester. The catalogue contains some 
data on cutting speeds, and was accompanied by a leaflet 
giving line drawings of the tools. 

Lubrication.—We have received a copy of the journal 
issued by Messrs. Tecalemit, Limited, Mitre House, 
Scrubbs-lane, Willesden, London, showing a number of 
lubricator fittings for motor-cars and machinery generally, 
filters for air, oil and petrol, and a lubricant known as 
** Goldengear ” for toothed gears. 


Road Rollers.—Messrs. Marshall, Sons and Company 
Limited, Gainsborough, have issued new leaf catalogues, 
with brief descriptions and specifications, of their steam- 
driven and oil-driven road rollers. Both appear to be 
powerful and durable machines, including every device 
for easy and economical operation. 

Steel Parts.—Messrs. Hadfields, Limited, Sheffield, 
have issued a special catalogue of the wearing parts of 
ball and tube mills, which they can supply in manganese 
or other special steels. We have also received a leaf 
catalogue of elevator, conveyor and creeper links and 
sprocket wheels in manganese steel. 


Coal Meter.—Messrs. The Lea Recorder Company, 
Limited, 28, Deansgate, Manchester, have issued a cata- 
logue giving a fully detailed and illustrated description 
of a coal meter for attachment to chain-grate stokers, 
which makes a graphic record of the quantity of coal 
burnt and the thickness of the fire. 


Economisers.—Messrs. Eco Power, Limited, 15, Lin- 
coln’s Inn-fields, London, W.C.2, have issued a pamphlet 
describing the construction of the Foster economiser for 
land boilers, and its application to marine boilers, with 
the addition of some useful notes on fuel saving, draught, 
and corrosion, a number of graphs illustrating the effects 
of the combustion process, and several pages of steam 
tables. 

Cleaning Metal Parts.—A safety vessel for washing 
machine parts in petrol or benzene is described in a leaf 
catalogue received from Mr. O. N. Beck, 11, Queen 
Victoria-street, London, E.C.4. The lid remains open 
only so long as the treadle is depressed. It is made in 
three types, for open or closed washing, with hand or 
power circulation of the washing liquid, and in five sizes 
of each type. 

Revolution Counters, &c.—Messrs. Moul and Company, 
Limited, 15, Old Queen-street, London, S.W.1, have sent 
us leaf catalogues of a revolution counter with anti- 
magnetic watch (tachoscope), a similar instrument for 
hand application (tachocron), a revolution counter 
(tachometer), time-study watches, and stop watches for 
the laboratory. Particulars are given of construction, 
uses, and prices. 

Reinforced Concrete.—Messrs. Christiani and Nielsen,. 
of Copenhagen, have sent us, from their London office, 
at 72, Victoria-street, S.W.1, a copy of a book entitled 
Twenty-Five Years of Civil Engineering. This is a record 
of the firm since its formation in 1904, and a review of 
many notable contracts which it has carried through. 
The book is well bound, extends to 170 pages quarto, 
and is profusely and excellently illustrated. 


Aluminium.—Messrs. The British Aluminium Company, 
Limited, Adelaide House, King William-street, London, 
E.C.4, have issued three new booklets dealing with the 
use of the metal in chemical plant and in cooking utensils, 
and including a series of illustrations of articles and 
structures consisting wholly or partly of aluminium. 
These booklets, like the others in the series, give informa- 
tion that is of practical use, and give it fairly. 


Oxygen Metal-Cutting Machine.—Messrs. The Godfrey 
Engineering Company, Limited, 18, Essex-street, Strand, 
London, W.C.2, have issued a catalogue describing their 
oxygen metal-cutting machine, illustrating some of the 
more intricate work produced, and quoting statements 
by firms who have had the machines in use for some time. 
The blow-pipe, flexible arm and work-table have been 
carefully designed for accurate cutting, and a high degree 
of speed and precision has been attained. 


Oil Burners.—Messrs, Parker, Winder and Achurch, 
Limited, Broad-street, Birmingham, have sent us @ 
catalogue of the oil burners made by Messrs. Radioil 
Burners, Incorporated, New Orleans, U.S.A., which are 
to be made and sold in this country as the “ Parwinac”’ 
industrial oil burners. The catalogue shows the burners, 
with motor, blower, valves, &c., to complete the equip- 
ment. We illustrated and described the Parwinac burner, 
as applied to domestic heating, on page 550 of our 124th 
volume. 

Pulverised-Coal Firing—We have received from 
Messrs. The Kennedy-van Saun Manufacturing and Engi- 
neering Corporation, 2, Park-avenue, New York, U.S.A., a 
copy of the second edition of their bulletin on pulverised- 
coal firing for steam boilers, kilns, dryers, metal and 
chemical works. The text emphasises not only on the: 
need for special/ furnace chambers and burners, but on 
very fine pulverisation in all circumstances. A good deal 
of useful information is given, and the writers evidently 
have extensive practical experience of the subject. 





— 























MAY 24, 1929.] 





REINFORCED-CONCRETE RING FOUN- 
DATIONS OF THE NEW YORK 
COUNTY COURT HOUSE. 

By Frank W. SKINNER, M.Am.Soc.C.E. 


THE variety of important foundations which have 
been successfully constructed in New York City 
under substantially the same difficult conditions, is 
well illustrated by the fact that, while the great 
Municipal Building, more than 20 storeys high, is 
supported on over 100 pneumatic caissons, part of 
which are founded on solid rock and part are 
founded on quicksand, there are, almost within a 
stone’s throw of it, very tall and heavy buildings 
that are supported on exactly the same deep stratum 
of quicksand with foundations of short wooden piles. 
This arrangement was used for the lofty Park Row 
Building, which, when constructed, was the tallest 
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several or many years in service, and there are no 
reports or obvious indications of settlement from 
any of them. 

The Court House, which has cost 20 million 
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subterranean river. This has given much trouble 
in building operations in the vicinity. 

As it was considered impracticable to reach the 
deep-lying bed rock, the foundations were designed 
to take bearing on the surface of undisturbed quick- 
sand about 30 ft. below street level and about 14 ft. 
below ground water level. 

Instead of having separate piers, the substructure 
foundations consist substantially of a series of four 
massive concentric reinforced concrete rings, 18 ft. 
to 20 ft. in height and from 10 ft. to 20 ft. in width, 
as shown in Fig. 1, annexed. The interior diameters of 
these rings are about 50, 90, 180 and 280 ft., the two 
smaller ones being circular and the two larger hexa- 
gonal. Large rectangular extensions were made on 
two opposite sides of the buildings for the entrance, 
floors and stairs. The tops of the foundation rings 
support, and are entirely covered, by a deep con- 
tinuous cellar floor of reinforced concrete 2 ft. thick 
which is thoroughly anchored to the rings to resist 
upward hydrostatic pressure from the ground water. 
This substructure contains about 20,000 yards of 
1: 2:4 concrete and more than 1,200 tons of de- 
formed steel reinforcement bars. It was constructed 
by Messrs. Podgers and Haggerty for a contract 
price of about 2,000,000 dollars. 
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Fia. 4. CoNCRETE-MIXING AND DISTRIBUTING PLANT. 


office building in the world. Again, shallow surface 
footings of steel beams and girders enclosed in con- 
crete only a few feet below street level, were em- 
ployed for the St. Paul building, and massive con- 
crete piers also resting on the quicksand far above 
the deep-lying bed rock were adopted for the New 
York County Court House. All of these foundations, 
of the most radically different types, have been 





dollars, is a massive masonry structure about 130 ft. 
high and 320 ft. in diameter. The soil at the site 
consisted of about 10 ft. of miscellaneous surface fill 
largely composed of rubbish, foundation masonry and 
ashes overlying a very deep stratum of quicksand 
filling the bed of an ancient pond, and through which 
there is still a constant flow of large volumes of 


Fic. 5. REINFORCEMENT AT AN ANGLE OF 





underground water, practically amounting to a 
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Nearly 100,000 yards of excavation were required 
for the foundation pit, for the most part 26 ft. deep, 
but 4 ft. deeper for the footings of the foundation 
rings. Although the distance from the outer ring to 
the street lines was large enough to permit a natural 
slope of 1:1 for the sides of the excavation, which 
covered an extended area of about 320 ft. by 500 ft., 
the soil was so treacherous that it was deemed wise 
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to provide additional safeguard by enclosing it by | with the derrick boom through nearly the entire} With this equipment the concrete was delivered 
about 900 linear ft. of steel sheet piling 22 ft. long, | circumference of a circle, while the other four|to the forms by a concreting force of 20 men, at 
driven about midway of the slope. The general | sections could revolve in circles around their| the rate of 500 yards in one day shift. 


excavation was made in three nearly equal lifts | 
by four steam shovels, two of which entering on an | 
earth slope, cut across the full width of the pit. 

This cut, as it was widened, permitted the other 

steam shovels to start a second cut in the same | 
manner. Finally a third cut was made, all of the | 
material being delivered directly from the steam | 
shovels to a fleet of about 45 5-ton motor lorries, 

which transported it for a distance of 14 miles to 

barges which dumped it 30 miles out at sea. For the | 
second and third lifts, lorries entered and left the 

pit on a timber ramp, up which they were assisted | 
by a tow-line operated by a hoisting engine. The | 
ramp may be seen in both Figs. 6 and 7 which are | 
general views of the site. 

At the bottom of the second lift the ground water 
became so abundant that an elaborate system of | 
drainage was inaugurated. An 18-ft. by 18-ft. sump | 
lined with wooden sheet piles was excavated to a | 
depth of about 37 ft. (3 ft. below sub-grade), by a 
1-yard clam-shell bucket operated by a derrick boom. 

. In this two 10-in., one 8-in., one 6-in., and one) 
4-in. electrically-driven centrifugal pumps were in- 
stalled. These handled the average flow of about | 
3,000,000 gallons per day. ‘Two steam-driven | 
10-in. piston pumps, added for emergency, helped | 
when the flow rose to 4,000,000 gallons in 24 hours. | 
The electrical pumps worked almost continuously | 
and as the work was at one time suspended for 
several months the total amount of water pumped | 
probably exceeded 10,000,000,000 gallons. 

From the pumps six radial trenches 20 ft. to 100 ft. 
long were excavated in the bottom of the pit about 
14 ft. above sub-grade and in these were installed | 
18-in. spiral riveted pipes, which received the drain- | 
age from lateral ditches reaching to all parts of the | 
excavation. These ditches followed closely on the | 
steam shovels. They were provided with ordinary | 
tile drains and, being shifted and lowered as the | 
work progressed, kept the ground dry enough to} 
support the heavy steam shovels without difficulty. | 

After the compietion of the excavation, a similar | 
system of permanent drains was installed below sub- | 
grade of the footings, the ends of the drains being 
protected by broken stone and gravel so that, if| 
necessary, any excessive ground water pressure | 
could be relieved by pumping after the completion of | 
the building. | 

After the general excavation had been completed, 

two of the steam shovels were removed, the other two | 

being retained to excavate to a further depth of 4 ft., | 
for the footings of the foundation rings. As this 
work was carried on successively in all parts of 
the foundation pits and simultaneously with the | 
construction of forms and placing of concrete, it | 
was necessary to devise a storage, mixing and | 
distributing system for the concrete which would | 
not obstruct or delay any of these operations. | 

This was accomplished by establishing outside | 

of the outer ring, large storage supplies of | 

Portland cement and aggregate, while the mixer | 

plant delivered to an overhead radial distribu- 

tion system commanding all parts of the work from | 

a central mast, thus affording abundant overhead | 

clearance for the entire area. This arrangement is | 

illustrated in Figs. 2, 3 and 4. 

Aggregate was handled from conical storage | 
heaps by clam-shell derrick buckets delivering to | 
elevated hopper-bottom bins shown in Figs. 2 and 4. | 

These discharged by gravity to measuring hoppers | 

which charged a large steam-driven concrete mixer. 

Cement from an adjacent storage house was lifted | 

by an elevator to the mixing platform, whence | 

the concrete was hoisted to the top of a 150-ft. | 

Insley steel tower, automatically dumped into a 

steel chute, suspended from a overhead cable, and | 

conveyed to a second hopper on the mast of a tall | 
derrick mounted on a tower, in the centre of the | 
foundation rings. This hopper was nearly 100 ft. | 
above the bottom of the excavation. The chuting | 
arrangement is well shown in Figs. 3 and 4. | 

From the fixed pivotal hopper on the central | 
mast, which is again seen in Figs. 6 and 7, the 
concrete was discharged through five sections of 
inclined steel chutes having a combined length | 
of 210 ft. The first section of the chute revolved | 


suspension points, thus fully commanding every 
portion of the area of the foundations. . The second 


The forms for the foundation rings are well shown 
in Fig. 6. They were made with vertical wooden 
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Fie. 7. 


and third sections of the chute were supported on 
Insley trusses, suspended from the derrick boom, 
the fourth section was suspended in part from the 
truss at the upper end, but also was supported 
on a movable trestle at the lower end. The fifth 
and last section was supported at the upper end 
by the trestle, the lower end resting on the forms. 








THE FiInisHED FouNDATIONS. 


walls secured by exterior inclined braces and 
numerous interior transverse tie rods. The surface 
of the dense sand in the bottom of the foundation 
trenches was carefully levelled and smoothed. 
Heavy cross tiers of reinforcement bars were 
placed near the top and near the bottom of the forms, 
supported on permanent, small concrete cubes, 
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which served as spacers. The cross bars extended 
through holes in the forms, to the outside. The 
concrete was poured and thoroughly raked or 
spaded in continuous operations from end to 
end and back again in each of the bulk-headed 
sections of the different rings. Great numbers 
of the concrete spacing blocks were made at the 
rate of 8,000 daily by spreading a thin layer of 
cement mortar on a large board and cutting it 
into small squares after it had begun to harden. 

The reinforcement at one of the angles of the 
outer ring is well shown in Fig. 5, and in this view 
the spacer blocks can be seen. After the forms were 
stripped from the concrete, the projecting ends of the 
tie rods were cut off with torches. Some of these 
rods can be seen projecting from the concrete in 
Fig. 7. The two views shown in Figs. 6 and 7 
were taken about six weeks apart. The latter shows 
the rings completed. 








THE INSTITUTE OF TRANSPORT. 
(Concluded from page 617.) 


THE proceedings at the Harrogate Congress of the 
Institute of Transport on Friday morning, May 10, 
opened with a paper by Lieut. Colonel I. A. E. 
Edwards, C.M.G., on “Internal Air Services and 
Overseas Connections.” 


INTERNAL AND OVERSEAS AIR SERVICES. 


Aviation in this country, he said, was at present 
being expected to develop under almost impossible 
conditions. Outside London there was hardly a 
town which had adequate and convenient facilities 
for flying. While 50,000,000/. to 60,000,000/. were 
being spent each year on new roads and large sums 
on railway improvements and extensions, practi- 
cally nothing was being devoted to aerodromes. 
At present railways and highways occupied 1,820 
square miles. First-class aerodromes spaced at 
10-mile intervals, thus providing flying facilities 
within five miles of practically every house in the 
country, would occupy only 102 square miles. It 
was encouraging, therefore, that 60 towns were 
taking steps to provide themselves with aerodromes 
as near as possible to their commercial centres, 
but unless the appropriate sites were secured with- 
out delay, their price would rise or they would 
be built over. Such a development would inevi- 
tably bring an increase in trade and amply justify 
the moderate expenditure needed, but it was not a 
matter for the Government, but for the local 
authorities. In fact, it was quite impossible to 
establish a case for the provision of aerodromes, 
except on the basis of municipal ownership. 

It was frequently stated that there was no scope 
for air services in this country owing to the excel- 
lence of our railway and road transport and the 
short distances involved. Time was, however, 
the real factor, and many American air mail routes 
were no longer than the distances in this country. 
It was also argued that business men preferred to 
travel at night. This was disproved by an exami- 
nation of the railway time tables. He was there- 
fore convinced that the air would be used once well- 
organised facilities were provided, as a saving in the 
time spent in travelling meant that more pro- 
ductive work would be performed. Speedy mail 
communications, too, would have a_ beneficial 
effect on business. 

The saving in time, which could be obtained by 
flying, was in some instances nearly 75 per cent. 
For example it now took 4 hours to travel by rail 
from Glasgow to Newcastle, and 6 hours 40 minutes 
from Swansea to Manchester. By air, the correspond- 
ing times would be 1 hr. 15 min. and 2 br. 10 min. 
Mails could be despatched from the city post office 
to the aerodrome by pneumatic tube, as was 
already successfully done in Berlin. 

At the present time the whole of the island, with 
the exception of London, was, aerially speaking, 
isolated. ‘This called for the establishment of feeder 
services to Croydon and Hull, with direct connec- 
tions from the latter city to continental business 
centres. Regular services from Liverpool to 
Dublin and Belfast, from Dublin to a southern 
Irish port, and from Belfast via Carlisle to Newcastle 
and on to Northern Europe, calling at important 
towns en route, were also required and eventually 








links between the Scilly Islands, the Isle of Man, 


the Hebrides and the Orkney and Shetland group 
would have to be established. The demand for 
air taxis would indicate where there was a need for 
regular services. 

The criticism would undoubtedly be made that 
no one could afford to pay the high charges neces- 
sary for such services. But these charges would not 
be high, since the growth of air transport would 
mean a demand for large numbers of aeroplanes, 
and a consequential decrease in standing charges, 
while an increase in the size of the craft would 
bring about a decrease in operating costs. 

In opening the discussion, the President said that 
the development of air services had been chiefly 
retarded by lack of money. Every city must have 
its air port. The noise difficulty was being over- 
come and the danger of collision would, he had no 
doubt, be solved by wireless methods. The mail 
service to India had demonstrated the reliability 
of air services. 

Mr. Cecil Bentham remarked that speed was the 
essence of air transport, and from this point of 
view the new service to India marked a great 
advance. For the time being, however, the cost 
factor would make the air supplementary to the 
road and rail rather than a competitor. The 
construction of the machines was only one item 
in this cost, and however many machines were con- 
structed the cost of maintenance must remain high. 
While it took 20 h.p. to move one ton of useful load 
at 50 m.p.h. on the rail, the corresponding figures 
for the motor and the air were 50 h.p. and 250 h.p. 
He did not think there would be any advantage 
in placing aerodromes nearer than 50 miles apart. 

Mr. E. P. Bates pointed out that a difficulty in 
arranging for aerodromes at a place like Hull was 
that facilities would have to be provided for both 
land and seaplanes. He thought that in England 
internal services would develop more rapidly from 
east to west than from north to south. As to over- 
seas services, the North Sea was particularly subject 
to both gales and fogs. To overcome these diffi- 
culties some system of guide ships would probably 
have to be provided. 

In reply, Colonel Edwards said that he believed 
landing places for small aircraft could be arranged 
on the roofs of buildings. He did not think that 
the North Sea was any danger as even our present, 
aircraft would ride out very heavy seas. There 
was no difficulty in flying through fog. 


TRADE AND TRANSPORT PROSPECTS. 


In a final paper on “Trade and Transport 
Prospects on the North-East Coast,” Mr. R. Bell, 
C.B.E., compared the conditions existing in the 
district just before the war with the state of 
affairs ten years later and with the present-day 
position. The North-East Coast was essentially 
a forwarding area, manufacturing either for export 
or for dispatch to inland towns, so that its ports 
and industries had constantly to be supplied with 
empty wagons. Nowhere were trade and transport 
more closely connected, since to the heavy industries 
the railway was indispensable. 

In 1913 the financial position of the railways 
was good, the coal output had reached a record 
figure, and all along the coast new shipping facilities 
were either being carried out or contemplated. 
The iron and steel industries were working to the 
full capacities of their furnaces, though the 
productivity of the local ironstone mines was 
beginning to wane, and imported high-grade phos- 
phoric ores, as well as supplies from other parts of 
the country, were being largely depended on. 
In' 1923-24, on the other hand, though the railways 
appeared to be progressing, appearances were 
deceptive. .The occupation of the Ruhr gave an 
artificial impetus to the coal trade, but by the 
end of the latter year depression had set in, 
shipments to Russia, Germany and Italy in par- 
ticular being much reduced, and finally the coal- 
fields were shorn of much of their Continental 
business. The output of Cleveland ironstone had 
shrunk to one-third of its former volume, while iron 
and steel exports did not exceed 1,000,000 tons. 
Shipbuilding also suffered a decline, though general 
trade was fairly good. 





Fortunately the statistics for the first quarter of 





this year showed that the tide might be turning, the 
freight tonnage on the railway in the north-eastern 
area having increased by 6 per cent. This, however, 
was mainly due to coal, which had increased by 11 
per cent., while general merchandise had declined 
by 4} per cent. Present conditions in the coal 
trade gave, in fact, an indication as to the future. 
Reduction in the cost of production and a hard 
winter had enabled Northumberland and Durham 
to win back much of its lost trade, and in April 
the demand exceeded the supply, owing to insuffi- 
cient skilled men being available. The shipping 
facilities were, however, equal to any demand 
that might be made. New staiths were in course 
of erection at Sunderland, and existing equipment 
at the Hartlepools was being modernised to take 
20-ton wagons, of which over 21,000 of the hopper 
type were now in use. 

Remodelling was also being applied to the equip- 
ment of iron and steel works in the area, and a large 
amount of labour would thus be saved. Even so it 
seemed doubtful whether the sales of rough pig iron 
could be raised to their old level, as new processes 
of steel manufacture and the extensive use of scrap 
had lessened the demand for this material. New 
blast furnaces were, however, being started, though 
our share of the world’s steel production had fallen 
from one-tenth to one-thirteenth since 1913. 

Mr..W. H. Gaunt, in opening the discussion, said 
that the North-East area had reaped little benefit 
from the railway amalgamation. One reason for its 
present depression was that it had specialised in so 
few industries, while in the south there was more 
variety. 

Mr. A. Hastie said that the erection of distillation 
and power plants at the pit head would mean a 
reduction in coal transport, while more iron and 
steel was being imported than exported, so that the 
outlook under these two heads was not encouraging 
for the railways. The new chemical industries now 
being established on the Tees miglit, however, be 
some compensation. —— 

Mr. E. S. Shrapnell-Smith thought that the 
increasing use of steel pit props would be an advan- 
tage both to the iron and steel industries and to the 
railway companies, while Mr. N. M. Clougher pointed 
out that the Canadian market was one which British 
industrialists should not neglect. The development 
of the St. Lawrence waterway would render it 
possible by the end of the summer for coal to be 
shipped from this country into the heart of Canada. 
The whole of that country was eagerly demanding 
British goods. 


Tue Arrsuip, R.100. 


In the afternoon, a visit was paid to the works of 
the Airship Guarantee Company, Limited, at 
Howden, to inspect the airship R.100, which it is 
expected will be ready for service in about three 
months’ time. The ship is 709 ft. long, her maximum 
diameter being 133 ft., and her weight 90 tons. 
She is built up of tubes made from Duralumin strip, 
helically wound and riveted. These tubes are com- 
bined with special fittings to form 16 main girders 
with the necessary transverse supports. The frame 
thus produced is enclosed in a cover of fabric treated 
with aluminium dope, and in turn encloses 15 gas 
bags, the essential material in the construction of 
which is gold-beaters skin. Each of these bags is 
contained in a separate bay. 

The accommodation for the passengers and crew is 
situated in the forepart of the ship and within the 
envelope. The former is sufficiently roomy to provide 
sleeping berths for 100 passengers in four-berth 
and two-berth cabins, together with a dining saloon, 
recreation saloon, promenade decks, and cooking 
galley. The whole of the equipment has, of course, 
been designed with a view to reducing the weight 
as much as possible. The crew, of whom there 
will be 25, are accommodated below the passenger 
space in quarters which are also within the envelope. 
Access to the former is given through the stem by 
means of an internal longitudinal gangway, while 
the entrance to the navigating cabin is obtained 
through the crew’s quarters. The navigating cabin is 
divided into two compartments, the forward one 
of which contains the steering gear and the neces- 
sary controls for the engines and the ordinary and 
emergency water ballast tanks. 
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The engines are carried in three nacelles, which 
are arranged aft of the transverse centre line of the 
ship. Each of these nacelles contains two 750-h.p. 
Rolls-Royce Condor engines for propulsion, while, in 
addition, there are two smaller engines for starting 
and auxiliary purposes, respectively. The fuel tanks 





are placed within the envelope, and have sufficient 
capacity to enable the ship to make a flight of 
5,000 miles. The normal cruising speed will be from 
75 m.p.h. to 80 m.p.h. The engines at present in- 
stalled are designed for using petrol, but it is intended 
later to replace these by heavy-oil engines. 
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THE TRANSPYRENEAN RAILWAY VIA 
CANFRANC. 


By THeopore RIcu. 


(Continued from page 544.) 


In our previous article, starting from the northern 
terminus of the railway at Bedous, we described its 
various features up to the helicoidal tunnel at 
37 km., the distance being calculated from the 
southern terminus at Jaca is shown in Fig. 3, on 
page 542 ante. In this article we propose to carry 
the description to the entrance of the interna- 
tional Somport tunnel, which lies at the summit 
of the railway. A few hundred yards beyond 
the southern end of this tunnel the Arnousse 
torrent is crossed by a four-arch masonry bridge 
of 93 m. overall length, and carried 43 m. above the 
stream. Two short tunnels then follow and the line 
_ traverses a number of curves, of which the sharpest 
'is of 200 m. radius. The curves are arranged 
in every case with tangents of a minimum 
length of about 50 m. A cross-section of one of 
these short tunnels, that at Lazaret, is given in 
Fig. 23 above. At 24 km. the bridge of Peilhon 
is reached ; this is a handsome masonry structure 
with an arch over the Ashe River of 42 m. span, 
with a bridge over the main road at the lower end, 
and an archway over a pathway at the other, the 
rail level being 37 m. from the normal water level. 
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Fie. 24. REINFORCEMENT OF TUNNEL ENTRANCE. 


An elevation of this bridge showing these various 
features is given in Fig. 19, opposite, while illus- 
trations of the timber centreing for the arch are 
given in Figs. 20 and 21. A general view of the 
completed bridge is given in Fig. 22. The line 
then follows the left bank of the river, and after 
passing through a spur by a tunnel 335 m. long, 
reaches Forges D’Abel, at a widening of the valley 
with steep walls all round. At one time there was 
a project for making the frontier station here, but 
it was found that the space available for the con- 
struction of a shunting yard was inadequate, and a 
most favourable site on the other side of the frontier 
was ultimately chosen. 

All the way up the valley difficulties were met 
with owing to the treacherous nature of the ground. 
In a number of instances tunnel entrances were 
extended by covered ways to minimise difficulties 
from falling stones and snow-blocks ; in some cases 
the tunnel walls were reinforced on the valley wall 
side, as illustrated in Fig. 24 on this page; while in 
others cases at tunnel entrances the foundations on 
one side are carried down nearly 30 ft. below the rail 
level. 

Owing to the state of the ground the foundations 
of many retaining walls and many piers had to be 
carried deeper than would appear necessary at first 
sight, and during construction electric pumps were 
used extensively. At some points protecting walls 
had to be carried down below the normal bed of 
the river, and at certain places during construc- 
tion, owing to sudden severe floods, trenches were 
flooded, resulting in boulders and the weight of 
water destroying the timbering and doing great 
damage. An example of the deep foundations 
necessary in some cases is illustrated in Fig. 25, on 
this page, which shows the timbering for the foun- 
dations of the viaduct at Etsaut. 

At Forges d’Abel, although the site was not found 
suitable for the frontier station, there are none the 
less more extensive sidings than at other stations 
above Bedous. After leaving the station the River 
Aspe is crossed for the last time, and on an up 
grade of 1 in 29-4 the Somport tunnel is entered. 
The total rise from Bedous, 15-4 miles, is 668 m. 


| The rails used on the French section are of the 
| double-headed type, 44 kg. per metre or about 
89 lb. per yard, 22 m. long (72 ft.) supported on 
chairs. 

(To be continued.) 
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An Introduction to Crystal Analysis. By Sir WimLL1AM 

Braaa, K.B.E., D.S8c., F.R.S. London: G. Bell and 

Sons, Limited. [Price 12s. net.] 

Prope interested in crystal analysis, who are able 
to attend Sir W. Bragg’s lectures, are impressed 
by the lucidity of his exposition, and by the suc- 
cess attending the pains he takes, with the aid of 
manifold models, to help the investigator over the 
| chief difficulty that confronts him, of understand- 
| ing and interpreting the space relations of what he 
observes in different planes. On the printed page, 
those advantages are lost, even more than on the 
black board, on which diagrams may quickly be 
changed to indicate successive stages. But Sir 
William Bragg is successful also as a writer, though 
the master of a subject is not necessarily its best 
expositor. 

His Introduction to Crystal Analysis, an expan- 
sion of lectures given at University College, Aber- 
ystwith, in the autumn of 1926 to a general audience, 
naturally deals more with broad features, theory 
and results, than with particular apparatus and 
with the technics of X-ray work. After the first 
chapters on reflection by the crystal lattice, methods 
of analysis and simple organic crystals, he comes 
|to the space groups, the relative positions of the 
| atoms within the cell-element, and in that chapter, 
| in particular, the reader will meet with a good many 
|examples of Sir William’s resourcefulness as a 
‘lecturer. The technique of this work has made 
| great advances since this lecture was delivered ; 
lof this we find evidence, particularly in the 
chapters on some complex crystals and on metals 
and alloys. But the fundamental difficulties of 
interpretation remain with us, and the general in- 
troduction will not lose its value with still further 
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progress. X-ray analysis of crystals has grown 
out of crystallography, but the parent owes much 
to the child. A second edition of the volume 
might correct Rontgen into Réntgen, and Phrag- 
men into Phragmén. 





Vibration Problems in Engineering. By Pror. 8S. 
TIMOSHENKO. New York: D. Van Nostrand Co., Ine. 
London: Constable and Company, Limited. [Price 
21s. net. } 

THE study of the problems of vibrations more nearly 

concerns the mechanical than the civil engineer ; to 

the former these problems are well known and are of 
ever-increasing importance, as the speed and weight 
of moving parts increases, and as a greater degree 
of silence is demanded. From time to time, 
however, civil engineers have been interested in 
special problems of this nature and, in fact, it is 
quite recently that the problem of the vibrations of 
roads and structures has come into prominence 
and has demanded the close attention of those 
concerned.* It is then at an opportune moment 

that this book has been published. ‘A 
It will be said, perhaps, that the subject resolves 

itself into a number of individual problems, a view 

which is confirmed by the fact that much of the 
literature of the subject{is in the form of isolated 
papers and little has been done to collate this 
material. It must be admitted, however, that 
these individual problems have a common mathe- 
matical basis, a knowledge of which is essential to 
a proper study of any one problem; and while the 
methods of solution and of approximation may 
vary, much may be learnt from a general study of 
the subject and of the methods applicable to 
problems other than that with which the reader has 
immediate concern. Professor Timoshenko has, 
therefore done good service in writing this book, 
which provides an excellent general introduction to 
the subject ; and exception need not be taken to it 
on the grounds that it discusses such widely different 
problems as the vibrations of turbine discs and of 
railway bridges. It is only to be regretted that, 





* See page 237 ante, 
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for reasons which will appear later, the work leaves 
something to be desired in detail. 

The book opens with a chapter on harmonic 
vibrations in one degree of freedom; the free and 
forced vibrations of such systems are discussed, as 
well as theeffects of damping, both constant damping 
and the fluid friction type in which the resistance is 
proportional to the velocity. The Rayleigh approxi- 
mate method of calculating the natural period of 
a system is given. .It would have been preferable 
to have made some mention of vector representation 
of oscillations, a method which gives a very clear 
graphical interpretation to some problems. The 
author throughout this chapter, and largely through- 
out the book, has explained the mathematical pro- 
cesses by reference to definite problems, which is, 
on the whole, to be recommended, although it ad- 
mittedly involves some loss of generality. 

The second chapter deals with systems, of one 
degree of freedom, in which the controlling force is 
not directly proportional to the displacement, 
that is systems which are not truly harmonic. 
Two classes are considered; pseudo-harmonic 
systems in which the controlling force is dependent 
upon, but not directly proportional to, the displace- 
ment; and quasi-harmonic systems in which the 
controlling force is a product of the displacement and 
a function of thetime. In the latter class an analysis 
is given of the vibrations of the coupling-rod system 
of electric locomotives. 

The next chapter is devoted to harmonic systems 
having several degrees of freedom; the Lagrange 
method and the theory of normal modes of vibration 
are developed. The Lagrange method is general 
in application and is extremely valuable, but there 
does not seem to be much justification for its use 
almost to the exclusion of solution by first 
principles. In some problems, such as the transverse 
oscillations of a beam, a simple differential equation 
is easily obtained by the latter method, and the 
required solution follows without recourse to energy 
considerations. The greater part of this chapter is 
devoted to the vibration of shafts, including the 
functions of the vibration absorber. Amongst the 
remaining problems is that of the vertical and 
pitching oscillations of a four-wheeled vehicle, in 
connection with which a somewhat surprising 
method of approximation is given, the accuracy of 
which, though sufficiently good in the example 
quoted, seems to depend on chance; the method 
fails for a symmetrical vehicle. The fact is that 
approximate methods require more justification 
than is provided for by the calculation of error for 
an isolated example; there should always be some 
theoretical basis for the approximation. 

The fourth and longest chapter is devoted to 
vibrations of elastic bodies ; the sectional headings 
include those of bars, membranes, plates and the 
circular ring. The section on the last named con- 
tains an equation quoted from Love’s Mathe- 
matical Theory of Elasticity which does not agree 
with the original, and that in a way which can hardly 
be attributed to the printer. 

The last chapter gives a short description of 
various vibration measuring instruments ; it can, of 
course, make no claim to be comprehensive, but its 
inclusion serves a useful purpose. 

At the end of the book there is a list of errata, 
some 50 odd in all, which, already over long, 
would, we fear, have been considerably longer had it 
included all errors. There does not seem to be any 
good reason why such a large number should have 
survived the proof stage; nor why, when they are 
published, they should be placed in such a position 
that they may well escape notice until after the book 
has been read. 

Our chief: criticism of the book, however, is 
rather on the grounds that the mathematical work 
is presented in a form that is unnecessarily difficult 
to follow. It is inevitable to assume that the reader 
is familiar with the calculus and differential equa- 
tions, though as a matter of fact the author is 
strangely inconsistent on this point ; but it does not 
appear to be necessary to leave quite as much as has 
been left to the reader’s ability or his confidence in 
the author. Itis hardly too much to say that if the 


book were to contain another 50 pages, occupied 
with more carefully worded explanation and with 
intermediate mathematical steps, it would require 








| 
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less time to read. For the most part the explana- 
tions are merely too brief, occasionally they are 
misleading. In the analysis of the longitudinal 
vibrations of a bar the generalised normal co-ordi- 
nate is apparently defined as an explicit function 
of the time rather than by reference to its geo- 
metrical meaning, a definition which is not satis- 
factory for free vibrations and leads to a contradic- 
tion when forced vibrations are discussed. A minor 
point is the choice of symbols; much advantage 
would be derived from a more consistent use of the 
same letter to represent similar quantities; in one 
particular section the letter q represents a weight 
per unit area, while elsewhere g™” represents the 
normal co-ordinate. The letters A, B, C, D are used 
for the components of force and a few lines later 
for the components of amplitude. 

There is always in the practical application of 
dynamical theory the possibility of confusion which 
arises from the existence of two units of force, 
the absolute and the gravitational; the author 
has used the latter, while we are inclined to consider 
the former to be preferable, as it avoids having 
mass and moment of inertia of dimensions which 
include time. 

In conclusion we would state that in our opinion 
the merits of the book far outweigh its faults. The 
subject matter is carefully chosen and well arranged, 
and there are many valuable quotations from, and 
references to, other authors. The book therefore 
serves as an introduction to the subject and will 
show the way to further study of special problems ; 
the deficiencies are irritating rather than serious. 
The volume may be recommended to those inter- 
ested in any problem of vibrations. We only 
wish that the author had made the readers’ task 
somewhat less difficult. 





By Dr.-tech.- 


Druckschwankungen in Druckrohrleitungen. 
[Price 15 


Ing. R. Lowy. Vienna: Julius Springer. 
marks.] 
In spite of the interest taken in the production of 
cheap power it is not surprising, in view of the 
relative distribution of coal and the possible sources 


of water power, that the use of the latter has been | 


developed only to a limited extent in this country, 
and that examples of the application of ‘‘ white 
coal”? are mainly to be found abroad. A natural 
sequence is that the conditions under which water 
turbines operate have come more under the ob- 
servation of Continental and other engineers, and 
have been the subject of much study by them. 
The variations of pressure in the pipe lines which 
accompany change of flow constitute a problem 
of considerable importance from two points of 
view—on the one hand, there is the question of the 
actual strength of the installation to withstand 
the pressures to which it may be subjected; and, 
on the other, the no less important one of the speed 
regulation of the turbine. In the early installations, 
with relatively short pipe lines and low falls, 
comparatively simple formule could be used for 
calculations without serious discrepancies, which 
became of greater moment, however, as develop- 
ment proceeded. A great step forward was made 
by the Italian engineer Allievi, who published in 
1901 his theory in which the elasticity of the 
water and of the pipe were taken into account. 
His formule are still useful; but much work, 
both experimental and analytical, has been done 
in the meantime. In books on hydraulics this 
question is usually dealt with very briefly, due to 
lack of space in a general treatise; the appearance 
of the book at present under review will, therefore, 
be welcome to those who wish to study the matter 
in greater detail. 

The simplest calculations of the pressure variations 
are based on the assumption that the water is 
incompressible, and that the pipe line is rigid—the 
column of water being thus subject merely to 
retardation or acceleration according as the flow 
to the turbine is reduced or increased. These 
assumptions are obviously not in strict accordance 
with the facts ; but the author adopts them in the 
first portion of the book, examining carefully the 
limitations to which the resultant formule are 
subject, and showing that under certain circum- 
stances they are of sufficient accuracy for practical 
purposes. In any case, they are the limiting values 











for the more general formule developed later, in 
which due regard is given to the effect of elasticity 
and to the resultant pressure waves, with the 
conditions under which the reflected waves cause 
rise or fall of pressure. The treatment is mainly 
mathematical or analytical, but graphical methods 
are developed which serve both to simplify the 
calculations and to facilitate a clear appreciation 
of the different factors and results. The effect of 
friction, stepped diameters and varying thickness 
of the pipe, branches, the supply of more than 
one turbine and the use of a pressure regulator 
are ‘all dealt with. No mention is made, however, 
of the use of the surge tank, although some reference 
to: this would not be out of place in the general 
discussion of the steps to be taken to limit pressure 
rise and to secure good governing. The conditions 
under which, in the suction pipe of turbines 
discharging below the tail water, the water column 
is liable to become broken are examined and the 
double danger pointed out—of collapse due to the 
outside pressure and of bursting due to shock when 
the column again unites. A valuable feature of 
the book, which will facilitate the use in practice, 
is that the principal formule have been gathered 
together at the end with an explanatory list of 
the symbols used in them, followed by a number 
of problems duly worked out. Although reference 
has only been made to the pipe lines for water 
turbines, similar conditions may arise, for instance, 
in connection with pump deliveries, for which the 
same methods of calculation can then be adopted. 





Surveying, Theory and Practice. By RayMonp E, Davis, 
Francis 8. Foote anp W. H. Rayner. First edition. 
London: McGraw Hill Publishing Company, Limited. 
[Price 25s. net.]} 

Tus book is intended primarily as a text for use 

in surveying classes as ordinarily conducted in 

engineering schools, but it has also been the aim 

of the authors to produce in a single volume a 

treatise on the subject of surveying sufficiently 

comprehensive to be of value to practising engineers 
and surveyors. 

The more elementary phases of the theory and 
practice of surveying have been treated in detail, 
and are clearly and well presented with excellent 
mathematical tables, diagrams, copies of field 
work, &c. The more advanced phases of the 
subject are discussed, methods used on extensive 
surveys under a variety of conditions described, 
and the relative advantages of the various methods 
as affected by field conditions are considered. The 
more specialised parts of the book have evidently 
been reviewed with care. 

These include the practice of surveying as 
extended to entire surveys, those for establishing 
boundaries of rural and urban lands; for locating 
railways, highways, and other routes; for the 
location and development of mining properties ; 
and for topographic and photographic mapping, 
both terrestrial and aerial. In the section on air 
photography a description is given of the different 
cameras in use and illustrations of the methods of 
mounting them in aeroplanes. Perhaps in a future 
edition the authors may see their way to include a 
reproduction of the actual mosaic or assemblage of 
contact prints from which the map of an air survey 
is obtained. 








THe UnitEp States LOCOMOTIVE AND FREIGHT-CaR 
InpusTRIEs.—Largely on account of the increased effi- 
ciency of the railways of the United States in the opera- 
tion and maintenance of their rolling-stock and equip- 
ment, the year 1928 was one of the poorest ever 
experienced by locomotive and car builders in that 
country. The position is dealt with at some length in a 
recent issue of Commerce Monthly, the journal published 
by the National Bank of Commerce in New York. It 
is stated therein that last year’s sales of locomotives 
by United States manufacturers amounted to 550, 
compared with 1,074 in 1927 and 1,755 in 1926. On 
the other hand the number of stored locomotives, in 
good working condition, has increased, the average for 
1928 being 6,700, compared with 5,828 for 1927 and 
4,778 for the five-year period 1923-27. The manu- 
facturers of freight cars have also suffered, their out- 
put amounting to 39,000 units during 1928, compared 
with 54,000 during 1927, and 80,000 in 1926. The 
journal adds that the capacity of the United States 
locomotive industry is greatly in excess of replacement 
needs, and that any great increase in purchases of freight 
cars during 1929 is unlikely. 
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THE P. AND O. TURBO-ELECTRIC 
LINER ‘‘ VICEROY OF INDIA.”’ 


At the present time those interested in the develop- 
ment of passenger liner construction may regard the 
progress, which is now taking place, from two points 
of view, both of which possess numerous aspects of 
interest. On the one hand, within a hull, the construc- 
tion of which does not differ greatly from what has 
been usual in recent years, strenuous attempts are 
being made to increase the amenities provided for the 
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depth, moulded to the uppermost of the nine decks, 
82 ft. She was constructed by Messrs. Alexander 
Stephen and Sons, Limited, of Linthouse, Glasgow, 
to the exacting requirements of the steamship com- 
pany in the short time of just under two years from 
the date the order was given. Her lines are the outcome 
of a number of investigations in the Experimental 
Tank at the National Physical Laboratory, Ted- 
dington, and her stability was made the subject of a 
special clause in the contract. As a result, it is hoped 
that she will be particularly steady in a sea way, 


passengers, and, on the other, the possibilities of | while the system of driving ensures almost complete 
achieving greater efficiency in operation are being | absence from vibration and noise, as those who have 
carefully investigated. If the result in the first case is | undertaken a voyage in her will readily confirm. This 


sometimes accompanied by an ornateness, which those 
who prefer comfort rather than display may find a little 
trying, there are the countervailing advantages that a 
voyage is now, to put it mildly, much less of an ordeal 
than it was when Dickens wrote American Notes, and 
that one’s fellow passengers are less omni-present than 
they were even a few years ago. From this point of 
view it is curious to reflect that while it is unheard of 
for a hotel visitor to be asked to share a bedroom with 





|result is‘due to the fact that, as will be seen, there 


is very little reciprocating machinery on board, and 
even this is mainly used when the vessel is in port. . 
A view of the ship as completed is given in Fig. 1, 
below, while a view of the boat deck looking aft from 
the bridge is given in Fig. 2, on page 638. The general 
arrangement of the vessel will be clear from the 
rigging plan, Fig. 3, on page 639, and from the plans 
of the various decks, reproduced in Figs. 4 and 5, on 


a stranger, and not at all difficult to secure a separate | page 639, and 10 to 18, on Plate LIV. From these 
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deck. Sliding doors are fitted between the cabins, 
so that suites can be arranged. Heating is effected 
by Morganite electric panels and ventilation by at 
least two punkah louvres. The latter are of ithe 
ball type, and can be adjusted in any direction and 
for any degree of ventilation. The cabin side-lights 
and windows include jalousies of opaque glass. The 
artificial lighting is generous in amount and well 
arranged. Twelve of the staterooms on B deck and 
twenty cabines de luxe on C deck have private, bath- 
rooms and smaller cabins adjacent. They are panelled 
in polished hard wood. A view in one of these cabins 
made up as a sitting-room is given in Fig. 22, on 
Plate LY. a 

The general character of the first-class public rooms 
will be clear from the illustrations we give in Figs. 6, 
7 and 9, on Plate LITI, and Figs. 19 and 21, on Plate 
LV. The dining saloon is 86 ft. long and is capable 
of accommodating all the passengers at one sitting. 
It is entered through a glass-cased vestibule and also 
directly from the two main lifts. The walls are 
panelled in polished walnut with pillars and pilasters 
in blue marble. It is lighted naturally by large sliding 
casement windows and artificially by an effective 




















compartment in a railway sleeping car, it is still the 
exception rather than the rule to be able to obtain a 
single-berth cabin on even the most modern ocean 
liner without paying heavily for the privilege. The 
directors of the Peninsular and Oriental Steam Navi- 
gation Company are therefore to be congratulated 
on providing such accommodation for all first-class 
passengers on board the latest addition to their fleet, 
the Viceroy of India. 

This vessel is also notable from the other point of 
view, to which we have just called attention. As is 
well known, considerable difference of opinion exists 
about the best propelling machinery to employ for this 
class of ship. The advantages of the Diesel engine 
are being eagerly canvassed, while advocates of steam 
are calling attention to the benefits, which can be ob- 
tained by using higher pressures and temperatures. 
Again, those who believe in mechanical gearing 
between the engine and the propeller are ranged 
against those who consider that for this purpose the 
employment of electrical equipment gives the maximum 
economy and greatest ease of control. The adoption 
of the electric drive on the Viceroy of India is therefore 
a development of the greatest interest, the results of 
which will be closely watched by all concerned. At 
the moment these results are not obtainable, but it is 
safe to say that they will, without question, be success- 
ful. In view of the importance of this ship, we pro- 
pose to describe her construction and equipment at 
some length. 


ConsTRUCTION AND ACCOMMODATION. 

As regards hull design and passenger accommo- 
dation it may first be mentioned that the gross 
tonnage of the Viceroy of India is 19,700 tons, her 
displacement being about 25,000 tons. Her overall 
length is 612 ft., her moulded breadth 78 ft., and her 
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Fie. 1. 


it will be seen that the hull is divided into twelve 
water-tight compartments. These main compartments 
are sub-divided, so that there are 60 watertight spaces 
in all, many of which are used for the storage of oil 
fuel and water and for the accommodation of the 
machinery. It will also be noticed that the greater 
part of the passenger accommodation is situated above 
the level of the watertight bulkheads and that this 
space is divided into sections by fireproof bulkheads, 
which are closed by doors of the Dreadnought double- 
panelled type. The watertight doors below are 
operated on the Scott-Ross all-electric system, each 
door being arranged for separate control, though it is 
possible to close the whole number by operating a 
master control on the navigating bridge. The vessel 
is provided with six cargo holds, each of which has a 
large steel hatch cover. These covers are hinged to the 
hatch coaming and are raised by a derrick. When in 
their upper position they are secured by pins to lugs 
on the sides of the housing, so that loading or unloading 
can easily take place. A complete equipment of derricks 
and winches has been provided for dealing with the 
cargo, further particulars of which are given below. 
As already mentioned, a feature of the ship is that 
practically all the first-class passengers, of whom 415 
can be carried, are accommodated in single-berth 
cabins. As will be seen from Figs. 15 to 17, Plate LIV, 
these cabins are situated on B, C and D decks and a 
view in one of them is given in Fig. 23, page 646. Each 
cabin is furnished with a polished oak cot bedstead, 
wardrobe, dressing table, washbasin with running 
water, cupboards and other fittings for ensuring the 
comfort of the passenger. The general design is in 
polished oak and white enamel, the fittings being of 
Roanoid. The floor is covered with linoleum par- 
quetry laid on Herculoid, a magnesite composition, 
and this again is laid on bitumen to preserve the steel 


indirect system of electric lighting. The music room, 
which is on A deck, is 60 ft. long and 50 ft. wide, 
and is also lighted by large casement windows, which 
open on to a closed observation gallery. This gallery 
is protected by sliding windows, so that it can be 
used in all weathers. The smoking room is placed 
towards the after end of A deck, and has a tim- 
bered roof rising from 11 ft. to 17 ft. in height. 
It is panelled in oak and has wrought-iron doors, 
while the fireplace is an excellent example of sixteenth- 
century work. The whole design of this room is 
in fact based on material taken from the Old Palace 
of Bromley-by-Bow, and now in the South Kensington 
Museum. Other accommodation includes a verandah 
cafe, which we illustrate in Fig. 21, on Plate LV, and a 
children’s playroom, which is entered off the boat deck 
and opens on to a sun-shaded playground protected 
with high guard rails. Finally, there is a swimming 
pool 24 ft. long, the Viceroy of India being the first 
liner on the Indian mail service to be provided with 
this amenity. The whole of the decoration and fur- 
nishing of the public rooms was carried out by Messrs. 
Waring and Gillow, Limited, of London, while much 
of the design necessary to produce the pleasing results 
obtained was due to the late Hon. Elsie Mackay, the 
daughter of Lord Inchcape. 

From the point of view of progress in passenger 
accommodation the equipment of the second-class 
cabins is perhaps even more striking than that which 
we have just described. The passengers carried in 
this part of the ship number 258, and they have 
the use of a roomy dining saloon, which is capable 
of seating them all at one sitting. Their smoking 
room and music room are both comfortable and 
spacious apartments, while a small children’s room 
is also provided. Views of the accommodation in this 





portion of the ship are given in Fig. 8, Plate LII, 
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Fig. 20, Plate LV, and Fig. 24, page 646. The officers 
and crew carried number about 420, and the position 
of their accommodation will be clear from Figs. 10, 
13, and 15 to 17 on Plate LIV. 

The culinary arrangements on the Viceroy of India 
are necessarily extensive, in view of the fact that 
about 1,100 people of different races and castes have 
to be catered for, and an interesting point about 
them is that most of the equipment for this 
purpose is heated electrically. It includes bread 
ovens, ranges, grills, hot plates and toasters, together 
with labour-saving appliances such as mincers, dough- 
mixers, potato peelers and dish washers. The appli- 
ances for these purposes were manufactured by 
Messrs. John Phillips and Company, of Glasgow, 
while Messrs. Henry Wilson and Company, Limited, 
of Liverpool, supplied the main range. This range, 
which is 16 ft. long by 6 ft. 6 in. wide, and is 
equipped with five ovens on each side, is illustrated 
in Fig. 25 on page 646. The mild-steel top plate of 
this cooker is fitted with ten 22}-in. by 12-in. and 
twenty 12-in. by 12-in. radiant-type silica panels. 
The maximum loading is 145 kw., and the switch- 
board, which is fitted on the canopy, allows three-heat 
control to be obtained on each circuit. Much of 
the laundry machinery is also electrically driven, but 
the tea and coffee boilers are heated by steam. 


NAVIGATING APPARATUS. 


As might be expected the Viceroy of India is equipped | 


with a very complete range of navigating and external 
and internal communication apparatus. The former in- 
cludes a standard compass of the Kelvite type, which 
was manufactured by Messrs. Kelvin, Bottomley and 
Baird, Limited, of 18, Cambridge-street, Glasgow, and 
is fitted with an azimuth mirror. In addition, steering 
compasses are provided in the steering and aft positions. 
The cards in these instruments are of the well-known 
Kelvin pattern with short needles of small magnetic 
movement and are suspended by silk threads from 
an aluminium ring. The azimuth mirror is secured 
on the outer ring of the bezel, so that while it can 
turn freely it is not liable to be dislodged by shock 
or bad weather. The under part of the bowl is of 
thick annealed glass and contains oil for steadying 
purposes. The bezel is of conical shape and has degree 
divisions from 0 deg. to 180 deg. on each side. This 
is very useful for obtaining four-point bearings. The 
compasses are lighted entirely from underneath, the 
electric lamp being placed a sufficient distance from 
the bowls to obviate compass errors. A mechanical 
light regulator and emergency oil lamp are also fitted. 
A clear view screen, supplied by Messrs. George Kent 
and Company, Limited, of Luton, is fitted for aiding 
navigation in bad weather, while buoyant apparatus 
has been supplied by Messrs, Gradwell and Company, 
Limited, of Barrow-in-Furness. 

Messrs. Kelvin, Bottomley and Baird also supplied 
two sounding machines of the Kelvite, Mark IV, 
type. One of these, which is used for sounding trom 
amidships, is motor driven, while the other, which is 
installed aft, is operated by hand. The former is 
fitted with a watertight motor, which is controlled 
by a simple switch lever. The brake is of the mechani- 
cal ratchet pattern, and consists of a hardened steel 
pawl, which engages with a cast-steel ratchet wheel. 
A half-turn of the hand wheel in the swing out direc- 
tion releases this brake, owing to the cheek of the 
latter being checked by a steel pawl. The drum 
carrying the line then runs freely under the weight of 
the lead. Immediately the lead touches bottom, the 
operator switches on. This rotates the spindle of the 
drum and ratchet wheel in the winding-in direction, 
and simultaneously applies the brake. The pawl is 
held clear of the ratchet wheel by depressing the 
spring lever. 

The telegraphs between the bridge and the engine- 
room were supplied by Messrs. Siemens Brothers and 
Company, Limited, of Woolwich. They consist of 
two double-deck instruments in the former position, 
from which connection is made to two instruments 
in the engine-room and stokehold respectively. In 
addition, there is a double-dial instrument on the 
navigating bridge, one dial of which is used for docking 
and the other for steering. The former is connected 
to a single dial instrument on the capstan deck aft, 
and the latter to similar instruments near the steering 
gear on the poop or in the steering gear house, de- 
pending on the position of a change-over switch. All 
these instruments are operated electrically, their 
supply being independent of that from the ship’s 
mains. 

Ahead and astern revolution indicators are also 
provided for each engine. These consist of receivers 
on the bridge and in the engine-room, which show 
when the engine starts and stops, and the speed and 
direction of rotation of the shafts. Two other indi- 
cators enable the look-out man to signal from the 
crow’s nest to the bridge, and show that the navigating 
lights are burning correctly. Should any failure of 


the latter lights occur, it is indicated visually on a 
plan of the ship, and audibly by the ringing of an 
alarm bell. 

For internal communications a complete system of 
telephones has been provided between the various 
officers’ quarters, ship’s offices, stores, &c. This was 
installed jointly by Messrs. Siemens Brothers and 
Company, Limited, and Messrs. The Telephone Manufac- 
turing Company, Limited, of London, and enables the 
majority of important points on the ship to be worked 
together. 

STEERING GEAR. 

The steering gear is of the electro-hydraulic type, 
and was manufactured by Messrs. Brown Brothers and 
Company, Limited, of Rosebank Iron Works, Edin- 
burgh. It comprises four hydraulic cylinders, which 
are arranged in pairs on either side of the rudder 
post. The two rams on each side are coupled together, 
and act through a snatch block direct on to the tiller 
arm. The power units, control gear and valves are 





and the bearing thus formed carries the weight of the 
rudder. 
WIRELESS EQUIPMENT. 

The wireless apparatus, with which the Viceroy of 
India is equipped, was also supplied by Messrs. Siemens 
Brothers and Company, Limited, of Woolwich. It con- 
sists of a main transmitter and receiver and an emerg- 
ency transmitter, all of which work on the ordinary 
marine wave lengths, together with a short-wave 
transmitter and receiver, a direction-finder and life 
boat equipment. Of these, the main transmitter is 
capable of signalling on either the continuous wave 
or interrupted continuous wave system on all wave- 
lengths between 500 and 3,000 metres. The change- 
over from one system to the other can be effected very 
rapidly, and interrupted continuous waves can be 
obtained either by connecting the two transmitting 
valves in parallel and supplying them through rectifiers 
from the alternating current supply, or using them in 
balanced connection without rectifiers, thus giving @ 
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Fig. 2. 


mounted on the two forward cylinders. The power 
units consist of a constant-speed motor, which is 
direct coupled to a Williams-Janney pump, the delivery 
from which is controlled from the main or docking 
bridges by a Brown hydraulic telemotor. Normally 
one of these units is kept in reserve, and means are 
provided whereby a change-over from one to the other 
can be quickly made. If conditions should require 
particularly rapid steering both units can be employed 
together. Stop valves are provided, so that either 
pair of cylinders can be isolated from the hydraulic 
system. In the event of accident, therefore, the ship 
can be steered with one pair of eylinders, an arrange- 
ment which, in combination with the two power units, 
provides what is virtually duplicate equipment, so that 
the provision of hand or auxiliary gear has been un- 
necessary. 

An additional feature of this gear, which is worthy 
of mention, is the steadiment. This is provided to 
take the radial thrust of the rudder post and to carry 
the weight of that post and of the rudder and tiller. 
This fitting consists of a heavy cast-iron casing, which 
surrounds the rudder post and is bolted to the deck 
immediately below the latter. The underside of this 
casing passes through the deck and forms a watertight 
gland, while the upper part is fitted with a gunmetal 
bush, which takes the radial thrust of the post. A 
heavy bronze thrust plate is fitted on the top of the 





casing. The underside of the tiller rests on this plate, 














View or Boat Deck From BripGe. 


note of double the machine frequency at the receiving 
station. Since the frequency of the generator is 500, 
a frequency of 1,000, which is easily audible, is thus 
obtained. 

The main receiver consists of a two-valve equipment, 
on which all wave-lengths from 20 to 20,000 metres 
can be picked up by the use of suitable coils. The 
circuit includes one detector valve with reaction and 
one low frequency amplifying valve. The instrument 
used for the normal commercial wave-length range is 
self-contained, the change-over of the appropriate 
tuning and reaction coils being effected by a switch. 
Plug-in coils are only used when wave-lengths below 
100 m. are being received. A special wavemeter is 
fitted, which can be used as a local oscillator for the 
reception of continuous waves on all wave-lengths from 


| 350 m. to 20,000 m., as well as for checking all trans- 


mitted waves over the whole band. It can also be 
employed for adjusting an emergency crystal circuit, 
the valve in the wavemeter being then used as a buzzer. 
The emergency transmitter is of the quenched-spark 
pattern and works on a fixed wave-length of 600 m. 
The power for this set is supplied from a 30-volt accu- 
mulator, which is charged from a 250-watt generator. 
This set operates through an auxiliary aerial. 

The short wave transmitter and receiver are used 
for clearing long-distance traffic through the Post 
Office station at Portishead during the hours when this 
is possible. The transmitter of this set can be adjusted 
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to give service on any short wave-length, by means of 
a double condenser. The receiver is equipped with 
three valves and can be employed as a detector with 
two low frequency stages or as a regenerative receiver, 
according to the conditions. This set also operates 
through its own aerial. 

The direction-finder is installed in the chart room 
and consists of a four-valve receiver, which can be 
tuned for wave-lengths between 500 and 1,200 m. 
Two stages of high-frequency amplification are em- 
ployed, screened grid valves being used for the purpose. 
To secure both mechanical protection and electrical 
screening the apparatus is mounted in a cast-metal box. 
The direction-finder is equipped with a direct-driven 
screened frame aerial and is capable of taking bearings 
with an accuracy of about 1 deg. at a range of 50 m. 
Fig. 26 on page 646, is a view in the wireless cabin. 


LIFEBOATS. 

The lifeboat equipment of the Viceroy of India is 
particularly complete and consists of thirteen boats, 
measuring 30 ft. 10 in. long, by 9 ft. 6 in. beam by 
3 ft. 10 in. deep. These are each capable of carrying 
80 passengers, while, in addition, there are two diagon- 
ally-planked lifeboats, 26 ft. long, and a 30-ft. motor- 
boat. The 30-ft. boats were built by Messrs. the 
Rigidus Boat Company, Limited, of Whiteinch, 
Glasgow, and are all housed in gravity davits, which 
were supplied by Messrs. Welin-Maclachlan Davits, 
Limited, of London, the boat davit blocks being of the 
Bullivant type. The lifeboat equipment is such that 
every person on board has a place, while the employ- 
ment of gravity-type davits allows each boat to 
be placed in the water by one man very quickly. 

For communication purposes these lifeboats are 
equipped with a small quenched-spark wireless trans- 
mitter, which works on the distress wave-length of 
600 m. It is supplied with power from a nickel-iron 
accumulator battery, which drives a 250-watt gene- 
rator. The receiver is also normally tuned to a wave- 
length of 600 m., but it can receive over a considerable 
band. The battery of this set is, in addition, used 
to supply a small searchlight. 

(To be continued.) 








LABOUR NOTES. 


Tue Confederation of Employers’ Organisations, 
the Federation of British Industries, and the General 
Council of the Trades Union Congress have now formally 
adopted the decision of the joint conference, held 
recently in London, to appoint representatives to a 
joint committee, with instructions to examine the best 
methods for consultation and co-operation. No 
meeting of the joint committee is likely to be held 
until after the General Election. 





At the Llandudno meeting of the National Committee 
of the Amalgamated Engineering Union last week, 
Mr. A. Dalziel (Glasgow) moved a resolution denouncing 
the industrial peace conferences, declaring that the 
aims of the rationalisation proposals were only inten- 
sifying the slave-driving, wage-cutting policy now being 
pursued, and the harnessing of the trade unions to 
capitalism. The resolution further declared that the 
action of the T.U.C. in supporting capitalist rationali- 
sation was that of deadly hostility to the working 
classes. Mr. P. Glading moved an amendment express- 
ing the opinion that the conference between the T.U.C. 
and the Melchett employers was of no value to the 
working-class movement, and should be discontinued. 
This was carried by 46 votes to six. It was put as 
a substantive resolution and adopted. 


According to the Ministry of Labour Gazette, there 
was a further improvement in employment in most 
industries during April. Among the workpeople, 
numbering approximately 11,880,000, insured against 





unemployment in Great Britain and Northern Lreland, 
unemployed in all industries taken 


the percentage 


together was at April 22, 1020, as compared with 
i Lat Mareh 25, 1020, and 0-5 at April 23, 102s The 
percentage wholly unemployed at April 22, 1029, was 
sO, as compared with S4 at March 25, 1020; while 
the percentage temporarily stopped was 1:0, as 
mpared with 1+7 
The principal industries in which improvement 
mal included the mining group, exclusive of coal 
vning aml slate quarrying buikding and public 
wotke contracting brvok, tok ement, and puttery 
snulacture tinplate manufacture shipbuilding, 
hip pei lr itigg ami marine eagineering thee shipping 


and lace manufacture 
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also increases in the numbers unemployed in the cotton, 
linen, and jute industries, in textile bleaching, dyeing, 
and finishing, in the glass bottle industry, and in river, 
dock and harbour services. 





Continuing his observations on the subject of 
rationalisation in the May issue of the Monthly Trade 
Report of the United Pattern Makers’ Association, 
Mr. A. A. H. Findlay, the General Secretary, says 
that if rationalisation in industry means anything 
it means the application of science and organisation 
to industry. ‘It means in practice,” he proceeds, 
‘*so far as patternmakers are concerned, that there 
is no need to make two patterns when one is sufficient. 
It means there is no need to spend’time and labour 
on patterns beyond what is necessary. It may mean 
the co-ordination of firms with certain services and 
plant in common, including patterns, to a greater 
extent than exists at present. This will undoubtedly 
displace labour, and, it may be patternmakers, in 
certain firms. A _ speeding-up of labour is not 
rationalism, if it be merely a case of a foreman 
hounding on a man beyond his capacity for a period. 
If a complicated mechanism is simplified without 
being weakened and requires less patternmaking, 
that kind of rationalisation is justified, even though 
it means a drop in the wages bill total of that machine 
by a reduction in the number of patternmakers 
employed.” 





** Rationalisation,” Mr. Findlay goes on to say, 
‘*must tend to reduce the cost of production, and 
every reduction must tend towards making it easier 
for the artisan and labouring classes to secure more 
of the amenities of life. That we do not get the full 
advantage of this process is true. That the scales 
are weighted against us at the moment, I agree, 
and that we are not able to prevent the unfair 
distribution of the benefits of rationalisation is also 
true; but that is not a disadvantage of rationalism ; 
it is the lack of education on the part of our class 
which is the trouble. Given a knowledge of our 
ability and capacity, and the conviction of our rights 
and responsibilities, and the will and desire to take 
our place as free men and citizens, the full benefits of 
rationalisation can be secured. I do not believe that 
in the ultimate it will mean less patterns or pattern- 
makers. The higher social and cultural development 
of a nation or country is built up on the engineers. 
Every improvement in technique sooner or later finds 
its bearing in our industry. To the patternmakers 
displaced in the railway shop there is an opening 
for them in the motor shop, and by the time we have 
exhausted the possibilities of air, earth and water, 
we shall have need of all the patternmakers we have 
now and many more.” 





Under an agreement negotiated by representatives 
of the Piedmont iron and steel industries with the 
Fascist trade unions, the undertakings are divided 
into two categories—those situated in towns and 
those situated in the country. Minimum wages have 
been fixed for each class of workers, consisting of a 
basic wage per hour of work, and a supplement equal 
to 35 per cent. of the basic wage. The basic wage is 
fixed by adding all the elements which constitute 
the remuneration of each worker on April 1, the 
date on which the agreement came into force, including 
the basic wage, supplement for time work, cost of 
living and other bonuses, &c. This sum will be 
divided by 35, and the result multiplied by 100 will 
constitute the new basic wage. Similarly, the minimum 
earnings in addition to the basic wage for piece work 
have been fixed at 35 per cent. The parties have 
unanimously agreed that 2 per cent. of the workers in 
each undertaking may be paid a lower wage than the 
minimum thus tixed, for the purpose of encouraging 
employers to keep in their service workers 
physical condition makes them unable to give 
normal output for their group. 


the 


In the industries for which statistics are regularly 
com piled the Ministry of Labour, the changes 
in rates of wages reported to have come into operation 
during April resulted in an increase of about 6,000/, 


by 


in the weekly full-time wages of 586,000 workpeople, 
and in a reduction of 7,154. in those of 114,000 work 
poople The largest bodies of workpeople whose wages 
were increased were coal miners in the Cannock Chase 
district, for whom the percentage payable on bass 
rates was raised by the equivalent of about 3) per 
cont. on current rates, and pieceworkers employed 


in boot and shoe repairing, Aec., for whom the minimum 
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Those whose wages were reduced included workpeople 
employed in the textile bleaching, dyeing, finishing, &c., 
industries in Yorkshire, Lancashire, and Scotland, 
the reductions in Yorkshire varying from about 2 to 
23 per cent. on current rates, and in the other districts 
being Is. 3d. and 9d. per week in the case of men 
and of women respectively. During the first four 
months of 1929, the changes reported to the Ministry 
of Labour in the industries for which statistics have 
been compiled, have resulted in net increases of over 
6,500/. in the weekly full-time wages of 97,000 work- 
people, and net reductions of 19,250/. in those of 
301,000 workpeople. In the corresponding period of 
1928, there were net increases of 10,3501. in the weekly 
full-time wages of 105,000 workpeople, and net reduc- 
tions of 115,100/. in those of nearly 1,115,000 work- 


people. 


The number of trade disputes involving stoppages of 
work, reported to the Ministry of Labour as beginning in 
April, was 37. In addition, 16 disputes which began 
before April were still in progress at the beginning 
of the month. The number of workpeople involved 
in all disputes in April (including workpeople thrown 
out of work at the establishments where the disputes 
occurred, but not themselves parties to the disputes) 
was about 23,100, and the aggregate duration of all 
disputes during April was about 159,000 working days. 
These figures compare with totals of 23,100 workpeople 
involved and 137,000 working days lost in the previous 
month, and with 2,900 workpeople involved and 
30,000 days lost in April, 1928. The aggregate duration 
of all disputes in progress in the first four months of 
1929 was about 485,000 working days, and the total 
number of workpeople involved in these disputes 
was about 47,000. The figures for the corresponding 
period of 1928 were 360,000 days and 63,000 work- 


people, respectively. 





Addressing Parliament on Wednesday last week, 
Mr. Butler, the Premier of South Australia, declared 
that compulsory arbitration was the primary cause of 
the industrial depression and unemployment throughout 
Australia. Arbitration, he said, left a trail of wreckage 
in industry which was almost too serious to contemplate, 
and there must be something wrong with a system 
which provided high wages and reduced hours for 
some people by forcing others out of employment. 
Service and results were not counted, and the worst 
feature of the Australian system was that the strike 
was no longer a matter between employer and employee 
but was an offence against the law of the country. 
All that the penal clauses in compulsory arbitration 
had done was to prove how hopelessly wrong the 
whole thing was. No Arbitration Court had the 
necessary technical knowledge to make laws regulating 
working conditions and industry. The fact that the 
Judge did not consider output in fixing a wage had 
a tendency to stifle individual ambition, bringing 
the enterprising hard worker down to the level of the 
inferior man. 





The Berlin correspondent of The Times states 
that the German unemployment returns, which rose 
to nearly 2,500,000 during the winter, largely on 
account of the prolonged frost are now falling rapidly. 
Between April 15 and April 30 the number of persons 
in receipt of insurance relief decreased by 354,000, 
or nearly 24 per cent., from 1,480,000 to 1,126,000 ; 
and it is estimated, on the basis of provisional returns, 
that it has since sunk below the million. 


The Lancashire cotton trade dispute, which threatened 
to culminate in a lock-out involving 200,000 workers, 





whose | 


was settled on Saturday last, and the lock-out notices, 
which were to have taken effect at the week-end, were 
withdrawn. In the settlement terms, the mill owners 
undertook to consider the case of the workers ou 
strike at the Alma works, Oldham, provided the 
operatives returned to work, and to revise the scale 


|of pay, with arrears due, if it was found that the new 
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sal list.”’ This was to be done within a month. 


An election manifesto, issued last week by the General 
Council of the Trades Union Congress, asserts that it 
was by gross misrepresentation of trade union activities 
that the Government forced the passage of the Track 
Trade Unions Aet No previous 
(iovernment for « hundred years has been guilty of 
such reactionary legislation against trade unonmem 
it declares It rewte with you to meet this challenge 
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Fig. 20, Plate LV, and Fig. 24, page 646. The officers | the latter lights occur, it is indicated visually on a 
and crew carried number about 420, and the position | plan of the ship, and audibly by the ringing of an | rudder. 
| alarm bell. 


of their accommodation will be clear from Figs. 10, 
13. and 15 to 17 on Plate LTV 
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about 1,100 people of different races and castes have | installed jointly by Messrs. Siemens Brothers and sists of a main transmitter and receiver and an emerg- 
to be catered for, and an interesting point about | Company, Liwived, and Messrs. The Telephone Manufac- | ency transmitter, all of which work on the ordinary 


ihem is that most of the equipment for this 


purpose is heated electrically. It includes bread | 


ovens, ranges, grills, hot plates and toasters, together 
with labour-saving appliances such as mincers, dough- 
mixers, potato peclers and dish washers. The appli- 
ances for these purposes were manufactured by 
Messrs. John Phillips and Company, of Glasgow, 
while Messrs. Henry Wilson and Company, Limited, 
of Liverpool, supplied the main range This range, 
which i« 16 ft. long by 6 ft. 6 in. wide, and is 
equipped with five ovens on each sick illustrated 
n Fig. 25 on page 646 The mild-steel top plate of 
this cooker is fitted with ten 224 in. byw T2-in. and 
twenty l2-in. by L2-in. radiant.typ. ilica panels 
The maximum loading is 145 kw., and the switch 
board, which is fitted on the canopy, allows three-heat 
control to be obtained on each circuit Much of 
the laundry machinery is also electrically driven, but 
the tea and coffee boilers are heated by steam 


NAVIGATING APPAKATUS 

As might be expected the Viceroy of India is equipped 
with a very complete range of navigating and external 
and internal communication apparatus. The former in 
cludes a standard compass of the Kelvite type, which 
was manufactured by Messrs. Kelvin, Bottomley and 
Baird, Limited, of 18, Cambridge-street, Glasgow, and 
is fitted with an azimuth mirror. In addition, steering 
compasses are provided in the steering and aft positions. 
The cards in these instruments are of the well-known 
Kelvin pattern with short needles of small magnetic 
movement and are suspended by silk threads from 
an aluminium ring. The azimuth mirror is secured 
on the outer ring of the bezel, so that while it can 
turn freely it is not liable to be dislodged by shock 
or bad weather. The under part of the bowl is of 
thick annealed glass and contains oil for steadying 


purposes. The bezel is of conical shape and has degree | 


divisions from 0 deg. to 180 deg. on each side. This 
is very useful for obtaining four-point bearings. The 
compasses are lighted entirely from underneath, the 
electric lamp being placed a sufficient distance from 
the bowls to obviate compass errors. A mechanical 
light regulator and emergency oil lamp are also fitted. 
A clear view screen, supplied by Messrs. George Kent 
and Company, Limited, of Luton, is fitted for aiding 
navigation in bad weather, while buoyant apparatus 
has been supplied by Messrs. Gradwell and Company, 
Limited, of Barrow-in-Furness. 

Messrs. Kelvin, Bottomley and Baird also supplied 
two sounding machines of the Kelvite, Mark IV, 
type. One of these, which is used for sounding trom 
amidships, is motor driven, while the other, which is 
installed aft, is operated by hand. The former is 
fitted with a watertight motor, which is controlled 
by a simple switch lever. The brake is of the mechani- 
cal ratchet pattern, and consists of a hardened steel 
pawl, which engages with a cast-steel ratchet wheel. 
A half-turn of the hand wheel in the swing out direc- 
tion releases this brake, owing to the cheek of the 
latter being checked by a steel pawl. The drum 
carrying the line then runs freely under the weight of 
the lead. Immediately the lead touches bottom, the 
operator switches on. This rotates the spindle of the 
drum and ratchet wheel in the winding-in direction, 
and simultaneously applies the brake. The pawl is 
held clear of the ratchet wheel by depressing the 
spring lever. 

The telegraphs between the bridge and the engine- 
room were supplied by Messrs. Siemens Brothers and 
Company, Limited, of Woolwich. They consist of 
two double-deck instruments in the former position, 
from which connection is made to two instruments 
in the engine-room and stokehold respectively. In 
addition, there is a double-dial instrument on the 
navigating bridge, one dial of which is used for docking 
and the other for steering. ‘“he former is connected 
to a single dial instrument on the capstan deck aft, 
and the latter to similar instruments near the steering 
gear on the poop or in the steering gear house, de- 
pending on the position of a change-over switch. All 
these instruments are operated electrically, their 
supply being independent of that from the ship's 
mains. 

Ahead and astern revolution indicators are also 
provided for each engine. These consist of receivers 
on the bridge and in the engine-room, which show 
when the engine starts and stops, and the speed and 
direction of rotation of the shafts. Two other indi- 
eators enable the look-out man to signal from the 
crow’s nest to the bridge, and show that the navigating 
lights are burning correctly. Should any failure of 











turing Company, Limited, of London, and enables the 
majority of important points on the ship to be worked 
together. 

STEERING GEAR. 

The steering gear is of the electro-hydraulic type, 
and was manufactured by Messrs. Brown Brothers and 
Company, Limited, of Rosebank Iron Works, Edin 
burgh. It comprises four hydraulic cylinders, which 
are arranged in pairs on either side of the rudder 


post. The two rams on each side are « oupled together, 
and act through a snatch block direct on to the tiller 
arm. The power units, control gear and valves are 


|marine wave lengths, together with a short-wave 
| transmitter and receiver, a direction-finder and life 
boat equipment. Of these, the main transmitter is 
capable of signalling on either the continuous wave 
or interrupted continuous wave system on all wave- 
lengths between 500 and 3,000 metres. The change- 
over from one system to the other can be effected very 
rapidly, and interrupted continuous waves can be 
obtained either by connecting the two transmitting 
valves in parallel and supplying them through rectifiers 
from the alternating current supply, or using them in 
balanced connection without rectifiers, thus giving a 
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mounted on the two forward cylinders. The power 
units consist of a constant-speed motor, which is 
direct coupled to a Williams-Janney pump, the delivery 
from which is controlled from the main or docking 
bridges by a Brown hydraulic telemotor. Normally 
one of these units is kept in reserve, and means are 
provided whereby a change-over from one to the other 
can be quickly made. If conditions should require 
particularly rapid steering both units can be employed 
together. Stop valves are provided, so that either 
pair of cylinders can be isolated from the hydraulic 
system. In the event of accident, therefore, the ship 
can be steered with one pair of eylinders, an arrange- 
ment which, in combination with the two power units, 
provides what is virtually duplicate equipment, so that 


the provision of hand or auxiliary gear has been un- | 


necessary. 

An additional feature of this gear, which is worthy 
of mention, is the steadiment. This is provided to 
take the radial thrust of the rudder post and to carry 
the weight of that post and of the rudder and tiller. 
This fitting consists of a heavy cast-iron casing, which 
surrounds the rudder post and is bolted to the deck 
immediately below the latter. The underside of this 
casing passes through the deck and forms a watertight 
gland, while the upper part is fitted with a gunmetal 
bush, which takes the radial thrust of the post. A 
heavy bronze thrust plate is fitted on the top of the 
casing. The underside of the tiller rests on this plate, 








View or Boat DEcK FROM BRIDGE. 


note of double the machine frequency at the receiving 
station. Since the frequency of the generator is 500, 
a frequency of 1,000, which is easily audible, is thus 
obtained. : 

The main receiver consists of a two-valve equipment, 
on which all wave-lengths from 20 to 20,000 metres 
can be picked up by the use of suitable coils. The 
circuit includes one detector valve with reaction and 
one low frequency amplifying valve. The instrument 
used for the normal commercial wave-length range is 
self-contained, the change-over of the appropriate 
tuning and reaction coils being effected by a switch. 
Plug-in coils are only used when wave-lengths below 
100 m. are being received. A special wavemeter is 
fitted, which can be used as a local oscillator for the 
reception of continuous waves on all wave-lengths from 
350 m. to 20,000 m., as well as for checking all trans- 
mitted waves over the whole band. It can also be 
employed for adjusting an emergency crystal circuit, 
the valve in the wavemeter being then used as a buzzer. 
The emergency transmitter is of the quenched-spark 
pattern and works on a fixed wave-length of 600 m. 
The power for this set is supplied from a 30-volt accu- 
mulator, which is charged from a 250-watt generator. 
This set operates through an auxiliary aerial. 

The short wave transmitter and receiver are used 
for clearing long-distance traffic through the Post 
Office station at Portishead during the hours when this 
is possible. The transmitter of this set can be adjusted 
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to give service on any short wave-length, by means of 
a double condenser. The receiver is equipped with 
three valves and can be employed as a detecter with 
two low frequency stages or as a regenerative receiver, 
according to the conditions. This set also operates 
through its own aerial. 

The direction-finder is installed in the chart room 
and consists of a four-valve receiver, which can be 
tuned for wave-lengths between 500 and 1,200 m. 
Two stages of high-frequency amplification are em- 
ployed, screened grid valves being used for the purpose. 
To secure both mechanical protection and electrical 
screening the apparatus is mounted in a cast-metal box. 
The direction-finder is equipped with a direct-driven 
screened frame aerial and is capable of taking bearings 
with an accuracy of about 1 deg. at a range of 50 m. 
Fig. 26 on page 646, is a view in the wireless cabin. 


LIFEBOATS. 

The lifeboat equipment of the Viceroy of India is 
particularly complete and consists of thirteen boats, 
measuring 30 ft. 10 in. long, by 9 ft. 6 in. beam by 
3 ft. 10 in. deep. These are each capable of carrying 
80 passengers, while, in addition, there are two diagon- 
ally-planked lifeboats, 26 ft. long, and a 30-ft. motor- 
boat. The 30-ft. boats were built by Messrs. the 
Rigidus Boat Company, Limited, of Whiteinch, 
Glasgow, and are all housed in gravity davits, which 
were supplied by Messrs. Welin-Maclachlan Davits, 
Limited, of London, the boat davit blocks being of the 
Bullivant type. The lifeboat equipment is such that 
every person on board has a place, while the employ- 
ment of gravity-type davits allows each boat to 
be placed in the water by one man very quickly. 

For communication purposes these lifeboats are 
equipped with a small quenched-spark wireless trans- 
mitter, which works on the distress wave-length of 
600 m. It is supplied with power from a nickel-iron 
accumulator battery, which drives a 250-watt gene- 
rator. The receiver is also normally tuned to a wave- 
length of 600 m., but it can receive over & considerable 
band. The battery of this set is, in addition, used 
to supply a small searchlight. 

(To be continued.) 








LABOUR NOTES. 


Tue Confederation of Employers’ Organisations, 
the Federation of British Industries, and the General 
Council of the Trades Union Congress have now formally 
adopted the decision of the joint conference, held 
recently in London, to appoint representatives to a 
joint committee, with instructions to examine the best 
methods for consultation and co-operation. No 
meeting of the joint committee is likely to be held 
until after the General Election. 





At the Llandudno meeting of the National Committee 
of the Amalgamated Engineering Union last week, 
Mr. A. Dalziel (Glasgow) moved a resolution denouncing 
the industrial peace conferences, declaring that the 
aims of the rationalisation proposals were only inten- 
sifying the slave-driving, wage-cutting policy now being 
pursued, and the harnessing of the trade unions to 
capitalism. The resolution further declared that the 
action of the T.U.C. in supporting capitalist rationali- 
sation was that of deadly hostility to the working 
classes. Mr. P. Glading moved an amendment express- 
ing the opinion that the conference between the T.U.C. 
and the Melchett employers was of no value to the 
working-class movement, and should be discontinued. 
This was carried by 46 votes to six. It was put as 
a substantive resolution and adopted. 


According to the Ministry of Labour Gazette, there 
was a further improvement in employment in most 
industries during April. Among the workpeople, 
numbering approximately 11,880,000, insured against 
unemployment in Great Britain and Northern Ireland, 
the percentage unemployed in all industries taken 
together was 9-9 at April 22, 1929, as compared with 
10-1 at March 25, 1929, and 9-5 at April 23, 1928. The 
percentage wholly unemployed at April 22, 1929, was 
8-0, as compared with 8-4 at March 25, 1929; while 
the percentage temporarily stopped was 1-9, as 
compared with 1-7. 


The principal industries in which improvement 
occurred included the mining group, exclusive of coal 
mining and slate quarrying; building and public 
works contracting; brick, tile, cement, and pottery 
manufacture; tinplate manufacture; shipbuilding, 


ship repairing and marine engineering; the shipping 
service, silk and artificial silk, and lace manufacture ; 
the clothing trades, and boot and shoe manufacture. 
In the coal mining industry there was a further reduc- 
tion in the numbers of workpeople wholly unemployed, 
but this was more than counterbalanced by an increase 
in the numbers temporarily stopped. There were 








also increases in the numbers unemployed in the cotton, 
linen, and jute industries, in textile bleaching, dyeing, 
and finishing, in the glass bottle industry, and in river, 
dock and harbour services. 





Continuing his observations on the subject of 
rationalisation in the May issue of the Monthly Trade 
Report of the United Pattern Makers’ Association, 
Mr. A. A. H. Findlay, the General Secretary, says 
that if rationalisation in industry means anythi 
it means the application of science and organisation 
to industry. “It means in practice,” he proceeds, 
‘*so far as patternmakers are concerned, that there 
is no need to make two patterns when one is sufficient. 
It means there is no need to spend time and labour 
on patterns beyond what is necessary. It may mean 
the co-ordination of firms with certain services and 
plant in common, including patterns, to a greater 
extent than exists at present. This will undoubtedly 
displace labour, and, it may be patternmakers, in 
certain firms. A _ speeding-up of labour is not 
rationalism, if it be merely a case of a foreman 
hounding on a man beyond his capacity for a period. 
If a complicated mechanism is simplified without 
being weakened and requires less patternmaking, 
that kind of rationalisation is justified, even though 
it means a drop in the wages bill total of that machine 
by a reduction in the number of patternmakers 
employed.” 





‘“* Rationalisation,” Mr. Findlay goes on to say, 
‘*must tend to reduce the cost of production, and 
every reduction must tend towards making it easier 
for the artisan and labouring classes to secure more 
of the amenities of life. That we do not get the full 
advantage of this process is true. That the scales 
are weighted against us at the moment, I agree, 
and that we are not able to prevent the unfair 
distribution of the benefits of rationalisation is also 
true; but that is not a disadvantage of rationalism ; 
it is the lack of education on the part of our class 
which is the trouble. Given a knowledge of our 
ability and capacity, and the conviction of our rights 
and responsibilities, and the will and desire to take 
our place as free -men and citizens, the full benefits of 
rationalisation can be secured. I do not believe that 
in the ultimate it will mean less patterns or pattern- 
makers. The higher social and cultural development 
of a nation or country is built up on the engineers. 
Every improvement in technique sooner or later finds 
its bearing in our industry. To the patternmakers 
displaced in the railway shop there is an opening 
for them in the motor shop, and by the time we have 
exhausted the possibilities of air, earth and water, 
we shall have need of all the patternmakers we have 
now and many more.” 





Under an agreement negotiated by representatives 
of the Piedmont iron and steel industries with the 
Fascist trade unions, the undertakings are divided 
into two categories—those situated in towns and 
those situated in the country. Minimum wages have 
been fixed for each class of workers, consisting of a 
basic wage per hour of work, and a supplement equal 
to 35 per cent. of the basic wage. The basic wage is 
fixed by adding all the elements which constitute 
the remuneration of each worker on April 1, the 
date on which the agreement came into force, including 
the basic wage, supplement for time work, cost of 
living and other bonuses, &c. This sum will be 
divided by 35, and the result multiplied by 100 will 
constitute the new basic wage. Similarly, the minimum 
earnings in addition to the basic wage for piece work 
have been fixed at 35 per cent. The parties have 
unanimously agreed that 2 per cent. of the workers in 
each undertaking may be paid a lower wage than the 
minimum thus fixed, for the purpose of encouraging 
employers to keep in their service workers whose 
physical condition makes them unable to give the 
normal output for their group. 





In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes 
in rates of wages reported to have come into operation 
during April resulted in an increase of about 6,000/. 
in the weekly full-time wages of 86,000 workpeople, 
and in a reduction of 7,150l. in those of 114,000 work- 
people. The largest bodies of workpeople whose wages 
were increased were coal miners in the Cannock Chase 
district, for whom the percentage payable on basis 
rates was raised by the equivalent of about 3} per 
cent. on current rates, and pieceworkers employed 
in boot and shoe repairing, &c., for whom the minimum 
Trade Board rates were increased by 24 or 5 per cent. 
on list prices. Other groups who received increases 
included shale miners and shale oil workers in Scotland, 
men employed by electrical contractors, and water- 
works employees in London, and brush and broom- 
makers. 


Those whose wages were reduced included workpeople 
employed in the textile bleaching, dyeing, finishing, &c., 
industries in Yorkshire, Lancashire, and Scotland, 
the reductions in Yorkshire varying from about 2 to 
24 per cent. on current rates, and in the other districts 
being 1s. 3d. and 9d. per week in the case of men 
and of women respectively. During the first four 
months of 1929, the changes reported to the Ministry 
of Labour in the industries for which statistics have 
been compiled, have resulted in net increases of over 
6,500/. in the weekly full-time wages of 97,000 work- 
people, and net reductions of 19,250/. in those of 
301,000 workpeople. In the corresponding period of 
1928, there were net increases of 10,3501. in the weekly 
full-time wages of 105,000 workpeople, and net reduc- 
tions of 115,100/. in those of nearly 1,115,000 work- 


people. 


The number of trade disputes involving stoppages of 
work, reported to the Ministry of Labour as beginning in 
April, was 37. In addition, 16 disputes which began 
before April were still in progress at the beginning 
of the month. The number of workpeople involved 
in all disputes in April (including workpeople thrown 
out of work at the establishments where the disputes 
occurred, but not themselves parties to the disputes) 
was about 23,100, and the aggregate duration of all 
disputes during April was about 159,000 working days. 
These figures compare with totals of 23,100 workpeople 
involved and 137,000 working days lost in the previous 
month, and with 2,900 workpeople involved and 
30,000 days lost in April, 1928. The aggregate duration 
of all disputes in progress in the first four months of 
1929 was about 485,000 working days, and the total 
number of workpeople involved in these disputes 
was about 47,000. The figures for the corresponding 
period of 1928 were 360,000 days and 63,000 work- 
people, respectively. 





Addressing Parliament on Wednesday last week, 
Mr. Butler, the Premier of South Australia, declared 
that compulsory arbitration was the primary cause of 
the industrial depression and unemployment throughout 
Australia. Arbitration, he said, left a trail of wreckage 
in industry which was almost too serious to contemplate, 
and there must be something wrong with a system 
which provided high wages and reduced hours for 
some people by forcing others out of employment. 
Service and results were not counted, and the worst 
feature of the Australian system was that the strike 
was no longer a matter between employer and employee 
but was an offence against the law of the country. 
All that the penal clauses in compulsory arbitration 
had done was to prove how hopelessly wrong the 
whole thing was. No Arbitration Court had the 
necessary technical knowledge to make laws regulating 
working conditions and industry. The fact that the 
Judge did not consider output in fixing a wage had 
a tendency to stifle individual ambition, bringing 
the enterprising hard worker down to the level of the 
inferior man. 





The Berlin correspondent ofgThe Times states 
that the German unemployment returns, which rose 
to nearly 2,500,000 during the winter, largely on 
account of the prolonged frost are now falling rapidly. 
Between April 15 and April 30 the number of persons 
in receipt of insurance relief decreased by 354,000, 
or nearly 24 per cent., from 1,480,000 to 1,126,000 ; 
and it is estimated, on the basis of provisional returns, 
that it has since sunk below the million. 





The Lancashire cotton trade dispute, which threatened 
to culminate in a lock-out involving 200,000 workers, 
was settled on Saturday last, and the lock-out notices, 
which were to have taken effect at the week-end, were 
withdrawn. In the settlement terms, the mill owners 
undertook to consider the case of the workers on 
strike at the Alma works, Oldham, provided the 
operatives returned to work, and to revise the scale 
of pay, with arrears due, if it was found that the new 
rates were not fair and in accordance with the “‘ univer- 
sal list.” This was to be done within a month. 





An election manifesto, issued last week by the General 
Council of the Trades Union Congress, asserts that it 
was by gross misrepresentation of trade union activities 
that the Government forced the passage of the Trade 
Disputes and Trade Unions Act. ‘“‘ No previous 
Government for a hundred years has been guilty of 
such reactionary legislation against trade unionism,” 
it declares. “‘ It rests with you to meet this challenge. 
Place in power the party which is pledged to remove 
this iniquitous measure.” 





When the wages question came up for discussion 
at the meeting of the Amalgamated Engineering 
Union’s National Committee in Llandudno, a com- 
| posite resolution was moved by Mr. W. Pitt (London) 
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to the effect that in the event of the national applica- 
tion not being conceded by August, the executive 
should give district committees the necessary powers 
to negotiate for general wage increases with local 
employers. Mr. Pitt said that the policy of the 
employers in cutting down wage rates had caused 
hundreds of skilled men to leave the industry and had 
prevented young men from entering it. The state of 
the industry was due not so much to lack of orders 
as to the absence of competent workers to carry them 
out. An amendment, moved by Mr. Hutchinson 
(Newcastle), proposed that the Executive should 
be instructed to continue wages negotiations on a 
national basis. The amendment was adopted by 31 
votes to 21. During the discussion, Mr. W. H. 
Hutchinson, a member of the executive, said that, if 
London attempted to force the issue, it was almost 
a certainty that the whole country would soon be in- 
volved in a struggle, and he was not prepared to have 
the union plunged into a conflict on such an issue. 
Mr. Smethwick, the General Secretary, who also 
spoke, said that the Union was not in a position 
financially to face a lock-out of the whole of the 
membership. He would never be a party to forcing 
their members on the streets when the union was not 
in a position to help to sustain their wives and families, 





A resolution, moved by Mr. P. Glading (London), 
and seconded by Mr. J. Tanner (London), that, in the 
event of the national application for an 8s. advance 
in wages not being conceded, a ballot vote of the 
members should be taken for or against action to en- 
force an advance, was defeated by 38 votes to 14. 








LAUNCHES AND TRIAL TRIPS. 


“‘ SoLsTEN.’’—Single-screw oil-tank motorship; Bar- 
clay Curle-Doxford opposed-piston, airless-injection oil 
engine. Trial trip, May 7. Main dimensions, 400 ft. 
by 52 ft. 6 in. by 30 ft. 6 in. Built to the order of the 
Tonsberg Tank A/S, Norway, by Messrs. Barclay, Curle 
and Company, Limited, Glasgow. 

** FARRANDOC.”’—Single-screw Canadian lakes and 
canals cargo steamer ; triple-expansion engine. Launch, 
May 8. Main dimensions, 260 ft. by 43 ft. 4 in. by 20 ft. 
Built by Messrs. Swan, Hunter and Wigham Richardson, 
Limited, Neptune Shipyard, Walker-on-Tyne, for Messrs, 
Paterson Steamships, Limited, Fort William, Ontario. 


‘“ WARDEN.”’—Twin-screw buoy-handling steamer ; 
triple-expansion engines. Trial trip, May 8. Length, 
172 ft. 6 in.; breadth, 31 ft. 6 in. Built to the order 
of the Corporation of Trinity House, London, by Messrs, 
Sir W. G. Armstrong, Whitworth and Company, Limited, 
Newcastle-on-Tyne. 

“* FAIRRIVER.’’—Single-deck, single-screw Canadian 
lakes and canals cargo steamer ; triple-expansion engine. 
Launch, May 9. Main dimensions, 259 ft. by 43 ft. 2 in. 
by 20 ft. Built for The Fairport Steamship Company, 
Limited, Canada, by Messrs. Barclay, Curle and Com- 
pany, Limited, Scotstoun. 


“* EcErg.’’—Single-screw, oil-tank motorship; Walls- 
end-Sulzer enclosed-type Diesel engine constructed by 
the Wallsend Slipway and Engineering Company, 
Limited. Trial trip, May 9. Main dimensions, 465 ft. 
by 61 ft. by 33 ft. 3 in. Built to the order of Messrs. 
Skjelbreds Rederi A/S, Kristiansand, Norway. 

“* FaIRLAKE.”’—Single-screw Canadian lakes and canals 
cargo steamer; triple-expansion engine. Trial trip, 
May 9. Main dimensions, 259 ft. by 43 ft. 4 in. by 20 ft. 
Constructed by Messrs. Barclay, Curle and Company, 
— , Scotstoun, for The Fairport Steamship Company, 
imited. 


“* LAURELWOOD.”’—Twin-screw oil-tank motorship ; 
single-acting Diesel engines of the enclosed type, working 
on the four-stroke cycle. Launch, May 9 Main 
dimensions, 435 ft. by 59 ft. by 34 ft. Built by Messrs. 
Sir W. G. Armstrong, Whitworth and Company, Limited, 
_ Fea John I. Jacobs and Company, Limited, 

.ondon. 


“PENRITH CASTLE.”’—Twin-screw cargo motorship ; 
four-stroke cycle, single-acting, reversible Werkspoor- 
Diesel engines supplied by the North-Eastern Marine 
Engineering Company, Limited, Wallsend-on-Tyne. 
Launch, May 9. Main dimensions, 460 ft. by 60 ft. by 
31 ft. 6in. Built by Messrs, Cammell Laird and Com- 
pany, Limited, Birkenhead, for the Lancashire Shipping 
Company, Limited, Liverpool (Messrs. James Chambers 
and Company). 


“ Damta.”’—Single-screw Canadian lakes and canals 
cargo steamer; triple-expansion engine. Trial trip, 
May 10. Main dimensions, 260 ft. by 42 ft. 4 in. by 
20 ft. Built to the order of the Inland Steamship Com- 
pany, Limited, of Winnipeg, Manitoba, by Messrs. Swan, 
— and Wigham Richardson, Limited, Wallsend-on- 

'yne. 

“Lorp ASHFIELD” and ‘“ Lorp Davipson.’’—Steel 
screw trawlers. Launch, May 11. Main dimensions, 
140 ft. by 24 ft. by 14 ft. Built for Hull owners by 
Messrs. Cochrane and Sons, Limited, Ouse Shipbuilding 
Yard, Selby. 

“Str Joun Hawkrys.”—Twin-screw 
steamer; triple-expansion engines. Launch, May 14. 
Main dimensions, 180 ft. by 43 ft. 2 in. by 15 ft. 9 in. 
Built for the Great Western Railway Company by 
Messrs. Earle’s Shipbuilding and Engineering Company, 
Limited, Hull. 


passenger 


641 





SYSTEM. 


In our issue of January 20, 1928, we published a 
description of the Dvorkovitz low-temperature car- 
bonisation system, for the details of which we were 
indebted to the inventor, Dr. Paul Dvorkovitz. The 
system, it will be remembered, was remarkble for its 
high yield of uncracked low-temperature oils, and 
the small quantity of products which remained as 
uncondensed gas. The installation we described was 
solely an experimental station, working with full-size 
manufacturing units on every variety of carbonisable 
material submitted to it, but undertaking no manu- 
facturing contracts with its own plant. While it is 
not unique in this respect, there are very few industrial 
stations of the kind in existence. When the Fuel 
Research Station was first designed, Sir George Beilby 
drew attention to the fact that the complexity of the 
problems involved in carbonisation makes any final 
development of a system improbable unless it has 

d through a phase in which its behaviour has 
been studied experimentally on full-size units. The 
progress of the industry must therefore be assisted by 
such studies, and the experience of the Rational 
Carbonisation Syndicate, Limited, of 13, Victoria- 
street, S.W.1, which established and maintains the 
Dvorkovitz station, confirms the wisdom of Beilby’s 
prediction. At a demonstration given this week at the 
station, which was attended by a number of visitors 
interested in the subject, including representatives of the 
Admiralty and of its Research Department, the Chilean 
Consul, and colliery owners from various parts of the 
kingdom and colonies, it was shown, among other 
things, that as the result of the work of last year it 
had been found possible to reduce the time of carbonisa- 
tion by one-half. The Syndicate is, moreover, now put- 
ting in two more 5-ton units to work continuously, 
instead of intermittently, with the object of settling 
the final design of two 500-ton plants of similar units 
for collieries in South Wales and the Midlands, respec- 
tively. The improvement made since the date at 
which we described the station has consisted mainly in 
introducing a compressor into the circulation of gas, 
by which the uncracked oil is removed rapidly after its 
separation from the coal, thus accelerating the passage 
of the oil from the heated zone, and apparently increas- 
ing the yield of oil. We hope later to give particulars 
of the present design, from which there is reason to 
expect a further reduction in the period of carbonisa- 
tion, and to illustrate the results that have been ob- 
tained by the process on a remarkably wide variety 
of fuels. Meanwhile it is gratifying to record the 
technical success that is attending the Syndicate’s 
broad-minded policy, his share in which, unhappily, is 
the last of Dr. Dvorkovitz’s many services to the 
technology of the mineral oils. 








Names oF CHINESE CITIES CHANGED.—Some time 
ago the name of Peking, the old capital of China, was 
changed to Peiping, and the seat of the National Govern- 
ment was moved to Nanking, which is now the capital 
of the Republic of China. We now learn, from a recent 
issue of The Chinese Economic Bulletin, that the name 
of Mukden is to be changed to Shenyang. 





Tue Institution oF ELEcTRICAL ENGINEERS.—The 
Council of the Institution of Electrical Engineers has 
awarded a number of premiums to the authors of papers 
presented during the 1928-29 session. These include the 
Institution Premium to Messrs. Johnstone Wright and 
C. W. Marshall ; the Ayrton Premium to Mr. L. G. H. 
Sarsfield ; the Fahie Premium to Messrs. A. E. Foster, 
P. G. Ledger and Dr. A. Rosen; the John Hopkinson 
Premium to Sir Charles Parsons and Mr. J. Rosen; 
the Kelvin Premium to Messrs. E. B. Wedmore, W. B. 
Whitney, and C. E. R. Bruce; and the Paris Premium 
to Mr. J. L. Carr. 





MAxILvRY MALLEABLE STAINLESS STEEL.—A pamphlet 
dealing with the properties and uses of Maxilvry, a 
malleable stainless steel, has recently been issued by 
the manufacturers, Messrs. Edgar Allen and Company, 
Limited, Imperial Steel Works, Sheffield. The steel is 
described as being an alloy of iron with large percentages 
of nickel and chromium and a small copper content. 
It is manufactured in the Héroult electric-are furnace. 
The steel is chiefly intended for deep-stamping and cold- 
pressing, and it is capable of taking a high polish. The 
name is, in fact, derived from the two words “‘ maximum ” 
and “‘silvery.”’ The material offers a high resistance to 
many corrosive influences and is stated to be specially 
useful for the manufacture of a variety of articles, 
including laboratory fittings, linings for chemical retorts, 
pump rods, road studs, tanks for chemicals, tubes, and 
ship fittings. It is claimed that the material may be 
welded, soldered, and brazed with little difficulty. When 
annealed at 800 deg. C., the maximum stress value of the 
steel is given as 36 tons per square inch ; when normalised 
from 1,200 deg. C. the value is 33-6 tons per square inch ; 
and when quenched in water from 1,150 deg. C. the 
figure is 35-4 tons per square inch. The Brinell hardness 
number is 143 in each case. The material is supplied in 
the form of billets for drop-forging, bars, plates, sheets, 





angles, castings and forgings. 


consideration. 


‘is often scarce, and consequently expensive. 





THE TULLOCH-READING GAS 
PRODUCER FOR MOTOR VEHICLES. 

WE have had more than one occasion recently to 
refer to the developments which have taken place in 
the last few years in the application of gas producers 
to road vehicles, and have pointed out that, although 
a variety of producers of Continental manufacture are 
available, British makers could be numbered on the 
fingers of one hand. At the present time, we are 
only aware of two British designs on the market, 
but one of these at least, the Tulloch-Reading, has 
given good results under very stringent test conditions. 
We propose to describe this producer in detail, but 
before doing so, may repeat some of the information 
that we have previously given. An authoritative 
opinion on the position in France was expressed in 
December last by Professor Métral, who stated that a 
producer lorry had proved more costly than one run- 
ning on petrol, even with the substantial rebates and 
Government grants enjoyed by the former. We 
pointed out at the time that Professor Métral’s con- 
clusions were based on vehicles having engines of equal 
cylinder dimensions, and that a truer comparison 
would have been obtained on an equal power basis, 
the increased weight of the larger engine being practi- 
cally negligible. Before making any comparison for 
vehicles on English roads, it is necessary to draw a 
clear distinction between the alternative producer fuels 
available. These are charcoal, gas coke, anthracite and 
low-temperature coke. Up to the present, the great 
majority of the producers developed are primaril 
intended to utilise charcoal, but some of them will 
also operate satisfactorily on anthracite or gas coke. 
All these fuels are too expensive to render their use 
an economic proposition in England, even with petrol 
at its present enhanced price, when the reduced load 
capacity and increased tare weight of the producer 
vehicle, and the increased maintenance are taken into 
The position, however, is different 
in the Colonies, where charcoal is abundant, or is 
readily obtainable from raw wood, whereas petrol 
The 
employment of low-temperature coke involves problems 
which do not enter into the design of charcoal-burning 
producers, and only recently has the possibility of 
utilising this fuel received attention. It is probable 
that a vehicle running on low-temperature coke would 
be more economical than one running on petrol even 
in England, and any further rise in the price of petrol 
would place the superior economy of the former fuel 
beyond doubt. It should be explained that when 
speaking of economy, the overall economy is meant 
and not merely fuel economy. The actual cost of 
fuel per ton-mile is very much lower with a pro- 
ducer-gas plant, whatever fuel is employed. We 
understand that Messrs. The Lorry Maintenance 
Company, of 68, Sumner-street, S.E.1, who manu- 
facture the Tulloch-Reading producer, are experi- 
menting on a new producer designed to utilise low- 
temperature coke, but it should be emphasised that the 
producer illustrated in Figs. 1 to 9, pages 642 and 643, 
is designed for burning the more conventional fuel, 
and is therefore mainly intended for the Colonial 
market. 

The main parts of the producer are the furnace body 
with its rocking grate, the feed valve which supplies 
the fuel and regulates the depth of the fire, and the 
vaporiser in which steam is generated from water 
supplied by a pump, and in which also the air is heated. 
It will at once be noticed that the producer possesses 
somewhat unusual features in the rocking grate and 
the pump supply of water. Both these features have 
been previously employed, but, in general, are not 
now used on Continental producers, and it may 
therefore be as well to explain why they are incor- 
porated in the Tulloch-Reading plant. To obtain 
results comparable with those secured when running 
on petrol, it is essential that the producer should be 
capable of responding quickly to the varying demands 
for gas imposed by road conditions, and that the gas 
should be of uniform quality. Such results can only 
be secured if the fire is kept clear and of constant 
depth, and if the quantity of water vapour which is 
added to the gas is under accurate and automatic 
control. These desiderata cannot be ensured if the 
vibration of the vehicle as a whole is relied on to clear 
dust and clinker from the fire, and if such water as 
is contained in the fuel is relied upon as the only source 
of supply. 

A general view of the producer mounted on the 
vehicle is given in Fig. 3, while the constructional 
details are shown in Figs. 5 to 9. Referring to Fig. 5, 
it will be seen that the producer consists of two main 
parts, a substantial cast-iron base in which the firebars 
are mounted, and a welded-steel fire container lined 
with firebrick. Below the base is an ashpan, which 
can be removed to expose the camshaft and firebar 
assembly, and the latter can, in turn, be removed 
without breaking any gas joints. The feed valve and 
depth tube are mounted in the fire-container cover 
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as shown in Figs. 5 to}7. The fuel is contained in a 
hopper above the producer, and is fed to the feed valve 
by gravity. The spindle on which the valve is mounted 
is provided with a rachet wheel, as shown in Figs. 5 
to 7, and the corresponding paw! is carried on an arm 
pivoted on the valve spindle. The end of this arm 
is connected by a long link to a crankpin on the end 
of the firebar rocker shaft, so that as the latter oscillates, 
a slow rotary motion is imparted to the feed valve. 
The body of this valve is hollow, and a hole, of the 
form shown in Fig. 5, is cut through one side. When 
this hole approaches the top the plug is filled with fuel, 
which is discharged into the fire container as the valve 
rotates. The serrated edge on one side of the hole is 
provided for the purpose of cutting through any fuel 
which may be trapped in the opening as the valve 
rotates. Corresponding serrations are provided on 
the housing, but these are not shown in the drawings. 

The firebar rocker shaft is driven from the engine 
camshaft. The exact arrangements of this drive 
will obviously depend on the vehicle to which the 
producer is fitted, but in the case of that shown in the 
illustration, viz., a War-Office subsidy-type Guy lorry, 
the drive is by worm and worm-wheel, running in oil, 
giving an 80: 1 reduction, and crank motion to a second- 
motion shaft mounted transversely on the chassis 
frame, and from this shaft to the firebar shaft by a 
second crank motion. A spring link is provided in 
the system, so that in the event of a piece of wood or 
other solid body being trapped in the feed valve, no 
harm will result totheengine. The firebars are chrome- 
nickel iron castings, and are provided with two lugs on 
their underside, through which they are pinned to 
one of five brackets. These brackets, which can be 
seen in Figs. 5 and 6, are cast with vertical centre slots. 
The brackets are threaded over two bolts, which pass 
through the slots with a clearance space at the two 
ends, and the bottom of each bracket is provided 
with a flat horizontal face resting on one of five cams 
formed on the camshaft. The cams are arranged so 
that the brackets will be lifted alternately as the shaft 
is rocked through an angle, which can be varied accord- 
ing to the demand for gas. 

The water supply is carried in a tank under the 
seat, and the required amount is delivered to the 
vaporiser by a plunger pump. This is of the spring- 
return type, and is driven by a cam from the second- 
motion shaft already referred to. The water is 
delivered through a sight feed, and an ingenious 
arrangement is adopted to ensure that the water 
delivered through this feed to the vaporiser is free 
from contamination by the oil used to lubricate the 
pump. The water from the tank passes through a 
filter and non-return valve to a small chamber, which 
is connected directly to the sight-feed inlet, and by 
a pipe to the pump cylinder. There are no pump 
valves, the movement of the pump plunger merely 
causing the water to surge in the pipe. On the suction 
stroke of the pump, a partial vacuum is created in 
the chamber referred to, and water flows into this 
chamber from the tank through the ball valve. On 
the return stroke, this water is forced through the 
sight-feed, and as the capacity of the connecting pipe 
is greater than that of the pump barrel, the con- 
taminated water in this pipe never passes to the sight 
feed. The outlet side of the latter is provided with 
a restricted orifice, so that the water is delivered to 
the vaporiser in a continuous stream, the sight-feed 
vessel, as explained, acting as an air chamber. The 
stroke of the pump can be adjusted to suit the general 
conditions under which the vehicle is operated, and a 
hand lever is provided to give a temporary increase 
in the water supply. The water jet can be removed 
for inspection while the engine is running. 

The vaporiser is of annular form, and is mounted 
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Guy Lorry FITTED witH PRopucER; Front VIEW. 














Fie. 2. Guy Lorry Firrep with Propucer; REAR VIEW. 


outlet is connected to the main air-inlet branch to the 
producer, as indicated in Fig. 6, and the quantity of 
water entering the producer will clearly depend on the 
opening of the valve shown in Fig. 8. The position 
of this valve is controlled by a thermostat in the down 
pipe to the grate, and this thermostat also operates a 
flap valve which allows auxiliary cold air to pass into 


of the spring-loaded connecting link visible below 
the lever in both figures. It will be clear that if the 
strip expands, its centre must move laterally, and 
this movement is imparted to the lever system in 
such a manner as to open both the auxiliary-air valve 
and the water valve in proportion to the rise in tem- 
perature. The connections to the two valves are 
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at the top of the fire container, as shown in Fig. 5.| the down pipe direct from the atmosphere. The down} clearly shown in Fig. 3. The working temperature of 


In addition to its use as a vaporiser, it serves as a 
preheater for the air supply to the fire. From the 
sight feed, the water is brought up to a glass walled 
chamber mounted on the side of the producer, as 
shown in Fig. 3. Details of this chamber are given 
in Figs. 8 and 9, and it will be seen that the water is 
delivered into a trough with a central delivery valve 
and an overflow pipe, back to the tank. The central 





pipe is shown on the left in Fig. 6. The thermostat 
arrangement consists of a long metal strip inside the 
pipe, both ends of the strip being fixed, and a point 
near the middle being connected to a short internal 
arm mounted on a spindle. The spindle also carries 
the compound lever shown in Figs. 3 and 6. This lever 
normally swings as one piece, the relative position of 








the two halves being adjustable by altering the setting 


the producer is thus kept within limits which ensure 
a supply of gas of practically constant quality. 

The gas leaves the fire container through the outlet 
shown to the right in Fig. 3, the flange for this con- 
nection being shown near the top of the producer 
on the right in Fig. 6. It will be noticed, in Fig. 3, 
that the outlet is provided with two branches. The 
upper branch terminates in a chimney, and is provided 
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Fia. 3. THe Gas PRopuUcER. 
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with a stop cock, its purpose being to allow the gas 
and smoke to escape while the fire is being started, 
and to create a natural draught for the fire when the 
lorry is standing idle. The lower branch is connected 
to a cyclone dust extractor mounted on the off-side 
of the vehicle, as shown in Fig. 1. The gas enters 
this extractor tangentially and leaves at the top, 
the separation of the dust being assisted by a suitable 
cone-shaped baffle. The extractor is provided with 
a trap at the bottom, from which the accumulated 
dust can be removed at intervals. 

From the extractor, the gases pass to the scrubbers, 
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mounted at the rear of the chassis as shown in Fig. 2. 
There are usually four scrubbers, in the first of which 
the gas is merely allowed to expand, with a view to 
cooling it and allowing it to deposit any heavy dust which 
has passed through the cyclone extractor. The 
other three scrubbers are divided into compartments, 
separated by perforated plates, packed with wood 
wool or similar material. The cyclone and scrubbers 
are made from heavy-gauge steel plating and have 
welded joints, large cleaning doors being provided 
wherever necessary. No tools are required to open 
these doors. 
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The engine is started up on petrol, and the gas from 
the scrubbers is therefore led to a change-over valve. 
This valve is shown in Fig. 4, the carburettor being 
visible to the left. The gas enters at the bottom,’ the 
connection being hidden by the bonnet boards in the 
illustration. The valve is of the tapered-barrel type, 
with a spring to prevent jamming, and has a single 
through passage, of which the outlet is cut away on 
one side so that, when the barrel is rotated to cover 
the gas inlet, there is a connection between the car- 
burettor and the induction-pipe inlet. This valve is 
only moved when it is desired :to change over from 
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one fuel to the other, the quantity of gas admitted 
to the engine being regulated by a butterfly valve in 
the barrel passage. The butterfly valve is connected 
to the accelerator pedal in the usual way, the two 
control levers on the change-over valve being clearly 
visible in Fig. 4. This figure also shows the position 
of the fan for starting up the producer fire, and the 
extra-4ir inlet in the induction-pipe branch. It will, 
of course, be appreciated that there is no automatic 
regulation of the proportion of air to gas, as in a petrol 
carburettor, and that it is therefore necessary to vary 
the air supply according to the running conditions. 

The compression ratio of the engine has been increased 
from 4}: 1 to 64:1 by fitting special cylinder heads, 
atid a-new induction pipe has been fitted as shown in 
Fig. 4. 

The vehicle shown in the illustrations was purchased 
by the Empire Cotton Growing Corporation for use in 
Nigeria, and, prior to shipment, was subjected to a series 
of tests by an independent authority. The engine is a 
six-cylinder model, with a cylinder bore of 4} in. and a 
piston stroke of 5} in., the R.A.C. rating being thus 43°3 
h.p. The actual power developed, on producer gas, was 
35 brake horse-power at 1,000 r.p.m., and 48-75 brake 
horse-power at 1,800 r.p.m. The gear ratios were 
1, 1-72, 2-5 and 4 to 1, the reverse ratio being 3-86 to 1. 
The vehicle was, however, provided with an auxiliary 
gear box, having a ratio of 1-985 to 1, so that any 
of the above ratios could be practically doubled. 
The final transmission rate was 9:33 to 1. The tests 
were carried out on road and cross-country tracks, 
with and without a trailer. The weather conditions 
were fine during the road trials, but wet, in general, 
during the cross-country tests. The total weight of 
the lorry was 8 tons 12 cwt., and of the trailer, 1 ton 
12 cwt. A load of 3 tons was carried on the lorry 
and 2 tons on the trailer. The trials, which are sum- 
marised in the table on page 642, were divided into 
tests A and B. The former apply to the road tests 
and are sub-divided into (i) 202 miles with trailer, 
both vehicles laden as above, (ii) 81-5 miles without 
trailer, the lorry being laden for 40-75 miles with 
3 tons, and for a similar distance with 4 tons. Tests B 
were those over cross-country tracks, and were sub- 
divided into (i) 420 miles with and without trailer, 
(ii) 187 miles with trailer, and (iii) 283 miles without 
trailer. 

The observers had had no previous experience of 
suction-gas plant as applied to road vehicles. They 
stated that, in series A, the lorry pulled well when 
towing the trailer, and easily attained the maxi- 
mum speed of 20 m.p.h. on the level. One stoppage 
occurred due to an obstruction in the fuel-feed valve, 
the whole valve being removed, cleaned, and replaced 
in 10 minutes. On three occasions when pulling 
hard on a hill, the engine failed through loss of 
power. This was traced to poor-quality gas, as in 
the two or three minutes taken to re-start on petrol, 
the fgult had rectified itself. The poor quality of the 
gas was in turn traced to inferior charcoal, as in 
sifting 28 lbs. of the fuel employed through a }-inch 
mesh, 134 Ibs. of small charcoal and dust were obtained. 
No involuntary stops have been experienced with char- 
coal of normal quality. The point is instructive, as 
showing that dusty charcoal can be used, and actually 
gives good results under normal conditions of running, 
provided that due attention is given to cleaning 
the cyclone extractor and scrubbers. Reporting on 
series B the observers stated that the machine per- 
formed very well, but that the emergency gear had to 
be employed to climb a number of hills when the trailer 
was attached. An average speed of 6 m.p.h. over heavy 
sand was attained. The machine was ditched in boggy 
ground, but extracted itself on gas when the trailer 
was unhooked. A gradient of 1 in 5 was climbed on a 
grassy slope without the trailer. Three stoppages 
occurred on hills through loss of power, these being also 
traced to poor gas. There were no mechanical failures 
in either series of trials, and after the trials were com- 
pleted the engine was found to be in good condition, 
the total weight of carbon deposit being found to be 
168 grains. The tests were carried out without con- 
sultation between the makers of the plant and the 
drivers, the methods of operation employed being 
based on demonstrations on the three days previous to 
the actual trials. 

We may say, in conclusion, that the producer has 
also been fitted to a four-wheeled Guy lorry, on which 
extensive preliminary trials were conducted, and to 
a Simplex narrow-gauge locomotive. 
that a smaller producer, suitable for tractors or light 


lorries, is now under construction, and that a complete | 


range will ultimately be marketed suitable for a wide 
variety of work. 





MorTor-CaR REGISTRATION IN FINLAND.—The Depart- 


ment of Overseas Trade informs us that, according to | Department of Overseas Trade. 


reports from H.M. Consul at Helsingfors, 22,901 motor 
cars and 10,257 motor lorries and omnibuses were regis 
tered in Finland as at December 31 last, i 


We understand | 


TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
Possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 


Power Signalling Apparatus.—The supply and delivery 
of track reactors for power signalling. The Victorian 
Railways Commissioners, Australia; June 12. (Ref. 
No. B.X. 5302.) 

Steel Barge.—On page 550 ante we stated that the 
India Store Department was inviting tenders for a 
steel barge. We now learn that the closing date at 
Simla has been extended from May 16 to May 27. 
(Ref. No. A. 7973.) 


Coal Crusher.—A firm in Katowice, Poland, is 
desirous of receiving quotations from British manu- 
facturers for a coal crusher and plant for conveying 
pneumatically the pulverised coal to storage hoppers. 
(Ref. No. A.X. 7976.) 


Lock-making Machinery.—A Polish association of 
manufacturers is desirous of receiving the names and 
addresses of British firms in a position to supply 
machines suitable for the manufacture of locks for 
doors and for articles of furniture. (Ref. No. A.X. 
7975.) 

Steam Plant, Alternators, and Switchgear.—The supply 
and erection of steam-raising plant, engine alternators 
and switchgear. The Municipality of Pietersburg, 
Transvaal ; August 13. (Ref. No. A.X. 7983.) 

Gas Retorts.—The Municipality of Grudziadz, Poland, 
is likely to be in the market shortly for the purchase 
of two new gas retorts. (Ref. No. A.X. 7982.) 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade,—Early material relief to the 
stringent situation in the Cleveland pig iron trade is 
extremely unlikely. One or two more idle blast furnaces 
are being put into order for re-lighting, but conditions 
are such as not to admit of enlargement of production 
sufficient to meet requirements. Shortage of raw mate- 
rial, and particularly ironstone, is holding up movement 
in the direction of increase in output of Cleveland pig. 
The re-opening of inoperative ironstone mines is still 
delayed by the scarcity of miners. Skilled men who left 
this district to find work elsewhere during the long depres- 
sion here are, however, gradually returning, and idle 
mines will be re-started as miners become available. A 
large proportion of the Cleveland pig output is going into 
direct use at ironmasters’ own consuming departments, 
and production is fully disposed of until October. The 
result is that the only business. passing is in iron that 
merchants are able to offer. Quotations vary a little 
as they are now a matter of individual bargaining, but 
No. 1 may be put at 72s. 6d.; No. 3 g.m.b., 70s.; No. 4 
foundry, 69s. ; and No. 4, forge, 68s. 6d. 

Hematite.-—East Coast hematite is not at all as scarce 
as Cleveland pig, but producers are fully sold until 
the end of June, and merchants are not pressing iron 
on the market as prices obtainable are low compared with 
rates ruling for Cleveland iron, and upward movement 
is expected. Small lots of ordinary hematite have 
been sold at 74s. 

Foreign Ore.—Business in imported ore is quiet, but 
merchants have good contracts arranged and they will 
not entertain offers at below the equivalent of 23s. c.i.f. 
Tees for best rubio. 

Blast-Furnace Coke.—Durham blast-furnace coke 
is none too plentiful. Good average qualities are 18s. 6d. 
to 19s. delivered here. 

Manufactured Iron and Steel.—Manufactured-iron firms 
are busy and report more orders coming to hand. 
Semi-finished steel is well taken up, and works are 
running at high pressure to satisfy customers. Home 
users of finished steel have been buying freely of late, in 
anticipation of advance in quotations to cover increased 
cost of production, and the 5s. rise in plates, sections and 
joists is no more than was expected. Values of other 
commodities are expected to rise. Export trade is still 
far from heavy, but inquiries from overseas encourage the 
hope of early expansion of business with buyers abroad. 
Common iron bars are 101. 15s. ; best bars, 111. 5s. ; double 
best bars, 111. 15s. ; treble best bars, 12/7. 5s. ; iron rivets, 
1ll. 10s.; packing (parallel), 8/.; packing (tapered), 
101. ; steel billets (soft), 62. 17s. 6d. ; steel billets (medium), 
7l. 12s. 6d.; steel billets (hard), 81. 2s. 6d.; steel rivets, 
1ll. 5s.; steel ship plates, 8/. 12s. 6d.; steel angles, 
81. 2s. 6d.; steel joists, 8. 2s. 6d.; heavy sections of 
steel rails, 8/7. 10s.; black sheets (No. 24 gauge), 
10/1. 10s.; and galvanised corrugated sheets (No. 24 
gauge), 137. 15s. 








Untrep STaTES AGRICULTURAL MACHINERY.—A confi- 
dential report on the present conditions in the agricultural 
machinery industry in the United States has been pre- 
pared by the Department of Overseas Trade. British 
firms desirous of receiving a copy of this report should 
communicate with the Department at 35, Old Queen- 
street, London, S.W.1, quoting Reference No. A.X. 7971. 





Tue Late Mr. C. C. Brown.—We _ regret to record 
the death of Mr. Cuthbert Chalmers Brown, which 
occurred at Froghall, Staffordshire, on Saturday, May 18, 
at the age of 49. Mr. Brown was educated at Blundell’s 
School, Tiverton, and afterwards served his pupilage 
under Mr. C. H. Cooper, M.Inst.C.E., of Wimbledon, 
assisting in the preparation of plans for private improve- 
ment works, main drainage schemes and the generating 
station in that borough. He was appointed assistant 
surveyor of the Leek Urban District Council in 1900, and 
subsequently served as Resident Engineer on the North 
Staffordshire Railway. He was elected an Associate 
Member of the Institution of Civil Engineers in 1905. 





Tae Royat Sanitary Instrrute Coneress.—The 
preliminary programme of the 40th Congress of the 
Royal Sanitary Institute, which is to be held at Sheffield 
from July 13 to July 20 next, has now been issued. 
The delegates will assemble during Saturday, July 13, 
and will attend Divine services on Sunday, July 14. The 
president of the Congress, the Right Hon. Earl Fitz- 
william, will deliver the inaugural address on July 15. 
Some 750 delegates have been appointed by 430 authori- 
ties, and many Dominion and foreign governments will 
be represented. Among the subjects arranged for dis- 
cussion are: Health Education; National Health 
Insurance Services ; Industrial Welfare ; Smoke Abate- 
ment; Housing and Regional Planning; River Pollu- 
tion; Refuse Disposal; Main Drainage; and Water 
Supply. The sectional meetings and conferences will 
take place on the mornings of July 16, 17, 18 and 19, 
and the afternoons and the whole of July 20 will be 
devoted to visits to waterworks, sewage disposal works, 
iron, steel, and cutlery works in Sheffield and the neigh- 
bourhood, and to various excursions. The Congress 
dimer will be held at the Grand Hotel, Leopold-street, 
at 7.30 p.m., on July 18. The Health Exhibition, held in 
conjunction with the Congress, will take place at the 
Cutlers’ Hall from July 15 to 20. The offices of The 
Royal Sanitary Institute are at 90, Buckingham Palace- 
road, London, S.W.1, and the local Congress office is 
at the Town Hall, Sheffield, 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Most of the steel and engineering 
works in this district are due to resume operations to-day, 
after a stoppage of average duration. In some of the 
special steel sections there was remarkable pressure on 
contract deliveries before the holiday started, buyers 
being insistent on the receipt of adequate supplies to 
cover the resumption of work in their own establish- 
ments. When the holiday influence disappears the 
condition of order books is likely to be found fairly 
satisfactory. Weak departments are still in existence, 
but in other directions there is growing evidence of steady 
expansion—expansion of the type that is far more likely 
to be permanent (say leading manufacturers) than any- 
thing in the nature of a sudden boom, with its inevitable 
disturbance of values and delivery conditions. Engineers 
and makers of a wide variety of steel products are finding 
some difficulty in covering themselves against the rising 
cost of raw and semi-finished materials. In fact, in many 
instances this advance is coming out of meagre profits 
in order to preserve undisturbed, as long as possible, the 
range of selling prices. The cost of scrap is one of the 
main contributory factors—perhaps the principal one. 
Export sales of this steel-making commodity have 
restricted inland supplies and influenced quotations in the 
home market. The latest reflex is seen in acid billets. 
Business in this type of steel has been depressed for a 
considerable time owing to the paucity of home railway 
orders and the quietude at wagon-building works, but 
manufacturers have now felt bound to cover themselves 
against the added expense of production, with the 
resultant advance of ten shillings per ton in quotations. 
Good business continues to be done in hard and soft basic 
steel, though a lot of material of a description in which 
South Yorkshire furnaces specialise is still coming from 
the Continent. The latest quotations are as follow: 
Hard basic-steel billets, 7/. 12s. 6d. to 91. 12s. 6d. per ton ; 
Siemens acid billets, 9/. 10s.; soft basic billets, 71. ; 
Lincolnshire foundry pig iron, 71s. to 72s. ; Derbyshire 
foundry pig iron, 67s. 6d. ; Derbyshire forge iron, 64s. ; 
Crown iron bars, 11/.; iron hoops, 12/.; steel hoops, 
91. 10s. ; soft wire rods, 71. 15s. 


South Yorkshire Coal Trade.—That the recent easement 
in the general state of the South Yorkshire coal trade 
has been suspended is evidenced from the condition of 
business in smalls, which are less abundant at advanced 
prices. More orders have been booked on export account, 
and there is a fair inquiry for inland industrial purposes. 
Furnace and foundry coke are moving quietly on export 
account, and a moderate call is met with for gas coke. 
House-coal pits are working at reduced pressure, but 
supplies at depéts are adequate on account of the 
seasonal fall in the demand. Quotations: Best hand- 
picked branch, 27s. to 28s. 6d. ; Derbyshire best brights, 
20s. to 23s. ; best house coal, 19s. 6d. to 20s. 6d. ; screened 
house coal, 17s. 6d. to 18s. 6d.; screened house nuts, 
16s. to 17s. 6d.; Yorkshire hards, 15s. 6d. to 16s. 6d. ; 
Derbyshire hards, 15s. 6d. to 16s. 6d. ; rough slacks, 8s. 6d. 
to 9s. 6d. ; nutty slacks, 6s. to 7s. ; smalls, 2s. to 4s. 











NortuH-East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—As stated on page 583 of our issue of 
May 10 last, the summer meeting of the North-East 
Coast Institution of Engineers and Shipbuilders is to 
be held, jointly with the Institution of Engineers and 
Shipbuilders in Scotland, at Newcastle-on-Tyne, from 
July 2to4next. The programme has now been arranged, 
and the papers to be read comprise: “The Story of 
Safety at Sea,” by Sir Westcott S. Abell; ‘‘ Develop- 
ments in the Uses of Electricity,” by Mr. R. P. Sloan ; 
““The Applications of Monel Metal in Engineering and 
Shipbuilding,” by Mr. John Ireland ; and ‘“‘ Some Notes 
on Damage to Ships,” by Mr. J. L. Adam. 





Contracts.—Messrs. Sir W. G. Armstrong, Whitworth 
and Company, Limited, Newcastle-on-Tyne, have secured 
a contract from Messrs. Kerguelen Sealing and Whaling 
Company, Limited, Cape Town, for the construction of a 
combined tank vessel and whaling factory of 18,000 
tons deadweight carrying capacity. The vessel will be 
specially strengthened for operating in the Antarctic 
ice ; she will be furnished with twin-screw triple-expan- 
sion engines, and steam will be supplied by oil-fired 
boilers fitted with superheaters.—A repeat ordér for 
15 Marshall-Universal steam road rollers has been placed 
by a firm of overseas contractors with Messrs. Marshall, 
Sons and Company, Limited, Britannia Iron Works, 
Gainsborough. 


SwepbIsH InpustRies Farr.—The Swedish Industries 
Fair, which is held annually at Gothenburg, will com- 
mence to-morrow, and will remain open until June 2 
next. The Fair is housed in the large exhibition building 
originally erected for the engineering section of the 
Gothenburg Exhibition, which took place some years 
ago. The building is stated to be the largest timber 
structure of its kind in the world, and has a floor area of 
322,800 sq. ft. The exhibits are divided into 28 main 
groups, devoted to iron, steel and other metals ; machine 
tools; electrical apparatus; glassware; building 
materials ; timber goods; scientific instruments ; pulp 
and paper manufactures; chemival products; oils, 
paints and varnishes; and other Swedish products and 
goods. Last year there were 700 exhibitors, repre- 
senting about 1,400 Swedish manufacturers. Further 
particulars regarding the Fair may be obtained from the 
Swedish Consulate General in London, 329, High Holborn, 
London, W.C.1, or direct from the Director, Syenska 
Magean, Goteborg, Sweden, 








NOTES FROM THE NORTH. 


Guiaseow, Wednesday. 

Scottish Steel Trade.—Prices have advanced. Conditions 
in the Scottish steel trade show little change over the 
week, and the demand is just moderate. The unsatis- 
factory return which producers have been getting for 
some time has been under review regularly during 
recent months, and at last it has been decided to make 
an advance of 5s. per ton in home prices. This increase 
has not come a day too soon from the sellers’ point of 
view, but it is a very different thing when viewed through 
the eyes of the shipbuilder and the marine engineer. 
Prices of ship plates and sections have not been altered 
for exactly fifteen months, when those who remained 
outside the rebate scheme were asked to pay an ad- 
vance of 5s. per ton. During recent months the costs 
of production have been going up steadily, and nearly 
everything has been becoming dearer, and yet the steel- 
makers made no change in prices, hoping that condi- 
tions would improve, and that a much larger output 
might help to counterbalance the higher costs of pro- 
duction. The demand having failed to improve, makers 
were forced to the alternative of raising prices partly 
to meet the increased costs. Boiler plates are as yet 
unchanged. The following are now the current market 
quotations, but ship plates and sections are subject to a 
rebate of 10s. per ton :—Boiler plates, 10/. 10s. per ton ; 
ship plates, 8/. 12s. 6d. per ton; sections, 3. 2s. 6d. 
per ton; joists, 87. 2s. 6d. per ton, all delivered at Glasgow 
stations. In the black-sheet trade the outlook for the 
present is a little better, as some of the inquiries recently 
referred to have borne fruit, and employment has 
improved. It is the lighter gauges which are affected 
mainly, and the demand for the heavier sorts is still 
dull. The prices for home delivery are 8l. 15s. per ton 
for }-in. sheets, and 137. 15s. per ton for galvanised 
corrugated sheets (No. 24 gauge). 


Malleable-Iron Trade.—In the West of Scotland 
malleable-iron trade quietness still continues, and the 
output is of a limited nature. The day-to-day demand 
is barely sufficient to keep plant running, and with the 
costs of production so high, little or no margin is left 
to producers on current prices. In the steel re-rolling 
branches business is dull. Prices are as follow :— 
“Crown ”’ bars, 10/. 5s. per ton for home delivery, and 
91. 15s. per ton for export; re-rolled steel bars, 8/. per 
ton for home delivery and 7/. 15s. per ton for export. 


Scottish Pig-Iron Trade.—The | pig-iron trade of 
Scotland has varied very little during the past week, 
and conditions are much the same. Hematite iron 
meets with a fair demand, but foundry grades are very 
dull. The following are the current quotations :— 
Hematite, 78s. per ton, delivered at the steel works ; 
foundry iron, No. 1, 75s. per ton, and No. 3, 72s. 6d. 
per ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending Saturday last, May 18, amounted to 540 tons. 
Of this total, 474 tons went overseas and 66 tons coast- 
wise. For the corresponding week of last year the totals 
were 929 tons overseas and 74 tons coastwise, making a 
total shipment of 1,003 tons. 








PERSONAL.—Messrs. John A. Smeeton, Limited, 15, 
Victoria-street, London, 8.W.1, have been appointed 
sole British agents of The Badische Maschinenfabrik und 
Eisengiesserei, Durlach, Germany.—The Glasgow office 
of the English Electric Company, Limited, which was 
formerly situated at 40, Wellington-street, has now been 
removed to 200, St. Vincent-street.—Messrs. Inter- 
national Equipment Company, Limited, have now left 
52, Queen Victoria-street, London, E.C.4, and are at 
175, Great Portland-street, W.1. The company is now 
under the direction of Messrs. Eclipse Automatic Devices, 
Limited.—Messrs. William Asquith, Limited, Highroad 
Well Works, Halifax, have purchased the patterns, 
drawings, goodwill and patent rights in connection with 
the vertical key-seating and horizontal duplex cotterway 
machines of Messrs. Smith and Coventry, Limited. These 
machines will now be made by Messrs. Asquith. 





Om Pree Lines in Russta.—With the object of 
reducing transportation costs, a system of pipe lines for 
the conveyance of oil products is being introduced into 
Russia. Prior to 1914, only one pipe line had been 
built. This has a length of 549 miles, and a diameter of 
8 in., and connects Baku, the oil port on the Caspian 
Sea, with Batum, on the Black Sea. Some years ago, 
it was decided to construct a second Baku-Batum pipe 
line ; this was commenced in 1927, and will, it is expected, 
be completed during the present year. The new work 
will supplement the old line, which, incidentally, has 
recently been repaired and reconditioned. The new 
pipe line has a length of 521 miles and a diameter of 
10 in. ; 14 pumping stations are being erected along its 
length. Another pipe line of recent construction is that 
which stretches from Grozny, on the east side of the 
Caucasus, to Tuapse, on the Black Sea. It was put into 
operation towards the end of 1928; its length is 383 miles, 
and its diameter 10 in. The six pumping stations along 
the Grozny:Tuapse line are capable of dealing with from 
1,000,000 tons to 1,100,000 tons of oil products per 
annum. The construction of three further pipe lines 
has been decided upon. The first is from Emba, on the 
river of the same name, which runs into the Northern 
Caspian, to Samara, on the Volga. The second is from 
Makhach Kala, a Caspian port north-west of Baku, to 
Moscow. The third is from Makhach Kala to Rostov, 
on the river Don, at the head of the Sea of Azoy, 





NOTICE OF MEETING. 





Royat Instrrution.—Friday, May 31, 
Albemarle-street, W.1. “The Air Pump: 
Present,”” by Dr. E. N. da C. Andrade. 


9 p.m., 
Past and 








NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 


The Coal Trade.—With the collieries idle for half the 
week on account of the Whitsun holidays, business has 
been on very quiet lines. Shipments have, however, been 
fairly active despite a shortage of ready tonnage, foreign 
exports amounting to 402,980 tons compared with 
394,940 tons in the previous week. At Cardiff, clearances 
were raised from 233,740 tons to 236,990 tons; at Swan- 
sea from 39,170 tons to 60,100 tons; and at Llanelly 
from 5,590 tons to 11,580 tons; but at Newport reduced 
from 83,820 tons to 74,740 tons, and at Port Talbot 
from 32,620 tons to 19,570 tons. Exports to France were 
raised from 100,610 tons to 104,900 tons, to Argentina from 
30,400 tons to 43,950 tons, and to Italy from 22,770 tons 
to 40,650 tons, but to Egypt reduced from 48,200 tons 
to 30,400 tons. Prices have shown no change of note. 
For spot shipment buyers have been able to secure 
discounts as most collieries are in need of a quick clearance 
of empties to avoid stoppages at the pits, but for ship- 
ment ahead sellers are reluctant to grant concessions, 
hoping for an improvement in the tonnage position which 
has been responsible for the holding up of loaded trucks 
and a slow return of empties to the pits. Best Admiralty 
large coals are in the neighbourhood of 20s, 6d. per ton, 
f.o.b., with Monmouthshires from 17s. 6d. to 18s. 6d., 
drys from 17s. 6d. to 19s., and smalls from lls. 6d. to 
13s. 6d. Sized products are scarce and firm, dry nuts 
ranging from 21s. to 22s. 6d., and bituminous nuts from 
21s. to 23s. for export, and washed dry duff from 13s, to 
14s, The ~~ State Railway contract for 180,000 
metric tons of large coal has been placed for Welsh coal, 
Messrs. Wm. Milburn and Company having secured 
120,000 tons, and Messrs. Pyman, Wakes and Company 
60,000 tons, both at 29s. 9d. per metric ton, c.i.f., at 
Alexandria, delivery to be during June, July and August. 
The Brazilian Central Railway contract for 200,000 tons, 
delivered over four months, is still unplaced, and it is 
reported that an order for 50,000 tons has been placed in 
Poland for trial purposes. The result of this is keenly 
awaited as the loss of business amounting to 50,000 tons 
a month would be a serious blow to the Welsh coalfield. 


Shipping Profits.—The Brynymor Steamship Company 
Limited, of Swansea, in its report for the year ended 
March 31 last, shows a profit, after provision of deprecia- 
tion, of 11,3747. Dividends of 7 per cent. have been 
paid on the preference shares and 10 per cent. on the 
ordinary shares, both less tax, leaving 2,827/. to carry 
forward. The Claymore Shipping Company, Limited, 
Cardiff, in the same period, secured a trading profit of 
5,8571., and write 1,792/. off the book value of the 
steamers and pay a dividend of 5 per cent., less tax, 
absorbing 4,0007., carrying forward 2251. The Graig 
Shipping Company, Limited, Cardiff, realised a profit of 
5,2691., and have written 5,000/. off steamers cost accounts, 
1,5741. off investments accounts, and carry forward 
2,8211. 


New Ship Contract.—Messrs. J. L. Thompson and Sons, 
Limited, Sunderland, have secured an order for a cargo 
steamer of 8,250 tons deadweight from the Strath Steam- 
ship Company, Limited, Cardiff, to be fitted with coal- 
burning engines by Messrs. J. L. Dickinson and Sons, 
Limited, Sunderland. 








Royat AERONAUTICAL SocteTy.—A conversazione, 
organised by the Royal Aeronautical Society, will be held 
in the Science Museum, South Kensington, S.W.7, on 
July 25 next. The date chosen is the twentieth anniver- 
sary of Blériot’s flight across the Eaglish Channel, and 
also occurs during the period of the International Air- 
craft Exhibition. The Wilbur Wright Memorial Lecture 
will be delivered during the evening by the Hon. W. 
MacCracken, Jnr., Assistant Secretary of State for 
Commerce of the National Advisory Committee for 
Aeronautics of the United States. The offices of the 
Royal Aeronautical Society are at 7, Albemarle-street, 
London, W.1. 





British STANDARD SPECIFICATIONS FOR PAINTs.— 
The British Engineering Standards Association has 
recently issued a further five specifications, which consti- 
tutes a portion of the series of 61 paint. and varnish 
specifications which have been in course of preparation 
during the last two years. The new specifications com- 
prise, No. 389—1929, Zinc Chromes for Paints; No. 390 - 
—1929, Oil Pastes (Coloured) for Paints; No, 391— 
1929, Tung Oil; No. 392—1929, White Titanium 
Oxide Pigment for Paints; No. 393—1929, Tinted Oil 
Pastes for Paints. As was the case in previous ifica- 
tions in this series, they contain clauses regulating the 
composition, and also standard reception tests. In 
addition, appendices are incorporated outlining standard 
methods for carrying out the tests. Copies of the 
pamphlets may be obtained from the B.E.S.A. Publiea- 
tion Department, 28, Victoria-street, London, 8.W.1, 

rice 2s. 2d. each, post free. There now remain only 
ie specifications to complete the series, namely, 
Turpentine, Type No. 2; Aluminium Powder for Paints ; 
Purple Oxide of Iron, Ready-Mixed Paints ; and Venetian 
Reds for Paints. These are being prepared and will 
be issued shortly. In addition, a British Standard 
schedule of colours for ready-mixed paints is being 
prepared, ; ; . 
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THE MEASUREMENT OF POWER 
FACTOR. 


THE conception of power factor is one which the 
average consumer finds difficult to understand and 
the electrical engineer equally hard to explain. 
In this, of course, it resembles electricity itself. 
But while electricity may be plenteously generated 
and abundantly consumed without either party 
to the contract having to trouble themselves much 
about its esoteric relationships to matter and the 
universe, when the power factor clause is inserted 
in an agreement, some reason has to be advanced 
for imposing the penalty or awarding the bonus, 
which is an essential factor in the make-up of these 
documents. Incidentally, it is found that the 
explanation, whatever form it may take, is generally 
more cheerfully accepted when a bonus and not a 
fine is involved. Even the short-circuiting of the 
psychological obstacle in this way may, however, 
leave the consumer with the uneasy feeling that the 
supply authority is taking advantage of his ignorance 
to exact more revenue than that to which it is 
justly entitled. 

One of the results of this state of uneasiness 
is that electricity supply engineers not infrequently 
exercise their ingenuity to devise a definition of 
power factor, which any “feller can understand,” 
though it must be added that the success of their 
endeavours has not yet been conspicuous. Though 
we do not propose to enter into competition with 
them in this matter, it is necessary for the purpose of 
considering the problem of power factor measure- 
ment to mention the reason for introducing it into 
the tariffs used. This reason may be stated, as 
follows: When electricity is supplied on the three- 
phase system, energy is transmitted through three 
conductors and is absorbed by the consumer at a 
certain rate. This energy is generated and trans- 
mitted most economically when the current in all 
three conductors at any time is the same. If that 
is not the case the supply authority is involved in 


oe 


extra expense. As it is ‘allie the way in which 
the consumer uses his plant which determines how 
closely the ideal condition is approached, the supply 
authority feels it is only equitable that some notice 
should be taken of any undue neglect in this respect. 
In other words, in an increasing number of areas it 
now rests with the consumer to improve his power 
factor or pay the penalty; and various means, 
especially tariffs, have been devised to stimulate 
him to adopt this course. 

These methods obviously necessitate the use of 
instruments for measuring the quantities upon which 
these tariffs are based, including the power factor 
itself, the kilovolt-amperes and the kilovolt-ampere- 
hours. Unfortunately, all three of these terms can 
be defined in more than one way, and the actual 
definition which is in use is very rarely explicity 
stated in any tariff, although it can be inferred 
from the type of instrument used. While, more- 
over, the method employed should determine the 
type of meter used, in practice it is the instrument 
employed, which determines the method. Scientific 
considerations may have to make allowance for 
practical convenience. 

This question, which, it will be agreed, is of 
considerable technical, not to say commercial, 
importance, is ably discussed by Mr. E. W. Hill 
in a paper, which was read on April 5 before the 
Meter and Instrument Section of the Institution of 
Electrical Engineers; and it will be of general 
interest to summarise his arguments and con- 
clusions. The first ambiguity centres round the 
definition of power factor in a three-phase system. 
Two such definitions are reasonably acceptable to 
electrical engineers, but both are based upon analogy 
from single-phase systems, in that they state that 
three-phase power factor under steady conditions is 
the ratio between the total three-phase watts and the 
total three-phase volt-amperes. The second of these 
quantities may, however, mean one of two things. 
Either it may denote the square root of the sum of 
the square of the total of the watt components and 
the square of the algebraic total of the reactive 
components in the circuit ; or it may be the sum of 
the products of each line current by its corresponding 
star-leg voltage. Unless the phase displacement 
angles are all equal and are all lagging or all leading, 
the first definition always results in a smaller value 
than the second. It is claimed by many that the 
first, or vector-sum definition, as it is called, is free 
from ambiguity and can be generally applied to both 
single phase and three-phase systems. On the 
other hand, Mr. Hill contends that the second, or 
arithmetic sum, definition has much to commend it 
for use as the basis of a tariff, which is intended to 
give effect to the principle, already stated, that the 
consumer should be rewarded for demanding no more 
than the minimum current necessary for a given 
power consumption. 

A comparison of the relative merits of the two 
definitions is made by Mr. Hill for an extreme 
case of three-phase loading under two sets of con- 
ditions. In each case the total watts are assumed to 
be 173-2. But while, according to the vector-sum 
definition, the total three-phase apparent power is 
173-2 volt-amperes and the power factor unity in 
both cases, according to the arithmetic-sum defini- 
tion, the power is 486-4 volt-amperes and the power 








factor 0-355 in one case, the corresponding values 
in the other being 203-4 volt-amperes and 0-851. 
The latter method of measurement, therefore, better 
fulfils the function of discriminating between diffe- 
rent current loadings in the three lines and more 
effectively penalises the consumer, when that loading 
departs from the ideal of non-inductive balanced 
conditions. 

An evident corollary to this argument is that the 
definition of apparent power in a three-phase system 
is bound up with the question of unbalanced loads. 
Mr. Hill therefore suggests that where there is 
serious unbalance it might be advisable to base the 
tariff, not upon the simultaneous combined demand 
on the three lines, but upon three times the highest 
of the three demands on the individual lines. Even 
without diversity of incidence this might still be 
advisable, since three-phase cables and apparatus 
must necessarily be constructed with three equal 
sized conductors, and their capacity is therefore 
that of the highest demand on any conductor. 
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In what has so far been said it is assumed that the 
power factor remains steady, while in’practice, of 
course, it varies. Under such conditions it is 
frequently desirable, for the purpose of applying 
special tariffs, to adopt a definition of ‘ average 
power factor,” the most obvious being, the time 
average of all the values assumed by the power factor 
over a given period. This, however, is inadmissible 
in practice, since the average must be weighted 
according to the magnitude of the loads at which 
the various values of the power factor occur. The 
most logical method of obtaining a “ weighted- 
mean” power factor is therefore to use the ratio 
watts/volt-amperes or rather watt-hours/volt-am- 
pere-hours. For evaluating the volt-ampere-hour 
either a true kilovolt-ampere meter can be em- 
ployed, or, if that is not possible, a watt-hour 
meter, in combination with a reactive component 
meter, or two single phase watt-hour meters, the 
last being only applicable to three-phase balanced 
loads. Even with this limitation, moreover, the 
use of two single-phase meters for the purpose of 
estimating kilovolt-ampere hours and average power 
factor leads to considerable inaccuracy, if the power 
factor varies considerably and Mr. Hill’s general 
conclusion is, therefore, that he would not advocate 
instruments of the vector-sum type, except under 
conditions, where the power factors are approxi- 
mately balanced. 

Mr. Hill is to be congratulated not only on making 
a useful contribution to the subject of electrical 
measurement, but on bringing it forward at this 
particular time. The increasing use of three-phase 
distribution and the developments which are now 
taking place in the field of bulk supply, both make it 
desirable that the question should be carefully 
examined and the discrepancies to which he has 
called attention cleared up. The Meter and Instru- 
ment Section of the Institution of Electrical Engi- 
neers is also to be congratulated on the quality of 
the papers that they have so far succeeded in 
securing for discussion at their meetings. If this 
quality can be maintained the formation of this 
off-shoot of the main body will be fully justified. 
Mr. Hill has, however, rather stated the problem 
than solved it and there therefore remains an 
opportunity both for himself and others either to 
continue to work on the lines he has suggested or to 
break new ground. One method of doing this, 
which falls within the latter category, was suggested 
by Mr. Arthur Wright in the course of the discussion. 
For, as he pointed out, if kilovolt-amperes could be 
metered instead of kilowatt-hours the troubles and 
inaccuracies connected with power factor would 
disappear. To achieve this, however, means the 
devising of new instruments and what is equally, 
or more, difficult changes in the law under which 
electricity is supplied. Neither of these problems 
are, however, impossible of solution. 








RURAL WATER SUPPLIES. 

Ty some forms of social life there is an increasing 
tendency to recognise the advantage of co-operation. 
In many of its developments this is a comparatively 
modern tendency, which succeeds most often when it 
is coupled with a prospect of profits, preferably 
immediate or in a fairly early future. From the 
times of the South Sea Bubble and the early days of 
railway construction, down to the carefully con- 
sidered enterprises of modern limited companies and 
possibly the elements of the national network of 
electrical energy, co-operative schemes with such 
prospects have always been attractive, and public 
opinion has been ready to essume in their favour a 
good deal more than has been verified in previous 
experience. Where, however, the advantages to be 
obtained do not include direct monetary profit, 
co-operation has been found more difficult to secure, 
and the provision of water supplies is a typical 
example of this natural indisposition. The extent to 
which districts vary in their consumption of water 
is exceedingly wide. According to Mr. G. B. Ker- 


shaw, it ranges from a supply of two gallons per 
head per day in Durban to 200 gallons in Chicago. 
The Durban figure is doubtless affected by the high 
proportion of natives, and the Chicago by the large 
industrial consumption, but with Madrid existing 
comfortably on a ration of 3-3 gallons a day, as 
against London or Paris with 36 gallons, there can 
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be no doubt as to the considerable difference in 
habits even in great cities. In rural districts there 
are often more obvious reasons for differences. 
The consumption must be limited by the amount of 
water that is available, and one unattractive 
purpose of co-operation, which will become more 
urgent where both populations and their consump- 
tion per head are increasing, is to distribute the 
conveniently available supplies in some just relation 
to the needs of the consumers. As it is, the comfort 
of a piped supply is steadily becoming more 
appreciated, and those communities who can 
obtain and afford one are tending generally to take 
advantage of it. 

According to the best medical opinion there 
appears to be no doubt that this habit works out 
to the benefit of public health, and it is therefore 
a matter of public consequence to know to what 
extent the requirements of various parts of the 
country are being met, and how far the provision 
is being made to the best advantage. Communities 
have been in the habit of helping themselves to 
water supplies, subject only to imperfect control, 
and at the present time there appears to be no 
complete record of the extent to which such 
supplies are being used and the manner in which 
they are distributed. The Ministry of Health is 
now engaged on a general survey of the water 
resources of the country, on the completion of which 
the situation will become clearer. In the meantime 
its Advisory Committee on Water has issued a 
report on Rural Water Supplies (H.M. Stationery 
Office, 9d. net), which gives a statement of some of 
the principal facts in regard to the progress that 
has been made, and a number of practical sugges- 
tions, mostly of an administrative character, in 
regard to measures that can be taken with advantage. 
Speaking broadly, there has been substantial 
progress in recent years in providing rural water 
supplies, though there is still much to be done 
before conditions generally will be satisfactory. The 
main difficulty of providing a piped supply arises, of 
course, from the scattered character of the popula- 
tion. Of rural parishes in which less than one-third 
of the houses have a piped supply, the population of 
more than three-fourths was either less than 100 at 
the census of 1921, or else with a density of one or 
more persons in 2 acres was less than 500. Of the 
remainder, about 2,000 in number, four-fifths, with 
populations of between 500 and 750 and upwards, 
had less than one person to 2 acres, or apparently 
one family to 10 acres. Such communities evidently 
present a very different problem from that of an 
urban district, and it is not surprising that in many 
instances they have shown less disposition to face 
the incidence of the expense involved in providing 
a piped supply. 

To some extent agriculturists, especially dairy 
farmers, are becoming more disposed to pay for 
piped supplies in view of their importance to 
the purposes of their trade. On the other hand, 
in some districts the local authorities have not 
charged a fair price for this convenience, or the con- 
sumers are unwilling to pay it. In many instances, 
however, and perhaps in most, it is thought that 
the consumer could not reasonably be expected to 
bear the full cost of his supply, and in the Local 
Government Act (1929) just coming into force 
provisions are included for enabling rural district 
councils and county councils to contribute, if they 
so desire, towards the cost of providing or main- 
taining water supplies. Another difficulty has arisen 
in some districts, in which the statutory water 
authorities of a district have enlarged their districts 
without giving supplies in the new territory. A 
similar obstacle to making the most of available 
supplies is found in the passage of the trunk mains 
of one authority over the territory of another without 
giving a bulk supply where required. It is, of 
course, not proposed to impose such an obligation 
retrospectively, for the burden on the undertaking 
affected might be quite unreasonable. The County 
Councils’ Association suggest, however, that such 
an obligation should be incorporated in the condi- 
tions imposed on future statutory authorities. A 
more important suggestion appears, however, to be 
made in the report when it proposes that all statu- 
tory undertakers should have powers by agreement 
to assist each other and local authorities by giving 
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bulk supplies, whether within or without their own 
territories. 

Piped supplies are the ideal to be aimed at, but 
it is pointed out that sometimes they may be 
practically unattainable for the time being, and 
that, in any event, they may introduce dangers of 
their own if the supply is more than proportionate 
to the sewer accommodation. It appears to have 
been found as a general rule that the introduction 
of a piped supply leads immediately to a great 
increase in the consumption of water, and if there 
is no adequate sewage accommodation—as if, for 
example, all that is available consists of cesspits 
of insufficient size to take care of the increased flow— 
very grave dangers may arise to the health of the 
district. Such dangers have presented themselves 
more often since the recent vast increase in facilities 
for road transport, which has led urban residents 
to seek rural accommodation in combination with 
urban facilities, and by their lavish consumption of 
water to induce a breakdown of the sewerage, if 
any exists, This is a risk to which well supplies 
are exposed even in the absence of a piped service, 
and the second section of the report is devoted to 
suggestions regarding arrangements that ‘should 
be made for supplies, from public or private wells, 
to be given in the absence of pipes. It is sug- 
gested, indeed, that a local authority, condition- 
ally on its providing a well of good construction and 
considerable depth as well as of adequate_purity, 
should be allowed to make a charge to consumers 
for the use of it. The condition, moreover, of 
private wells often leaves much to be desired, both 
constructionally and as to the absence of precau- 
tions for safeguarding the purity of water. Here, 
again, it is suggested that local authorities should 
be given powers, analogous to those which they 
possess already in regard to other building structures 
associated with dwellings, to require the adoption 
of such means as are reasonably practicable. An 
interesting part of the report deals with villages 
that are dependent on rain-water supplies, in 
regard to which an engineering inspector of the 
Ministry, Mr. Thiselton-Dyer, made a special in- 
vestigation, the results of which are recorded 
in a detailed appendix. The method doubtless is 
unsuitable in towns or where there is atmospheric 
pollution, but to communities accustomed to a 
relatively small allowance of water or having access 
to supplies of inferior quality for purposes other 
than drinking, it appears to give satisfaction. Its 
adequacy depends, of course, on the sufficiency of 
the storage tanks, and on the construction and 
arrangements by which they are preserved from 
pollution. 

The report gives a number of recommendations 
tending to improve the ability of local authorities 
to provide adequate supplies, and in the last of a 
number of appendices gives a useful memorandum 
for the guidance of Rural District Councils preparing 
water-supply schemes. With regard to rain water, 
it likewise suggests a number of rot too onerous 
bye-laws, for which, however, power would have to 
be obtained by legislation. It may, perhaps, be 
questioned whether the local authorities might 
not do more than is proposed in assisting consumers 
to keep their rain-water supplies in good order. 
Such supplies have the defect of depending almost 
entirely upon storage, but as against the large 
tanks thus required for each house they have the 
advantage that the supply may be treated as of 
practically constant composition, and the attention 
it requires is small and can be given at long intervals. 
Ordinarily such supplies are the concern of indi- 
vidual houses, and no improvement seems to have 
been made for some time past in the convenience 
with which they can be controlled and receive 
attention. There must be cases, however, in which 
the only choice of a communal supply lies between 
a costly scheme for bringing it from a distance and 
the use of doubtful well or river sources. It seems 
conceivable that in some such cases a local authority 
might find it both economical and satisfactory to de- 
fer the expense of installing the distant or doubtful 
supply until their population had increased, and in 
the meantime to concert arrangements for inspecting 
and attending to the rainwater supplies at suitable 
intervals. Such a scheme would possibly involve 





increasing the storage so as to allow cleaning 
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and attention to be done in two sections as each 
tank was emptied. Its cost might nevertheless be 
a good deal less than that of a piped supply, and 


the improvement in the quality and palatability 


of the water which might be effected should be an 
inducement to consumers to pay a moderate charge. 








THE IRON AND STEEL INSTITUTE. 
(Concluded from page 603.) 
BRITTLENESS IN MiLp STEEL. 

TuE first paper read on the afternoon of Friday, 
May 3, was entitled “ Brittleness in Mild Steel,” 
and was by Mr. G. R. Bolsover. The author stated 
that the occurrence of cases of brittleness in articles 
produced from dead-soft steel of satisfactory 
quality necessitated the investigation of the cireum- 
stances under which it would be produced. This 
condition was always found in articles which had 
been formed and subsequently critically heated, 
such as would be the case in the production of 
pressings afterwards heated for galvanising or other 
purposes. A series of tests had shown that the 
conditions for the production of brittleness were 
fairly well established. The phenomenon could 
be produced by a 15 per cent. extension of the 
material and subsequent reheating to 250 deg. C. 
for half an hour. The undeformed portions of the 
same steel remained perfectly ductile. The impact 
resistance of the material, when cold-worked and 
reheated in the manner indicated, declined seriously. 
Impact values were lowered from approximately 
90 ft. lb. to less than 10 ft. lb., when tested at room 
temperature. The impact resistance, however, 
increased with a rise of testing temperature, until, 
at 80 deg. C., the reduction was only such as would 
be expected in view of the increased hardness 
induced by cold-working. For different con- 
ditions of the steel, the temperature at which the 
induced brittleness was lost varied. The data 
obtained indicated that a normalised steel was more 
prone to brittleness than one which had been 
hardened and tempered, and the effect was still 
more marked in a steel which had been slowly 
cooled prior to stressing and reheating. Increasing 
phosphorus contents increased the loss in ductility 
in each of the above conditions, but this was 
particularly marked in steels which had been re- 
heated after cold-working. 

Mr. Archibald Allison stated that it would appear, 
on examining Mr. Bolsover’s results broadly, that 
grain size had a very important bearing on brittle- 
ness. Mr. Bolsover, however, probably yielding to 
the prejudices of some engineers who were impatient 
of reading technical papers which were illustrated 
by micrographs, had not correlated his data of tests 
with particulars of grain size. No doubt there were 
good reasons for selecting a steel containing 0-14 
per cent. carbon and 0-60 per cent. manganese, 
although this composition happened to be outside 
the range within which grain growth was most liable 
to occur. For example, very pure ingot iron, such 
as Armco iron, usually had a large grain size, and 
the effect of this was illustrated by the figures con- 
tained in the paper under discussion; tempering 
after normalising reduced the resistance to impact. 
Probably the finest grain size would be produced 
by water quenching and the coarsest by cooling 
slowly in the furnace, so that it would appear, from 
a comparison of the data given, that the effect of 
grain size was reflected in the corresponding impact 
figures. Turning to theoretical considerations, 
he would venture to suggest that the brittleness 
described was closely related to conditions well 
known in the pathology of steel and known as 
Stead’s brittleness. This brittleness might be of 
two kinds and was brought about by straining and 
heat treatment. 

He himself had previously suggested an explana- 
tion of this phenomenon on the following lines: In 
strained steel, the strain lines visible under the micro- 
scope, by their very visibility, indicated the slipping 
of the crystal planes with momentary production of 
a liquid phase which was instantaneously quenched 
with a regelation effect. Furthermore, brittleness 
increased with grain size, because the area of the 
slip planeg varied as the square of the diameter of 
thecrystals. Again, after strain, especially tensile 
strain,’ the material was less uniform, because some 
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| crystals, by their orientation, were severely strained 
|and others little, if at all. On the other hand, in 
| cold-rolled steel the crystals were not permitted the 
| same choice of movement. Since the phenomenon 
| normally occurred in steel containing 0-1 per cent. 
| of carbon, or less, it would appear that the cause 
| was located in the ferrite crystals and that some 
| change was produced at 300 deg. C. Granted that 
|the material of the slip-bands underwent sub- 
| microscopic crystallisation, it might be suggested 
‘that the temperature of 300 deg. C. produced 
sufficient re-crystallisation to weaken the welding 
between the crystal portions without being sufti- 
cient to re-form definite crystals with consequent 
boundary strength. He could not agree with the 
statement of the author that internal strains would 
account for the brittleness. In fact, a remark 
made later on in the paper controverted this 
statement. The author’s remark in question was 
to the effect that, on testing steel in such a condition, 
i.e., when in a state of internal stress, at gradually 
rising temperatures, it was obvious that a tempera- 
ture would be reached at which the mobility within 
the mass was sufficient to allow of the dissipation of 
these internal stresses, following which the impact 
value of the material would rise to normal limits. 

Mr. T. H. Turner, recalling Mr. Sutton’s paper 
of the previous day, asked the author if he had 
found the brittleness to be transitory. He himself 
had carried out a good deal of work on the subject of 
strain-etching, using Dr. Fry’s reagent, and was of 
the opinion that the brittleness under discussion, the 
liability to produce strain etching, and ageing brittle- 
ness were all three due to the same cause. The 
next speaker, Mr. J. A. Jones, remarked that 
phosphorus was generally regarded as an element 
which reduced the ductility and increased the 
brittleness of steels. Mr. Bolsover had indicated 
the pronounced effect of phosphorus on his material. 
Further research might show that the addition of a 
small quantity of another element might reduce the 
susceptibility of the material to ageing brittleness 
while maintaining its ductility. Mr. T. M. Service, 
who spoke next, said that there was no doubt that the 
particular class of steel investigated, namely, that 
containing 0-1 per cent. of carbon and a low per- 
centage of manganese, was susceptible to the type of 
brittleness mentioned. An investigation of boiler- 
plate steel containing 0-2 per cent. of carbon had 
revealed only a few cases of the brittleness. On 
the Continent, a material designated non-ageing 
steel was advertised for sale; it was probably 
merely thoroughly de-oxidised steel. He suggested, 
therefore, that the quality of the steel had more to 
do with the brittleness described than its actual 
chemical composition. Bearing this in mind, it 
might be of interest to make a dead melt of steel 
containing from 0-1 to 0-2 per cent. of carbon and 
then ascertain if it still possessed this undesirable 
property. 

Mr. W. H. Whiteley stated that the author 
reheated his steel, after deformation, to a tem- 
perature of 250 deg. C. He heated it once again 
to a temperature of 80 deg. C., and found that 
the Izod brittleness was removed. When the 
steel cooled after the first 250 deg. C. heating, it 
had to pass through the 80 deg. range. It would be 
interesting to know, therefore, if the author had 
tried quenching after the first reheating. In his 
own experience, brittleness resulting from the gal- 
vanising process occurred in the case of the thicker 
sheets. A thin piece of sheet, when placed in the 
galvanising bath, became thoroughly heated to the 
temperature of the bath and was consequently 
well beyond the critical-temperature range. A 
thick sheet, on the other hand, did not attain the 
temperature of the bath throughout, and might 
therefore be susceptible to brittleness. A sub- 
sequent speaker, Mr. E. W. Colbeck, cited a number 
of cases of brittleness in sheet-steel drums similar 
to that put forward by Mr. Bolsover. Mr. F. W. 
Harbord, who next spoke, stated that many deep 
stampings were made from mild-steel sheet and 
were afterwards japanned. It was important to 
know, therefore, whether the brittleness which 
might be present in the articles persisted, or whether 
it passed out on standing at room temperatures. 
The last speaker, Professor T. Turner, said that 
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on lead sheathing for cables. When pure, lead 
gave trouble because fracture sometimes occurred. 
The problem had been solved by the addition of 
small quantities of antimony or tin, these metals 
having been found greatly to increase the resistance 
of the lead to fracture. In the case of zinc also, 
the addition of very small quantities of another 
element, such as copper, had enhanced the properties 
of the metal. Similar additions to steel might give 
good results. 

Mr. Bolsover, in the course of a brief reply, 
stated that he had tested his steel samples in 
three different conditions, as regards grain size, 
namely, in the quenched and tempered condition, 
in the normalised condition, and in the very slowly- 
cooled condition. The steels he had used were not 
of the rimming or open type. Mr. Allison had 
remarked that there were two types of brittleness, 
but he could assure him that the different types of 
brittleness he had encountered were much more 
numerous than that. He had had evidence that 
the brittleness under discussion occurred in other 
than mild steels. He was also of the opinion that 
the results of researches on strain-etching mentioned 
by Mr. Turner confirmed his own work. He 
believed that the brittleness was caused by internal 
strain. With regard to the question of whether 
the brittleness was transitory, he was of the opinion 
that it was not. 


OXIDATION OF IRON AND STEEL. 

The next paper dealt with was by Dr. L. B. 
Pfeil, and was on the subject of “The Oxidation 
of Iron and Steel at High Temperatures.” In 
presenting his contribution, Dr. Pfeil said that, 
during the reheating of steel ingots and the rolling 
of the metal into bars, sheet, and wire, an important 
percentage of the metal was converted into oxide. 
Besides being wasteful, this oxidation led to defects 
which became of increasing importance when a 
product of good surface finish was demanded. 
An explanation of the mechanism of the oxidation 
of iron and steel must deal satisfactorily with the 
four following points: Firstly, the scale was nor- 
mally smooth, compact, and free from cracks and 
fissures in spite of the oxidation involving an 
expansion of the order of 100 per cent. ; secondly, 
the scale consisted normally of three very distinct 
layers, differing in appearance, structure and com- 
position, and, with a few exceptions, non-ferrous 
elements present in iron before the oxidation were 
concentrated in the innermost of the three layers 
of scale; in the third place, foreign substances 
placed on the surface of the iron were not forced 
away by the formation of the scale, but remained 
unmoved, and became completely enveloped by the 
scale; lastly, when oxidation was slow the forma- 
tion of large scale crystals, exhibiting plain crystal 
faces, occurred, the scale surface sometimes showing 
high relief. 

These experimental facts were incompatible with 
the commonly accepted views that the outside of 
the scale was that which formed at the initiation of 
oxidation, further oxidation having displaced the 
first-formed scale bodily outwards. This hypothesis 
must therefore be discarded. The facts indicated 
clearly that the outer portion of the scale was the 
last to form, the middle portion being the first. 
The only mechanism of oxidation consistent with the 
facts was that of counter-current diffusion, the iron 
diffusing outwards and the oxygen inwards through 
the scale deposit. At the iron-scale interface, iron 
was continually being dissolved in the scale, 1.e., 
the iron was being converted into oxide, which 
then formed part ot the scale deposit, constituting 
aa iron-rich solid solution. Diffusion of the iron 
occurred outwards, through the scale to the scale- 
air interface. It was of little importance, from the 
point of view of the hypothesis, whether the iron 
dissolved and diffused outwards as atoms of iron 
or as molecules of FeO; the essential feature was 
that iron left the core without forcing outwards the 
already-formed scale. 

Professor H. C. H. Carpenter, who opened the 
discussion, thought that the hypothesis put forward 
—namely, that iron diffused outwards, either as 
Fe or FeO, and that the oxygen diffused inwards, 





through the scale deposit—seemed to be a very 





650 


plausible and reasonable view to take in regard to| 
the process. He suggested that further information 
might be secured with the aid of the X-rays. 

The only other speaker, Mr. U. R. Evans, said | 
that the mechanism of oxidation described by | 
Dr. Pfeil was definitely different from that described | 
by Drs. Pilling and Bedworth in 1923. At first | 
sight it might seem merely that one theory described | 
the metal atoms as moving relatively to the oxygen, 
and the other as describing the oxygen as moving 
relatively to the metal. If this were all, the two 
theories would be identical. Closer study showed, 
however, that there was a fundamental distinction, 
best seen if the case were taken of a metal (M) 
having a single oxide, the theoretical composition 
of which, as given by text-books, was MzO,. In 
the Pilling type of diffusion the oxide layer had its 
theoretical composition MzOy, at the inner face, 
and an excess of oxygen at the outer face. In the 
Pfeil type of diffusion it would have the theoretical 
composition at the outer face, and excess of metal | 
at the inner face. It was possible to imagine a | 
mixed type, when the oxygen content would be | 
less than that represented in the formula MzOy | 
at the inner face and more than that given by | 
MzO, at the outer face. In all cases there was a| 
composition gradient, and diffusion would occur | 
in such a direction as to reduce the differences in 
composition. It seemed likely that, with some 
materials, the oxidation would be found to proceed 
largely according to the “ Pilling mechanism,” 
and in others largely according to the ‘“ Pfeil 
mechanism.” In others, again, it might occur by 
diffusion through cracks or pores, or through inter- 
granular matter, as suggested in a recent research 
by Dr. Feitnecht. The practical importance of the 
mechanism was exemplified by the porosity of 
some of the layers produced by the Pfeil diffusion— 
well brought out in the paper. The cause of the 
action of nickel in checking scaling was also explained 
in a convincing manner. 

Perhaps one of the more important differences 
between the different cases would be found when the 
variation of oxidation-rate with pressure came to 
be investigated. This was a matter of some impor- 
tance in view of the recent tendencies in industry 
and engineering towards high pressures combined 
with high temperatures. If the oxide could not 
take up excess of oxygen beyond its theoretical 
content, the concentration-gradient—and therefore 
the rate of scale thickening—should theoretically 
be independent of the pressure of oxygen in the 
gas phase. On the other hand, if excess of oxygen 
could be taken up, then, if the diffusion laws held 
good, and if diffusion in solid solution were really 
possible, the oxidation-rate should increase rapidly 
with the pressure until suddenly a second oxide- 
phase appeared, an occurrence which would “ fix ” 
at a definite value the excess oxygen-concentration 
at the outer surface of the first phase. At this pres- 
sure, the increase of the thickening-rate of the 
first phase, with the pressure, should practically 
cease, although as the oxygen-pressure was further 
increased, an increase in the oxidation-rate would 
again set in, owing to the progressive increase in the 
thickening rate of the second oxide layer. This was 
exactly what Pilling and Bedworth had found for 
copper at 800 deg. C., where a veneer of cupric 
oxide was capable of existing on the thicker cuprous 
oxide layer, providing the pressure was not too low. 

At very low pressures the oxidation-rate increased 
very rapidly with the pressuge, but at 0-3 mm. of 
mercury it suddenly ceased to rise, and became almost 
independent of pressure until 10 mm. was reached, 
when gradually a slow increase of oxidation-rate 
with pressure set in, the rate of increase becoming 
increasingly marked as the pressure rose. He 
drew attention to this fact because Feitnecht, whose 
views otherwise appeared extremely sound, con- 
sidered that Pilling and Bedworth’s assumption 
of a critical oxygen pressure at 0-3 mm. was wrong. 
Surely, however, the appearance of the cupric 
oxide veneer would suffice to “fix” the excess 
oxygen content at the outer portion of the cuprous 
oxide phase at a definite value. Evidently the 
susceptibility to oxidation shown by different mate- 
rials might be expected to alter in different ways 
when the oxygen-pressure was increased. The 








material most suitable to resist oxidation at low 
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pressure would possibly not be the best at high 
pressure. A detailed study of the curves connecting 
the scale-thickness and time in the case of various 
ferrous materials at different oxygen-pressures 
and temperatures was extremely desirable. For 
copper a good deal of accurate work had already 
been done. Of course, many other things would 
affect the rate besides oxygen pressure. That 
small amounts of sulphur dioxide accelerated the 
oxidation had been well shown by Dr. W. H. 
Hatfield.* 

The President asked Dr. Pfeil to reply to the 
discussion in writing, and passed on to the next paper 
on the Agenda. 

MEASUREMENT OF Harp Caszs. 

The paper next considered by the meeting bore 
the title “‘The Differential Method for Measuring 
the Thickness of Hard Cases Without Sectioning 
Them.” It was by Mr. E. G. Herbert and Mr. P. 
Whitaker, and was read by the former. The 
contribution will be found on page 593 of our issue 
of May 10 last. 

Mr. Dartrey Lewis, who opened the discussion, 
stated that his firm measured the depth of case 
on wires with the aid of a magnetic method. 
The core, being composed of soft steel, readily 
became magnetic when exposed to an alternating 
magnetic field, whereas the hard case was very 
little influenced. Magnetic readings were taken 
and a relation had been established between 
these readings and the depth of the carburised 
case. The method had rendered possible the 
testing of some 4,000 samples in 24 hours. The 
only other speaker, Mr. T. H. Turner, thought it 
unsafe to employ, for commercial articles, a method 
of testing which might cause radial cracks to appear 
around the ball-impressions made. In his reply, 
Mr. Herbert stated that he was not aware of the 
magnetic method described by Mr. Lewis. This 
method was applicable to such materials as wires 
but not to such articles as gear wheels. On the 
other hand, his own method could not be applied 
to wires; it did, however, measure the hardness 
as well as the thickness of carburised cases. He 
entirely disagreed from Mr. Turner; he had some- 
times obtained annular cracks in his ball impres- 
sions, but never radial cracks. 

HYDROGEN IN STEEL. 

The last paper placed before the meeting des- 
cribed “‘ A Method for the Estimation of Hydrogen 
in Steel,” by Mr. T. E. Rooney and Dr. G. Barr. 
It was read in abstract by Mr. Rooney, and will be 
found on page 597 of our issue of May 10. Owing 
to the late hour, Professor Louis asked the members 
to dicuss this contribution in writing. The other 
paper on the agenda, that by Dr. A. L. Norbury, on 
“Constitutional Diagrams for Cast Irons and 
Quenched Steels,” was taken as read, and the 
President thanked the authors of all the papers 
for their contributions. The usual votes of thanks 
to the President and to the Institution of Civil 
Engineers, for the accommodation which they had 
kindly afforded for the meeting, terminated the 
proceedings. 





THE ROYAL SOCIETY 
CONVERSAZIONE. 
(Continued from page 622.) 

THE methods of measuring the thickness of the 
gas or liquid films between surfaces in close or 
wringing contact, demonstrated by Messrs. F. H. 
Rolt and H. Barrell, have been mentioned by us 
in our reports on the work of the National Physical 
Laboratory. According to one method, a film of 
paraffin oil is formed between the flat surfaces of the 
steel and a glass plate. The volume of the drop of 
oil used is known, the area of the surface is measured, 
and the thickness of the film can thus be deduced. 
The other method makes use of interferometry to 
determine the difference in the lengths of, say, eight 
blocks wrung together, and eight single blocks. For 
a single pair of blocks, the film thickness can be 
found by placing the two blocks (not in contact) 
between two glass plates, silvered on their inner 
surfaces, in part of the area between the two 
blocks, and then passing a beam of light from a 
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krypton lamp normally through the space between 
the two blocks; the arrangement is that of a 
Fabry-Pérot étalon. The two methods give con- 
cordant results when the surfaces are optically 
polished, and the film thickness was found to 
be the same for liquids of widely different 
viscosities, being equal to twice the radius of 
molecular attraction, which, for steel and glass, is 
about 0°002 or 0:003 p. 

One of two other exhibits from the National Physic- 
al Laboratory, both by Dr. Marie Gayler and Mr. 
G. D. Preston, illustrated the X-ray study of the 
spontaneous age-hardening of aluminium alloys 
with copper, silicon, or magnesium (such as 
Duralumin). These changes are slow at room 
temperature, and more rapid between 100 deg. 
and 200 deg. C., provided that the alloys have 
previously been quenched from about 500 deg. C. 
The X-radiograms of the original alloy show two 
rings, but as ageing proceeds, the rings break up 
more and more into irregular short arcs, and no 
longer keep their concentric character ; re-annealing 
restores the regularity. Thus Dr. Rosenhain’s idea 
that tempering and ageing are accompanied by a 
distortion of the lattice, probably due to the 
breakdown of supersaturated solid solution by the 
segregation of previously dissolved copper or silicide 
in a very finely divided condition, is confirmed. The 
other study concerned manganese, which, when 
prepared of high purity by vacuum distillation at 
high temperature, is found to undergo allotropic 
modifications accompanied by large changes in 
density and cracking, We may mention that 
Goldschmidt’s investigation of co-ordination num- 
bers have shown that the inter-atomic distances in 
the lattice are shortened (not lengthened, as one 
might expect) when a solid like manganese is sub- 
limed. While some investigators have referred to 
two modifications of manganese, Mr. Preston finds 
four and possibly five. The « and 8 lattices are 
both cubical in a way, but very complicated ; 
the « cube has a side of 8-89 ad and contains 
52 atoms; the £8 cube has a side of 6-29 A and 
contains fewer atoms. The vy and 8 lattices have 
not yet been determined. 

Messrs. R. A. Frazer and W. J. Duncan demon- 
strated the flutter of model aeroplane wings, in- 
volving intricate problems which they have been 
investigating in the Aerodynamic Department of the 
National Physical Laboratory, by means of models. 
They had improvised a wind channel for their de- 
monstration, and showed, for example, that a model 
with a torsionally-flexible fuselage will flutter at a 
certain critical speed, but will not do so when the 
fuselage is rigid. The critical speeds at which flutter 
sets in depends upon the mass distribution, the 
elastic constants and the aerodynamic characteristics 
of the wing system, and Messrs. Frazer and Duncan 
find this critical speed to be higher than they had 
expected at the beginning of their investigation, but 
in agreement with their theory. 

Specimens illustrating the properties of ferrous 
alloys, photographs of a new high-frequency, 500 
cycle, furnace used at the East Hecla Works for 
steel castings, of a special rock crusher which has 
an output of over 200 tons of crushed material per 
hour, and of its work on hard granite from North 
Wales, were exhibited by Sir Robert Hadfield, Bart. 
The Research Department of Woolwich showed 
radiograms of Armco iron and annealed iron, pro- 
gressively rolled in three directions, normal, parallel 
and transverse. The rolling, down to 5 per cent. 
of the original thickness, at temperatures ranging 
from 450 deg. up to 1050 deg. C., produced orienta- 
tion much sooner in the transverse direction than 
in the others, which persisted in that direction after 
annealing. 

Photographic records and diagrams of the lateral 
vibrations of ships’ hulls were exhibited, in great 
variety, by Messrs. A. D. Browne, E. B. Moullin 
and G. McLeod Paterson, of Cambridge, in cone 
junction with the Cunard Steamship Company. The 
records were obtained with the aid of Cambridge 
strainmeters and of a portable seismograph, the 
phenomena having first been studied by experiments 
on bars. Fixed to the deck plating of the S.S. 
Berengaria, when pitching in a gale the strainmeter 
indicated that the impact of a wave was followed 
by a damped harmonic pulsation. The impact gave 
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rise to a two-node vibration, the nodes being 
about 0-26 of the ship’s length from each end; 
the records enable the natural frequency of this 
vibration to be obtained. The relation between the 
amplitude of the vibration of the deck and the revo- 
lutions of the engines, as determined by the seismo- 
graph, was shown by a portion of a resonance curve 
which rose to a maximum corresponding to the 
frequency deduced from the stress record. Another 
curve showed the amplitude of the deck vibration at 
various points along the deck. Artificial resonance 
in two- or three-node vibrations was secured on the 
ship by a special apparatus bolted to the deck. 
The records also concerned the fluctuations in the 
torque of a propeller shaft during heavy pitching, 
and included photographs of a racing eight excited 
to two-node vibration. 

Very striking photographs of the horizontal flame 
propagation in gaseous explosions, taken with the 
aid of a Fraser high-speed camera on films on a 
rotating drum, were exhibited by Professor W. A. 
Bone and Mr. R. P. Fraser, of the Imperial College 
of Science and Technology, South Kensington. The 
explosive mixtures, fired in a horizontal tube of 
35 cm. length and 2 cm. diameter by sparks in the 
centre, consisted of mixtures of oxygen with methane 
or carbon monoxide, either dried by phosphorus 
pentoxide or moist, and the photographs exemplified 
the effects of moisture, compression, intensity of 
ignition by sparks or detonators on the propagation 
of the flame, which may become spiral. The work 
has proceeded a great deal beyond thestage described 
by Professor Bone and Mr. Townsend in the book 
on Flame and Combustion which we reviewed 
recently. The acetylene burners shown by the 
Allen- Liversidge Company and Mr. C. V. Boys have 
been mentioned in our columns on other occasions. 
The exhibits and demonstrations were intended to 
illustrate the convenience of these burners for glass- 
blowing, brazing, soldering, and the hardening or 
tempering of steel, particularly when contamination 
with sulphur must be avoided. 

The apparatus for the visual examination of 
oil during the process of cracking, exhibited by 
the Anglo-Persian Oil Company, has been found 
useful for studying vapour-pressure phenomena. 
The oil is introduced into a tube of transparent 
silica, 85 cm. long and of 4-mm. bore, which is 
fixed vertically in a rubber gland of a horizontal 
cylinder in which mercury can be compressed up 
to 1,000 lb. per sq. in. The oil only fills the 
upper portion of the tube, as there is consider- 
able evolution of gas. A small steel spiral is floated 
on the mercury in order to stir the liquid during 
the heating by the aid of a movable electro-magnet 
which encircles the tube. The base, on which 
the apparatus is mounted, also supports a standard 
on which an electric oven, for temperatures between 
430 deg. and 480 deg. C. (the usual cracking range) 
is raised and Jowered to surround the oil column ; 
the oven is provided with a window. The apparatus 
was shown in operation by Mr. Beale, to whom 
it is due. 

(To be continued.) 








THE LATE MR. E. M. DE BURGH. 


WHEN we are informed, as happens from time to 
time, that the benefits which the engineer has 
conferred upon mankind have been accompanied by 
an equal number of countervailing disadvantages, 
it is always possible in refutation to point to the 
developments which have taken place in the pro- 
vision of a pure water supply and efficient sanitation 
for our large towns. Indeed, it may be said that 
without them urban existence, as we now understand 
it, would be absolutely impossible. Among present- 
day engineers, who have played a great part in 
making these provisions and in solving the cognate 
problems, which are inevitably connected therewith. 
a leading place must be given to Mr. Ernest 
Macartney de Burgh, whose death occurred at 
Vaucluse, Sydney, New South Wales, on April 4, at 
the age of 66. During his tenure of the office of Chief 
Engineer for Water Supply and Sewerage in the 
Department of Public Works, he carried out a num 
ber of important projects for the supply of water to 
Sydney, Canberra, Newcastle and other towns, 
initiated the Murrumbidgee irrigation scheme, 
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designed a system for the disposal of Sydney’s 
sewage. He had justly earned a reputation as 
one of the ablest engineers in the Commonwealth. 

Mr. de Burgh was born at Sandymount, co. Dublin, 
in January, 1863. He was educated at Rathmines 
School and at the Royal College of Science, Dublin, 
where he won a first Royal scholarship. After a 
visit to Germany he was for a time with Messrs. 
Carroll and Pentland, engineers and architects of 
Dublin, and afterwards was engaged in the con- 
struction of the Wexford-New Ross and Strokes- 
town-Drumoe railways. 

In 1885, he sailed for Australia, where he joined 
the New South Wales Public Works Department, 
being at first employed on the construction of the 
Sydney southern outfall sewer. In 1887, he took 
up bridge work, and during the next sixteen years 
was responsible for the design and erection of a 
number of structures of greater and less magnitude. 

In 1903, Mr. de Burgh was appointed acting 
principal assistant engineer to the Water Supply and 
Sewerage Board of the State, which was responsible 
for carrying out works connected with water supply, 
sewerage and irrigation outside the Sydney Metro- 
politan area and all harbour works, exclusive 
of those at Port Jackson. While serving in this 
capacity he was responsible for the construction 
of the Cataract Dam, and was also appointed a 
Royal Commissioner, with Mr. Stewart Murray and 
Mr. C. W. Smith, to report on the height of that 
structure, which at that time was a matter of con- 
siderable controversy. He then turned his attention 
to the construction of the Burrinjuck dam and 
the Murrumbidgee irrigation scheme, and recom- 
mended the development of the Warragamba River 
for the supply of water to Sydney and the County 
of Cumberland. In 1909, he was appointed Chief 
Engineer for Harbours and Water Supply, New 
South Wales. 

For the first part of the time he held this appoint- 
ment, Mr. de Burgh was mainly engaged on various 
projects connected with the improvement of the 
harbours of the State, but in 1911, as the result of a 
conference which took place between the Premiers 
of New South Wales, Victoria and South Australia, 
he was appointed a member of a commission of 
three engineers to report on the steps which should 
be taken for the regulation of the Murray River, 
so that it could be utilised in the best possible way 
both for irrigation and navigation. As a result of 
this, the Commonwealth River Murray Waters Act 
was passed in 1917, under which a “ constructing 
authority,” consisting of representatives of the 
three States, was appointed to design, carry out, 
and administer the necessary works. On this 
body Mr. Burgh acted as a representative of New 
South Wales. A full description of the works 
themselves appeared in ENGINEERING for March 27, 
April 3, 17, May 1, 8, 1925, and August 10, 1928. 
They included the Hume Reservoir as well as locks 
at Torrumbarry, Mildura, and Wentworth. 

In the meantime, the Water Conservation and 
Irrigation Commission had been constituted in 1913, 
and Mr. de Burgh had been appointed chief engineer 
for water supply and sewerage. The completion of 
the Cataract Dam in 1908 had greatly assisted in 
the provision of an adequate water supply for 
Sydney, but before long it was evident that exten- 
sions would be required, and in 1918 Mr. de Burgh 
submitted a comprehensive report on the whole 
matter in which, inter alia, he recommended that 
the construction of the Cordeaux Dam should be 
pressed on, and that further reservoirs should be 
constructed on the Avon, Nepean and Warragamba 
rivers. These recommendations were endorsed 
by a committee appointed to consider the matter, 
with the exception of that relating to the Warra- 
gamba project, though at the present time that 
is again under consideration. 

Mr. de Burgh also turned his attention to the 
preparation of a scheme for conveying the sewage 
of the northern portion of Sydney to the ocean 
in the same way as had already been done for 
the southern portion. In the course of its length 
this sewer had to cross the Middle Harbour, an 
operation which was accomplished by the employ- 
ment of a double syphon of reinforced concrete 
pipe, the details of which were fully described in 


ENGINEERING for May 4, 1923, and January 29, 
1926. Mr. de Burgh was also chairman of a Govern- 
ment Committee, which was appointed to consider 
a number of schemes, which had been proposed for 
hydro-electric development in the State. 

Mr. de Burgh was elected a member of the 
Institution of Civil Engineers in 1894, and was 
awarded a Telford Premium both in 1901-02 and 
1903-04. He was also a member of the local 
advisory committee of that body. 








THE LATE MR. J. A. P. WADDINGTON. 


THE engineering problems, which have to be solved 
as part of the work of constructing and maintaining the 
roadways of the metropolis, are nowadays numerous 
and difficult, and their complexity has much increased 
during recent years. Great responsibility is, therefore, 
laid on the surveyors of the various metropolitan 
boroughs, who it may be said have admirably carried 
out their duties. One of this small band—who, 
owing to his long experience, might be almost called 
a pioneer among them—was Mr. Joshua Arthur Paget 
Waddington, whose death occurred on Sunday, May 19, 
at the age of 68. 

Mr. Waddington was born on February 17, 1861, 
and was educated at the Grammar School, Keighley. 
Subsequently he served a five years’ pupilage with 
Messrs. George R. Watson and James Wetherell, who 
at that time were acting as engineers to the local 
governing body in that town. On the appointment, in 
1881, of Messrs. Wetherell and W. H. Hopkinson as 
borough engineers of Keighley, Mr. Waddington 
became their assistant, but four years later was 
appointed chief assistant surveyor to the Vestry of 
St. Mary, Islington. During his eight years’ tenure 
of this position he was generally engaged in the design 
and construction of brick and pipe sewers, in the layout 
and maintenance of paved and macadamised streets, 
the survey of new roads and other work connected 
with public gardens under the control of the Vestry. 
In addition, he supervised the construction of the 
tramway system, which was then being laid by private 
enterprise. 

In 1893, he was appointed chief engineer and surveyor 
to the Vestry of St. Mary, Newington, Surrey, where 
for two years he was engaged on work similar to that 
described above. Two years later he became chief 
engineer and surveyor to the Board of Works for the 
District of Whitechapel, where one of his principal 
activities was the design of disposal and destructor 
works for dealing with house refuse. In 1898, he 
proceeded to St. Marylebone, where he occupied the 
position of chief engineer and surveyor, until his 
retirement on reaching the age limit three years ago. 
During that time, of course, the duties of his position 
became increasingly onerous, not only for the reasons 
mentioned above, but because the tendency has been 
to look more and more to engineering for an increase 
in those amenities which may now almost be regarded 
as necessities. It must not be forgotten, too, that 
one of the main duties of a surveyor is to protect 
the public against exploitation, and in this respect 
Mr. Waddington may be said to have performed the 
necessary judicial functions to the general satis- 
faction. 

He was elected an Associate Member of the Insti- 
tution of Civil Engineers in 1893, and a full member 
in 1901. 


LETTERS TO THE EDITOR. 


POWER STATIONS AND SULPHUROUS 
FUMES. 


To THE Epitror or ENGINEERING. 


Str,—I am obliged for the comment attached to my 
letter that you were good enough to publish in your 
issue of the 18th inst. Your own excellent resumé of 
the 3rd inst. happened to have been in front of me 
when I was writing, but consideration for your space 
led me to give a deduction rather than a more direct 
reference and argument. This, with your permission, I 
will now make in light of the reply of the London 
Electricity Board which has been published meanwhile. 
One would deprecate instantly any idea that sums of a 
quarter of a million pounds, even in these days, are 
small. 

The general engineering public must necessarily be 
greatly handicapped in a discussion such as this, where 
little more than the outlines of the schemes can appear, 
but all along the official point of view has apparently 
been one of direct comparison of the cost of generating 
300,000 kw. at one station only and of transmitting 
the whole load electrically through the City of London 
to another point 15 or 20 miles away at Battersea, with 











the cost of generating the same power (minus the losses 
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incident to the first operation) by the use of the same 
coal already in a ship’s bottom and only needing to be 
carried the extra 15 or 20 miles up the Thames. This 
has been now confirmed by the reply of the Board 
before mentioned. There can be only one answer to 
this; the Battersea Station, under such premises for 
argument, has to be cheaper on the figures of your 
summary, other things being considered equal. The 
current for a kilowatt-year would cost 15s. 5d. less, 
or 0-21d. per kilowatt-hour on the 24-hour load, an 
amount not large in view of the rents on installations 
paid in addition to the rates for current on the general 
class of Central and Western London installations. 

But all other things are not equal; the factors of the 
problem are more complex. The station is stated to be 
a most important part of the general scheme for South- 
Eastern England, and the question at once arises as 
to how far the results of any encouragement to heavy 
industrial loads to the eastward, northward and south- 
ward of Central London have had time to show in the 
chequered condition of new industrial movements 
since the war. That these results will need more conces- 
sions and safeguards and be slower in appearing than 
will those concerned with domestic and light industrial 
loads will be doubtless agreed, yet surely it is to them, 
and particularly to manufactures and public services, 
that can be used to balance the other peaks in the load, 
that we must look for a considerable part of the load 
of any really cheap national service. Encouraged 
toward an eastern station, the bulk of such loads 
should be within reach of direct turbo-generation, for 
whatever the result of the present 30,000-volt trials 
may prove in this direction, the Sydney, N.S.W., 
installation already shows something of what can be done 
at 11,000 volts and the possibility of avoiding step-up 
transformers. All this would much reduce the load to 
be transmitted westwards and the gross cost would be 
less in every way. Further, one may question the need to 
carry the transmission that remained through the 
busy streets of the City at all, when districts north 
and south of the centre line offer alternate routes along 
which substations would further lighten the load by 
supplying the smaller factories and the domestic 
users. Battersea as a “ super-station”’ would cease 
to appear at all, and while part of the western district 
would have the extra 0-021d. per kilowatt-hour, other 
parts of the area supplied would have this extra 
much reduced, and again others, and those the true 
industrial areas, would have no extra to bear over the 
charges of the station system itself. It is to the residual 
average charge remaining specially on account of 
this 0-021d. per kilowatt hour, that I have attached, 
perhaps too abruptly, the epithet “ small.” 

Even on elementary grounds, it will at once be seen 
that when transmitting to an enclosed zone from a 
point outside it, it is not necessarily most economical 
first to transmit all the load to the centre of the zone ; 
although with a very much smaller zone than the 
County of London, it may be practically most con- 
venient to do so; and that the larger the zone and 
the nearer the point approaches it, the more important 
may be the saving effected by the disposal of the load 
en route. 

With a personal knowledge of many of the factors 
connected with the case of Melbourne and the Morwell 
brown-coal field, one can thoroughly agree with the 
Commissioners of the London Power Company, Limited, 
that it does not assist in the present discussion. The 
Victorian brown coal needs special consideration in 
its treatment (there is, indeed, one large deposit un- 
developed within a very few miles of Melbourne itself) 
is very wet in character, is of low calorific value and 
hence should favour the electrical transmission of the 
power more than would black coal of good quality, 
and this course has in recent years been followed. 
Nevertheless, at an earlier date (1901) when I had 
occasion to examine the situation for the Victorian 
Government, power transmission had not yet been 
established commercially at sufficiently high voltages 
to justify departmental support of electrical trans- 
mission, as against the alternative use of the railway 
for the coal which would then have still been cheaper 
even in this case, and the proposals had to wait until 
retrenchments delayed any further attention. 

1 would submit in conclusicn that under this whole 
discussion, is the question of a general public policy 
rather than a matter of engineering. When an admission 
that there is a part of this charge of 0-021d. per kilo- 
watt-hour that may have to be paid if the amenities 
of a great commercial and administrative district be 
respected better than is the case either at Greenwich, 
Chelsea, or to take one country example, the western 
approach into Bristol, should it be paid or not? Or 
should we be content with an unadorned “ efficiency ” 
and take our sulphur and ash like men? 

Yours faithfully, 
Henry C. Jenkins, M.Inst.C.E. 

815-7, Salisbury House, 

London, E.C.2. 
May 21, 1929. 
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THE HUMFREY-SANDBERG RATCHET 
GEAR. 


To THE Eprror or ENGINEERING. 

Str,—I have read with considerable pleasure the 
excellent article on the Humfrey-Sandberg ratchet 
gear published in your issue of May 17 on page 609. 
I note, however, that in the final paragraph you state 
that Humfrey-Sandberg (Sales), Ltd., are devoting 
their activities entirely to the development of this 
device for industrial applications. This is not correct. 
We are devoting very considerable attention to the 
industrial applications, and are meeting with con- 
siderable success, but we are also continuing with our 
original programme, for attaching the Humfrey- 
Sandberg uni-directional clutch to motor cars, both 
pleasure and commercial, as a freewheel to facilitate 
easy gear changing, fuel economy, and the reduction 
of stresses in the transmission. 

We are in touch with numerous manufacturers 
regarding this application, and your article might 
possibly cause some misunderstanding with them. I 
should therefore be pleased if you would, in your next 
issue, publish this letter so as to correct any erroneous 
impression to which the article may have given rise. 

Yours faithfully, 
for HuMFREY-SANDBERG (SALES) LTp., 
J. S. Irvine, 
Chief Engineer. 
Transport House, Smith-square, 


London, 8.W.1. May 17, 1929. 








INVENTIONS AND THE INCOME TAX. 


To THE Eprtor oF ENGINEERING. 


Sir,—The successful inventor is undoubtedly 
unfairly treated by the income-tax authorities in the 
matter of the tax on his patent royalties. Firstly, as 
regards the usual one-sixth off earned incomes, the 
local inspector of taxes writes me as follows :—“ As 
regards royalties, I am instructed that patent royalties 
do not fall within the definition of earned income. . . . 
In the opinion of this Department the owner of a 
patent is the possessor of a capital asset which produces 
income without personal exertion on his part.” 

Thomas A. Edison, as you will doubtless remember, 
was recently reported to have said that “ invention is 
1 per cent. inspiration and 99 per cent. perspiration ”’ ; 
the writer’s own small personal experience fully bears 
this out. For instance, in the case of the invention of 
a new machine, having arrived at the opinion that a 
machine for a certain purpose is wanted, the would-be 
inventor sets to work thinking out what will achieve 
the desired object, and various methods will probably 
occur to him from time to time. He experiments with 
each in turn, most likely making his own working 
models, until ultimately he may hit on an idea which, 
after testing, he believes has solved his problem. 

He then proceeds, if he can afford to do so, to 
protect his invention in all such countries as the nature 
of the invention indicates to be desirable. Again, if 
he can afford to employ a patent agent he must give 
all particulars to the agent so that he can prepare a 
draft specification, also the necessary drawings, which 
are then gone over with great care by the agent and 
the inventor, and an application is sent to the Patent 
Office. Assuming that a patent is ultimately granted, 
the inventor is then ‘‘ the owner of a patent,’”’ which, 
as quoted above, the authorities say is ‘‘a capital 
asset which produces income without personal exertion 
on his part.” It is evident, from the foregoing, that 
there has already been a considerable amount of 
personal exertion by the inventor, but very much more 
‘“‘ perspiration” is required before the invention has 
any capital value whatever. 

For instance, the inventor must find some manufac- 
turer who is willing to prepare drawings, make the 
necessary patterns and build the complete machine, 
which may or may not be a success. Incidentally, of 
course, capital is necessary for this. The inventor 
next has to persuade some firm to give the machine a 
thorough trial in their factory. Conditions vary greatly 
in different countries, and although the machine may 
prove successful in one country or district, it may be 
quite unsuitable for others, though it might be made 
suitable if modified in details. This means sending 
machines to other countries also, for trial. 

Assuming ultimately that it prove successful in one 
or more countries, it is then assumed in the official 
world that the machine will sell itself. Possibly, 
however, if the Prince of Wales’s recent Mansion House 
speech and the matter in the Press brought forth 
thereby has penetrated into those regions, it may be 
beginning to dawn upon them that not only salesmen, 
but efficient salesmen, are absolutely necessary to the 
marketing of any commodity, more particularly a new 
and little-known one. Pamphlets have to be drafted 
and distributed. Now, the inventor does all this 
and more, in the hope that at some future date he will 
obtain some return for his exertion. 





Now, compare the inventor with, say, a Somerset 
House official, who receives payment for the years he 
is actually working, and on retiring receives a pension 
which is regarded as deferred pay for work done, and 
off which he is therefore allowed the usual one-sixth 
abatement in his income tax. How in common fairness 
can the patentee be denied this one-sixth abatement 
on income, the result of past exertion? Even if he 
voluntarily sells his patented article, receiving his 
remuneration in the form of royalties, he is not allowed 
this one-sixth abatement; and, further, he is even not 
allowed a deduction on account of expenses necessarily 
incurred in the sale of his patented article. If, how- 
ever, he sells anything else, 7.e., if he imports and sells, 
say, foreign cutlery—thus tending to increase unem- 
ployment in this country—he is allowed the usual 
one-sixth abatement, as also an abatement in respect 
of expenses necessarily incurred in such sales. 

Further, although, as stated above, the authorities 
regard a patent as a ‘‘ capital asset’’ when it is a 
question of claiming the usual one-sixth abatement off 
royalties, yet when it is a question of selling this 
‘ capital asset’ the patentee may “in certain circum- 
stances’ have to pay income tax on the price he 
receives for his patent. Not only so, but the patentee 
is left in the dark on this point until after the sale is 
completed, since if he puts all the relative facts before 
the authorities before the completion of the contract and 
inquires whether he would be taxed on the transaction, 
the reply vouchsafed is that they ‘“ cannot deal with 
hypothetical cases, but only definite sales.” 

R. F. MypDpDELToN. 

Colne Mead, Rickmansworth. 

May 6, 1929. 








132,000-VOLT CABLES. 
To THE EpiTor OF ENGINEERING. 


Srr,—In recent correspondence on the Battersea power 
station, the risks of employing 132,000-volt cables are 
unduly magnified. Cables working at 132,000 volts 
must come, as surely as steam and hydraulic pressures 
and even town-gas pressures must go up, so that the 
sooner we obtain experience with them the better. 

What are the risks ? The Pirelli cable in Italy has 
been working continuously for the last eight years. 
Two 90,000 kv.-a. cables—one in New York and one 
in Chicago—have now been working for practically 
two years. And I have private information, which 
shows that American cable manufacturers are tendering 
for, and guaranteeing the performance of, other large 
installations in the United States. Indeed, so confident 
are they that one of the foremost of them is ready to 
put down such cables in London under a two-years’ 
guarantee. 

According to a published estimate, it will cost 
2,700,000. to move the Battersea station 15 miles 
down the river, or say 180,000/. per mile of route. 
Now 66,000-volt cables cannot cost more than 3,0001. 
per single-core cable per mile, so that there must be 
at least 60 cables or 20 circuits, each a complete 
unit. The 300,000 kw. involved could be trans- 
mitted by twelve 132,000-volt pressure, oil-filled 
cables, costing not much more than 1,000,0001. 

The fact that the New York and Chicago installations 
have now been running without any hitch for nearly 
two years, under strenuous conditions as regards load, is 
conclusive proof that nothing short of the perforation of 
the lead sheathing or the gradual failure of the dielectric 
can put them permanently out of operation, while the 
fear of any radical changes developing with time in 
the dielectric is settled by the eight years of experience 
with the Italian lines. 

If we cansave 1,700,000/. by using pressure-oil filled 
cables and if—assuming the worst—these began to 
go wrong after eight years, and if we had to replace 
the whole of them bit by bit within twelve years total, 
we should still have that 1,700,000/. (plus the saved 
interest and depreciation over eight years) with which 
to buy two complete sets of new cables, extending the 
equivalent life to 36 years at least. Who is to say 
that 66,000-volt plain-impregnated cables will last 
longer than 36 years ? 

This letter is neither a plea for, or against, shifting 
the Battersea station. It is solely a plea for giving 
pressure-oil filled cables a thorough trial at as early 
a date as possible. 

Yours faithfully, 
A. M. Tay.or. 

Slade Lodge, Erdington, Birmingham. 

May 17, 1929. 

[We have been obliged to abbreviate Major Taylor's 

letter. We quite agree that 132,000-volt cables 


should be tested ; we are only doubtful of the wisdom 
of making this test on the main connection between 
an important station like Battersea and the rest of 
the network. We believe that the Central Electricity 
Board are proposing to put down an experimental 
length of these cables on a less vital section, and we 
shall await the results with interest.—Ep. E.] 
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By R. H. Greaves, M.B.E., D.Sc., F.1.C.; -H. H. 
ABRAM, M.Sc., F.Inst.P.; and S. H. Ress, B.Sc. 


Gun erosion has been studied by a large number of | the irregular eating away of the surface of the bore 
investigators, prominent among whom have been| in holes and gutters, as shown in Figs. 24 to 25. 


Noble and Abel in England, Hugoniot and Vieille in 
France, and Tschernoff in Russia. The problem has 
been approached from many directions—by the 


| occurrence of severe localised erosion or “ scoring.” 
| Scoring, however, is comparatively rare in well-designed 


high-power guns; it is most pronounced in small 
quick-firing guns firing fixed ammunition. Scoring is 


It 
is, as a rule, confined to the first few calibres length of 
the bore forward of the commencement of rifling. 
Maximum scoring occurs at about 6 in. forward of 


chemist interested in propellants, by the metallurgist | the commencement of rifling in 18-pdr. guns, and 
dealing with the materials of construction of the| at about 1 ft. forward of the commencement of rifling 


gun, and by the ballistician, who is concerned with 
its accuracy and efficiency as a weapon. In the 
present paper the metallurgical aspect of the question 
is considered. Erosion is a general term applied to 
the removal of metal from the bore of a gun by the 
action of the propellant gases. The mechanism of 
erosion was investigated in the Research Department, 
Woolwich, many years ago, mainly by Captain (now 
Colonel) H. G. Howorth, R.A., in 1910. Examination 
of guns worn out in service has been continued from 
time to time since his report was issued. An examina- 
tion of the bore of any gun which has fired modern 
smokeless propellants reveals two characteristics 
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of the surface: (1) A very hard thin skin. (2) A net- 
work of surface cracks a few hundredths of an inch 
in depth. 

In sections cut normally to the surface of the bore, 
the hardened skin is usually shown under the micro- 
scope as a white band, which on deeper etching reveals 
the structure of martensite (see Fig. 1, above). It in- 
creases in thickness from muzzle to commencement of 
rifling and continues through the chamber. At any 
given point along the gun the skin is usually thickest at 
the top of the driving edge of the land. The larger 
the calibre of the gun, the thicker is the hardened skin 
at corresponding positions. 

The surface of the bore of a gun at an early stage 
in its life becomes covered with a network of fissures. 
In the chamber the network is fairly uniform, in 
the rifled portion the more pronounced cracks are 
longitudinal in the grooves and transverse on the 
lands. The deepest crack is usually that which runs 
longitudinally in the driving angle of the groove. 

Examination of surface cracking is facilitated by 
pickling the sectioned gun tube in 20 per cent. sul- 
phuric acid at about 80 deg. C. This treatment 
exaggerates the size of the cracks, but reveals their 
character and arrangement very clearly, as will be 
seen in Fig. 23, annexed. 

The characteristic appearances described above are 
accompaniments of erosion. The actual surface of 
the bore exposed to the propellant gases is constantly 
changing as erosion proceeds, and is different at every 
round. Erosion steadily enlarges the front slope 
of the chamber and the bore forward of that position. 
The maximum erosion occurs at the commencement 
of rifling, and diminishes in the direction of the muzzle. 
Measurements made on 6-in., 9-2-in. and 12-in. guns 
indicate that loss of material from the lands occurs at 
about twice the rate as from the grooves. The life 
of a gun is determined by the depth of steel which 
may be removed before the gun becomes too inaccurate 
to use. It is sometimes still further shortened by the 





* Communication from the Research Department, Wool- 
wich, read before the Iron and Steel Institute, London, 
on Thursday, May 2, 1929. Abridged. 





HARDENED SKIN IN 16-Iy. Gun TuBE (NicKEL STHEL). 





in 6-in. guns. 

Cracked Tubes.—The examination of a number of 
split inner “‘ A” tubes of 12-in. Mark VIII guns, led 
Howorth to the conclusion that the cracking was due 
to an extension of the system of surface cracks, 
especially those at the driving angle of the grooves, 
which under certain conditions might spread very 
rapidly in carbon gun steels. The spread of such 
cracks might be accelerated by the wedge action of 
copper derived from the driving band acting in the 
manner illustrated in Fig. 28, page 654. Since that 
time several inner ‘‘A”’ tubes of 60-pdr. and 6-in. 
guns which have cracked right through have been 
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examined. Examination of the [~~ 
chambers of four 60-pdr. and 
three 6-in. guns which showed 
cracks penetrating through the 
wall at the “up” position in- 
dicated that these cracks had 
developed from deep longitudinal 
fissures in the network of surface 
cracks produced by firing. Many 
small cracks penetrate the wall of the tubes by a path 
deviating from the normal, and adjacent cracks tend 
to meet. When two fissures meet in this way, a piece 
of steel being almost surrounded by cracks becomes 
loose, and easily removed by the action of the gases. 
Owing to gas-washing, the cavity so produced becomes 
longer and deeper, but the spread of the crack continues 
until it penetrates through the wall, or until the 
thickness of the wall of the tube becomes reduced to 
such an extent that it is unable to withstand the firing 
stresses and fracture ensues. Gases had penetrated 
through the open cracks of most of the tubes, and the 
effects of gas-washing were evident on the outside, 
which had been in contact with the “A” tube; but 
there was evidence of the cracks being completed by 
fracture with no signs of gas-washing, the effect of 
which, however, would probably have appeared at a 
later stage. 

Every instance of cracking through the wall thickness 
of the chamber of guns brought to the notice of the 
Research Department, Woolwich, and nearly every 
instance of cracking in the bore, has occurred in 
carbon steel tubes, and the defect may therefore be 
regarded as thing of the past. With the exception 
of one or two early examples of cracking in inner tubes 
of temper-brittle nickel-chromium steel, no alloy 
steel tube has shown this defect. 

Erosion Vent Experiments.—Since the action of 
the hot gases from the propellant is the principal 
factor governing the extent of erosion, it is natural 
that their effect should long ago have been studied 
by measurements of loss of weight of vents through 
which the hot products of combustion of the propellant 
had been passed. The experiments described in this 
report differ from earlier series in that they were 
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carried out on a wider selection of materials, including 
steels and propellants only recently produced. The 
effect of several variations in the conditions of experi- 
ment has also been investigated. The apparatus 
used in these vent plug experiments is shown diagram- 
matically in Fig. 39a, page 654. Three firing vessels 
were used, the internal capacities being 27, 66, and 
180 cub. in. respectively. They differed from the 
ordinary type of “closed vessel” only in having 
an additional breech-fitting in which the vent plug was 
inserted. 

Propellant charges were placed in the vessel and 
fired by connecting a battery to the terminals T, 
thereby rendering the wire S incandescent. The 
chamber pressure developed was measured by means 
of a radial gauge with copper or lead crushers. The 
hot gases generated by the burning of the propellant 
could only escape by passing through the axial hole 
of the vent plug, which was weighed before and after 
firing in order to determine the loss of weight 
caused by erosion. The design of the vent plug 
used is shown in Fig. 398. The diameter of the axial 


hole was usually 2 mm., but larger diameters were 
employed in some cases. 
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Fie. 23. SEctions rroM 60-Ppr. Gun TUBE, PICKLED IN 20 
PER CENT. SULPHURIC ACID AT 80 DEG. C., SHOWING SURFACE 


(Two-Tuirps AcTUAL SIZE.) 


Under the conditions of this experiment, there was 
a critical chamber pressure of about 2 tons per square 
inch below which the weight of metal removed was 
extremely small, and beyond which the erosion in- 
creased rapidly and almost proportionally to the 
increase in pressure. The characteristic erosion- 
pressure diagram for all the metals and alloys examined 
is of this type, which is in agreement with the observa- 
tions of Sir Andrew Noble and of Mallock. The diagram 
is made up of two approximately straight lines, meeting 
at a point of inflexion which for all steels is at about 
2 tons per square inch. Below this pressure the 
curves for steels (including alloy steels of high nickel 
and chromium content) are almost identical, showing 
practically no loss of weight. Above this pressure they 
show marked differences in slope, due to differences in 
composition or to varying conditions of the experiment. 

Examination of roded Vent Plugs.—The form 
of the axial hole after erosion by the hot gases 
is of interest. Propellant gases at high pressure 
erode the edges at the entrance to the axial hole ; then 
follows a relatively unaffected region, succeeded by 
one which has suffered most from the erosive action 
of the gas. As is well known, when a fluid such as 
water passes from a container of large diameter through 
an orifice, the convergent current of water approaching 
the orifice cause a contraction of the issuing fluid 
(the vena contracta), so that instead of a parallel or 
cylindrical flow it becomes a stream of diminished 
breadth, the greatest contraction being at a point the 
distance of which from the orifice is equal to half the 
diameter of the orifice, the diameter of the contracted 
stream being about 0-8 of that of the orifice. The 
characteristic form of the eroded vent is apparently 





due to an analogous cause. 
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When a low-pressure charge had been fired through 
a vent, an even more interesting effect was observed. 
The turbulence of the gases from a high-pressure 
charge was too great to reveal more than a single 
impingement of gas on the surface, but with smaller 
velocities of the outgoing gas several slight ridges 
were visible in the axial hole of the vent. These 
were apparently due to successive reflections of the 
issuing stream of gas from the surface. At inter- 





Fig. 24. 
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Diameter of entrance channel... 10 mm. 

a », exit channel......... 5 mm. 
Axial length of slope............... 25, 10, 5, and 2. 5mm. 
Angle of slope 6 deg., 14 deg., 27 deg. 
and 45 dog., respec- 

tively. 


The increase in the amount of localised erosion 
(scoring) in the exit channel as the steepness of the 
slope increased was clearly seen. In order to measure 
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mediate positions therejwere »rotected regions where 
the steel suffered less erosion, thus giving rise to the 
succession of ridges. 

The characteristic form assumed by eroded vents 
offers support to the idea that the initiation of scoring 
in guns may be largely due to the current of gas at 
the rear of the projectile, which, however, can to 
some extent be controlled by the design of the lead 
from chamber to rifling, and the relative diameters 
of chamber and bore. 

Some vents were made with a wide entrance channel 
and a narrower exit channel connected by a slope 
representing, in an exaggerated form, the chamber 
slope and bore of a gun. Four such vents having the 
dimensions given in the next column, were made up. 








the amount of erosion occurring at different positions, 
vents were made up in three parts, which could be 
unscrewed, and the erosion of the entrance, slope, and 
exit portions separately determined. The erosion 
occurring in the entrance channel was approximately 
constant and small infamount; the loss of weight of 
the exit channel increased progressively as the slope 
connecting the two channels became steeper. The 
erosion of the central portion was affected by two 
variables, decrease of length and increase of angle, 
the former tending to reduce and the latter to increase 
the total loss of weight. Thus the loss of weight of 
the central portion first increased and then diminished 
again as the length of slope was reduced. The loss 
of weight per unit length of slope, however, increased 
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regularly as the slope became steeper. Although there 
can be no quantitative relation between the behaviour 
of a vent and that of a gun, the analogy indicates that 
an increased slope between chamber and rifling leads 
to increased localised erosion in the bore, and a steep 
slope may initiate severe scoring. 
Microstructure.—Erosion vent plugs were sectioned 
axially and the cut faces polished for microscopical 
examination. In the case of non-ferrous metals and 
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Fig. 28. ILLUSTRATION OF THE WEDGE ACTION 
OF CoPpPER FROM THE DrIvING BAND IN ENLARG- 
ING A CRACK IN A CARBON STEEL Gun TUBE. 
x 50. 

(REDUCED TO FouR-SEVENTHS IN REPRODUCTION.) 


alloys, intercrystalline cracks extending from the 
eroded surface into the metal were visible in all the 
vents through which the higher charges had been fired. 
It is most improbable that the development of inter- 
crystalline cracks in the surface layers can be due to 
chemical action, owing to the extremely short time 
occupied by the passage of the hot gases, nor are they 
directly dependent on a hardened skin, for no such 
skin is formed in non-ferrous materials. It appears, 
therefore, that these surface cracks are due to inter- 
crystalline weakness at high temperatures, which 
results in cracking under the action of the circum- 
ferential stresses due to the pressure of the escaping 


as. 
. In all steels except mild steel and austenitic steels, 
a hardened skin was developed on the surface of the 
axial hole of the vent plug. Unlike the cracks in 
non-ferrous materials, which were only developed by 
the higher charges, this hardened skin was produced by 
all charges. The formation of a hardened skin is the 
first change which takes place. It was distinctly 
evident, and in nickel gun steel attained a thickness 
of 0-015 in., when only one charge of cordite at a 
pressure of 1-5 tons per square inch had been fired, 
giving a loss of weight due to erosion of only 7 mg. 
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mild steel and Armco iron showed no hardened skin 
and very little surface cracking. 

Mechanism of Erosion.—In those parts of the bore 
in which erosion occurs a very thin layer of the surface 
is melted and swept forward by the rush of gas. Though 
the heating period is very brief, the steel immediately 
below the melted layer is heated above its critical 
range, and its constituents mutually dissolve to form 
a solid solution—austenite. The subsequent cooling 
of the hot layer by the conduction of heat to the 
mass of the tube is so rapid that the steel is caught in 
the martensitic or fully hardened condition. In the 
following round the same temperature cycle is repeated, 
and the surface layer is annealed, eroded, and re- 
hardened by the subsequent cooling. Thus the 
actual surface exposed to the gas is (after the first 
round) independent of the initial condition of the 
steel as regards heat treatment. 

The cooling of the bore by conduction is accompanied 
by cracking, induced by thermal contraction and consti- 
tutional volume changes, which occur in the surface layer. 
In the lands, which possess greater rigidity in a longi- 
tudinal than in a transverse direction, the induced 
tensile stresses are mainly longitudinal, and therefore 
cracks running in a transverse direction predominate 
on their surfaces. The rigidity of the metal in the 
grooves is no greater in the longitudinal than in the 
transverse direction. The surface fissures in the 
grooves and in the chamber form a fairly uniform net- 
work, the longitudinal cracks becoming progressively 
more prominent under the action of the forward- 
moving gas. 

The cracks usually extend to a greater depth than 
the hardened skin. The wedge action of copper, 
forced into the crack opened up by gas pressure, assists 
in extending the crack. The depth of cracking is 
greater in carbon steels than in alloy steels, which 
offer great resistance to the spread of a crack. Crack- 
ing may assist erosion and wear by presenting a 
roughened surface to the action of the hot gases, so 
promoting transfer of heat, and also by causing par- 
ticles to flake off from the bore under the mechanical 
action of the rush of gas and under the abrasive action 
of the driving band. 

At some stage in the life of the gun, scoring or severe 
localised erosion may set in. The initiation of this 
stage may be due to currents induced by the change 
of cross-section of the stream of gas on passing from 
chamber to bore, and by the presence of the projectile. 
Subsequently, scoring may be very rapidly developed 
by an actual escape of gas past the driving band. 
This may be due to imperfect centreing of the projectile 
or, later in the life of the gun, to the presence of deeply 
scored channels which are not effectively sealed by the 
driving band. Scoring in well-designed high-power 
guns of large calibre is rare. 

It has been suggested that chemical action may play 
an important part in the erosion of guns; oxidation, 
carburisation, and nitrogenisation have each been 
suggested as factors in erosion. Microscopical evidence 
is strongly against these theories, and there are really 
no grounds for supposing that chemical action can 
exert much influence on the progress of erosion by 
modern propellants. 

The evidence of experiments with vent plugs eroded 
by the passage of gas from a propellant fired in a firing 
vessel leads definitely to the view that the removal of 
metal from the bore of the vent takes place by melting, 
the molten metal being swept off the surface by the 
rush of gas. There seems to be every reason to con- 
sider that the same effects predominate in the erosion 
of a gun. 

In addition to the action of gas, the frictional wear 
by the projectile is a factor which must not be over- 
looked in considering the life of a gun. The occurrence 
of metallic fouling in small arms and of coppering in 
guns points to a condition of “ seizing’ between the 
bore and the bullet envelope or driving band during 
its passage down the bore. The conditions of high 
contact pressure, rapid acceleration, and absence of 
effective lubrication are such as to lead to severe 
frictional effects, which would be intensified by the 
roughening of the surface due to cracking of the 
hardened skin. The removal of metal from the bore 
by friction is indicated by the effect of material and 
design of bullet envelopes and of driving bands on the 
rate of wear of small-arm barrels and of gun tubes. 
In general, the frictional effect appears to be greatest 
in small arms; it is of some consequence also in guns 
of small and medium calibre, but it rapidly diminishes 
in proportion to the erosion due to gas action only as 
the calibre increases. 

To sum up in conclusion, of all the properties of the 
metal, the melting point appears to be the one having 
the greatest effect. Since the other physical properties 
are similar for all kinds of steel, it would appear that 
the property most essential in a gun steel to ensure 
high resistance to erosion is a high melting point. 
There is no metal or alloy of suitable mechanical pro- 
perties for gun construction with a higher melting 





point than pure iron. Even if the mechanical properties 
of iron were suitable, the utmost advantage to be 
expected from its use is a reduction of erosion of about 
10 per cent., which is small compared with that which 
should be attainable by the use of a cooler propellant. 
Thus, the use of a cooler propellant affords the only 
practicable method of reducing erosion. With any 
given propellant, however, the effects of erosion may 
be reduced to a miniumm by attention to gun design, 
material, and building. This involves a correct design 
of the chamber, to avoid, as much as possible, the vena 
contracta effect, so minimising localised erosion near 
the commencement of rifling. Abnormal expansion of 
the tube or other deformation of the surface of the bore 
in the early stages of the life of the gun should be 
avoided by adequate strength and rigidity of the gun 
as a whole, and by the use of a steel selected from 
among those giving a low figure of erodibility in 
erosion vent trials, but heat-treated to give a high 
yield point and good mechanical properties. 








RESEARCH IN MECHANICAL ENGI- 
NEERING BY SMALL - SCALE 
APPARATUS.* 

By F. C. JonanseEn, B.Sc. (Eng.). 
(Concluded from page 558.) 

Surface Roughness.—In the present discussion, it has 
so far been assumed that surface roughness is included 
in the geometrical similarity between model and full 
scale, and symbolised by / in the physica! equations. 
Such proportionate roughness is likely, however, to 
prove somewhat difficult of attainment in fact; and 
since the nature of a hot surface will probably play an 
appreciable part in the mechanism of convection, 


Fig.6. HEAT TRANSMISSION FROM ROUGH 
“AND SMOOTH BRASS PIPES (STANTON, 
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estimation of its relative importance by small-scale 
apparatus with varying degrees of surface roughness 
will be a desirable preliminary. Some research of this 
nature has already been done, and Fig. 6 illustrates the 
principal results of Stanton’s comparative experiments 
on the heat transmission from rough and smooth brass 
pipes.~ Of two identical pipes, one was serrated 
internally to a depth of about 0-01 in., by a screw- 
cutting tool, into a double series of intersecting ridges. 
It will be observed that, as a result of the roughening 
appreciably increased heat transference was obtained. 
On the other hand, the resistance to fluid flow was 
augmented in a similar proportion. In the practical 
application of such results it will be of importance, 
therefore, to offset against the benefits of increased 
heat transfer the cost of increased fluid friction. Ample 
scope, however, is presented by the problems of engineer- 
ing heating and cooling plant for extensions of research 
of the preliminary character indicated by the above 
experiments. Evidently a limit will exist to profitable 
artificial roughening, and further research is needed on 
the relation between the magnitude of convection, the 
extent of the heating surface, and the previous history 
of the cooling fluid. A subsequent investigation on a 
model representing the gills of an internal-combustion 
cylinder revealed, in complete contrast with the results 
of the pipe investigation, that in this case roughening 
had no effect on heat loss. Stanton§ ascribes this result 
to the fact that, for these particular surfaces, the dimen- 
sion in the direction of flow was so limited that the 
convection of momentum to the surface was not more 
intense for a rough than for a smooth surface. 
Here, then, is a splendid example of the value of the 
scale-model in indicating the extent to which physical 
laws, well known to be generally effective, may be 





* Paper read before the Institution of Mechanical Engi- 
neers, on Friday, March 15, 1929. Abridged. 

t Trans. Amer. Soc. C.E., 1923, vol. xlii, page 705. 

tTechnical Report of the Aeronautical Research 
Committee, 1916, vol. i, No. 243, page 16; see also 
1925—26, No. 1,004, pose 719. 

§ Friction, by T. E. Stanton, page 180. 


expected to operate under the peculiar circumstances 
imposed by a particular type of engineering construc- 
tion. Thus, in the case of a scale-model air-heater or 
condenser, in which the cooling fluid fs circulated under 
conditions dynamically similar to those of the full scale, 
not only will variations of rate of heat exchange and 
frictional resistance, with Reynolds’s number, be 
discounted; in addition, the state of the fluid as 
regards turbulence, and consequently cooling effective- 
ness, will be similar in the two cases. 

In most modern engineering heat-transference plant, 
a common feature exists in the cylindrical tubes which 
separate the heating and cooling media. Scope exists, 
therefore, for two distinct types of research, concerned 
with improved heat transfer respectively to the inside 
and the outside of the tubes. As regards the former, 
the more obvious effects to which small-scale research 
might be directed are those due to the nature of the pipe 
surfaces, the velocity of circulation and the accompany- 
ing variation of fluid friction, the relative dimensions, 
geometrical design and disposition of the circulation 
passages, and the artificial production of turbulence. 

As regards the latter type, in addition to the features 
enumerated above, the arrangement of the tubes calls 
for investigation. The mechanism of convection to or 
from the outer surface of a body immersed in a stream 
of fluid, is still very imperfectly understood. From such 
evidence as exists, however, it is possible to form a 
rational idea of what is taking place, which presents 
such interesting features and offers such a fruitful 
field of small-scale research as to be worth a brief 
consideration here. 

The main-effects accompanying the flow of a viscous 
fluid round an exposed cylinder are diagrammatically 
illustrated in Fig. 7a. Over a considerable arc, facing 
the stream, extends a boundary layer of fluid of thick- 


Fig.7.INFLUENCE OF NEIGHBOURING 
PIPES ON CONVECTION. 
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ness of the order of one-thousandth of a diameter across 
which, radially, exists a steep velocity gradient. 
Gradually increasing in thickness as it passes down- 
stream, this laminar boundary tends to become tur- 
bulent on the outside, and eventually breaks away from 
the cylinder in a succession of vortices which are 
released alternately from opposite sides of the cylinder.* 
Immediately behind the cylinder, a stagnant region 
persists in contact with about kalf the periphery. It 
might be expected, therefore, that a large proportion 
of the convection to or from a single cylinder exposed 
to a stream of fluid would take place over the upstream 
half of the surface; and this conclusion is borne out 
by some simple experiments by Jakeman.} 

The effects on the flow pattern of the constricted 
passages along which the cooling fluid moves, as a 
result of the presence of neighbouring cylinders, are 
suggested by the diagram of Fig. 7b. It seems highly 
probable that the are over which effective convection 
can take place is increased by such constriction, and 
that the downstream areas of the cylinders are now in 
a region of turbulent, rather than stagnant, fluid. 
Moreover, the resistance to flow of the fluid will be 
influenced by the constriction and may, as a result of 
the forced adherence of the fluid to the downstream 
portions of the cylinders, be reduced. 

Thus, where cooling tubes are arranged in banks as 
occurs in air heaters, condensers, and water-tube boilers, 
the relation between the diameter of the tubes and 
* Proc. Roy. Soc., Series A, 1927, vol. exvi, page 170. 
{Technical Report of the Aeronautical Research 








Committee, 1913, vol. iv, No. 94, page 45. 
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the spacing between them is likely to affect materially 
both the heat exchange and the resistance of the hot 
gases or vapours. Small-scale research might reason- 
ably be directed to the discovery of an arrangement, 
compatible of course with accessibility and other 
requirements of a particular design of plant, whereby a 
high ratio of heat transmission to fluid resistance is 
obtained. Numerous features of cooling systems 
readily suggest themselves for investigation on 
analogous lines. In the cooling of expesed aero-engine 
cylinders, for example, where convection is obtained at 
the expense of wind resistance, the evolution of an 
economical cooling system by small-scale experiments 
on guiding ducts presents many promising aspects. 
Apart from the numerical data to be derived from 
convection research, one of the most valuable functions 
of the scale-model will be the determination with good 
accuracy of the relation between the magnitude of 
interdependent desirable and undesirable effect such as 
heat exchange and fluid friction. In any particular 
cooling or heating installation, the expense of increased 
pumping or draught production must be offset against 
the monetary value of additional heat transmission, 
whilst the variations of construction and maintenance 
costs with modifications of design require constant 
attention. From geometrical scale-models the relation 
between all such quantities should be manifest. 


Loss of Heat from an Aerofoil.—An excellent example, 
illustrative of the technique of heat-exchange research, 
is to be found in some recent work on the convection 
from the surface of an aeroplane wing.* The particular 
object of the investigation was to determine the 
distribution of emissivity around the wing in order 
to provide data for the design of wing radiators. A 
“bakelite”” model of wing section RAF 26 of 6-in. 
chord had 28 separate strips of platinum foil laid 
along the central 8 in. of the span. The strips were 
electrically heated, and the energy dissipation was 
measured under varying conditions of incidence, wind 
speed, and surface temperature. Radiation loss, 
estimated both by Stefan’s law and preliminary experi- 
ment, was found to be negligible (about 0-5 per cent. 
of the total heat loss even at the lowest wind speed). 
A marked variation of emissivity around the wing 
profile was observed, the maximum rate of exchange 
for all working incidences occurring at the nose. The 
results of this model research are in reasonably good 
agreement, in comparable features, with those of tests 
on full-size wing radiators. 

An important feature of experiments on the relation 
between shape and emissivity was brought into promi- 
ence by this analysis with heated strips, namely, the 
variation of temperature, during convection, which 
exists, in fact, along the periphery of a body which is, 
nominally, uniformly heated. 

It will frequently be the case that data are required 
regarding the heat loss from bodies whose shape is 
fixed by other than thermal considerations. Thus, the 
best position for the cooling units in a refrigerator van 
and of the heating units in the passenger saloons of 
aircraft are subjects for research by models. The 
overall heat loss from an airship car has, in fact, been 
estimated by experiments on a one-twentieth scale- 
model.t Here, again, electrical measurement of heat 
loss was adopted, the air in the model being circulated 
by fans and the temperature observed by thermocouples. 
With this apparatus, the influence on heat loss of a 
floor or double wall in the car was readily detected. 


Boiler Circulation.—The classical experiments carried 
out by Messrs. Yarrow and Companyt in which it was 
demonstrated that circulation, once established by 
heating the rising tubes of a circuit, could be not only 
maintained but improved by subsequently heating 
the down-tubes, are a striking example of successful 
small-scale research. 

A comparable series of experiments$ has more re- 
cently been carried out on a model representative of 
horizontal water-tube boilers of the Babcock and 
Wilcox, Heine and Edge Moor types. The model 
comprised two units separate so far as circulation was 
concerned, each consisting of a steam-drum, front and 
rear headers, and 75 tubes each 2 ft. long and in. out- 
side diameter. The units were heated by a common 
gas-furnace. The headers were covered with glass 
plates to enable the circulation phenomena to be 
observed and photographed. The inclination of the 
boiler and the arrangement of the hot-gas passes could 
be varied at will. 

The research demonstrated, for the model at all 
events, that circulation could be improved by placing 
baffles in the front header so shaped as to segregate 
the rapidly moving, rich mixture of steam and water 
leaving the hottest tubes, from the slower and colder 





*Technical Report of the Aeronautical Research 
Committee, 1928, No. 1,163. 

t Technical Report of the Aeronautical 
Committee, 1922-23, vol. i, No. 797, page 47. 
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discharge from the upper tubes. Definite proportions 
in the mixture of steam and water were also indicated 
for which maximum circulation was obtained. 

In so far as departures from both geometrical and 
dynamical similarity with full-scale boilers occurred in 
these trials, the investigator’s conclusions are open to 
justifiable criticism. In the absence, however, of 
direct evidence to the contrary there is good reason to 
suppose that the qualitative effects observed may be 
reproduced in full-scale boilers equally well with those 
of Yarrow. 

The number and variety of the factors which influence 
the operation of a steam-boiler render it, unfortunately, 
a most difficult subject for treatment by small-scale 
apparatus, and one which calls for detailed considera- 
tion and preliminary research of a simplified character 
before being undertaken. 

Among the more obvious of such factors, perhaps the 
least tractable, is the variation throughout the boiler 
of the kinematic viscosity of the circulating mixture 
of steam and water. The importance of regarding the 
fluid in a steam-boiler as a variable mixture, rather 
than as a homogeneous liquid, is well exemplified in 
two of Yarrow’s experiments. In the first of these, 
circulation of water in a circuit was started by the 
introduction of air bubbles into the up-tube and after- 
wards maintained by the introduction of air bubbles 
into the down-tube only, with no application of heat 
to either limb. In other experiments, where heat was 
applied to both limbs of a circuit under pressure, it 
was found that the extreme condition of maintaining 
a circulation of the fluid by the application of heat to 
the down-tube only was impossible at pressures below 
30 lb. per square inch, and never certain unless the 
pressure was above 50 lb. per square inch. Evidently 
the relation between the fluid characteristics of a 
steam-water mixture and its temperature and pressure 
calls for preliminary investigation. Equally evidently, 
the laws of heat transmission, as discovered by experi- 
ments with homogeneous fluids, will not be applicable 
to the present problem. There remains, however, the 
possibility, in small-scale experiments under the same 
conditions of temperature and pressure as those of 
the full scale, of reproducing sufficiently similar condi- 
tions as regards steam mixture for reliable data to be 
obtained. 

HYDRAULICS AND VENTILATION. 

The present empirical position of hydraulics and its 
allied subjects suggests that, as is the case with aero- 
nautics, research by small-scale apparatus may prove 
not only of great value in the elucidation of fundamental 
principles but also of immediate service in providing 
data for full-scale design purposes. As with aeronautics 
also, much of that research will be concerned with 
fluid friction. In contrast, however, to aeronautics 
where friction is usually subordinate to form drag, 
it will frequently be the case in the problems of hydrau- 
lics that skin friction is the predominating factor in fluid 
resistance. The nature of the solid boundaries will 
consequently assume great importance. This factor 
tends to reduce the accuracy of predictions from model 
experiments on account of the difficulty of proportionate 
surface reproduction on a small scale. It calls, on the 
other hand, for a thorough investigation of the whole 
question of surface effects to which small-scale research 
methods seem well adapted. 

Flow in Pipes.—The extent to which small-scale 
experimental results may be influenced by the nature 
of the fluid boundaries can be admirably demonstrated 
by the numerous and reliable data relating to the flow 
of fluids in circular pipes. The problem is not practi- 
cally affected by the compression of the fluid so that 
the only physical quantities involved are :— 

r,, the resistance to flow per unit area of pipe wall, 
having dimensions M L-! T-, 

d, a typical dimension, which defines the geometry, 
and hence the nature of the surface, of a series 
of pipes, 

v, the mean velocity of flow, 

ut, the viscosity of the fluid, 

and 

p, the density of the fluid. 

The physical equation correlating these quantities 
may be written 

71 = $1 (v, d, Mb, p)- (22) 
from which, by the method of dimensions, is derived 


the relation 
ee 
ry i de ( 7 ) 


where » (= ‘) is the kinematic viscosity of the fluid. 
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Reynold’s numbers has been carried out by numerous 
investigators with different sizes of pipe and different 
fluids. A representative selection of such data is 
shown in Fig. 8. The widest range is that covered 
by Stanton and Pannell,* who worked with smooth 


(23) 


The empirical determination of over a range of 


* Phil. Trans. Roy. Soc., Series A, 1914, vol. cexiv, 
page 199, 





brass pipes of diameters from 0-361 cm. (0-143 in.) 
to 12-62 cm. (5 in.). Their results for the turbulent 
flow of both air and water lie in a narrow band which 
is almost coincident with the independent results of 
Saph and Schoder*. Other confirmatory data have 
been obtained from experimentst on the flow of super- 
heated steam through smooth pipes. From these sets 
of results two main conclusions may be drawn: First, 
that for all circular pipes of the same relative surface 
roughness, and for all fluids, Reynold’s criterion 
provides the sole condition for dynamical similarity 
and the most rational basis for the statement of 
results; and, second, that if this condition be not 
attained in, for example, a series of small-scale experi- 
ments, a considerable degree of scale effect will detract 
from the accuracy of prediction. 

The additional curves of Fig. 8 embody data derived 
from experiments on the flow in leadt, galvanised,§ 
and riveted|| pipes representing a range of relative 
surface roughness. It will be observed that all the 
curves are of the same general shape but exhibit marked 


variation, for a particular value of = of resistance 


coefficient. The available data are insufficient to 
permit the formulation of any general law connecting 
resistance and roughness. Indeed, it cannot be laid 
down with certainty that the divergencies among the 
curves are due to surface roughness alone. It is 
abundantly clear, however, that prediction of resistance 
coefficients from scale-models of large pipe-lines may 
be seriously at fault owing to what may be termed 


“surface scale-effect” even though the = range 


is the same for both scales. From the similarity of 
shape of the curves of Fig. 8 it may, however, be 
assumed that if the amount of the discrepancy between 
a ois for a scale-model and its original 
at one or two values of Reynold’s number can be 
determined by direct experiment, the elucidation of the 
law of resistance for that particular class of pipe may 
be completed on the small scale and a correction allowed 
in applying the results to the large scale. 

Surface roughness is not likely to affect in any marked 
degree the contribution to pipe resistance of joints, 
bends, and similar features. Such resistance may, 
therefore, be estimated with confidence on the small 
scale, the most obvious method being to determine, 
over the range of Reynold’s numbers covered by the 
full-scale working conditions, the coefficients of 4 
model pipe-line with and without the resistant features 
in question. In all cases these will require to be 
reproduced to the same linear scale as the rest of the 
model, as will be at once apparent by the inclusion in ¢, 
of equation (22)-of a symbol J to represent the size 
and shape of surface irregularities, joint projections, 
or the radius of bends. The resulting form of equation 


(23) is: 
v d, l 
( v 4) 
showing that the geometrical relation between model 
and original extends to all subsidiary features. 
Small-scale apparatus can evidently serve a most 
useful purpose in providing calibration curves for flow- 
meters. The main difficulty in the calibration of a 
large meter lies in the accurate measurement of the 
discharge. The scale-model meter, at the same Rey- 
nold’s number, has a smaller discharge in the ratio 
of the linear scale. For, if small letters refer to the 
model, and large to the original, and the _ (1.645 v) 
D 


and 


ry 


is the same for both, the discharge ratio “a ae 
but, by similitude, 


e 
ald o 


VD 
ie 


q 
A point which calls for some precaution in small-scale 
flow experiments arises out of the significance of the 
symbol v in the above equations. In the most general 
case the resistance law relating to a particular section 
of a pipe will depend not only on the mean quantity 
passing but also on the distribution of velocity across 
the section. For most full-scale work the important 
resistance coefficient will be that which accompanies 
a steady cross-sectional distribution. In small-scale 
research, therefore, the fluid should be allowed to 
travel for some 50 to 100 pipe diameters before reaching 
the experimental pipe proper. Where, however, the 
full-scale equipment involves short pipe-lines (as, for 
example, an orifice meter with definite lengths of inlet 
and outlet pipe), the geometry must be faithfully 
reproduced in the model. . 
For most small-scale pipe-flow research water is the 
most convenient fluid. Mean velocities may be derived 








* Trans. Amer. Soc. C.E., 1903, vol. li, page 253. 

+ Trans. Amer. Soc. Mech. E., 1915, vol. 37, page 294. 

t “ Scientific Papers,” by Osborne Reynolds, vol. 2, 
page 51. 

§ Proc. Inst. C.E., 1925, vol. ccxix, page 174. 

|| Trans. Amer. Soc., C.E., 1898, vol. xl, page 471. 
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from measurement of discharge either by a graduated 
vessel or by weighing. Air-flow may, less readily, be 
measured by means of a gas-holder. With either fluid, 
pressure differences may be very accurately measured 
by a manometer. 

Flow in Open Channels.—Small-scale research on the 
laws of flow in open channels is rendered practically 
impossible by the large inclination necessary in the 
model to produce full-scale values of Reynold’s number. 
The equation of flow for an open channel may be 
written 

p vd 
$ ( 72) 


where s is the inclination of the channel to the horizontal 
and 7 is the wetted perimeter. It may be assumed that 


- for the model may be made equal to = for the 


original. If the condition for dynamical similarity be 
achieved, then 


sgd 


5 (24) 





vod 


YD 
v N 


or, with the same liquid in both cases (i.e., » = N) 


vd=VD 
In these circumstances, equation (24) shows that 
s96 . S90 
@ - v2 
or 
s _D 
Ss 


that is, the slope of the model must be greater than 
that of the original in the ratio of the cube of the 
linear scale. In the absence of this condition, scale 
effect may be large, and the quantitative results of 
model experiments too uncertain to be valuable. It 
may be quite feasible, nevertheless, to investigate by 
scale-model channels at convenient inclinations the 
relative importance of different types of surface, and 
such problems as are presented by branched channels 
or channels provided with relief spillways. 

Pulsating Pressures.—Whilst the flow in pipes is 
under consideration, mention may, perhaps, be made 
of some small-scale experiments carried out by the 
author in the analogous subject of the transmission of 
pressure waves along pipes.* The experiments were, 
for simplicity, made with air-filled rubber pipes, but 
the experimental methods should be applicable to any 
fluid and pipe material, and have a bearing on the 
system of power transmission by pressure waves 
developed by Constantinesco. In the experiments, 
harmonic pressure waves were generated at one end of 
a pipe by a piston and crank mechanism, and the 
transmitted pressures were measured by a diaphragm 
gauge. It was found that, in general, a reduction of 
transmitted pressure (relative to that generated) 
resulted from (1) an increase in length of pipe; (2) a 
decrease in diameter of pipe; and (3) an increase in 
speed of fluctuation. A most important exception to 
Pe general conclusions is revealed by the curves of 
Fig. 9, where it is seen that, for a definite combination 
of frequency and pipe length, a condition of resonance 
was established as a result of which maximum values of 
transmitted pressure were attained. The efficiency of 
power transmission may, in a given installation, 
evidently be appreciably affected by the choice of 
frequency. 

The experiments have also a bearing on engine 
indicating. They suggest that errors may be intro- 
duced into indicator diagrams as a result of long 
connecting pipes between cylinder and indicator. 

Weirs and Orifices——The volumetric discharge q 
due to a head h over a weir or through an orifice can 
be expressed by the relation 

q= 9, (1, h, J> P> bs va) 
where v, is the velocity in the approach channel. 
dimensional theory it then appears that 
—, (h_ ivgh val 
en vate, (Bh 


which may be interpreted as meaning that the discharge 
coefficient, 4 /gh, for geometrically similar weirs 


and orifices varies according to the value of (1) the 
head in proportion to the size of the outlet ; (2) Rey- 
nolds’s number for the flow at discharge; and (3) 
Reynolds’s number for the flow in the approach 
channel. In the majority of installations worth 
investigating by small-scale apparatus, the full-scale 


ratio # will probably be small. The equality of and 


By 


(25) 


H ; . . . 

L will therefore be of first importance, and it will, in 
consequence, be impossible to attain the same values 
of Reynolds’s number at discharge if (as will usually 
be most convenient) the same liquid be used for model 


*Technical Report of the Aeronautical Research 
Committee, 1924-25, vol. ii, No. 957, page 661, and Phil. 
Mag., 1925, vol. 50, page 553. 











as for original. The proportional head, in a model 
representing a weir or sluice discharging under a low 
head, may be so small as to introduce errors due to 
surface tension effects. Where such a contingency 
arises preliminary tests of the model over a range of 
low heads will no doubt suffice to determine the limiting 
head above which surface tension is inappreciable. 

The viscous scale effect at discharge due to inequality 


of ivgh and LvVgH 


v 

unless the outlet is so long as to approximate to a 
length of pipe. In the more usual designs of weirs 
and sluices a large proportion of the hydraulic loss is 
probably due to eddy-making, and much of it would 
be recovered were the discharge to take place into a 
closed conduit, as is the case, for example, with the flow 
through an orifice situated in a pipe. 

As regards the similarity of flow in the approach 
channel, it may be shown that whilst equality of 


RESISTANCE TO FLUID FLOW IN PIPES. 
Fig.8. 


will probably be small 
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A. Hodgson—Model of timbered Mine Gallery. 
B. Hodgson—Model of smooth Mine Gallery. 
C. Saph and Schoder—Galvanized 0-35 in. 
D. Heywood—Galvanised 2-in. 
E. Heywood—Galvanised 4-in. 
F. Marx, Wing and Hoskins—Riveted steel, 48-in. 
G. Marx, Wing and Hoskins—Riveted steel, 72-in. 
H. Stanton and Pannell—Brass. | 
J. Saph and Schoder— Brass. 
K. Reynolds—Lead. 
Fig. 9. TRANSMISSION OF PULSATING 
PRESSURE ALONG A PIPE 9-5 MM.BORE. 
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Reynolds’s number for large and small scales is impos- 
sible when the geometrical similarity extends to the 
approach channel, the equality can be attained by 
constructing the model channel in the scale ratio ( i)* 
This is, of course, impracticable in all cases where 
velocity of approach is likely to be appreciable and 
slight scale effect may consequently arise from the use 
of a completely geometrically similar model. It will 
usually be found, no doubt, that the effect of approach 
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| velocity is within the accuracy of experimental observa- 


tions, and therefore negligible. 

The effects of the side walls on the discharge coeffi- 
cient of a narrow weir or orifice running partially full 
may be disregarded so long as proportionality of head 
is maintained in the small-scale experiments. 

Sluices of the Assouan Dam.—Undoubtedly the main 
advantage of scale-model orifice experiments lies in 
the readily measurable discharge. This feature, in 
combination with good accuracy of numerical data, 
is well borne out by the results of a series of experi- 
ments on the discharge through sluices of the Assouan 
Dam.* The models were made to scales ranging 


3 3 . ver 
from 100 to 300 corresponding, under conditions of 





* Proc. Inst. C.E., 1924, vol. eexviii, page 72. 


proportional head, to values of 2 ranging from 6,400 to 
L V9 4 
Vgh 
from 192 to 540 respectively ; so that the tests were 
somewhat severe as regards scale effects. The dis- 
charges of a full-size sluice under various heads and 
gate openings had already been determined by direct 
measurements.* Comparison showed that the mean 
discharge coefficients (under sluice conditions) for 
model and full scale were in agreement within 2 per cent. 
for each of five models, and within 1-2 per cent. for 
the best model, which was a large one (scale 3/100) made 
chiefly of metal. Variations among the different models 
were of the order of the experimental accuracy (i.e., 
within 1 per cent). With the sluice running full, the 
largest departures observed were about 4 per cent. for 
all conditions of head and gate opening. Greater dis- 
crepancies of discharge were observed, however, when 





36,300, and to ratios of Reynolds’s number ( 


|the sluice was running as a broad-crested weir, the 


mean discharges for all the models ranging from 4 per 
cent. to 8 per cent. of full-scale measurements at heads, 
on the models, down to 3 cm. The direction of scale 
effect is, on the whole, to make the predicted discharges 
less than the actual. 

Some conclusions with regard to the effect of roughen- 
ing the culvert of the model sluice with sand are note- 
worthy. It was found that the discharge was reduced 
by proportions varying from 2 per cent. to 10 per cent. 
by (1) increased size of sand grains; (2) increased 
velocity at discharge; and (3) increased wetted 
surface. The most accurate predictions were obtained 
from models with surfaces smooth to the touch, though 
not highly polished. 


Surge Tank.—The use of models for the investigation 
of problems presented by surge tanks in hydraulic 
power installations has been frequently suggested.f 
The conditions for kinematic similitude with a geo- 
metrically similar model present, however, some 
difficulty, as will be apparent from the dimensional 
analysis. 

Let h be the water-level in the surge chamber at any 
instant, and ¢ the period which has elapsed after an 
operation producing a departure from steady conditions. 

I, v, p, w, and g have the meanings previously 
assigned to them 

vt 


hale (7) 


The fluid-motion scale-effect term 2 may for the 


moment be disregarded as its effect will probably be 
small. It follows from the remaining arguments = 


and is , that the coefficient of displacement m will be 


the same for model and full scale only if v and ¢ are 
both proportional to /1—a condition which would 
involve inconveniently low velocities and surge dis- 
placements on the small scale. Owing, moreover, to 
the small pipe-line diameter in a true scale-model the 
velocities might fall below the critical. Professor 
Gibsont has avoided these difficulties by using models 
made to a magnified vertical scale ratio. The ratio 
of vertical displacements is then fixed by the ratio of 
pipe-line losses at the corresponding initial velocities of 
flow. Gibson’s small-scale results were compared, in 
the absence of data from actual surge-tank installa- 
tions, with a number of typical cases covering a wide 
range of conditions, worked out by arithmetical 
integration. The agreement, for four different arrange- 
ments of the model, is within 24 per cent. 

Centrifugal Pumps.—The principle of similarity shows 
how the performance of centrifugal pumps and turbines 
may be predicted from scale-models. The discharge 
from a pump, for example, may be expressed in the 
form 

q= (I, w, h, 0, My 9) 
where w is the rotational speed of the impeller. 
dimensional homogeneity, 


q -Bod(; oP, t) 


For 


r vp wl 


The discharge coefficient iis for each of a series of 
geometrically similar pumps will thus have the same 
value when “, ut and -2. are the same for each. 
1 v w? | 
If the working head h is large compared with the 
size of the pump, proportionality of head will probably 
not be essential, and the first and third arguments 
may be combined to represent a single condition for 
gh 


<7 i For a model pump 


similarity, namely, 











* See Proc. Inst. C.E., 1921, vol. ccxii, page 228. 
+ Trans. Amer. Soc. Mech. E., 1912, vol. 
page 359, 


XXXiv, 





t Proc. Inst. C.E., 1925, vol. ecxix, page 161. 
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and its original, therefore, approximate similarity of 


P : LJh 
performance will be obtained when | ~ . The 
2 1/H 
, ; w 12 Q L2 
consequent inequality of and when the | 


same fluid is pumped in both machines, will intro- 
duce a scale effect due to the frictional losses being 
disproportionate to the working heads.* 


Ventilation.—In most problems of forced ventilation 
it will be possible to neglect the effects on flow of 
temperature variations around the ventilating circuit. 
The basis of similarity for small-scale experiments is 


consequently the same as obtains for pipe flow, namely, | 


that Reynold’s number shall be the same for both 
model and original. On account of the low velocities 
generally used in ventilating work this condition will 
usually be readily attainable on the small scale. 

When the ventilating circuit is limited by well- 
defined boundaries, model research may take the 
form of the determination, over a range of Reynolds’s 
numbers prescribed by the full-scale requirements, of 

: . . r 
a series of values of the resistance coefficient =" 


Two such characteristic curves for a smooth and a 


timbered mine gallery, derived from a }-in. scale- | 


model,t are included in Fig. 8. The reduction of 


resistance due to filling in the spaces between timber- | 


ing is remarkable. 


The ventilation of buildings, however, calls for | 
detailed investigation of the distribution of fluid | 
As an example of the methods employed, | 
some unpublished experiments in connection with | 
modifications of the ventilating system of a large | 
Air was supplied to | 


velocity. 


auditorium may be mentioned. 
a wooden scale-model of the building from ducts 
below the floor and outside the walls, and foul gases 
exhausted through the ceiling. 
tional hot-wire anemometer the air-flow in the neigh- 


bourhood of the model seats was explored under various | 


conditions imposed by changes in the situation of the 
air passes. A satisfactory arrangement, thus deter- 


mined, was temporarily installed in the actual hall | 
and found to produce very closely the predicted | 


ventilation currents. 

Acoustics.—The value of small-scale research in 
connection with architectural acoustics is now so well 
established that the application of similar methods to 


the reduction of undesirable noise seems a natural | 


sequel. Whilst, in many cases, little can be done to 


reduce the actual mechanical impact by which noise | 


is produced, some mitigation of reflection and rever- 
beration, with their fatiguing effects on the ear, seems 
possible and worth attempting. 


Numerous descriptions of the apparatus commonly | 


* The use of models of hydraulic machinery is referred | 
to in a description of the ‘‘ Hydraulic Laboratories at | 
1926, | 


Verkstaden ” which appeared in ENGINEERING, 


vol. exxii, page 374. 
t Proc. S. Wales Inst. Eng., 1925, vol. xli, page 417. 


By means of a direc- | 





Fig. 1. 


|employed in acoustic research have already appeared. 
| In one type* an electric spark produces in a scale-model 
building a sound pulse which is photographed, after a 
|short interval, by the light of a second spark. In 
| another typet a sectional scale-model is laid on the 
glass floor of a shallow tank of water and sound waves, 
simulated by ripples due to a plunger situated at the 
| source of sound, may be observed and cinematographed. 
| In three-dimensional problems, sound reflection might 
be studied by observations of light reflection from 
|small mirrors fixed to the walls of a model. Time 
| intervals for direct and reflected sound are, of course, 
calculable from the distances traversed. 

For such a problem as the reduction of noise in tube 
trains, the ripple tank promises successful results. 
A section of the tunnel with a car in position would be 
|employed, sources of wave motion being situated at 
| the rail surfaces. Deflection of noise from the pas- 
sengers may possibly follow quite a slight modification 
of the outline of the car. 

To a closely analogous subject—the transmission of 
|sound through solid partitionst—small-scale research 
is well suited. The subject is likely to assume increas- 
ing importance with the development of air-transport. 
|The shape of the sound-proof chamber, the reflection 
from the outer surface, the structural material and 
| design, and the frequency of sound, all of which have 
a bearing on the problem, can evidently be studied 
most satisfactorily under laboratory conditions with 
readily adjustable apparatus. 








ELECTRICALLY-DRIVEN DOUBLE- 
CUTTING PLANING MACHINE. 


| THe planing machine illustrated in Figs. 1 to 4, on this 
| and the opposite pages, is of particular interest owing to 
the fact that it is fitted with Redman-Binns electrically- 
operated tool boxes, which are designed to enable a 
double-cutting action to be obtained with a single tool. 
The special feature of this box is that, on both the 
| forward and return strokes, the box pivots are free 
from stresses, the load being transmitted directly to 
the slide. 

Before describing the tool box in detail, particulars 
may be given of the machine to which it is fitted. 
The planer is manufactured by Messrs. C. Redman and 
Sons, Limited, Pioneer Ironworks, Parkinson Lane, 
Halifax, and will deal with work 6 ft. 6 in. wide, 
6 ft. high, and 18 ft. long. As will be seen from Fig. 1, 
it is fitted with tandem tables, each table being 9-ft. 
long by 5-ft. wide. The two tables may be used 
either separately or together. The overall length 
of the bed is 37 ft., and the two sides are tied at frequent 
intervals by double walled bridge pieces extending to 
floor level. The tables run on vee ways, and are of 


* Journal of Scientific Instruments, 1926, vol. iii, page 

393. 
+t Architects’ Journal, 1926, vol. Ixiii, page 565; and 

Proc. Phys. Soc. Lond., 1926, vol. xxxviii, page 234. 

|  } Phil. Mag., 1927, vol. iii, page 177. 
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ample depth to prevent distortion when the work is 
bolted down. They are stiffened by both longitudinal 
and transverse ribs. All the slots are planed from the 
solid metal. The rack is made from a high-tensile 
steel forging, machined all over, and is bolted and 
dowelled to the table. In the gear drive to the rack, 
the first pair of gears, which revolve at high speed, 
are of the double-helical type, the remainder having 
straight teeth. The larger wheels are machined from 
steel castings and the pinions from steel forgings. The 
shafts to which the wheels are keyed are mounted in 
bearings formed in the bed. Ample bearing surface is 
thus obtained, and the whole of the driving mechanism 
is rigidly housed, there being no possibility of springing 
when the planer is on heavy duty. 

As will be clear from Fig. 1, the columns are of great 
depth in the longitudinal direction, and are tied together 
at the top by a cross beam of deep section, giving ade- 
quate support to the cross slide when the heads are 
working in the highest position. The cross slide 
itself is provided with deep box braces at the back, and 
all bearing surfaces are accurately scraped to master 
straight edges and surface plates. The slide is of 
sufficient length to enable one head to be moved 
entirely clear of the work when not required for 
cutting. The elevating screws are driven through 
the usual gearing from a 4-h.p. motor mounted on the 
cross beam. Special attention is given to the screws 
to ensure uniformity of pitch, and the cross shaft 
through which the drive is taken is provided with 
a coupling by means of which the alignment of 
the slide may be adjusted. This coupling, and also 
the driving motor, is visible in Fig. 2. As shown in 
this figure, the machine is provided with two tool boxes 
on the cross slide, and two side boxes on the columns. 
All the boxes are provided with quick power traverse, 
in addition to the usual feed and hand motions. The 
controls for the power traverse and feed motions for 
the two boxes on the slide are located at the right-hand 
end of the slide itself, as viewed in Fig. 2, while the cor- 
responding motions for the side boxes are operated by 
a hand lever at the foot of each column. The main 
driving motor, which can be clearly seen in Fig. 1, 
is of 50 h.p., and is used in conjunction with a motor- 
| generator set. It is fitted with a reversing controller. 
| The whole of the electrical equipment was supplied by 
| Messrs. The General Electric Company, Limited. __ 
Turning now to the Redman-Binns tool boxes, which 
| are fitted to all four heads, one of the boxes is shown 
|in Fig. 3 in position for the forward stroke, and in 
| Fig. 4 in position for the return stroke. It will be clear 
| from these illustrations that the tool holder is pivoted 
| above the centre, and that it is swung over from the 
‘forward to the return position by the movement of a 
| solenoid, to the spindle of which it is connected by an 
| adjustable link gear. The solenoid operates positively 
| in both directions, and is energised at each end of the 
| stroke by switches attached to the planer bed. As 
| already mentioned, one of the most important features 
| of the tool box is that the pivots are relieved of all 
|load while the tool is cutting. This is effected by 
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forming projections in front of, and behind, the tool 
holder at the bottom. The upper surface of these 
projections form part of a circle with the pivot as 
centre, and they engage with corresponding surfaces 
on the stationary part of the tool box when the holder 
is inclined. At the same time, the outer face of the 
projections come into contact with fixed stops, so that 
the whole reaction of the cut is taken by the curved 
and flat surfaces of the projection. The tool holder 
is made in two parts, the outer pivoted portion visible 
in the figures, and an inner cylinder in which the square 
hole for the tool is formed. For ordinary planing 
work, the two parts are locked together, but the arrange- 
ment erables the tool to be set at an angle for special 
work when required. 

The planer-table drive is, of course, arranged to 
give the same cutting speed in both directions of travel, 
and the feed gear is set to operate at each end of the 
stroke. It is interesting to note that, on a recent 





Fa. 4. 


comparative test of single and double cutting on a 
6 ft. by 6 ft. planer, eight cycles were obtained in two 
minutes at a cutting speed of 45 ft. per minute in both 
directions, and nine cycles in two minutes at the same 
cutting speed when cutting in one direction only, the 
return speed being 100 ft. per minute. Thus with 
double cutting 16 feeds were obtained in the same time 
as nine feeds with single cutting. 








<0YAL INSTITUTION.—A general meeting of the members 
of the Royal Institution was held recently under the 
chairmanship of Sir Robert Robertson, treasurer. It was 
announced that the president, the Duke of Northumber- 
land, had nominated the following as vice-presidents for 
the ensuing year: Lord Blanesburgh, Sir J. Crichton- 
Browne, Dr. W. H. Eccles, Sir Arthur Keith, Mr. C. H. 
Merz, Dr. G. C. Simpson, Sir Robert Robertson and 
Major C. E. S. Phillips. At the same meeting, Sir J. J. 
Thomson was elected Honorary Professor and Sir E. 
Rutherford, Professor of Natural Philosophy. 





Asphalte.—Messrs, John Dickinson and Company 
(Bolton), Limited, Fairclough-street, Bolton, have 
published an interesting pamphlet describing the manu- 
facture of their rock asphalte, and its application to roads, 
floors, tanks, &c. 

Tractors.—We have received from Messrs. The Cater- 
pillar Tractor Company, San Leandro, California, U.S.A., 
a copy of their magazine of photographic illustrations of 
their tractors at work on haulage, road making, snow 
clearing, &c. 

Electric Cables.—Messrs. Siemens Brothers and Com- 
pany, Limited, Woolwich, London, S.E.18, have issued 
a new catalogue describing the qualities of their super- 
tension cables for working at 33,000 volts, and comparing 
them with ordinary high-tension cables. 

Belt-Lacing Machine.—Messrs. The Selby Engineering 
Company, Limited, 74, Chiswell-street, London, E.C.1, 
who are agents for the Clipper Belt Lacer Company, 
Michigan, U.S.A., have sent us catalogues of a 10-in. 
belt cutter and of a new 6-in. lacing machine. Wire 
stitches are used, with Joop ends hinging on a pin. 


Water Screens.—Messrs. J. Blakeborough and Sons, 
Limited, Brighouse, Yorks, have issued a new catalogue 
of their revolving screens for water, illustrating several 
sets in use, and describing the construction and operation. 
Each panel of these screens is washed once in every 
revolution, 

Locomotives.—Messrs. Beyer, Peacock and Company, 
Limited, Manchester, have issued a pamphlet illustrating 
the first and the latest type of Garratt articulated 
locomotive, and giving reasons for the economical results 
obtained in service. Where the roads are difficult and 
the loads are very heavy, as in mineral traffic, the 
financial saving proves to be of considerable importance. 


Air Purification.—Messrs. James Keith and Blackman 
Company, Limited, 27, Farringdon-avenue, London, E.C.4, 
have issued a catalogue describing apparatus for removing 
the fumes left by paint spraying, including cabinets to 
contain a motor car, or pieces of furniture, in which the 
spraying operation is performed and from which the 
fumes are extracted directly. 

Packing.—A leaf catalogue, describing a packing suit- 
able for motor-car engine water pumps, is to hand from 
Messrs. The Buda Company (England), Cecil Chambers, 
Strand, London, W.C.2. The packing is a mixture of 
granulated metal and lubricant in plastic form, and 
is made by Messrs. The Conneaut Packing Company, 
Conneaut, Ohio, U.S.A. 

Boilers.—Messrs. H. T. Danks (Netherton) Limited, 
Netherton, Dudley, have sent us a catalogue of vertical- 
multitubular boilers, which they make in eight standard 
sizes, with evaporative capacities ranging from 1,760 Ib. 
to 6,060 Ib. per hour under natural draught. These 
boilers have smoke boxes surrounding the shell, with 
outer smoke ducts branching to the chimney, and are 
supplied for burning coal, coke, or oil fuel. 

Electric-Motor Control Gear.—Messrs. Brookhirst 
Switchgear, Limited, Chester, have sent us a circular 
illustrating a pump, a printing machine, and various 
machine tools, in which the electric motor and control 
gear are incorporated in the structures. A leaf catalogue 
of their ‘‘ Pneutrol” patent control, for automatically 
starting and stopping electrically-driven pumps, and a 
pamphlet dealing with the control of electrically-driven 
printing machines have also come to hand. 

Concrete Pipes, &c.—A catalogue received from Messrs. 
The Stanton Ironworks Company, Limited, near Notting- 
ham, contains fully-dimensioned drawings and lists of the 
various lengths, joints, bends, branches, ‘&c., in which 
they make concrete pipes; the bores range from 4 in. 
to 72 in. Particulars are also given of paving flags, 
kerbs, posts, lintels, &c., in concrete. The concrete is 
reinforced with steel, in some cases, and used as a lining 
to cast iron in others. 

Electrical-Generating Plant.— Messrs. Ruston and 
Hornsby, Limited, Lincoln, have sent us a printed 
statement of the costs and advantages of an electricity- 
generating plant, with oil engines and waste-heat boilers 
for hot-water supply, which they have installed at Messrs. 
Bentall’s Stores at Kingston-on-Thames. The cost per 
unit is given as 1-27d., while the public-supply charge 
is 3-75d., the total saving being over 1,000/. a year. In 
addition, the exhaust gases from the engines maintain 
a supply of hot water for the whole building. 


Pumps.—A catalogue of centrifugal pumps for con- 
densing plants is to hand from Messrs. Worthington- 
Simpson, Limited, Queen’s House, - Kingsway, London, 
W.C.2. The examples illustrated include electric-motor, 
steam-turbine and high-speed engine drives, and the 
pumps are suitable for all general conditions, for delivering 
cooling water to condensers or towers, and also for 
removing the condensate. An arrangement illustrated 
for taking water from a tidal river, shows the pump at 
half-tide level and the motor mounted on a jetty above 
high-water level. 

Pulverised-Coal Firing.—Particulars of the application 
of pulverised-coal firing to steam raising at Whitehaven 
Colliery are given in a pamphlet issued by Messrs. Simon- 
Carves, Limited, 20, Mount-street, Manchester, who 
designed and installed the plant. Seven Lancashire and 
two other boilers were displaced by three water-tube 
boilers having large furnace areas. The saving is given 
as 6,898/. per annum, made up as follows :—Coal, 5,6161. ; 
labour, 1,032/.; and disposal of refuse, 2501. In this 
case, the good quality coal previously used was replaced 
by a refuse coal of no commercial value, so that the cost 
of the coal and the cost of disposing of the refuse are 
reckoned as saved. The pamphlet is clearly written, 
and is of considerable interest. 
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THE CONSTRUCTION OF THE ‘“‘ GRID ”’ 
TRANSMISSION SYSTEM IN GREAT 
BRITAIN.* 

By JounstonE Wricut and C. W. MarsHatt, B.Sc. 

(Continued from page 564.) 


SUSPENSION-INSULATOR Cfains, consisting of 9 units’ 
each 10 in. diameter, are used on all straight-line 
lowers and on single-circuit towers where the angle 
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of deviation does not exceed 10 deg. Double-chain 
tension insulators, with ten 10-in. discs per chain, are 
used on single-circuit towers where the angle of devia- 
tion exceeds 10 deg., and on all double-circuit angle 
towers. The standard suspension-insulator and tension- 
insulator chains are shown in Figs. 9 to 17. The Pairard 
conductor clamp (Fig. 18), in which the steel core and 
aluminium outer layer are joined separately, is used 
for all joints. The mechanical strength of this joint is 
95 per cent. of that of the actual conductor. 

The most important divergencies from standard line 











* Paper read before the Institution of Electrical 
Engineers on Thursday, January 24, 1929. Abridged. 


construction in Scotland occur at the crossing of the 
rivers Cart, Clyde, and Forth. The River Cart is 
crossed near Renfrew, as shown in Fig. 20. This 
crossing is part of the Yoker-Greenock single-circuit 
line. The total extent of the crossing is 2,550 ft., 
which includes the approach spans of 1,000 ft. and 
900 ft. on the Yoker and Greenock sides, respectively, 
and the actual crossing length of 650 ft. The crossing 
towers, which are illustrated in Fig. 24, are of the 
suspension type, and are 202 ft. in height to the bottom 
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and thence to the top of tower O; the other circuit 
goes direct to the top of tower O. Both circuits 
then make the crossing, which is 980 ft. in width. 
The other side of the crossing is carried by a suspen- 
sion tower, 283 ft. in height, which is shown in Fig. 23. 
The two circuits then separate and connect with the 
Greenock and Paisley lines at special terminal towers. 
Standard conductors are also used on this crossing. 
The third crossing is that of the Forth (Fig. 19). 
It was originally intended to cross on the Forth Bridge 
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of the lowest cross-arm, and 218 ft. overall. The, at Queensferry, but it was not found possible to carry 


clearance between the conductor and high-water level 
is 188 ft. The line and earth conductors are identical 
with those used in the other parts of the grid, the 
former being 30/0-11 aluminium and 70/0-11 steel, 
and the latter 120/0-11 aluminium and 70/0-11 steel. 
The River Clyde is crossed at Yoker by a double- 
circuit line on the Yoker—Paisley and Yoker-Greenock 
sections, as shown in Fig. 21. Tower O (Fig. 22) is 
a special anchor tower, having a total height of 270 ft., 
and giving a clearance of 228 ft. at high water. The 
incoming double-circuit line from Port Dundas and 
Dalmarnock is anchored on this tower at a low level. 
One circuit is then carried to the Yoker substation, 


out the project, and the line routes were diverted toa 
crossing point near Kincardine. The actual crossing 
span extends between two suspension towers, each 
338 ft. high, shown in Fig. 25. The length of the 
span is 3,050 ft., and the high-water clearance is 
158 ft. The span is anchored at each end on 60-ft. 
towers, one of which is shown in Fig. 26. Owing to 
the great span length, special conductors are used. 
The line and earth conductors all consist of 18/0-125 
aluminium, and 19/0-125 steel. At the suspension 
towers, the conductors are carried over special fittings 
in which they rest without any fixing attachments, 
instead of being clamped to the insulators. The 
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Fig. 19. CROSSING OF FORTH AT KINCARDINE. 
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: po ' adopt three-point heavy-duty insulator chains. 
Cr The triangular disposition of the chains is 
“a | particularly favourable to obtaining equal 
Loe | I stresses in each individual chain. Each cros- 
sing span and its approaches has been treated 
: as a whole. The conductors are only sup- 
‘ ported at the crossing towers, thus reducing 
H the stresses on the high towers required to 
give the clearances demanded by the river 
' authorities. The conductor support consists 
1 of a grooved aluminium casting suspended from 
(186.N) }-~-- ex'g#-—-——-<] the parallel strings of the suspension insulator. 





“ENGINEERING” The terminating clamp is of the compression 
type, in which the steel core of the conductor 
is compressed into a tubular steel shackle-end, 
over which is a larger aluminium tubular end, 
which is compressed on to the aluminium 
conductor, and also on to the inner steel tube. 

suspension-insulator units are standard, but double} special heavy-duty insulators areyused. The usual|The conductor cores are therefore totally enclosed 

chains of 11 units are used. The tension insulators | disposition of arcing rings and horns has been adopted | and protected from corrosion. The tower foundations 
for the Cart and Clyde crossings are double chains of| on all crossings. The working stress, in the case of the | are piled. 

12 units. On the Forth crossing, triple strings of| Forth crossing, is 20,000 lb., and it was necessary to (To be continued.) 
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THE HETEROGENEITY OF STEEL | 
INGOTS. | 


TueE Third Report of the Committee on the Hetero- | 
geneity of Steel Ingots was presented to the Iron and | 
Steel Institute at the annual meeting on May 3 last. | 
Owing to the length of this contribution we are only 
able to give a brief summary of the ground covered. 
The present Report is divided up into a number of 
sections, each of which is in reality a separate paper 
dealing with the investigation of one of the funda- 
mental matters arising out of the general research. 

Liquidus and Solidus of Commercial Steels.—The | 
first section of the Report is a general introduction ; | 
the second contains an account of an investigation by 
Professor J. H. Andrew and Dr. D. Binnie into ‘“‘ The 
Liquidus and Solidus Ranges of Some Commercial 
Steels.” The authors state that in view of the high 
temperatures involved, and having regard to the 
facilities available, it was decided to use a molyb- 
denum wire-wound furnace. On account of the 
greater uniformity of heating in a horizontal, as 
compared with a vertical type of furnace, the former 
was decided upon, and one was designed and con- 
structed. A molybdenum furnace requires a reducing 
or neutral atmosphere surrounding the heated wire ; 
this was provided for by cracking ammonia. On 
account of the reducing atmosphere a_platinum- 
platinum-alloy thermocouple was out of the question. 
A couple made up of tungsten and molybdenum 
wires was found to be eminently satisfactory, and was | 
used throughout the work. In view of the prevalent | 
assumption that thermal curves do not give a definite | 
indication of the solidus, it was decided to employ 
electrical-resistance-temperature measurements. The 
steel sample, in the form of a thin strip, was placed | 
in an alundum boat. A hole was drilled in the centre 
of the specimen for the insertion of the thermocouple. 
Holes were drilled at each end of the specimen for the 
insertion of the current leads, and two further holes, 
equidistant from the ends, for the p.d. connection. 
The fall in potential and the thermal e.m.f. were 
measured on separate Tinsley vernier potentiometers, 
each working in conjunction with a separate Tinsley 
galvanometer. The current was likewise measured 
by one of these instruments by working with a shunt. 

On taking a temperature-resistance curve of Armco 
iron, as a means of trying out the method, it was found 
that at temperatures above 1,400 deg. C., the couple 
gave different readings, according to whether the 
current was passing through the furnace or not. 
Upon investigation it was found that the only feasible 
explanation was that the cause of the trouble lay in 
the stream of thermions emitted by the molybdenum 
heating unit at the higher temperature. The obvious 
method of attack, therefore, was derived from a con- 
sideration of a thermionic valve, and consisted in 
placing a grid between the heating unit and the speci- 
men. The difficulty, which would not have arisen 
had alternating current been available, was completely 
overcome by this means, and excellent melting and 
freezing curves were obtained from Armco iron. 
Further trouble arose owing to the decarburisation of 
the steel specimens. The difficulty was finally solved 
by the adoption of crucibles made of carborundum 
sand, and the coating of the specimens with carborun- 
dum. 

The results obtained show that the liquidus and | 
solidus curves of the commercial steels dealt with | 
conform with respect to carbon content and tem- | 
perature with the iron-carbon diagram, provided the | 
manganese is below 0-45 per cent. This is fortunate, | 
for it enables the iron-carbon diagram to be used for 
commercial steels without objection. Nickel-chromium 
and nickel steels freeze «t a lower temperature than 
plain carbon steels. The melting points or solidus, 
however, occur at approximately the same tempera- 
ture as they do in plain carbon steels of the same carbon | 
contents. Nickel-chromium steels containing molyb- 
denum differ from these same steels without molyb- 
denum in that whilst their freezing points are not 
affected by the small quantities of molybdenum pre- | 
sent, their melting points appear to be considerably 
lowered by the molybdenum in proportion to the 
amount present. Two reasons for the greater homo- | 
geneity of nickel and nickel-chromium steels, as | 
compared with carbon steels, arise out of the investiga- | 
tion. In the first place, the liquidus and solidus curves | 
for the alloy steels lie nearer together with respect to | 
temperature than they do in the case of plain carbon | 
steels. This necessarily means that solidification | 
takes place over a narrower range of temperatures, | 
and therefore relatively more rapidly. It further | 
implies a smaller difference in carbon content at any | 
corresponding temperature between the liquid and | 
solid during freezing. Secondly, in the nickel and 








nickel-chromium steels dealt with, whilst it cannot 
be definitely said that the peritectic transformation, 
t.e., the y - (6 + y) transformation, was absent, it 
did not appear in any of the curves. 
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Nickel-chromium steels containing molybdenum, 
show a segregation of molybdenum carbide, on 
account of the widening of the liquidus-solidus range 
by that compound. It is a necessary inference that 
metals which form a solid solution with the iron phase 
depress the freezing point only, whilst metals which 
form a carbide depress the solidus limit with respect to 
temperature. Micrographs emphasise the importance 
of the peritectic reaction in carbon steels, and also 
indicate that the diffusion of carbon is much less rapid 
than is usually assumed. 

Solubility of Iron and Manganese Sulphides.—Section 
III. of the Report is also by Professor J. H. Andrew 
and Dr. D. Binnie, and is on the subject of “ The 
Solubility of Iron and Manganese Sulphides in Steel.” 
The authors begin by stating that it is usually assumed 
that, provided the manganese content of a steel is 
sufficient, all the sulphur present is out of solution, and 
exists in the form of MnS, or a complex combination 
of MnS with oxides of iron and manganese, and 
possibly FeS. If either iron or manganese sulphide is 
soluble in solid steel, its solubility is but small, and a 
quantitative estimation of this factor is a problem 
beset with difficulties. As an exact measurement of 
even the relative solubility of iron and manganese 
sulphide seemed impossible, it was decided to employ 
a qualitative method which would at least indicate 
whether iron and manganese sulphides were soluble to 
even a small degree in solid steel. The experimental 
method finally adopted by the authors was to deter- 
mine the effect of iron sulphide and manganese sulphide 
on the temperature and magnitude of the Ar, change 
in iron. Melts of Armco iron weighing 130 gm. were 


| made, to which either yellow sulphur or yellow sulphur 


and manganese, in weighed amounts, were added. About 
half the melt was cast in a small chill mould, which on 
being filled was rapidly cooled by plunging into cold 
water, and the remainder was allowed to cool in the 
furnace. The results obtained in the case of the iron- 
sulphur alloys would seem to show conclusively that 
sulphur may be retained in solution to an appreciable 
amount by rapidly cooling the melt, and, further even 
in the case of a slowly-cooled melt, there is evidence 
of the retention of a small amount of sulphur in solu- 
tion. On the other hand, the results obtained in the 
case of manganese-iron-sulphur alloys are too inde- 
finite to warrant any specific conclusion, but they do 
seem to show that manganese sulphide, if it is at all 
soluble in solid iron, is only very slightly so. 

Density of Molten Steel_—The fourth section of the 
Report is entitled, ‘‘ Interim Report on the Density of 
Molten Steel,” and is by Professor C. H. Desch and 
Mr. B. S. Smith. The authors state that the Archi- 
medean principle was adopted for the investigation, a 
sinker attached to one arm of a balance being weighed 
in air, mercury, and liquid iron or steel, respectively. 
As it is intended subsequently to determine the 
viscosity of liquid steel by means of a torsional pen- 
dulum, the furnace may be made to serve for both 
series of experiments, whilst the construction of the 
pendulum may be quite similar to that of the sinker. 
A vertical tube furnace was, therefore, adopted. It was 
wound with molybdenum wire, protected by an atmo- 
sphere of mixed nitrogen and hydrogen, produced by 
cracking ammonia. It was at first intended that the 
actual sinker should be of metallic tungsten, but it 
did not appear that any adherent coating could be 
found which would protect the tungsten from attack 
by the molten steel. Quite recently, some success has 
been obtained in this direction, and experiments with 
a metallic sinker are now being made. The suspending 
rod is of tungsten, and its lower end is protected by a 


{short length of alundum tubing, around which the 


alundum cylindrical sinker is moulded. Each cylinder 
is thoroughly fired at 1,650 deg. C., before being used. 
As its density is too low to allow it to sink in the steel, 
the sinker has to be weighted, and this is done by 
attaching a rectangular box of molybdenum sheet, 
weighted with the necessary quantity of solid tungsten. 
The tungsten suspending-rod is attached to a steel rod, 
by means of a sleeve and two screws, at such a height 
that the temperature is not excessive, and this steel 
suspension is interrupted by a right- and left-handed 
screw connection below the balance fan, so that the 
height may be readily adjusted. The balance, with a 
hole in the case below one of the fans, is supported on 
a frame over the furnace. 

The sinker is weighed in liquid steel contained in a 
crucible, the temperature of which is measured by 
means of a molybdenum-tungsten thermocouple. It is 
then weighed in mercury contained in a crucible of the 
same size as that used for the high-temperature experi- 
ment, and is finally re-weighed in air. The constancy 
of weight and volume have been found very satis- 
factory, and some sinkers have been used repeatedly. 
When the exclusion of oxygen from the furnace has 
been complete, the sinkers are quite unattacked by the 
iron, which does not wet the surface. The numerical 
results obtained can only be regarded as preliminary 
values, but their agreement is sufficiently good to 
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suggest that they are not far from the true values, 
although greater accuracy will be necessary before the 
temperature coefficient can be determined. with cer- 
tainty. The alloys containing high carbon, prepared 
by melting Swedish pig iron, were melted in a sala- 
mander crucible. Some of the values determined are 
given in Table I. 











TaBLeE I. 
Carbon Content | Temperature 
after Melting. deg. C. Density. 
Per cent. 
0-03 1,530 6-79 
0-04 1,545 7°05 
0-04 1,560 6-97 Alundum 
0-04 1,550 6-95 Sinker. 
0-04 1,545 6-97 
0-04 1,550 7-06 
3-38 1,300 7°26 ) 
3°54 1,340 7-23 | Alundum 
3-65 1,320 7°31 J Sinker. 
3-65 1,310 7°28 
3°12 1,465 7:17 
3-38 1,405 7-23 Pn 
3°34 1,345 7°32 Sinker 
3:14 1,350 7°23 











Effect of Latent Heat on Solidification.—The last 
section of the Report is entitled, ‘‘ The Effect of Latent 
Heat on the Solidification of Steel Ingots,” and is by 
Mr. N. M. H. Lightfoot. In this contribution the 
author endeavours, by mathematical treatment, to give 
some indication of the effect of latent heat on the 
freezing of steel. Three hypothetical cases are con- 
sidered, which are intended to help the investigator 
to visualise the progress of the rate of freezing at the 
outer wall of an ingot, and to obtain an idea of the 
conditions that apply towards the later stages of freez- 
ing at the centre of the ingot. A number of formule 
and curves have been deduced. 








Roap Construction ABROAD.—A further series of 
memoranda on road construction abroad has been 
issued by the Department of Overseas Trade, 35, Old 
Queen-street, London, S.W.1. United Kingdom firms 
desirous of receiving copies of these reports should make 
application to the Department, quoting the appropriate 
references which are given below. he memoranda 
refer to road construction in Finland (Ref. No. A.X. 
7873), Chile (Ref. No. A.X. 7874), Norway (Ref. No. A.X. 
7881), the outer islands of the Netherlands East Indies 
(Ref. No. A.X. 7808), Brazil (Ref. No. A.X. 7842), and 
Denmark (Ref. No. A.X. 7920). i 





British Propuction oF Pic Iron anp STEEL.—The 
number of blast furnaces in operation at the end of 
April was 152, a net increase of seven since the beginning 
of the month. The production of pig iron during April 
amounted to 611,300 tons, compared with 590,500 tons 
in March, and 563,100 tons in April, 1928. The output 
of steel ingots and castings during April amounted to 
808,600 tons, compared with 859,000 tons in March, and 
644,100 tons in April, 1928. The decline in the production 
of steel was due to the Easter holidays. The above 
statistics have been furnished to us by the National 
Association of Iron and Steel Manufacturers, Caxton 
House (East), Tothill-street, Westminster, London, 
S.W.1. 





Wor.tp PETROLEUM Propuction.—The production of 
crude petroleum throughout the world during 1928, 
according to estimates published recently by the United 
States Bureau of Mines, totalled 1,323,000,000 barrels, 
an increase of 5 per cent. over the 1927 output. Whereas 
the production of the United States remained more or 
less stationary at 902,000,000 barrels, that of Venezuela, 
now the second largest oil-producing country in the 
world, increased from 63,134,000 barrels in 1927, to 
106,000,000 barrels in 1928. Corresponding figures for 
Russia, the third on the list of oil-producing countries 
are, 77,018,000 barrels and 87,800,000 barrels. The 
barrel, which is taken as the unit of measurement by the 
Bureau, contains 42 U.S. gallons, or 35 Imperial gallons. 





British STANDARD SPECIFICATION FOR TRAMWAY 
TyreEs.—A revised edition of the Standard Specification 
for Tramway Tyres, designated No. 101—1929, has 
recently been issued by the British Engineering Standards 
Association. The specification was first issued in 1921 ; 
since that date, however, there has been an increasing 
use of material of higher tensile strength and it was 
therefore decided to prepare a revised edition. Pro- 
vision has been made in the new specification for two 
distinct classes of tyres, namely, Grade X and Grade Y. 
The former is hardened by heat treatment and the latter 
is in the ‘as rolled” condition. In the new issue, a 
dropping test for Grade Y tyres, in which test all the 
tyres are dropped from a height of 10 ft., has been 
substituted for the falling-weight test. For Grade X 
tyres, the dropping test is an alternative to the falling- 
weight test at the discretion of the inspecting engineer. 
A new formula, based on current practice, has been 
incorporated from which the deflection in the falling- 
weight test is to be determined. Copies of the new 
specification may be obtained from the B.E.S.A. 
Publications Department, 28, Victoria-street, London, 
S.W.1, price 2s. 2d., post free. 
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A NEW STRAIGHT-LINE MOTION. 
By P. Cormac, F.R.C.Sc.1., M.R.LA. 


F On examining models of elliptical gear wheels in 
the kinematic cabinet of University College, Dublin, 
it occurred to the writer to test whether an idle wheel 
could be introduced between two elliptical wheels, 
and the eccentricities of the ellipses so adjusted 
that the motion transmitted by the train would be 
the same, except as regards direction, as if two 
elliptical wheels meshed directly. Very obviously 
for the particular case in which the ellipses are 
circles such trains are possible, the introduction of 
an idler merely altering the direction of rotation of 
the follower without affecting the value of the 
speed ratio. If this could be arranged for with| 
elliptical gears, then the replacement of the ellipti- 
cal gear pairs by their equivalent crossed quadri- 
lateral would give a link mechanism which would 
cause two shafts to rotate in opposite directions 
with equal speeds. The particular interest of the 


coupling rod in each case. The relation among the 
links will now be established. 

In the crossed quadrilateral ABCD, if A and 
C be joined, the law of tangents for the triangle 
ABC gives 


tan $0, tan} ¢, =( 
where e, denotes the ratio of crank AB to coupler 
BC. 

Let a second crossed quadrilateral DLMN be 
placed in tandem with ABCD, N being any point 
on AD produced, and L a point in the crank DC. 
Here the relation between the angles is 


] = Gj 


1+e, (2) 


tan $6, tan $y = (7 — (2) 
where é, is the ratio of crank DL to coupler LM in 
the second crossed quadrilateral. From (1) and 
(2) it follows that 


tan 40, tan $¢, = 





ie! -- e,)(1 — é9) 
(1 + e)(2 + eo) : 


since tan $¢, is equal to cot $6. 
_ Now let a third crossed quadrilateral 
AJKN be constructed in which J is a point 
in AB produced, and in which the ratio e, 
of crank AJ to coupler JK is made equal to 
("8 

1 +-e1 e2/]° 





(3) 





Fig.i. 
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For this crossed quadrilateral 


_ {1 —e\_ (1 — a)(1 — eg) 
tan 40, tan 4 do, = (2) - Gee . (4) 

The left-hand members of (3) and (4) may, 

therefore, be equated, whence it follows :— 

$2 = 
Thus, if AN be fixed, and the crank NM rotated 
about N, the crank NK turns in the opposite direc- 
tion with equal speed. 

In general a train of crossed quadrilaterals 
transmitting motion between two shafts can be 
replaced by a single crossed quadrilateral without 
affecting the speed ratio. 

If the crossed quadrilateral DLMN be turned 
| over through 180 deg. about DN as a hinge line, 
~. |M becomes a point on the crank NK, while DL 
(1 + 9%) | becomes its own image on AN. A chain is thus 
where ¢, is the eccentricity of the wheels with | obtained in which the direct and reverse rotating 
subscript 1, and e, is the eccentricity of the wheels | cranks turn about D. Another useful form of the 
with subscript 2. mechanism is obtained by taking L a point in CD 

It is of interest to note that if wheel B, be fixed produced, and N a point to the left of D, so that the 
and the arm carrying the other wheel axes be rotated | centres of the reverse rotating cranks are now 
about the fixed axis of B,, a reverted epicyclic | remote from each other. 
train composed of elliptical gears is obtained, in| Spheric mechanisms analogous to the plane 
which wheel B, rotates at twice the speed of the | mechanisms described can be constructed. The 
planet carrier arm, just as if all the wheels were | appropriate relation among the links is based on 
circular. Further, if B, be free to rotate about | Napier’s formula 
the common fixed axis of B, and B,, and if the matimse~ sin $ (a — 8) 
planet carrier arm acts as driver, the mechanism | sin $ (a + B) 
behaves as an ordinary differential gear. |for the spherical crossed quadrilateral with sides «, 

In Fig. 2 a more general case is taken in which| 8, «, 8, and alternate interior angles 0, ¢. 
the intermediate or idle wheel is a compound, By utilising an obvious property of cranks which 
wheel. Here the ellipses are replaced by their) remain equally inclined to a given line, any of the 
equivalent crossed quadrilateral. Centres A and| above mechanisms may be arranged to give a 
N correspond to the fixed foci, and J, K to the| straight line motion by means of two extra bars. 
free foci of a pair of mating ellipses; A and D 
correspond to the fixed foci, and B, C to the free 
foci of one gear pair; D and N correspond to the 
fixed foci and L, M to the free foci of a second gear 
pair. The eccentricities of the representative 
ellipses are identical with the ratio of crank to 


problem lay in this, and in the fact that such a 
linkage would give almost directly a new straight 
line motion. 

The possibility of the reversal of rotation by the 
elliptical idler was first proved from the geometry 
of the ellipse, but it was afterwards found that the 
geometry of the crossed quadrilateral gave the 
necessary relations among the links more directly. 

Fig. 1 shows an elliptical gear train in which the 
wheels B,, B, rotate with equal and opposite speeds 
when driven by the wheels A,, A,. The wheels A,, 
A, are keyed to the same driving shaft ; A, gears 
directly with B,, while A, drives B, through the 
idler I,. The relation which must hold between 
the eccentricities of the ellipses is 





eq = 








CANADIAN RarLways.—The Canadian National Rail- 
ways have been authorised by the Dominion Govern- 
ment to acquire at a cost of 6,000,000 dols. a railway 
191 miles in length, formerly owned by the Delaware 
and Hudson Railway, and known as the Quebec, Mon- 
treal and Southern Railway. 





LITERATURE. 


The Economics of Coal Mining. By Ropert W. Dron. 

London: Edward Arnold & Co. [Price 10s. 6d, net.] 
To even the least well-informed, the valuation of 
a coal mine and the internal economy of the 
industry must appear to be matters of no little 
difficulty. But the actual nature of the problems 
which arise and the diversity of the factors involved 
can only be fully realised by those who have to 
deal with them. Apart from the many aspects 
of the subject which are of a technical nature, 
and thus come normally within the scope of the 
engineer, principles of an entirely different kind, 
involving knowledge which in the ordinary way 
would scarcely be considered as pertaining to the 
engineer’s calling, are called into requisition. Yet 
financial and even legal considerations may be 
said to be controlling influences from which no 
engineering scheme is entirely free. And since these 
various factors overlap one another or are inter- 
dependent, they can only be dealt with efficiently 
asa whole. It may, however, be observed here that 
these considerations dealing with the economics of 
mining are of importance not only to the engineer, 
but to many others concerned directly or indirectly 
with collieries—including shareholders and _ pros- 
pective shareholders. Further, since the prosperity 
of the coal industry is obviously bound up in 
these economic problems, it is scarcely too much to 
say that their consideration and correct appreciation 
are matters of national importance. During a 
period of depression such as the industry is passing 
through at present, many factors, which, in times 
of prosperity, could be safely ignored, must now 
be regarded as important; and certain principles 
and theories based on the results of many years’ 
experience may now in the same way be found 
no longer applicable. Capital cannot be attracted 
now by the terms with which the investor was 
formerly satisfied. Yet more capital is required 
than formerly, particularly as working capital for 
wages and costs during the period between the 
breaking of the coal and the payment for it by 
the consumer ; alsoin the increased use of machinery 
notably at the face, such as coal cutters, conveyors 
|and mechanical loaders. 

The question has frequently been raised as to 
the desirability of removing coal barriers left to 
prevent water from draining into a neighbouring 
|colliery, and it is suggested that not only could 
| substantial amounts of coal be recovered, but the 
pumping of the water could be done more economic- 
ally from a central pumping station. In practice, 
however, it may be found that the extra cost of 
raising the water the additional height more than 
offsets any advantage of the central station; 
furthermore, when the extra cost of raising the 
water is calculated over a period of years it may 
be found that more coal has been used for this 
purpose than was “saved” from the barrier. Of 
course, each problem must be considered on its 
own merits, but a book which sets forth the 
salient principles of mining economics, pointing 
out the various factors which have to be allowed 
| for, should prove invaluable alike to the engineer, 
pons owner or investor. The Economics of Coal 
| Mining, by Robert W. Dron, who is Professor of 
Mining at Glasgow University, is a book of this 
type; it has additional advantages of being a 
small volume at a moderate price, which should 
considerably enhance its popularity. 

Although this book contains much useful informa- 
tion, its real value lies in the unerring manner in 
which the author indicates the pitfalls which 
threaten the unwary, emphasising aspects of the 
various problems which despite their importance 
from a financial point of view are apt to be over- 
looked. Thus, for example, he advocates the 
necessity of subdividing the cost items, and the 
areas or districts to which these items refer. 
“Each seam or even in some instances each area 
of a seam should be considered in relation not 
only to the costs, but to the actual selling price 
realised. The cost of working in one 
section may be 1s. per ton higher than in another, 
but the product of the latter may be worth Is. 6d. 
more than the other.” Where attention is confined 
solely to working costs there may be a tendency 
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of these countries in regard to reduction of arma- 
ments, and Captain Alfred C. Dewar carries on 
his last year’s account of the Geneva Conference 
up till the date at which, last autumn, the United 
States rejected the Anglo-French agreement, while 
expressing its willingness to enter into further nego- 
|tiations. In connection with Admiral Rodgers’s 
statement of the American naval position, it is inte- 
resting to read a chapter in the Merchant Shipping 
Section on the American Merchant Marine, contri- 
buted by Mr. Alfred H. Haag, the Director of the 
Department of International Shipping at George- 
town University, which sets out the view that the 
interests of the United States require an ade- 
quate merchant marine as well as a navy. While 
these chapters express the several points of view 
In conclusion, the question of cleaning coal is|of Japan and the United States, Captain Dewar 
not forgotten; it is a subject which recently has| traces the effect of the successive stages of the 
come into considerable prominence and deservedly, | negotiations in regard to disarmament from the 
for by its adoption it should be possible for British Washington Conference onwards, and furnishes 
producers to meet their Continental rivals on some- | a record which will be convenient for reference in 
thing approaching equal terms. The author indicates | following the naval negotiations and measures that 
under what conditions coal cleaning should prove | may be expected in the future. 
advantageous. 


to obtain most of the output from seams with low 
working costs, with the result that the average 
profit of the colliery is reduced—a more serious 
consideration than any other. 

Apart from organisation, other chapter headings 
include valuation of minerals, valuation of a going 
colliery, development of a new colliery, power 
production, estimates of capital expenditure. There 
are also chapters on mineral leases and _ legal 
considerations. 

In discussing the much-talked-of schemes for 
the grouping of collieries, the author, whilst fully 
admitting the many advantages which might be 
expected, also points out convincingly the disad- 
vantages which would result in certain cases from 
the universal application of such schemes. 





describes and discusses Post-War Developments in 


Brassey's Naval and Shipping Annual, 1929. Edited by 
Commander Cares N. Rosryson, R.N. London: 
William Clowes and Sons, Limited. [Price 25s. net.] 

For many years past Brassey’s Annual has ap- 

peared with commendable punctuality towards the 

end of the year to which it referred. Though its 
contents for this year, the fortieth of its publication, 
are as informative as ever, and cover an even wider 


range of subjects, its appearance has been delayed 
through the retirement of Sir Archibald Hurd, | results with the least weight of machinery. In spite 


who shared the editorship of previous volumes, | of the fact that the new 10,000-ton German cruiser 
and the deaths of Sir Alexander Richardson and /|is to be driven by twin sets of Diesel motors, 
his son, Mr. James Richardson. The editorship | developing 50,000 h.p. and weighing only 17} Ib. 
thus devolved at very short notice on Commander | per horse-power, the writer gives reasons for doubt- 
Robinson, who of all the contributors had had | ing whether the Diesel engine is likely to satisfy 
the longest association with the Annual, and it | naval requirements generally, and inclines to think 
now appears with chapters by most of its previous | that the future line of progress will lie in increasing 
contributors, and several others dealing with | superheat to such extent as improved metallurgical 
subjects not treated in previous issues. knowledge may make possible, and in such increases 
Commander Robinson himself and Captain E.| Of steam pressure as experience may show to be 
Altham contribute, as before, the articles dealing | practicable. 
respectively with the naval resources of the British| Commander A. L. Gwynne contributes a new 
Empire and with foreign navies. The outstanding | chapter on Submarine Mines, a subject on which 
event in regard to the British naval forces since | the literature up till now has been scanty. With 
the last Annual appeared has been the commis-|the help of a chart showing the principal mine 
sioning of the Nelson and the Rodney, and of the | fields of the North Sea during the war, the strategic 
first group of the new 10,000-ton cruisers. Each| uses and possibilities of submarine mines are 
of these shows remarkable technical advance. The | explained in some detail, and for the time being 
Nelson has the same speed as the Revenge, completed | the article is a source of information not yet pub- 
in 1916, but in the Nelson, 35 per cent. heavier, this | lished elsewhere. Another new chapter, contri- 
is attained with an increase of only 12} per cent. in| buted by Lieut.-Commander A. C. Bell, gives a 
horse-power. In fuel consumption, again, the Nelson | convenient summary of typical contemporary 
burns only just over two-thirds of the oil burnt | naval literature. The text of the naval section is 
by the Revenge at full speed, and just over half| completed by Major P. L. Holmes’s chapter on 
at cruising speed. In cruising radius the new/ Marine Aviation, which outlines the technical 
County class shows an even more striking gain. | organisation of the Naval Air Force and the advances 
As against the 5,600 miles’ radius at 10 knots of| that have been made in the performance of its 
the older vessels, the new can steam 10,400 miles | units. These are seen notably in their ability to 
at 11 knots to 14 knots without refuelling—that is, | fly to or off the deck of a ship, and in their reliability 
from Portsmouth to Hong Kong, or from Hong Kong | as evidenced by more than one long journey each, 
to Valparaiso. Captain Altham shows that other | extending in all over 23,000 miles. Major Holmes 
countries also are outstripping their previous | suggests that by far the most important and valu- 
standards. The Italian 5,000-ton cruisers, for| able part played by aircraft during the war was in 
instance, are expected to attain a speed of 37 knots, | commerce protection, and he regards the develop- 
and their new flotilla leaders 38 knots, each the) ment of marine airways, which this increased 
fastest of their kind in the world. The most original | reliability makes possible, as an important factor 
design, however, is undoubtedly the 10,000-ton | of defence in time of war. 
German ship, armed with 1l-in. guns, and having; In the Merchant Shipping section, Sir John P. 
a speed of 26 knots, with the intention of thus| Taylor summarises the progress of the last ten 
defeating cruisers by superior armament, while years, during which the British Mercantile Marine 
eluding battleships by superior speed. In a later| has risen to just over what it was in 1914, nearly 


the conditions existing at the end of 1918. The 
| changes introduced during the war consisted sub- 


of the three-drum type and geared turbines for coal - 
fired large-tube boilers and direct driven propellers. 
International agreements about the maximum dis- 
placement of individual ships have led naturally 
to increased stress being laid on obtaining desired 








article this vessel is said to have a radius of action | a fourth of its ships being under five years old, and | 


of 10,000 miles at 20 knots. Mr. G. H. Hurford | half of them under ten years old. As in last year’s 
contributes the chapter on Comparative Strength | issue, Mr. Cuthbert Maughan traces the experience 
and Distribution, which this year is supplemented in | of liner and cargo vessels during the year, and an 
an appendix by a series of tables of comparative | anonymous writer gives the account of the standing 
naval strength. | of the world’s merchant fleet which last year was 


As last year, three chapters deal with questions | contributed by the Editors. New features are found 
of naval policy, discussed unreservedly from the | inashort and optimistic discussion by Sir William H. 
point of view of the writers. Thus, Commander! Seager of whether the world’s shipping trade is 
M. Niimi and Rear-Admiral W. L. Rodgers discuss | reviving, an account by Sir Halford Mackinder of 
respectively the naval policies of Japan and of} the origin and function of the Imperial Shipping 
the United States, setting out in some detail the 
considerations which have determined the attitude 


Committee, and Mr. Haag’s article on the American 
Merchant Marine to which reference is made above. 


Under the initials “S.H.P.” a new chapter 


Naval Machinery, with a preliminary summary of 


stantially in substituting oil-fired smal]-tube boilers 











A chapter as usual on Marine Machinery draws 
special attention to the increasing use of super- 
charging and of Bauer-Wach exhaust steam 
turbine plant. A fuller description of the latter 
is given in an article by Dr. Gustav Bauer. The 
text of the section is completed by Mr. W. H. 
Clapham’s article on Notable Merchant Ships of 
the Year. 

The appendices of profiles and plans of ships, 
including Mr. H. H. Palmer’s plans of British and 
foreign warships, ordnance tables, and the naval 
reference and merchant shipping reference sections, 
cover substantially the same ground as before, with 
slight additions. 





By J. D. Horrman and 


Elements of Machine Design. 
[Price 


L. A. Screro. London: Ginn and Company. 

17s. 6d. net. ] 

Tuts book is based on the authors’ experience that 
by the application of a few simple fundamental 
formule, the derivation of which need not be 
known, there should be no difficulty in learning the 
principles of machine design without the aid of 
higher mathematics. It follows that the work is 
of an introductory character, and cannot be taken 
to represent a student’s ultimate requirements. 
A working knowledge of the calculus is now so 
general on the part of engineering students that it 
would hardly seem necessary to assume any such 
limitation. The book consists of two main divi- 
sions, in the first of which the fundamental princi- 
ples of machine design are laid down. Standard 
equations and methods of calculation relating to 
shafting and couplings, belt and rope drives, pulleys, 
spur and bevel gearing, screw gearing, bearings, 
pipes and cylinders, and joints and fastenings, are 
quoted from well-known text-books, of which it is 
interesting to note that several English works, such 
as those by Unwin, Spooner, and Low and Bevis 
are called into frequent requisition. Numerous 
worked-out examples are to be found in the text, 
and at the end of each chapter a number of useful 
problems are given. The second division is devoted 
to the application of the information given in 
Division I to the design of typical examples of 
simple machines, including a toggle press, jib 
crane, punching and shearing machine, overhead 
travelling crane, and a Scotch marine boiler. In 
each case the analysis of the forces involved in the 
various problems of the design leading up to the 
preparation of the working drawings is discussed, 
with many useful sketches in a manner which will 
provide valuable practice for the beginner. This 
is the novel feature of the book, and has much to 
recommend it. Attention should, however, have 
been drawn to the fact that the method shown of 
obtaining the stresses in the gap frame of the 
shearing machine and in a crane hook can only be 
regarded as roughly approximate, and is not strictly 
correct, 

The book is well arranged and clearly written, 
and the frequent references throughout the text 
should enable the student to obtain a great amount 
of useful information with very little trouble. 





American Concrete Institute. Proceedings of the Twenty- 
fourth Annual Convention held at Philadelphia, Pa. 
February 28, 29 and March 1, 1928. Vol. xxiv. 
Detroit : American Concrete Institute. 

Tue activities of the American Concrete Institute 

are again made evident in the volume now under 

review, giving an account of the work done at the 
twenty-fourth Convention, held in the early part 
of last year. Thirty committees dealt with various 
aspects of the concrete question, whether properties 
of the materials used, production, behaviour of 
the finished product, application to varied uses, 
destructive influences, treatment of surfaces, con- 
crete plant operation, &c. The address of the 
president, Mr. M. M. Upson, is followed by papers 
upon matters of interest with the relative discus- 
sions. Six of these papers relate to the workability 
of concrete, its measurement, and the influence of 
the cement, gradation and character of the aggre- 
gates, and water allowances. With respect to 
the measurement of the quality of workability, 
merit is claimed for the penetration method in 
which a rod is caused to enter the mixture tested 
to a standard depth by repeated blows from 
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a “tup” having always the same drop, the number 
of blows required to do this being significant of the 
property studied. From examination of various 
cements it is shown that, though these may satisfy 
the same general requirements of a specification, 
there may be some little difference in their influence 
with tests for workability. It is noted that the 
less readily deformed, or stiffer, pastes, may yet 
produce the more readily worked concretes, due 
probably to the stiffer pastes being less readily 
squeezed out from between items of the aggregate, 
preventing direct contact, comparable to the 
advantageous use of thick greases between heavily 
loaded metallic surfaces. It is noted that for like 
proportions rough and angular aggregates make 


harsher concrete than those that are rounded and | 


smooth, due in part to the differences in voids, 
and in part to increase in the friction of items of 
the aggregate in contact. Workability, it appears, 
is‘affected also by the amount of mortar forming the 
matrix. A straight-line grading of the coarser 
aggregate is recommended. The richer concretes 
are said to be more influenced by variations in 
water content than those that are lean. A paper 
by Professor Gilkey on a method of predicting 
concrete strengths with increased precision furnishes 
a study of particular interest, though somewhat 
complicated. It is a not too confident attempt to 
manipulate a series of mean results from various 





laboratories with a view to secure more dependable | 
conclusions, but any such procedure is greatly | 
discounted in value by the irregularity of the| 
individual results from which those means are 
derived. The uniformity of mild steel gives an 
acceptable significance to any such indications, but 
the method when applied to a material so erratic 
in its behaviour as concrete is open to suspicion. | 
Conclusions so reached are, indeed, somewhat 
imaginary, applicable only to imaginary test pieces, 
though yielding, it may be, occasional fortuitous 
confirmation in practice. 

Crazing and the growth of hair cracks is the| 
subject of two papers which led to a useful discussion. | 
The carrying capacity of reinforcing rods having | 
hooked ends is discussed in an essay which furnishes | 
particulars of tests made with a view to ascertaining | 
the anchorage value of such treatment, either with | 
or without encircling spirals. The investigation 
was carried out at the University of Illinois and is | 
of considerable interest. The author of the paper | 
notes that with simple flat bends, in which the 
end of the rod is turned upon itself through 180 deg., | 
the results are markedly inferior to those cases in | 
which hooks of a liberal diameter are used, and | 
that spiralling the bends to check bursting gives | 
appreciably greater resistance, hooks of large| 
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diameter being most efficient. Observations on| THE CARL ZEISS WORKS AND THE 


slip were made throughout the tests. The elastic 
limit of the‘steel rods was not in all cases reached, 
but as}this limit was high (70,000 lb. per square 
inch), that is not surprising. The inquiry, with 
the subsequent discussion, is of considerable value. 
A paper upon the flow of concrete under sustained 
compressive stress, based upon tests of plain 
concrete cylinders, throws further light upon a 
matter which has lately gained attention. It 
appears evident that the leaner the mixture the 
greater the flow, which is greater also with a small 
fineness modulus of the materials, and is more 
pronounced with pieces stored in air. Flow during 
the first seven days of test may be greater than 
during a further three months of loading. Old 
concrete shows less marked flow results than new. 
There is much else that is worth attention in this in- 
structive volume relating to details of construction, 
cost, building regulations, &c., which can hardly be 
dealt with in a review of moderate length, but one 
item by the Director of Research of the Portland 
Cement Association, Mr. F. R. McMillan, should be 
noted. This is described as a ‘“‘ Concrete Primer,” 
and, in the form of question and answer sets out 
to give in very convenient form a statement relating 
to cement, mortar, and concrete which will be 
found useful. In 30 pages the writer summarises 
a very considerable amount of information. Free 
from mere verbiage, it may be the more readily 
assimilated, and particulars desired by the inquirer 
most readily found. 

Further information relating to many of the 
papers taken at the Convention, will be found on 
page 494 of ENGINEERING, vol. cxxv. 








INcoME-Tax HanpBoox.—We have just received a 
copy of the 1929-30 edition of the Hand5ook on Income 
Tax ani Surtax by Mr. C. H. Tolley. The book deals 
with the subject very exhaustively and is obtainable, 
price ls. post free, from the author, at 107, Tierney-road, 
Streatham Hill, 8.W.2, or from the publishers, Messrs. 
Waterlow and Sons, Limited, London Wall, E.C.2. 





THe ALHAJUELA Dam, Panama CANAL.—We have 
on several occasions referred to the Alhajuela project 
of the Panama Canal authorities. This consists of the 
building of a dam across the Chagres river at Alhajuela 
in order to form a reserve of water during wet seasons 
for use during very dry seasons. The work, which 
it is anticipated will take five years to complete, was 
commenced last year. We ascertain from a recent 
issue of The Panama Canal Record that, in recognition 
of the distinguished services of Mr. M. B. Madden 
and in appreciation of his active and efficient interest 
in the Panama Canal throughout its entire construction 
and operation, the Alhajuela dam, the lake created 
thereby, the entire installation, and the road leading 
from Summit to Alhajuela, are to be known, respectively, 
as the Madden dam, lake, plant, and road. 





ZEISS FOUNDATION. 


In the scientific and technical world mention of 
the town of Jena suggests optical instruments and 
optical glass. The instruments are the product of 
the firm of Carl Zeiss; the glass comes from 
the works of Dr. Otto Schott und Genossen. The 
two firms are independent, but the two founders 
worked together, and both establishments are 
administered under the Carl Zeiss Foundation, 
which was created by Ernst Abbe. Historically, 
Abbe was the second, but scientifically he was the 
leader of the three men who built up the present 
organisation. 

The firm of Carl Zeiss is not yet a hundred years 
old. In 1846, Carl Zeiss established himself as an 
instrument maker in a small shop in Jena on the 
Saale. Jena has been a University town since 1558, 
and in 1846 was a town of 10,000 inhabitants in the 
Grand Duchy of Sachsen-Weimar-Eisenach, now 
part of the State of Thuringia. Zeiss was born in 
Weimar in 1816, and was son of a toy maker ; he had 
a good schooling and practical experience in Stuttgart 
and Vienna. When he wanted to improve his 
microscopes on novel lines, he felt the lack of a 
scientific training, and looked round for a partner. 
His first choice was unfortunate. His second partner 
was Dr. Ernst Abbe, born in 1840, a son of a foreman 
spinner of Eisenach. He had studied in Jena and 
Gottingen. In 1866, when he joined Zeiss, Abbe was 
a University lecturer in Jena. In 1874, he was 
offered a professorship at the new physical institute 
of Jena, but declined it in order to devote himself 
entirely to the optical establishment. The partners 
brought out new types of microscopes, of elaborate 
design, so that other firms advertised their own 
microscopes as “‘not designed on Jena scientific 
principles.” The phrase, however, changed very soon 
into ‘‘ quite as good as Jena instruments.’’ Abbe was 
unfamiliar with optical works routine, and when he 
tried to apply the orthodox formule to the designs 
of lens systems, he found that narrowing the stops 
improved the image only up to a certain limit, 
though ample light might still reach the eye, and 
that the image formation could not be predeter- 
mined by tracing rays in the orthodox manner. 
He worked out his wave theory of image formation 
in 1870, but as he only outlined it in a mathe- 
matical archive, no attention was paid to the theory 
for years, until fuller accounts were published by 
himself, and later, in 1904, by Dr. M. von Rohr; 
the Department of Scientific and Industrial Re- 
search had this last paper translated into English 
in 1920. With the soda-potash-silica crown glasses 
and the heavier lead flints of the ’seventies, fair 





achromatism’was obtainable for the spectrum lines 
B and F, but not at the same time for lines C, D 
and E. In order to eliminate this secondary spec- 
trum, Abbe wanted glasses of unrealised refraction 
and dispersion coefficients, and he tried fluid cells 
and unusual lens combinations. About this time he 
met Dr. Otto Schott, who was born 1851, and was 
the son of a glassmaker of Witten, Westphalia, who 
was himself interested in mineralogical chemistry. 
After Guinand and Fraunhofer, experiments on 


new optical glasses had been made by Harcourt | 


and Stokes, but their glasses were not homo- 
geneous. The first I'thium glass which Schott 


submitted to Abbe was also by no means a suc- 
cess, and had not even the properties anticipated, 
but the new borates and phosphates and fluorine 
glasses were more satisfactory. Schott joined 
Carl Zeiss in 1881, and the new works and glass 
technological institute were started in 1883. The 
commercial possibilities of the new glasses were not 
promising ; a few kilogrammes satisfied the de- 
mand for object glasses. Fcrtunately, the Prussian 
Standardising Bureau was then becoming exasper- 
ated by complaints about glass thermometers and 
the variations of their fixed points. Owing to 
the influence of Helmholtz and Wilhelm Foerster, 
the astronomer, the Prussian Chamber of Deputies 
granted the sum of 3,000/. for glass study, on the 
condition that Schott should transfer his works to 
Berlin. 

This condition was withdrawn when Schott 
refused to separate from Zeiss and Abbe, and the 
money was duly paid. 
subsidy which the works have ever had from the 


Governments of Prussia or the Reich. By 1884, the | 


This, however, is the only | 
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Fie. 3. INTERIOR OF MACHINE SHOP. 
new normal Jena glass 161% had greatly diminished 
| the depression of the freezing point in thermometers, 
| and the newest glass 29541! has almost eliminated it. 
Progress in the Zeiss factory became rapid 
| after 1889, pre-eminently owing to the genius 
|of Abbe, whose name fs directly connected with 
|the introduction of cedar-wood oil for homo- 
|geneous immersion, and the origination of apo- 
|chromatic objectives, stereoscopic eyepieces and 
| condensers, and other devices. By 1890, depart- 
ments for photography, astronomical and terrestrial 
telescopes, and precision measuring instruments had 
been started. The departments for geodesy and 
surveying and, later, for spectacles, as well as the 
'ultramicroscope of Siedentopf and Zsigmondy, 
date from the beginning of this century; the 
micrometer gauge and tool department was only 
started after the war. One of the successful 
spectacle specialities were the Punktal (point focal!) 
lenses of Gullstrand, which give correct vision for 
rays oblique to the rim of the lens. By the time 
that the 3,000th miscroscope was sold in 1876, the 
old workshops in the town had reached the point 
at which they would not admit of further exten- 
sion, and ground was acquired outside the town 
boundaries. The town itself, however, grew together 
with the Zeiss works—the population of Jena was 
53,900 in 1925—and, in due course, the 25 acres of 
the site came once more within the municipality. 
Fig. 1, on page 665, shows the growth of the Zeiss 
works, the extensions of various years being indi- 
cated by different hatchings. Most of the avail- 
able ground is already built upon. The glass works 
are not shown in this figure, being a separate 
factory situated about a mile away. The buildings 





of the Zeiss works are all ferro-concrete structures, 
5 to 11 storeys in height, so designed that 81 per 
cent. of the outer surface is windows and skylights. 
The steam-heating plant and electric substation, 
the foundries for iron and light alloys, and the 
heavy engineering shops lie in the centre of the 
main block. The new foundry and spectacle fac- 
tory, built in 1924, which is illustrated in Fig. 2, 
is typical of the construction employed. 

In the glass stores, on the ground floor of the 
Zeiss works, every piece of glass in numbered. The 
glass grinding and polishing shops occupy several 
floors, and there are some 20,000 grinding tools for 
700 radii of curvature. The general office and draw- 
ing offices extend the whole 320 ft. length of a floor. 
Fig. 3 shows the machine shop on one of the top 
floors. The astro-department has its own erecting 
shop, illustrated in Fig. 5, on the opposite page, and 
also a dome similar to that shown in Fig. 4. The 
Zeiss double refractor shown in Fig. 5 was sent last 
year to the Lembang Observatory in Java. It has 
two object lenses, for visual observation and for 
photography, of 600 mm. diameter and 10-5 m. focal 
length, mounted in a tube of 1-7 m. diameter ; the 
movable masses weigh 14 tons, but one }-h.p. 
electric motor suffices for the drive. With the aid 
of switches attached to the eyepiece end of the 
instrument, the observer controls the movement of 
the telescope, the rotation of the dome, and the 
rising of the floor. The 650-mm. refractor, shown in 
Fig. 4, was finished in 19]4 for the Observatory at 
Neu Babelsberg near Potsdam; the floor can be 
rotated on rails. The firm has not only built a 
large number of telescopes of various types, but also 
equipped the observatories. 
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The important work that has been done in Dr. 
Schott’s glass technological laboratory and works is 
wellknown. The latest lists of optical glasses tabulate 
the constants and properties of 120 kinds of optical 
glasses, with refractive indices up to 1-93, and, in 
addition, some forty coloured glasses and glass 
filters. Dr. F. Berger, of the firm, considers that 
glass is not merely an undercooled solution but the 
brittle vitreous condition represents essentially a 
polymerisation of liquids or solutions down to 
amorphous congelation. How to keep such com- 
plex systems free from striz and colour, resistant to 
atmospheric influences, homogeneous and constant, 
and how to suppress the tendency to crystallisa- 
tion and to combine, apparently contradictory 
properties, are problems in the solution of which 
progress is very slow. Recent researches concern 
five-component systems. About one ton of materials 
is daily manufactured into optical glass, but the 
bulk of the glass and products made in Jena is, of 
course, for laboratory and industrial purposes. The 
Supremax glass, for combustion tubes, will withstand 
675 deg. C., and thermometer glasses can withstand 
510deg. C. Water gauges were first made of compound 
glass, consisting of a thick glass shell surrounding an 
inner thin layer of a glass of low thermal expansion ; 
the recent Durobar gauge glasses can be sprayed with 
cold water when under a steam pressure of 450 lb. per 
sq. in. The glass filters are produced by grinding 
various glasses (also quartz) to fine particles and sin- 
tering the fragments together to form discs, which are 
widely used as filters, for the extraction of liquids and 
vapours, and also as porous partitions in the place 
of wire gauze in explosion tests, and for the pre- 
vention of explosions in blow-pipes. The Minos 
glass is recommended for high-frequency condensers ; 
the Suprax glasses are suitable for lamps of 
all types; and the Robax glass is a kind of semi- 
translucent porcelain. 

In the glass-making factory, the ground materials 
are weighed to within 0-01 per cent., and the weights 
are corrected according to the humidity of the atmos- 
Fic. 5. AstronomicaL-INsTRUMENT EREcTING SHOP. phere to allow for water absorption. The pots of 
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various shapes are cast on the Weber method,’the 
fireclay, mixed with sufficient soda to produce a 
colloidal paste, being poured into the space between 
a core and a mould of gypsum. The cooling of the 
fired pots takes from one to two months, and about 
1,000 pots are used in the works each year. All the 
firing in the glasshouse—apart from the laboratories 
—is done by producer gas generated in producers 
with rotating grates. Dust. tar and vapours are 
removed from the gas by a Cottrell-Méller high- 
tension precipitator with axial-wire electrodes, 
supplied by the Lurgi Apparatebau Gesellschaft, of 
Frankfurt-on-Main ; by-product recovery from the 
gas was not found profitable. The glass is stirred 
with clay rods; on the average, the optical glass 
takes about six weeks to cool from 600 deg. C. 

Up till 1876, Carl Zeiss was the sole owner, as well 
as manager of the works. Then Abbe became a 
joint owner, and after the death of Carl Zeiss, in 
1888, and the retirement of his son, Dr. Roderich 
Zeiss, Abbe remained in sole control. By a 
deed of gift, Abbe surrendered all his proprietary 
interests in 1891 to the Carl Zeiss Foundation. 
Owing to failing health, he had himself to retire 
in 1903, and he died in January, 1905. His 
Foundation has been criticised as unfair to his 
widow and two daughters, and for other reasons, 
but it was the result of many years of careful 
consideration. It received State approval, and 
the University of Jena made Abbe a Doctor juris 
for this legal achievement. Dr. Schott, who had 
been bound by the Foundation as regards administra- 
tion, also surrendered his ownership right in 1919. 
The parties interested in the Foundation are) the 
descendants of the founders and the trustees and 
board of administrators, elected according to German 
law, the works committees, the employees, and, 
further, the University of Jena, which is one of the 
beneficiaries, like the others, and not a benefactor 
of the Foundation. T™ | 

The establishment is a co-operative association 
for production, but not in regard to adminis- 
tration. The board appoints the managers or 
directors from the working staff, and may not 
invest its capital in any industry outside its own. 
There are four managers in the Zeiss works, and 
three in the glass works. The works council deals 
with internal organisation, wages, dismissals, &c. 
No member, not excluding the directors, may draw 
in salary or wages more than 10 times the average 
annual wage of workers above 24 years of age of at 
least three years’ standing. The remuneration scale 
rises at a moderate rate to a limit which would not 
tempt many technical men. There are other sources 
of income and profit-sharing under the Foundation, 
but profit-sharing is not carried out in the ordinary 
sense. Wages and salaries are made up of three 
parts: a fixed irreducible pensionable minimum, 
a supplementary allowance for extra piece or time 
work, and a variable bonus. This bonus rose to 
10 per cent. in 1900, but vanished altogether in 
1903 ; the workers then agreed that piece rates 
had been fixed too high, and accepted a reduction. 
The directors, who declare the annual bonus, do not 
share in it; they are, however, not excluded 
from the general recognition of special services for 
inventions, &c. 

The working day of eight hours, which Germany 
legalised in 1918, was adopted in 1900, after the 
Zeiss workers had declared that they would do in 
eight hours what they had previously accomplished in 
nine. After some trouble in the recent years 
of distress, a week of forty-eight hours and a 
two hours’ break at noon, instead of continuous 
work, were instituted in 1924. As _ regards 
holidays, workers are allowed six days with pay 
after one year’s service, and one further day for 
every two years up to twelve days, the maximum of 
eighteen days being allowed after thirty years. The 
holiday pay is the minimum time wage plus 30 per 
cent. Staff members are entitled to holidays of 
twelve days and finally three weeks. The welfare 
arrangements and the sickness and pension allow- 
ances are generous and exceed the legal obligations. 
Compensation is made for dismissal, and this pro- 
vision became very difficult to carry out when, after 
the war, during which the number of employees had 
reached nearly 10,000 (half of whom were women), 
the number fell below 5,000 owing to the enforced 





closing of several departments. The obligations, how- 
ever, were met as far as possible, and the Foundation, 
though severely shaken by the calamities of the 
aftermath of the war, is now as stable as before. 
The University of Jena owes to the Foundation, 
and to Dr. Schott personally, its new building of 
1908 and its Technological Institute for Physics 
and Chemistry. A School of Opticians and other 
educational institutions, hospitals and the Volkshaus 
indicated on the plan, Fig. 1, as well as its splendid 
library, have the same origin. 

The first planetarium, opened in 1924 in Jena, 
is of much interest on account of the construction 
of its hemispherical dome, 82 ft. in diameter. This 
consists of a lattice of slender bars and a few centi- 
metres of sprayed-on concrete, the thickness of the 
shell being smaller, in comparison, than that of an 
egg shell; the ratio of shell thickness to span is 
about ,2,, even in the larger constructions of this 
type, such as the spherical-cap roof, 40 m. in span, 
of one of the new buildings of Messrs. Schott. 
The bars of the reinforcement are accurately cut 
to length and connected with the aid of a platform 
revolving inside the dome. The reinforcement 
weighs 9 kg. per sq. m. (1-8 lb. per square foot), 
and the mass of the iron is equivalent to that of 
an iron shell plate, 1 mm. in thickness. The echo 
troubles under the planetarium dome were over- 
come by means of linen sheets, stretched on iron 
ribs and wooden frames under the ceiling. This 
construction was first adopted for the projection 
planetaria of Dr. Ing. W. Bauersfeld, in which the 
visitor, sitting in his chair on the floor, watches the 
celestial movements, including precession, accelerated 
as if the year were reduced to periods of 4 minutes, 
1 minute, or 7 seconds. The firm has built, or has 
under construction, a total of eighteen of these 
planetaria. In the earlier form of mechanical plane- 
tarium, due to Dr. F. A. Meyer, also of Messrs. 
Zeiss, the visitor stood on a revolving platform. 

In the design of these ferro-concrete shell roofs, 
which are known as Zeiss-Dywidag, Dr. Bauersfeld 
is associated with Messrs. Dischinger and Finster- 
walder, engineers to Messrs. Dyckerhoff and Wid- 
mann, of Biebrich, the builders of all the ferro- 
concrete structures of Messrs. Zeiss. The design 
has been extensively used. The cupola of the 
Dresden planetarium ,is a polygon consisting of 
16 curved sectors. ‘The cupola roof of the market 
hall of Leipzig, of 76 m. span, is also polygonal, 
but the sectors are concave. The market hall 
of Frankfurt-on-Main, a rectangle of 220 .m. by 
50 m., is covered by a series of 15 cylindrical 
shell roofs, each of 14 m. span. The aerodrome of 
Kowno, Lithuania, which has a gate of 50 m. 
width, has also been provided with a shell-roof, 
and the new cooling towers. of the Prosper Colliery 
in the Ruhr district, which are truncated cones, 
33 m. high and 13-6 m. in diameter, are enclosed 
by conical shells. These shells are 4 cm. thick in 
the upper portion, and thicker below, where the 
tower stands on eight pillars. 





ALLOYS OF IRON RESEARCH. 


THE progress made by the iron and steel industry 
during the Nineteenth Century was largely due to 
the energy and initiative of a few scientific men, 
who, often in the face of inadequate resources 
and lukewarm support, carried their investigations 
to a successful conclusion and, step by step, brought 
the industry nearer its present state of efficiency. 
When, however, in the late ’eighties of last century, 
methods of production had become more or less 
standardised, and alloy steels were gradually coming 
to the fore, the feeling gained ground that a system- 
atic scheme of research should supplement the 
efforts of individual investigators. Consequently, 
the Alloys Research Committee of the Institution 
of Mechanical Engineers was formed in 1890, and 
between that date and 1921, eleven research reports 
were issued. The range covered was a very wide one, 
and towards the end of this period of 30 years, the 
study of many non-ferrous alloys and, more par- 
ticularly, of aluminium alloys was given prominence 
in the general scheme. After the publication of the 
eleventh report of the Alloys Research Committee 
it was suggested that, while much investigatory 
work had been carried out on iron and steel in a 
general way, little was known concerning the 





constitution offfeven ordinary binary alloys of 
iron with chromium, manganese, and other metals, 
in the absence of carbon. A new committee, desig- 
nated the Ferrous Alloys Committee, was therefore 
formed, and this comprised representatives from 
the Royal Society, the Institution of Civil Engineers, 
the Institution of Mechanical Engineers, the 
Institution of Naval Architects, the Inst:tution 
of Electrical Engineers, the Iron and Steel Institute, 
and the Institution of Mining and Metallurgy. 

The first reports of the new committee were 
published in 1924* and dealt mainly with the 
effect of oxygen on iron. The Committee was 
subsequently renamed the Alloys of Iron Research 
Committee, and received grants from the Advisory 
Council of the Department of Scientific and Indus- 
trial Research. A second report dealing with the 
influence of nitrogen on iron-chromium alloys 
was presented at the 1926 autumn meeting of the 
Iron and Steel Institutet The third batch of 
reports, published in 1927}, indicated that the 
Committee was dissatisfied with the “ pure ” metals 
available and was turning its attention to the 
preparation of pure chromium, manganese, and 
silicon in quantity, in order to be in a position to 
prepare for investigation alloys of iron of the 
highest possible purity. Further reports on the 
work of the Committee will be published from time 
to time and it need hardly be said that these will 
receive the interested attention of metallurgists 
in all parts of the world. 

In view of what has been accomplished in this 
country in the sphere of ferrous alloys research, 
it is interesting that an Alloys of Iron Research 
Committee was formed recently in the United 
States. The Committee was constituted in May, 
1928, following upon a conference of representatives 
of makers and users of iron and steel, technical 
societies, Government bureaux, and university 
authorities, held at the invitation of the American 
Institute of Mining and Metallurgical Engineers. 
The conference took place at the suggestion of 
Engineering Foundation, the national body consist- 
ing of representatives of the American Societies 
of Civil Engineers and Mechanical Engineers, and 
of the American Institutes of Electrical Engineers, 
and Mining and Metallurgical Engineers. The Com- 
mittee on Alloys of Iron Research thus formed, 
consists of five members. Mr. J. Johnston, director 
of research and technology of the United States 
Steel Corporation, is the chairman. The other four 
members are Mr. F. M. Becket, president of the 
Union Carbide and Carbon Research Laboratories, 
Mr. H. W. Gillett, chief of the Division of Metallurgy, 
United States Bureau of Standards, Mr. J. T. 
Mackenzie, metallurgist and chemist of the American 
Cast Iron Pipe Company, and Mr. A. J. Wadhams, 
director of research of the International Nickel 
Company. After several meetings, the Committee 
issued a report in which it was stated that the work 
to be undertaken immediately was “to assemble, 
as critically as possible, the available information 
of all kinds, from all sources, on iron and its alloys, 
these terms being used in the widest sense.” 
Experimental research work will, it is understood, 
be undertaken in due course. This, it appears, 
will be much on the same lines as that conducted 
by the British Committee, and will be of the funda- 
mental type. The present work on literature is 
expected to cost some 150,000 dols. in a period of 
five years. The object will be to review in a critical 
manner the literature of the subject, and to publish 
a series of monographs and manuals. The mono- 
graphs will reduce to compact form all that is of 
value on a specific subject, with a view to assisting 
research workers in laboratories and the industries. 
The manuals will be mainly intended for technical 
staffs, consulting and inspecting engineers, &c. 
The second part of the research will be directed to 
filling in such gaps in knowledge as are disclosed 
by the examination of the literature of the subject. 
Universities, scientific institutions, and industrial 
organisations will be invited to undertake portions 
of this research programme, with or without financial 
assistance from the Committee. Prominence is given 





* Journal of the Iron and Steel Inst., vol. cx, page 85 
(1924); and ENGINEERING, vol. cxviii, page 366 (1924). 

+ See ENGINEERING, vol. cxxii, page 308 (1926.) 

t See ENGINEERING, vol. cxxiii, page 744 (1927). 
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to the necessity of co-operating with laboratories and 
scientific organisations in other countries, and it is 
hoped that, with due regard to this, there will be 
no overlapping or duplication of work. 





SurrLy oF Scrap ror STEELMAKING.—A Committee 
comprising Mr. Roy Wilson, Sir Henry Fowler, Sir Alfred 
Herbert, and Mr. C. K. Hobson has just been appointed 
by the President of the Board of Trade to inquire into 
the position regarding the supply of scrap for steelmaking 
in the United Kingdom. Mr. Wilson is the chairman, and 
Mr. Hobson, of the Board of Trade, Great George-street, 
London, 8.W.1, is the secretary. 


USE AND SUBSTATION. 


2,000-KW. HYDRO-ELECTRIC PLANT 
ON HIGH CONCRETE PIERS. 


THE construction of a hydro-electric generating 
plant between high cliffs on a stream of the so-called 
‘‘ flashy” type, such as one of which the drainage 
area contains no high mountains which hold snow-fall 
until the dry season in the valleys or swamp and 
lake regions, at a narrow place in the river is, if 
the development is of the direct type, with dam 
and power house together, accompanied by the 
problem of devising means for providing for larger 
maximum flow, and at the same time finding 
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accommodation, with the last possible obstruction 
in the river channel, for the power house. An 
interesting plant of this type has recently been 
completed on the Kentucky River, which flows in 
a general north-westerly direction across the State 
of Kentucky, and empties into the Ohio River 
between Louisville, Ky. and Cincinnati, Ohio, 
U.S.A. This belongs to the class of flashy streams, 
as do all rivers in the southern and south-eastern 
part of the United States. The rainfall in the 
drainage basin of the Kentucky River is about 
45 in. per annum, the basin being largely agricultural 
in nature, with some mountains in its upper section. 

The Kentucky Hydro-Electric Company, operat- 
ing in the State of Kentucky, have, in the last few 
years, undertaken some notable developments on 
the Kentucky River and its tributaries. Part of 
the company’s system is shown in Fig. 1, this 
embracing the section with which we are now 
concerned. Another section of considerable import- 
ance extends over the western portion of this State. 
The Dix River Dam is believed to be the tallest 
rock-fill structure in existence, and is the latest 
and most modern rock-fill dam in the western 
hemisphere. This dam is constructed across the 
Dix River, about 3} miles above its confluence with 
the Kentucky River, which has been the subject of 
study and development for navigation by the War 
Department of the U.S.A. for many years. There 
are 14 locks and dams controlling navigation levels 
for a distance of about 250 miles and a total head 
of 219 ft. Seven of these navigation dams are 
above the mouth of the Dix River, and control a 
total fall of 123 ft. The other seven are below the 
mouth of the Dix River and control a total fall of 
96 ft. The projects below the mouth of the Dix 
River will, therefore, have the benefit of not only 
the storage dam on the Dix River, but also of 
additional storage, which can be made available 
upon the upper forks of the Kentucky River. 

Lock and Dam No. 7 of this group, with which 
this-article is concerned, is about half-a-mile below 
the mouth of the Dix River, and approximately four 
miles below the Dix River Dam station. The 
normal head at Lock No. 7 is 15 ft., and it is at 
this location that the Kentucky Hydro-Electric 
Company have recently constructed a power plant 
unlike any other in existence, and of very unusual 
type from an engineering standpoint. The power 
house is, as shown in Fig. 2, built on top of high 
concrete piers, which place it well out of the reach 
of debris-laden floods which at times flow down 
between the high cliffs of the river gorge. This 
station is operated entirely by supervisory remote 
control from the Dix Dam station, and embodies 
certain interesting departures from the ordinary 
practice in this direction. 

Because of its proximity to the Dix River Station, 
it is very conveniently located for supervisory 
control, and because the upper pool water of Dam 
‘No. 7 extends to the Dix River Power House, it is 
also well located for synchronous utilisation of 
the water discharged by the Dix River Station. 
This site can, for these reasons, readily serve as 
almost equivalent to an increase of 15 ft. head 
at the Dix River Dam. Water discharged by the 
Dix River units is used immediately by the units in 
No. 7 station, without appreciable lapse of time. 
This station was, therefore, adopted as the first 
development on the Kentucky River to utilise the 
storage created by the Dix Dam. 

Dam No. 7 is the shortest of all the fourteen navi- 
gation dams on the river, having a spillway length 
of only 340 ft. to carry off the flood-waters from’a 
drainage area of 5,000 sq. miles. A maximum 
flood level of 27 ft. over the spillway crest has been 
known, at which time headwater and tailwater 
levels were about equalised. On account of the 
short length of dam, which, with a rise of the river 
level, causes the No. 7 lock to be flooded out and 
put out of use for navigation earlier than any other 
lock, it was not considered desirable to adopt a 
design of power house of the conventional type in 
conjunction with this dam. Such a procedure 
would result in shortening the crest by some 80 or 
more feet, with still higher floods over the dam, 
besides endangering the electrical equipment of 
the power station. Moreover, an almost vertical 
cliff rises from the river at the end of the dam 
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power house beyond the present abutment of the 
dam economically impossible. It was, therefore, 
decided to construct a power house within the 
existing length of the dam, and so to design it as not 
to reduce greatly the effective length of the former 
spillway. To this end, the hydraulic turbine pits 
were built so that their roofs are at the same eleva- 
ticn as the spillway crest, and the power house has 
been built on three tall concrete piers centred over 
the hydraulic turbine units. Each pier is arched 
over one turbine, from an upstream pier supporting 
the trash racks to a downstream pier supporting 
the lower side of the power house. Each concrete 
pier encloses one turbine shaft and protects it from 
damage from floating drift. The piers are each 
6-ft. thick, which is much less than the diameter 
of the electric generators, and inasmuch as the shafts 
of the turbines come up through the centres of these 
piers, the generators necessarily overhang the thick- Fig.8. DETAIL PLAN OF GENERATOR FLOOR AND TOP PIERS. 
ness of the piers. The required building has, there- --- 8S 

fore, been provided with cantilevers at each end, to 
make room for the accommodation of the switch- 
board, auxiliaries, &c. 

Although No. 7 Station is situated near a railroad, 
it had to be located at the end of the dam remote 
from the navigation lock, which was on the railroad 
side, and the site could not be reached by a highway 
constructed at reasonable cost on the other side. 
The plant was, therefore, designed so that all parts 
could be transported by barge, both for initial 
installation and for subsequent repair and attention. 
To handle this heavy machinery by a standard 
overhead travelling crane would have required a 
cantilever runway for the crane at one end of the 
building to permit it to run out of the building and (1003 c) 
over the barge alongside. Resort was, therefore, | 
had to a travelling gantry crane. This crane runs| The features to which we have already referred will | trations, Fig. 14, on the opposite page, is a cross- 
on a track on the roof of the power house, and its| be made clear on reference to several of the illus- | section of the power-house, and shows the arrange- 
cantilever arms extend over the forebay and tailrace. | trations which accompany this article. Fig. 2, | ment ofthe turbines and generator units, and of the 
It is capable of lifting machinery off a barge and | already referred to, shows the power house standing | roof gantry mentioned above. Fig. 15, page 678, 
placing it in the power house, through hatches in| on the dam, the navigation lock being in the fore- | shows the gantry in the act of handling parts of the 
the roof. This scheme greatly reduced the necessary | ground and the outdoor substation on the far bank. | machines from a barge alongside. Fig. 16 gives a 
height and cost of the building. Passing over, for the moment, the intervening illus- | good idea of how the power house stands upon its 
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piers, and how the ends have been cantilevered out 
beyond them to provide extra room inside. This 
view also shows the substation on the nearby bank. 
A view of the generator room is given in Fig. 18, 
showing one unit, and, above, one of the hatches 
through which parts are lowered by the roof gantry. 

Among the remaining illustrations, Figs. 7 and 8, 
on the opposite page, are two plans of the power 
house, with the piers extending on either side of the 
building. The former shows the generator-room floor, 
and the latter the floor and the top of the piers. It 
may be stated that Fig. 18, page 678, shows No. 1 
generator, with the switchboard, automatically con- 
trolled from the Dix Dam station, behind it. The 
smaller switchboard, on the right, is an auxiliary 
board controlling the exciters. 

Figs. 3 to 6 relate to the piers and wheel pits, 
while Figs. 9 to 13 show details of the reinforce- 
ment in the concrete at these parts of the struc- 
ture. In Fig. 3, the left-hand portion is an outside 
elevation on the up-stream or intake side. The 
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central portion is a vertical 
section taken on the line of 
the gate grooves, while the 
right-hand part is a section 
on the axis of the turbine 
pit. Fig. 4 is a cross-section 
on one side of one of the 
wheel pits, as indicated in 
Fig. 5, and Fig. 6 is a part 
vertical section in front of 
the turbine setting. Figs. 9, 
10 and 11 show the rein- 
forcement in the piers and 
turbine setting, Fig. 12 a 
plan of the top of the wheel 
setting, and Fig. 13 a 
typical section of the down- 
stream wall. It may be 
added that Fig. 4, showing the intake to the | lower compartment on the left of Fig. 3. The roof 
turbine, also shows, at the bottom on the right, the | or deck of the turbine pit acts as a part of the 
tail-water discharge, this corresponding with the | spillway of the dam. For this reason, an opening 


“ENGINEERING” 








672 


has been arranged through each pier and span- 
ning the pit liner in an upstream and downstream 
direction. Removable covers are provided to 
enclose this and the top of the pit liner, and when 
these are removed, the turbine runner and its section 
of the shaft can be lifted until the bottom of the 
runner is clear of the deck or roof of the wheelpit. 
By then moving the runner and shaft sideways, 
the parts can be taken out on to the deck or spillway. 
To protect this spillway deck from overflow while 
assembling or dismantling machinery, a single pair 
of head gates has been provided, which are of 
sufficient size to close off the water from one unit 
at a time. These head gates extend to a height 
of 6 ft. above the crest of the spillway. It 
has not been thought necessary to provide for 
such operations at higher levels of the river, as 
the actual time for installation or dismantling of 
machinery can generally be chosen with some degree 
of latitude. 

The head gates are of the Broome caterpillar type, 
and, when not in use, are placed in a horizontal 
position across the top of the piers, on the upstream 
side of the power house, by means of the gantry 
crane, which is also equipped with a rake for clearing 
the trash racks. No sluice gates in the ordinary 
sense are employed, the control of the flow to the 
turbines being solely by means of the gates of the 
speed rings. 

The old dam, built by the U.S. Army Corps of 
Kngineers, was a timber-crib structure with a con- 
crete deck. The power house was built downstream 
from this. In order to join up the river end of the 
power house properly with the crest of the old dam, 
it was necessary to break through the concrete 
deck of the latter and dig out two rows of crib 
pockets. These were carefully cleaned out with 
orange-peel grab buckets and divers, and afterwards 
filled with concrete. Upon the foundation thus 
constructed was built a wing wall extending from 
the power house upstream to the crest of the old 
dam. The cofferdam built for this work on the old 
crib dam is shown in Fig. 17, on page 678. The 
wing wall referred to is to be seen clearly in Fig. 2, 
on page 669. 

Automatic control is provided by floats, super- 
ceded by supervisory control from the Dix River 
station when desirable over telephone circuits. For 
the reason that the hydraulic turbines are of the 
high-speed propeller type with constant low effi- 
ciency at light load, and the units are small in pro- 
portion to the load on the system, the control was so 
arranged that each unit will run normally at the 
gate opening giving the best efficiency, or not operate 
at all. In other words, when a unit is brought into 
operation by float or supervisory control, its gates 
will be opened to the point of best efficiency the for 
turbine. This can be determined and set by the 
operator for varying loads, and will be maintained 
until the unit is shut down altogether. This is 
done by setting the governors to operate at slightly 
higher than the normal frequency of the system, thus 
holding the gates always against the gate stop, but 
permitting them to close in case of interruption of 
load. 

As the head water vises, the three units are cut 
into service consecutively at predetermined increases 
in head, which can be adjusted, and the order of 
doing so, as between the three units, can be altered 
as desired by the operator or by the inspector on 
the oceasion of any visit to the station. In the 
event of a rise of the head water above what can 
be utilised by the turbines at normal gate opening, 
the gate limit stop on the governors is automatically 
released, allowing the turb.nes to open to full gate 
position for maximum use of the surplus water. 

Certain features of design and operation of the 
supervisory remote-control equipment are of special 
interest. For example, the generators have a defi- 
nite normal operating temperature, and if one or 
another begins to overheat, a thermostat stops the 
generator and signals the fact to the operator at 
Dix Dam. If the supply of lubricating oil runs low, 
a flat contact stops the generator and signals to the 
Dix Plant. In short, any unusual condition inter- 


fering with the normal operation of the plant auto- 
matically results in the affected piece of machinery 
being placed out of service and also warns the Dix 
Dam station operator. 
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The design and engineering supervision of con- 
struction of the station was in the charge of Mr. L. F. 
Harza, consulting engineer, Chicayo, the contractors 
being Messrs. The L. E. Myers Company, Chicago. 





LETTERS TO THE EDITOR. 


THE REPORT OF THE BRIDGE 
STRESS COMMITTEE. 


To THE Eprror OF ENGINEERING. 


Str,—My impression is that you do not get much 
from India in the way of contributions to the corre- 
spondence or literature of your paper, and on this 
account you may the more readily find space for what 
I have to say on the subject of the paper recently read 
before the Institution of Civil Engineers on the above 
Report, by the Committee’s Chief Engineer. 

In your review of the report in your issues of 
February 1 and 15 of this year, you were good enough 
to make the following remark :—‘‘ Quite similar 
conclusions were reached by a committee appointed 
in 1917 by the Indian Railway Board, and these 
observations have now been very strikingly confirmed 
by the exhaustive experiments of the Bridge Stress 
Committee.” 

This remark was intended to refer, I think, to the 
causes of “‘impact.” It so happens, however, that it 
might very well be applied to the results obtained by 
the Committee, as compared with the formula published 
by the Indian Railway Board in 1926, as Technical 
Paper No. 247. 

It will be noted that a period of nine years elapsed 
between the inception of the Indian Railway Bridge 
Committee (of which the writer is a member) and the 
publication of their formula in 1926. During that 
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time, a vast amount of experimental work and investi- 
gation into bridge stresses was carried out, and an 
immense amount of discussion took place between the 
bridge engineers of the various railways in India. Valu- 
able contributions were also received from the Consult- 
ing Engineers, Messrs. Rendel, Palmer and Tritton in 
London. 

You will readily understand that the Report of the 
Bridge Stress Committee is of exceptional interest to 
railway engineers out here; moreover, the subject 
is of especial importance to India, on account of the 
number and magnitude of the bridges on Indian 
Railways. 

What we feel in India, at the present juncture, in 
connection with the publication of the report under 
discussion, is that in that report the Committee have 
thought it necessary to make statements which are a 
virtual condemnation of previous work done in India 
and in America on this subject. 

L quote the following from Mr. Gribble’s paper :— 
‘Some impact formulas, which are related to tests 
carried out in America and India, are illogical in form, 
and give incorrect values.” 

Surely that is a gratuitous statement to make. 
Does Mr. Gribble imagine that his particular Committee 
are the only experts on this subject ? Does he deny 
that we have been able, in India, to determine what are 
the correct allowances for impact ? 

We are only too happy to take advantage of any 
assistance and new ideas which the old country can 
give us, but we object to being told virtually that the 
present Committee have presented the only logical 
and useful conclusions and results on the subject. 

As a matter of fact, the writer, in contributing to the 
correspondence on Professor Inglis’ original paper, read 
before the Institution of Civil Engineers in 1924, 
pointed out that, in calculating the natural frequency of 
vibration of the girders, Professor Inglis had omitted 
to consider the mass of the train, and that until this 
was done, no theory of impact from resonance would 





give correct results. I note that, in the present report, 
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full allowance has been made for the mass of the train, 
and, in consequence, theory has been brought into line 
with facts, and excellent agreement obtained. 

This, however, merely confirms what the. Indian 
Committee discovered in 1925, and the Railway Board 
published as Technical Paper No. 247 in 1926. 

In India, engineers labour under some disadvantage 
in being at a considerable distance from:England, but 
engineers at home should not forget that we have 
considerable scope and experience, and I think I may 
say that we shed the somewhat insular attitude of mind 
which seems to have influenced the Bridge Stress 
Committee’s Report. 

In conclusion, I would crave a little space for the 
publication of the enclosed chart. 

L. H. Swatn, A.M. Inst.C.E., B.Sc., 
Bridge Engineer. 

P.S.—I may add, as a matter of considerable 
importance, that the Indian work on impact has 
cleared the ground for the locomotive designer, and 
the Indian formula imposes no restrictions on balancing 
over and above what is general practice. 

Chief Engineer’s Office, East India Railway, 

Calcutta, May 7, 1929. 

[As a matter of ‘ terminological exactitude,’ we are 
inclined to agree with the Bridge Stress Committee 
that the impact formule used in America and India are 
illogical in form. If impact be due almost wholly to 
badly-balanced locomotives, then any formula based 
on length of span and total load cannot fairly be 
called an impact formula, whatever else it may be. 
The truth of the matter seems to be that many engineers 
wish to cover, by one and the same formula, allowances 
both for impact and for fatigue. This policy has the 
merit of being simple, and if the allowance thus made 
is based on experience, it would seem to be quite as 
logical and more scientific than the recommendations 
of the Bridge Stress Committee. Nevertheless, it is 
an abuse of terms, and highly undesirable for other 
reasons, to call such an overall provision an impact 
factor.—Eb. E.] 








POWER STATIONS AND SULPHUROUS 
FUMES. 


To THE Eprror OF ENGINEERING. 
Str,—Owing to a slight misprint in a rather un- 
fortunate position, the point of my letter to you last 
week (see page 651) is not so manifest as was intended. 
Fifteen shillings and five pence per annum, or 0-021d. 
per hour (and not 0-21d. as appeared) per kilowatt 
installed, is the outside cost of the arbitrarily specified 
transmission. This is the utmost that, a priori, could 
be conceded for any competing system to wash the 
flue gases and incidentally restore the flue draught 
thereby destroyed. The actual figure would probably 
be far less. 
Yours faithfully, 
Henry C. Jenxins, M.Inst.C.F. 
815-7, Salisbury House, London, E.C.2, 
May 28, 1929. 


132,000-VOLT CABLES. 


To tHE Epiror oF ENGINEERING. 

Sir,—As you are apparently still unconvinced about 
the engineering and financial risks involved in the use 
of 132,000-volt cables, may I crave some additional 
space in your columns for a reply : ; 

The amount spent on the New York installation was 
1-475l. per kilowatt per mile transmitted. This was a 
fancy price and would now only be of the order of 
0-221. per kilowatt per mile, i.e., the cables necessary 
to transmit 300,000 kw. 15 miles would cost 990,000/. 

The initial load transmitted from a down-river station 
would, however, be only some 150,000 kw., and would 
cost, perhaps, 660,000/., with a very much higher pro- 
portion of spare cables than in New York. It might 
be some three years before the growth of the load 
made extension necessary, and during those three 
years it may be taken as certain that any improvements 
found desirable would be introduced, and would be 
incorporated in the second lot of cables. 

As regards causes of weakness, those of us who have 
for the last five years followed the developments in 
paper-insulated cables know quite well that the only 
questions for consideration are the voids due to expan- 
sion, and the changes of power factor and of capacitance 
due to heating. The latter has now been experimented 
with, and a point has been reached where nobody would 
dare to hint that we do not already know all we should 
learn by waiting. 

The question of voids is recognised, by those best 
qualified to judge, as completely solved by the pressure- 
oil-filled type of cable. The only factor not yet tested 
by experience in the field is the effect of expansion 
and contraction below ground—whether due to tem- 
perature, to superincumbent loads, or to external 
vibration. These can be met by greater depth of 
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laying, or by slinging cables against the embankment 
walls on both sides of the river, so that they are high 
enough to clear the mud and yet low enough to be 
always covered by the water. The expansion due 
to heating by the current can be met by giving the 
cables a conservative rating, remembering that the 
heating goes down as the square of the load, and that a 
conservative rating is not therefore expensive. 

Another point that must be borne in mind is that it is 
inconceivable that all the cables—if laid by different 
routes—should break down suddenly. In this sense, 
the risks are very little greater than with generating 
plant. What trifling extra risk there is can be met by 
the provision of a rather greater proportion of spare 
plant in the cables than in the generators—say, double 
the amount. As the 660,000/. mentioned includes the 
equivalent of four spare generator units, it surely will 
not be contended that this is insufficient. A small 
extra sum would give a still greater protection, but is 
not considered:necessary. In any case, a cable unit is 
replaceable in very much less time than a generator 
unit. 

From the engineer’s point of view, there is no risk of 
interruption ofthe” supply. From the financier’s 
point of view, the 660,000/. will always be worth 
330,0001. if the cables are used at 66,000 volts and the 
financial risk is, therefore, in the limit, 330,000]. This 
is extremely remote. What.is 300,000/. to a scheme of 
the size of Battersea, compared with Britain losing its 
pre-eminent position in the world for cables and the 
world’s markets for 132,000-volt cables? It would 
pay the Cable Makers’ Association to take this risk 
and to offer to put in British 132,000-volt cables on a 
ten-year guarantee, rather than lose the world’s 
market for tens of millions of pounds worth of super- 
tension cables in the near future. 

Yours faithfully, 
A. M. Tayor. 

Slade Lodge, Erdington, Birmingham. 

May 27, 1929. 








INVENTIONS AND THE INCOME TAX. 
To THE EpIToR OF ENGINEERING. 


Sir,—I read with interest the letter in your issue of 
May 24 from Mr. R. F. Myddleton on the unfair 
treatment by the income-tax authorities of a successful 
inventor in the matter of the tax on his patent royalties. 
It is by no means a new grievance, and for years there 
have been agitations for some concession in this direc- 
tion. 

From the Report of the Royal Commission on 
Income Tax, published in 1920, it will be seen that 
this body considered the whole matter under the 
head of inherently wasting assets. Paragraph 197 of 
that report deals with patent royalties particularly, and 
says :— 

““. . . we recommend that patent rights should be 
separately considered. Our general recommendation is 
that where copyrights, patent rights, goodwill, and 
trade marks are in the hands of the original owner 
no allowance for depreciation should be made, nor 
should any allowance be given to the purchaser of 
any assets of this nature if the vendor is within the 
scope of the United Kingdom income tax. We do, 
however, recommend that an allowance calculated in 
accordance with paragraphs 186 to 188 should be 
made to the patentee in respect of the proved costs of 
experimenting and patenting, whether (a) he works 
the patent himself, or (6) lets it on royalty. If the 
patent is sold outright the allowance should be granted 
to the purchaser.” 

The best remedy would be by way of an amendment 
drafted when the Finance Bill is considered in the 
new Parliament, on the lines laid down by the Royal 
Commission Report. 

Yours truly, 
DECIEs, 
Director. 
Income Taxpayers’ Society, 
Abbey House, 2, Victoria-street, S.W. 
May 28, 1929. 








THE REGISTRATION OF TESTS. 


To THE EpiToR OF ENGINEERING. 

Str,—In your number of January 25, 1929 (page 
109 ante), you published an article bearing upon this 
subject. 

In view of the very clear and candid way in which 
you set out many of the evils which confront both the 
purchaser and seller of power plant, we are surprised 
that no engineering body in this country appears to 
have taken up this very necessary and important 
matter. We should have thought that either the 
Institution of Mechanical Engineers or three or four 
well-known power-plant and machinery-insurance com- 
panies would have welcomed the opportunity of draw- 
ing up a code of rules and regulations for tests under 
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which independent and unbiased trials could be carried BOILER EXPLOSION INQUIRIES. 


out. (Of course, where consulting engineers are 
appointed by the purchasers to carry out the installa- 
tion, they have their own staff for checking such tests.) 
These trials need not be confined to purchasers or sellers 
of power plant, but also used for research and fuel- 
economy purposes. 

We know that in Finland there is the Féreningen for 
Kraft-och Bransleekonomi (Association for Power 
and Fuel Economy) in Helsingfors. 

This Association consists of most of the manufac- 
turers in Finland, Sweden and Norway who own fuel 
power plant, and, by means-of an annual subscription, 
maintain in Helsingfors an engineering office which 
acts as consulting engineers for all subscribers for the 
purpose of planning new, extending or modifying old 
plants, making tests, &c. 

Yours faithfully, 
For BELLIss AND Morcom, Limrrep, 
JOHN BELLIss, 
Director. 
Birmingham. 
May 6, 1929. 








THE STATUS OF THE MECHANICAL 
ENGINEER. 
To THE Eprror oF ENGINEERING. 

Srr,—Your leading article on the proposed charter 
for the Institution of Mechanical Engineers has struck 
a vital note. It would be of undoubted value to a 
rising mechanical engineer to be put on the Charter 
of Mechanical Engineers, whereas the proposed phrase- 
ology—aAssociate Member of the Chartered Institution 
of Mechanical Engineers—would be altogether too 
long to be mentioned in the majority of cases. 

While the sterling work of the Council in promoting 
the purely technical side of the Institution is more 
than realised by the writer, he feels urged to state 
that the fullest consideration has not been given in 
the past to cases that affect the employment and 
well-being of the engineer. It is evident to all that 
an engineer first must live by having an adequate 
salary, otherwise he is unable totake the fullest advantage 
of technical education and information. The technical 
part of the engineer’s life cannot be disconnected from 
the commercial part, and this letter is written with 
a view to calling the attention of all the members 
of the Institution to this fact, and the necessity of 
pointing out their wishes in the matter to the Council 
who otherwise would not, or may not, realise this 
aspect. 

Yours faithfully, 
A. Powis Bates, 
A.M.I.Mech.E. 
51, Blagden-road, 
New Malden. 
May 24, 1929. 








THE ERewasH Buiast FURNACES, NEAR ILKESTON.— 
Owing to modern developments in blast-furnace practice, 
a number of furnaces of the old type have been dis- 
mantled during recent years. Messrs. Thos. W. Ward, 
Limited, Albion Works, Savile-street, Sheffield, have, 
during the last 12 months, dismantled furnaces at 
Middlesbrough and Netherton and, quite recently, have 
arranged to take down the Erewash blast furnaces, near 
Ilkeston. These furnaces are near Trowell Station, on 
the main line between London and the north, of the 
London, Midland and Scottish Railway. 





SKILLED EMPLOYMENT AND APPRENTICESHIP ASSOCIA- 
TION.—The work of placing boys and girls in skilled 
trades is being steadily carried on by the four‘aftiliated com- 
mittees in London of the Skilled Employment and 
Apprenticeship Association. During 1928, places were 
found for 704 boys and 593 girls, representing an increase 
of 245 over the combined total for the previous year. 
As is now well known, the main objects of the Association 
are to promote, through affiliated committees, the welfare 
of boys and girls by encouraging them to enter skilled 
trades, and to continue this encouragement and advice 
after they have entered such trades. The Association 
also aims at arousing the interest of employers, trades 
unions, and the general public in the industrial training 
of boys and girls; it disseminates information on the 
subject and watches legislation affecting such training. 
The twenty-third annual report of the Association, 
which covers the year 1928, has just been issued. Affi- 
liated committees are at work in Bethnal Green and 
Shoredith, North Lambeth, and Stepney. LEarly in 
1928, a new committee commenced operations at Fulham, 
and the results show that its establishment was amply 
justified. It is strongly felt that the number of com- 
mittees in London is inadequate, and ought to be 
increased, and the executive is at present exploring the 
situation with a view to forming some new committees 
in the near future, if at all possible. The work of the 
Association is entirely carried on by voluntary workers, 
and the office and other working expenses constitute but 
a small portion of the total annual expenditure. The 
honorary secretaries are Messrs. H. O. Horne and F, 
Coston Taylor, A.M.Inst.C.E., and the central office of 
the Association is at 75, Denison House, 296, Vauxhall 
Bridge-road, London, S.W.1. 





In accordance with the Boiler Explosions Acta, 
1882 and 1890, inquiries have been conducted by 
the Board of Trade officials into a number of explosions. 
Reports of the investigations have been published 
recently, and of some of these we give brief summaries 
below. 

‘failure of a Flexible Steam Pipe.—While a cargo 
of motor spirit was being discharged from the M.V. 
Shell-Mex I at the Shell-Mex Oil Jetty, Jarrow-on- 
Tyne, on February 21, 1928, a flexible steam pipe 
conveying steam from boilers ashore to the ship’s 
pumps fractured, causing the death of one man. The 
pipe was made of rolled copper strip, coiled in the form 
of a spiral, the edges of the copper strip, being turned 
over and interlocking. When the pipe burst, the inter- 
locked edges of the strip at one point opened out, 
and the two ends of the pipe were blown apart. To 
allow for the movement of the vessel as the tide rose 
and fell, the pipe was left slack, and was supported by 
a rope secured to a bollard on the jetty, the rope being 
slackened or tautened from time to time. Apparently 
the pipe was allowed to get bent to an unduly small 
radius, and the distortion set up strained the inter- 
locking coils. The method of supporting the pipe 
was not a satisfactory one, and in future such pipes 
will be supported in cradles suspended from sheer- 
legs with blocks and tackle. 

Explosion of a Steam-Wagon Boiler.—The report 
on the explosion of a steam-wagon boiler which occurred 
on July 11, 1928, is of interest more from the extra- 
ordinary circumstances connected with the accident 
than from any technical points at issue. The wagon 
with the boiler which exploded was supplied by 
Messrs. Foden, Limited, to Messrs. Holden, Burnley 
and Company, Limited, Bradford, in 1919. The 
boiler was insured ; it had been inspected perodically, 
but though repairs had been carried out, it had not 
been tested hydraulically since 1921. On July 4, 
1928, the driver of the wagon reported a leak in the 
boiler. An examination next day by a boiler-maker 
of Messrs. Foden’s, revealed a slight crack, a distinct 
bulge and broken stays in the front plate. These 
things were reported to the chief engineer and the 
acting manager. Yet on July 11, on the orders of the 
latter, the wagon was sent to Messrs. Foden’s, some 
40 to 60 miles distant, under its own steam. It 
was when the wagon was pulled up at Altrincham, 
that the boiler burst. The inquiry turned mainly 
on the question of responsibility, and the Com- 
missioners reported that ‘‘ we do not think that either 
the chief engineer or the acting manager had sufficient 
knowledge fully to understand or appreciate the risks 
they were taking.” The driver of the wagon un- 
fortunately died from his injuries. 

Collapse of Firebox of a Vertical Botler.—On July 25, 
1928, a boiler used at the Windsor Castle Inn, Notting- 
ham, for brewing purposes, failed through shortage of 
water. The failure was not reported to the Board of 
Trade by the owner, the boiler was disposed of as scrap 
before the inquiry was held, no one could say how old 
it was or by whom it was made, and it is evident that 
the attendant knew little about boiler making or boiler 
working. The boiler, however, appears to have 
been regularly examined by competent surveyors, 
and to have been maintained in good working order. 
The boiler was of the vertical type, fitted with cross 
tubes, and was worked at 60 lb. pressure. When it 
failed, the circumferential joint at the top of the fire- 
box, and the joint securing the uptake to the firebox 
crown, opened up, but this apparently happened when 
there was very little pressure in the boiler. 

Explosion in the Boiler of a Trawler.—The 
boilers of trawlers are hard worked, the conditions of 
service severe, and, with increasing age, need frequent 
repairs. In the trawler Violet, owned by Mr. John 
Bellamy, Port Seton, the boiler was of the ordinary 
single-ended marine multi-tubular type, 9 ft. 6 in. dia- 
meter, fitted with two furnaces each having a separate 
combustion chamber. The boiler was made by Messrs. 
Cran and Company, Leith, in 1907, and worked at 
120 lb. pressure. From 1924 onwards, various repairs 
had been carried out, including patching by 
electric welding, but though considerable wear was 
known to have taken place no drill test for thickness 
was carried out. On July 30, the vessel proceeded to 
sea from Port Seton, when, without warning, the back 
plate of the starboard combustion chamber gave out, 
the escaping steam blowing the flames out of the 
furnace door. Inspection revealed a hole about 
} sq. in. in area. This was electrically welded up, 
but, on raising steam again, a fracture was found in the 
forward end plate at the root of the flange at the 
bottom. This was also electrically welded, and the 
vessel proceeded to sea. As a result of these accidents, 
which, fortunately, were unaccompanied by any 
casualties, the owner decided to have the boiler 
removed, and thoroughly repaired under the surveil- 
lance of the insurance association. 
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TERRA-COTTA FOR BUILDING 
PURPOSES. 


It is probable that the modern development of 
terra-cotta as a building material may have been due 
primarily to the increasing cost of masonry and the 
scarcity of building stones at reasonable prices. The 
same sort of thing happened 50 years ago, when 
masonry was held up throughout the country by the 
masons’ strike, and on that occasion probably did more 
harm than good to the terra-cotta industry, causing 
the material to be used for purposes and in conditions 
for which it was not suited. At the present time, how- 
ever, the unquestionable development in its use for 
plain as well as for modelled and enriched work is 
being accompanied by careful investigation, with the 
object of finding out for what purposes and in what 
conditions it can be used to the best advantage. In 
a report by Mr. W. A. McIntyre, just published by 
the Building Research Board, a concise account is given 


of the history of terra-cotta and its present. situation ; 


among building materials.* 

Mr. MelIntyre’s account leaves little doubt that, 
whatever may have been the origin of the present 
increasing vogue of terra-cotta for building purposes, 
it is coming to be used for its own special advantages, 
and not merely because other materials are becoming 
dear and scarce. Its cost, as plain work, is about the 
sameasthatof Bathstone, the cost of Portlandstone being 
half as much again, or more, while with modelled work, 
in which the mould will turn out an indefinitely large 
number of copies without troubling the modeller further, 
the advantage of terra-cotta is still greater. It is cleaned 
much more easily than brick and with much less surface 
wear, and its remarkably low temperature coefficient, 
which is no greater than that of Pyrex glass, makes it 
very resistant to fire. For some time past, it has been 
produced not only in the brownish red colour associated 
generally with its name, but in a considerable range of 
colours from black, through browns and reds, to buffs 
and greys in unglazed ware, and in almost all shades 
glazed. Considerable advances have, moreover, been 
made in producing glazed ware resistant to acids and 
to crazing, in addition to extending the variety of 
finishes. The chief trouble with its use is that, in 
common with all clay and similar products, no scientific 
knowledge of its fundamental properties is available, 
and it is liable, therefore, to present occasions of failure 
which, at present, can be neither predicted nor avoided. 
This is a feature which it has to share with many other 
building materials, and in its favour terra-cotta has 
the advantage that such failures are at least much 
rarer than with other materials. The present report 
records the results of some two years’ investigations 
at the Building Research Station, with the co-operation 
of the Terra-Cotta Association, representing British 
manufacturers of the material, and one of the chief 
difficulties has been to find a sufficient number of 
instances in which the material has failed in service. 

The report gives an outline of the chief sources of 
failure of the material in service. The most serious of 
these is weathering, arising from the formation of alka- 
line sulphates within the body, and this seems to be 
restricted almost entirely to varieties of terra-cotta 
which have been under-burnt, as shown by an “ after- 
contraction” test. Unfortunately, however, not all 
under-burnt terra-cottas show this weakness, and to 
exclude those that are under-burnt would probably 
mean rejecting some that are as good as what are 
accepted. Other sources of failure, of less consequence, 
are the presence of laminations parallel to the surface, 
and in a glazed material the failure to make the glaze 
suitable to the body. The use, again, of an unsuitable 
concrete filling has been known to cause failure. 

In an appendix to the report, seven simple but 
fairly laborious test are set out, of which it is said that 
materials which pass most of them will probably do 
well in practice. In the present state of knowledge this 
is as about as much as can be expected. The experi- 
ence reviewed in the report shows that, at the worst, the 
proportions of failures will be notably less than with 
masonry. It must be felt, however, that this is not a 
satisfactory position in which to leave the matter. 
Dr. Stradling, in his introduction, hints that special 
investigation addressed to the provesses by which the 
objectionable sulphates are formed might produce 
better results, and admits that ther2 seems to be good 
reason for undertaking such work on terra cotta as 
is being done on bricks. The situation is another 
example of the difficulty of getting satisfactory general 
knowledge when, as with clay products, no funda- 
mental knowledge of the properties of clay exists. The 
information and proposals of the present report will 
doubtiess be of considerable practical assistance, but it 
is to be hoped that the further and general investiga- 
tions to which Dr. Stradling refers may be undertaken. 


* Department of Scientific and Industrial Research, 
Building Research, Special Report No. 12. Investigations 
into the Durability of Architectural Terra-Cotta and Faience, 
H.M. Stationery Otiice. 


Price 2s. 6d. net. 
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FOUR-HEAD MULTIPLE-SPINDLE DRILLING MACHINE. 


CONSTRUCTED BY 


MESSRS. ALFRED HERBERT, LIMITED, ENGINEERS, COVENTRY. 

















Fig. 1. 







Fig. 2. 
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FOUR-HEAD MULTIPLE-SPINDLE 
DRILLING MACHINE. 


In our account of the Machine Tool Exhibition at 
Olympia, we gave a brief description of a double- 
head multiple-spindle drilling machine, with horizontal 
spindles, made by Messrs. Alfred Herbert, Limited, 
Coventry. This account will be found in ENGINEERING, 
vol. exxvi, page 285, and we now supplement it by a 
somewhat fuller one of a larger machine manufactured 
by the same firm, and having four heads. The four- 
head machine is illustrated by the accompanying Figs. 
1 to 11, and is arranged on a cruciform plan. The series 





OPERATING SIDE OF MACHINE. 


Inspection Doors 
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includes a still larger machine with six heads, for simul - 
taneous work on six faces, it being understood that in 
all the machines the work is fixed, and not on a turret. 
The operation on any particular face of the work is, 
therefore, a complete one for that setting of the work. 

In describing this four-head machine it will be con- 
venient to do so in connection with the piece of work on 
which it is shown engaged in Fig. 11, as this will perhaps 
give a clearer idea of its capabilities, but at the same 
time it is premised that its adaptation for any other 
piece is simply a matter of the supply of suitable guide 
plates. The general arrangement of the machine is 
shown in Figs. 1 and 2 on this page, and the heads, 
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FOUR-HEAD * MULTIPLE-SPINDLE DRILLING MACHINE. 


CONSTRUCTED BY MESSRS. ALFRED HERBERT, LIMITED, ENGINEERS, COVENTRY. 
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Fig. 11.. Heaps witH Driti-SPINDLE GUIDE AND Busu PLate. 


as shown in Fig. 11, are set for drilling meter-cases. 
Each head is arranged to carry 14 spindles for drilling 
up to 14 ¥,-in. holes, giving a total of 56 spindles. 
Alternatively, the machine can be arranged, so that 
each head will take ten 4-in. drills, six }-in. or }-in. 
drills, four 1}-in. drills, or two 1}-in. drills. As shown 
in Fig. 11, the meter cases are being drilled on the four 


faces with a wide variety of holes. This work is done 
at the rate of 45 seconds per piece. 

It will be seen from the several figures that the heads are 
interchangeable,and that they are constructed as distinct 
units. Two of them are carried on a long transverse 


bedplate to which are bolted shorter bedplates in the 


| front and rear, these forming the other arms of the cross 
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and carrying the remaining heads. Each arm is sup- 
ported on a substantial square pedestal. The left-hand 
pedestal, in Figs. 1 and 2 contains the driving shaft, 
which is connected to a 5 brake horse-power motor by a 
silent inverted-tooth chain. The drive is then distributed 
from a box on the underside of the bed at the centre 
of the cross, to the head-drive brackets at the ends of 
all four arms. These brackets can be readily made out 
in Fig. 1. They also contain a reverse mechanism for 
tapping. 

The heads are fed by cams arranged inside the beds, 
and the four camshafts are driven by bevel pinions at 
their ends. These mesh with a bevel wheel mounted 
on a vertical shaft in the centre, the wheel itself 
deriving its motion from the main drive by means of 
a worm and worm wheel. The cams can be adjusted 
independently on their shafts, both radially and longitu- 
dinally, which adjustment permits the heads to be fed 
forward either simultaneously, or in any sequence, at 
will. The adjustment is made through hand holes in the 
side of the bed, the position of which handholes is indica- 
ted by the covers seen immediately under the heads in 
Fig. 1. When it is necessary to put any particular 
head out of action, the appropriate cam is de-clutched 
from the shaft, while the whole machine can be tripped 
at any time during the cycle by means of the lever 
seen near the handwheel at the right hand of the figure. 
In normal working, when each head returns after com- 
pleting its cycle, which is of 20 secs. duration, its cam- 
shaft is tripped, and the return of all the heads thus 
automatically stops the operation of the machine, 
though the motor, etc., continues to run. When the 
finished work has been removed and a new piece 
inserted, the cycle is re-started by the lever above 
referred to. 

There are, in this instance, as already stated, 14 drill 
spindles to each head. These are situated at the outer 
circumference of the head, from which situation they 
are led, by flexible joints, to give the particular group- 
ing of holes for the work in hand. Each spindle may 
be run at. one of three speeds independently of the 
others, so that the most suitable speed can be 
selected for the size of drill used. The speeds are 
changed by means of the plungers seen projecting from 
the back of the heads. The grouping of the drills is 
effected by a guide plate bolted to the head, and they 
are located more precisely and steadied by a bush 





676 


plate through which they pass, which is situated closer 
to the work. Such an arrangement is shown in Fig. 11, 
and is particularly clear in the view of the head at the 
left-hand side of the figure. For ordinary work, a 
standard adjustable guide plate is used, in which the 
spindles can be set in any position within their capacity, 
the precise location and degree of accuracy attained 
depending upon the skill of the operator. If the 
quantities of the work justify it, however, special plates 
are made, a set of which, used in a somewhat similar 
mannér to those just referred to in Fig. 11, are shown 
in Figs. 3 to 10, page 675. 

The front of the guide plate is shown in Fig. 3, and 
the back of it in Fig. 5. From these two views, it will 
be seen that 16 holes are provided, so that the one plate 
may be used for two different lay-outs of 14 holes each, 
as indicated in the diagrams forming Figs. 6 and 7. 
These diagrams show the lead of the flexible shafts from 
the spindles. The cross-section, Fig. 4, shows how the 
collets, of which there are four different sizes, are sup- 
ported in the plate, as well as on the face of it, by the 
adjustable brackets. It shows also the spigot by 
which the guide plate is centred in the head, and the 
method of lubrication adopted. The drills, as pre- 
viously mentioned, pass through a bush plate which 
performs the functions of a jig. An example of a bush 
plate is seen at D in Figs. 8 and 10. A work fixture, 
shown in the centre of Fig. 11, and denoted by A in 
Figs. 9 and 10, carries the meter case, on the drilling 
of which the machine is occupied. The work is centred 
on the fixture by the triangular spigot B, and is held 
in place by the hinged plate C, the pins of which are 
carried on springs. This plate is brought up to the 
work by means of the lever E which actuates a cam- 
shaft. The bush plate is connected to the guide plate 
by two locating bars on which it slides. It thus moves 
back with the head when the work is to be unloaded. 
When drilling is actually proceeding, the bush plate is 
kept with the bushes hard up against the work by 
the springs on the locating bars, and between it and 
the guide plate. The guide plates, etc., for the other 
heads do not need comment. 








TENDERS. 


We have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 
Possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Geysers and (Gas Stoves..-The supply of hot-water 
weysers, gas-heating stoves, and gas-heated sad irons. 
A tirm in Warsaw, Poland. (Ref. No. B.X. 5314.) 

Electric Cranes..-The supply of two five-ton electric 
portal cranes. The Board of the Port and Railways, 
Lourengo Marques; July 8. (Ref. No. A.X. 7994.) 

Coal-Weighing Machines.—The supply, delivery, ad- 
justment, and maintenance at Yallourn Power Station, 
Victoria, Australia, of three coal-weighing machines, 
with accessory equipment. The State Electricity Com. 
mission of Victoria; August 19. (Ref. No. A.X. 7997.) 

Sluice Valves.-The supply and delivery of six 9-in. 
and ten 12-in. sluice valves, to be capable of standing a 
working pressure of 300 Ib. per sq. in. The Stores 
Department, City of Johannesburg, South Africa ; 
June 20. (Ref. No. A.X. 7999.) 

Steam Jointing.—The supply of high-pressure steam 
jointing, in sheets 40 m. square, and ¥ in., 4 in., and 
{ in. thick. The South African Railways and Harbours 
Board ; July 1l. (Ref. No. A.X. 8003.) 

Bridges..-The construction of Ngaruawahia and 
Whenuakura Bridges. The New Zeaiand Government 
Railway Department, Wellington; July 29. (Ref. No. 
AX. 8006.) 

Stone-Cutting Saws.—A firm in Teheran, Persia, is 
desirous of receiving quotations for saws for cutting 
and shaping paving stones. (Ref. No. A.X. 8011.) 

Headgates.--The supply and delivery of headgates 
at Timaru in connection with Section 31 of the Waitaki 
power-development scheme. The New Zealand Public 
Works Department, Wellington, September 17. (Ref. 
No. A.X. 8012.) 

Sluice Gates.—-The supply of slusse gates of the vertical, 
sliding, and radial types, for use in connection with the 
Lioyd Barrage, Sind. The India Store Department. 
Simla ; July 16. (Ref. No. A.X. 8613.) 








LAUNCHES AND TRIAL TRIPS. 

‘PRESIDENT DAL P1az.""—Twin-screw passenger 
steamer; propelled by single-reduction geared turbines 
of the Parsons type. Trial trip, May 15. Length, 
377 ft. 6 in. ; beam, 52 ft. 8in. Built by Messrs. Swan, 
Hunter, and Wigham Richardson, Limited, Newcastle- 
on-Tyne, for the Compagnie Générale Transatlantique, 
Paris. 

** NORDFARER. 
meister and Wain Diesel engines. 


Twin-serew cargo motorship; Bur- 
Trial trip, May 15. 


Main dimensions, 401 ft. by 54 ft. 3 in. by 35 ft. 4 in. 
Built by the Nakskov Shipyard, Limited, Nakskov, 
Denmark, for the Norden Steamship Company, Limited, 


Copenhagen. 
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‘** SaRAcEN.”—Single-screw Canadian lakes and canals 
cargo steamer; triple-expansion engine. Trial trip, 


May 17. Main dimensions, 260 ft. by 42 ft. 4 in. by 
20 ft. Built by Messrs. Swan, Hunter and Wigham 


Richardson, Limited, Wallsend-on-Tyne, for Messrs. 
Inland Steamship Company, Limited, Winnipeg, Canada. 

‘* Brookwoop.”’—Cargo steamer; _ triple-expansion 
engines. ‘Trial trip, May 18. Main dimensions, 421 ft. 
by 53 ft. 6 in. by 29 ft. Built to the order of Messrs. 
R. A. and W. W. Constantine, Middlesbrough, by Messrs. 
William Gray and Company, Limited, West Hartlepool. 

“GopFREY B. Hour.’’—Single-screw cargo steamer ; 
triple-expansion engine. Launch, May 21. Main 
dimensions, 329 ft. 6 in. by 46 ft. 10 in. by 27 ft. 6 in. 
Built by Messrs. Caramel! Laird and Company, Limited, 
Birkenhead, for Messrs. John Holt and Company 
(Liverpool), Limited. 

‘“* VILLANGER.”—Twin-screw cargo motorship; Har- 
land and Wolff-B. and W. single-acting, four-stroke cycle 
Diesel engines built by Messrs. John 8S. Kincaid and 
Company, Greenock. Launch, May 22. Main dimensions, 
415 ft. by 54 ft. 10 in. by 28 ft. 9 in. Constructed 
for Messrs. Westfal-Larsen and Company A/S, Bergen, 
Norway. 

‘““ FOWBERRY TOWER.’’—Single-screw cargo steamer ; 
triple-expansion engine built by Messrs. The North 
Eastern Marine Engineering Company, Limited, Walls- 
end. Launch, May 22. Main dimensions, 414 ft. by 
53 ft. by 35 ft. 6in. Constructed to the order of Messrs. 
Wm. Milburn and Company, Limited, Newcastle-on- 
Tyne, by Messrs. R. and W. Hawthorn, Leslie and 
Company, Limited, Hebburn-on-Tyne. 

“* CHaTwoop.’’—Single-screw coal-carrying steamer. 
Launch, May 22. Designed to carry 4,100 tons dead- 
weight on a light draught. Built by Messrs. S. P. 
Austin and Son, Limited, Wear Dock Yard, Sunderland, 
for Messrs. Wm. France Fenwick and Company, Limited, 
London. 

** FAIRRIVER. ’’-—Single-screw Canadian lakes and canals 
cargo steamer; triple-expansion engine. Trial trip, 
May 27. Main dimensions, 259 ft. by 43 ft. 4 in. by 
20 ft. Built for Messrs. The Fairport Steamship Com- 
pany, Limited, by Messrs. Barclay, Curle and Company, 
Limited, Scotstoun. 








BOOKS RECEIVED. 


United States Geological Survey. Bulletin No. 797—C. 
Preliminary Report on the Shunjck River District, 
Alaska. By J. B. Mertie, junr. [Price 10 cents.] 
No. 797—-D. Surveys in North-Western Alaska in 
1926. By P.S. Smith. [Price 5 cents.] No. 805—A. 
Platinum and Black Sand in Washington. By J. T. 
Pardee. [Price 5cents.] No. 819-A. Mineral Industry 
of Alaska in 1927 and Administrative Report. By P. 8. 
SmMitH. Washington: Government Printing Office. 


Department of Scientific and Industrial Research. Building 


Research. Special Report No. Investigations 
in the Durability of Architectural Terra-Cotta and 
Faience. By W. A. McIntyre. London: His 


Majesty’s Stationery Oftice. [Price 2s. 6d. net.] 

The Ventilation of Mines. Generation of the Air Current. 

By Henry Briaes. London: Methuen and Com- 

pany, Limited. [Price 7s. 6d. net.] 

gineering Ec ics. By T. H. BuRNHAM. London: 

Sir Isaac Pitman and {Price 10s. 6d. 

net. ] 

University of Illinois. Engineering Experiment Station. 
Bulletin No. 189. Investigation of Warm-Air Furnaces 
and Heating Systems. Part IV. By ArrtHur C. 
WILLARD and OrtnHers. [Price 60 cents.] No. 190. 
The Failure of Plain and Spirally Reinforced Concrete 
in Compression. By Frank E. Ricuart and Oraers. 
[Price 40 cents.] Urbana, Ill. : University of Illinois. 

Air Ministry. Meteorological Office. Geophysical Memoirs 
No. 46. A Study of the Vertical Gradient of Tempera- 
ture in the Atmosphere near the Ground. By N. K. 
Jounson. London: His Majesty’s Stationery Office. 
{Price 3s. 6d. net.] 

Ministerio de Fomento, Comision Carbonera y Siderurgica 
Nacional. Carbon y Fierro. No. 8. Decretos, In- 
formes, Oficios, Resoluciones, Proyectos de Ley y otros 
Documentos Oficiales. Lima: Comision Carbonera y 
Siderugica Nacional. 

Vom Erz zum Metallischen 
GUERTLER and W. LEITGEBEL. Leipzig: Akade- 
mische Verlagsgesellschaft m.b.H. [Price 32 marks. ] 

The Economic Effects of Monopoly on British Power 
Stations. By A. H. Swain. Leicester: The Insurance 
Press (Leicester), Limited. [Price 10s. net. ] 

Model Safety Rules for Use in Chemical Works. 
Model Rules. London: Association of 
Chemical Manufacturers. 

Department of Scientific and Industrial Research. Memoirs 
of the Geological Survey. England and Wales. Wells 
and Springs of Derbyshire. By J. V. STEPHENS. 
London: His Majesty’s Stationery Office. [Price 4s. 
net. } 

Successful Stoking and Smoke Abatement. A Manual 
for Boiler Attendants. By ERnest  Dickrnson. 
Wakefield: E. Dickinson. [Price 2s. net.] 

Department of Overseas Trade. Economic Conditions 
in Finland, March, 1929. Report. By Cectt H. Macxtr. 
London: His Majesty’s Stationery Office. [Price ls. 
net. ] 

How to Drive a Car. Eleventh edition. London: Temple 
Press, Limited. [Price 2s. 6d. net. | 

Motor Cycling Manual. Eighth edition. 
Temple Press, Limited, [Price 2s, 6d, net.] 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.— Cleveland _pig-iron 
customers are clamouring for increased supplies, but 
deliveries cannot be enlarged until bigger production 
becomes possible. Make is to be increased as conditions 
admit of more furnaces being put into blast, but there 
is no prospect of outputs being increased to an extent 
sufficient to satisfy requirements. The stringent situa- 
tion is causing much inconvenience and anxiety, and is 
unlikely to be materially relieved for some little time. 
Ironmasters have disposed of their output to the end 
of September, and refuse to sell further ahead, so that 
as they have no saleable stocks, business is confined to 
transactions in small lots from ‘the limited parcels at 
the disposal of merchants. As rates at which contracts 
are arranged are a matter of individual negotiation, 
quotations vary, but the market figure for No. 1 grade 
of iron may be put at 72s. 6d.; No. 3 g.m.b. at 70s. ; 
No. 4 foundry at 69s.; and No. 4 forge at 68s. 6d. 


Hematite.-—While East Coast hematite is not so scarce 
as Cleveland pig, there is not a great deal on offer. 
Makers cannot accept orders for delivery before July, 
and they have substantial contracts arranged for supply 
during periods in the third quarter of the year. Second 
hands are fairly well bought, but are not disposed to 
sell extensively, as quotations are low in comparison 
with prices obtainable for Cleveland pig, and are ex- 
pected to advance. Small sales have been put through 
at 74s. and upward according to quality. Hematite is 
thus purchasable at 4s. above Cleveland pig, whereas 
the normal pre-war difference was 8s. to 10s. Both 
home and Continental consumers of hematite are pre- 
pared to buy at rates now ruling. 


Foreign Ore.—Transactions in imported ore are neither 
large nor numerous, but in view of threatened shortage, 
values tend upward. Nominally, market rates are still 
ruled by best rubio at 23s. c.i.f. Tees, but it is now 
difficult to buy on that basis. 


Blast-Furnace Coke.—Durham blast-furnace coke is 
anything but plentiful, and sellers are not naming below 
19s. for good average qualities delivered here. 


Manufactured Iron and Steel_—Manufactured iron 
firms are very busy and report new orders coming 
forward ; semi-finished steel producers are turning out 
a lot of work, and hope to be kept running at high 
pressure for some time to come ; and finished steel makers 
have a lot of work on hand. All quotations are steadily 
firm and early upward movement in values of some 
commodities is expected. Common iron bars are 101. 15s. ; 
best bars, 11. 5s.; double best bars, 11/. 15s. ; treble 
best bars, 121. 58.; iron rivets, 11/. 10s.; packing 
(parallel), 8/.; packing (tapered), 10/.; steel billets 
(soft), 61. 17s. 6d.; steel billets (medium), 7/. 12s. 6d. ; 
steel billets (hard), 8/. 2s. 6d.; steel rivets, 111. 5s. ; 
steel ship plates, 8/. 12s. 6d.; steel angles, 81. 2s. 6d. ; 
steel joists, 81. 2s. 6d. ; heavy sections of steel rails, 8/. 10s.; 
black sheets (No. 24 gauge), 101. ; and galvanised corru- 
gated ‘sheets (No. 24 gauge), 13/.° 15s.’ 








NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 

The Coal Trade.—Though shipping is still insufficient 
to meet the requirements of e rters, chartering opera- 
tions have been on much brisker lines of late, with the 
result that colliery stems have filled up, and undertak- 
ings which were compelled to effect. temporary stoppages 
on account of a lack of empty wagons, found themselves 
in a much more comfortable position with prospects of 
more regular working. The outlook has also improved 
3o far as shipment activity is concerned, and while supplies 
of large coal remain sufficient to meet requirements, 
salesmen are steadily maintaining the new minimum 
figures, and for some classes, securing @ premium of 3d. 
to 6d. per ton. Best Admiralty large rules from 19s. 9d. 
to 20s., with best seconds from 19s. 3d. to 19s. 9d., 
seconds 18s. 6d. to 19s., and ordinaries 18s. to 18s. 6d., 
while Monmouthshire large realises 17s. 6d. to 19s. 
Smalls are in better request and, with free supplies none 
too plentiful, prices are firm from lls. 6d. to 13s. 6d., 
according to quality, while sized products are scarce 
and strong with washed bituminous duff commanding 
up to 16s. 6d. 

Patent Fuel Amalgamation.—Following the voluntary 
adoption of minimum prices for coal, negotiations have 
reached an advanced stage for the amalgamation of 
Welsh fuel companies and the formation of anewcompany, 
so that the sale of fuel will be controlled by one company 
instead of five different concerns as is the case at present. 
It is believed that the present companies, which are 
private concerns, will be merged into one company, the 
shareholders in the existing concerns receiving shares 
in the new company on terms to be arranged. There 
are eight different brands of fuel sold by Messrs. Gueret, 
Llewellyn and Merret, Limited, Cardiff; Messrs. T. P. 
Rose, Richards and Company, Limited, Swansea ; Messrs. 
W. H. Renwick & Co., Cardiff ; the Powell Dufiryn Steam 
Coal Company, Limited, Cardiff ; and Messrs. T. Beynon 
and Company, Limited, Cardiff, the different brands of 
fuel being Anchor, Crown, Arrow, Graigola-Merthyr. 
Pacific, Phoenix, Rose, and Star. Already minimum 
prices have been put into operation on the basis of 20s. 
for Graigola-Merthyr, Pacific, Rose, and Phenix brands, 
21s. for Arrow, Anchor, and Star, and 21s. 6d. for Crown. 
The importance of the amalgamation and control of 
prices will be gathered from the fact that in 1918 
2,031,000 tons of patent fuel were exported from South 
Wales. Exports for 1928 were 1,026,000 tons, while so 
far this year over 400,000 tons have been shipped. 











May 31, 1929.] 


Increased Seaborne Traffic.—The seaborne traffic of the 
Great Western Railway Welsh docks in the. four weeks 
ended May 11. namely, 3,084,053 tons was the best for 
any similar period in the last two years, except in the 
four weeks ended March 17 last. Compared with a year 
ago the traffic showed an increase of 303,000 tons, exports 
being raised from 2,391,782 tons to 2,706,548 tons, while 
imports were reduced from 389,528 tons to 377,505 tons. 
Shipments of coal and coke were raised from 2,107,923 
tons to 2,436,715 tons, of patent fuel from 84,083 tons 
to 87,987 tons, of iron and steel from 44,346 tons to 
47,996 tons and of tin-plates from 39,892 tons to 54,443 
tons. 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Tron and Steel.—The holiday set-down coupled with the 
General Election has had a somewhat quietening effect 
upon the local staple trades. Taken as a whole, however, 
conditions are better than for some time past, while the 
outlook is one of hopefulness. Production of open-hearth 
steel is not quite so good. The recent improvement in 
acid steel has not been maintained, while basic grades, 
though in substantial demand, show a slight falling off. 
The recent rise in local prices of various kinds of iron and 
steel concurs with the offer of attractive quotations by 
Continental producers, but little business is finding its 
way to that quarter. Foundry iron is a poor market, 
while bar iron mills could comfortably account for a 
greater volume of output. Latest quotations are as 
follows :—-Derbyshire foundry pig, 67s. 6d. ; Derbyshire 
forge iron, 64s.; Lincolnshire foundry iron, 72s. 6d. ; 
crown iron bars, 11/.; iron hoops, 91. 15s. ; Siemens acid 
billets, 97. 10s. ; hard basic billets, 7/. 12s. 6d. to 91. 12s. 
6d. ; soft basic billets, 7/. ; and basic scrap, 67s. 6d. The 
heavy engineering trades are working at fair capacity. 
The call for railway materials is somewhat sluggish, but 
better business continues to be done in shipbuilding 
requisites. The electrical trades are prominent pur- 
chasers of machinery and constructional iron and steel, 
and there is a rather stronger movement in agricultural 
equipment. Makers of colliery gear and distillation 
plant are working at high pressure, largely on inland 
requirements. Automobile engineers both in this country 
and abroad are calling for supplies of stamped steel, 
castings, fittings and structural parts. Cement-making 
and mixing plant is also active on home account, while 
road-making and quarrying gear is a progressive line. 
The too ltrades vary. Saw-milling and forest tools, along 
with farm and garden implements, show improvement, but 
makers of files and plantation tools report a weakened 
demand. The light foundries are only moderately 
employed. 

South Yorkshire Coal Trade.—The coal trade generally 
is somewhat unsettled, but apparently the return to 
normal will only be a little delayed. The heavy steel 
trades are taking large quantities of fuel. Blast-furnace 
coke is steady at 14s. per ton, while foundry and furnace 
sorts show improvement at last week’s quotation of 
20s. 6d. Gas coke is active at 19s. to 21s. 6d. Considering 
the weather conditions house-coal is in good request, but a 
fall in the demand is anticipated in the near future. 
Quotations: Best branch hand-picked, 27s, Od. to 
28s. 6d.; Derbyshire best brights, 20s. to 23s.; best 
house coal, 19s. 6d. to 20s. 6d.; screened house coal, 
17s, 6d. to 18s. 6d. ; screened house nuts, 16s. to 17s. 6d. ; 
Yorkshire hards, 15s. 6d. to 16s. 6d. ; Derbyshire hards, 
15s. 6d. to 16s. 6d.; rough slacks, 8s. 6d. to 9s. Od. ; 
nutty slacks, 6s. to 7s. ; smalls, 2s. to 4s. 














Unitep States Briruminous Coat.--According to 
figures issued by the United States Bureau of Mines, 
weekly exports of bituminous coal from that country 
averaged 224,000 tons during the first quarter of 1929, 
against 359,000 tons during the previous quarter, and 
199,000 tons in the first quarter of last year. The 
weekly rate of home consumption, during the first 
quarter of the present year, averaged 11,438,000 tons, 
which figure is higher than that for the corresponding 
period of 1928. 

GEORGE STEPHENSON MEMORIAL TABLET, WYLAM.— 
The North-East Coast Institution of Engineers and 
Shipbuilders and the Institution of Mechanical Engineers 
are collaborating in the erection of a memorial tablet 
on the cottage at Wylam, Northumberland, in which 
George Stephenson was born. The Lord Mayor of 
Newcastle-on-Tyne will unveil the memorial on Satur- 
day, June 8, at 2.30 p.m., and a representative attend- 
ance of the Council of both Institutions is expected. 
The arrangements are in the hands of the secretary of 
the North-East Coast Institution, Bolbec Hall, Newcastle- 
on-Tyne, to whom application should be made for further 
particulars. 

PERSONAL.—The new address of the head office of 
Messrs. Nesbitt, Thomson and Company, Limited, is 
355, St. James-street, Montreal.—Mr. I. D. Scaife, 
formerly works manager of Messrs. Ransome and Marles 
Bearing Company, Newark-on-Trent, has joined the 
staff of the Heald Machine Company, Worcester, Mass., 
U.S.A., and is acting in association with Messrs. Alfred 
Herbert Limited, Coventry, the sole agents for the 
sale of Heald machines.—Messrs. J. G. White and 
Company, Limited, 9, Cloak-lane. London, E.C.4, 
have opened administrative offices in Paris, in the 
Equitable Trust Company Building, 39, Rue Cambon 
(1 er.). The office will be under the management of Mr. 
R. L. MeClure.—In order to cope effectively with in- 
creasing business, Messrs. Marshall, Sons and Company. 
Limited, of Britannia Iron Works, Gainsborough, have 
opened an office at 14, New-street, Birmingham, Mr, A. 
Powell is in charge of the new office. 
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Scottish Steel Trade—-The advance in the price of 
steel has not made much difference in the trade position, 
as the demand of late has been of small dimensions. 
To a certain extent the increase was anticipated, but 
covering was not very much indulged in because many 
consumers were themselves short of work. Specifica- 
tions, especially for ship-plates, are still scarce, and 
mills are being kept running with difficulty. Shipbuilding 
contracts have recently been very few in number, and 
it is thought that most of the orders now on hand have 
already been covered. Inquiries are poor, and on the 
whole the outlook does not hold out much hope for any 
improvement in the near future. Conditions in the 
black-sheet trade have not varied, and while there is a 
fair amount of activity in the lighter gauges, the heavier 
sorts are extremely quiet, but shipping inquiries are 
a shade better. The following are the current market 
quotations :——Boiler plates, 10/7. 10s. per ton; ship 
plates, 8. 12s. 6d. per ton; sections, 8/. 2s. 6d. per ton ; 
joists, 87. 2s, 6d. per ton ; black sheets, | in., 9/. per ton ; 
galvanised corrugated sheets (No. 24 gauge), 13/. 15s. 
per ton, all delivered at Glasgow stations. 


Malleable Iron Trade.—No improvement can be re- 
orted in the state of the malleable-iron trade of the 
Vest of Scotland. New business is very difficult to 
pick up, and most of what is being secured is of an 
unremunerative nature owing to the high cost of pro- 
duction. In the steel re-rolling branch of the industry 
quietness is general. Prices are as follow :—‘‘ Crown ” 
bars, 10/. 5s. per ton for home delivery and 9/. 15s. 
per ton for export; re-rolled steel bars, 8/. per ton for 
home delivery and 7/. 15s. per ton for export. 


Scottish Pig-Iron Trade.—In the Scottish pig-iron 
trade the tone is somewhat dull. The sales of hematite 
iron have been fair, but now that steel prices are higher 
the demand may probably fall away a little. For foundry 
grades there is still a very poor demand, and there is 
ample stock on hand to meet all requirements. The 
following are the market quotations :—Hematite, 78s. 
per ton, delivered at the steel works; foundry iron, 
No. 1, 75s. per ton; and No. 3, 72s. 6d. per ton-—both 
on trucks at makers’ vards. 


Scottish Pig-Iron Shipments.—The shipment of Scot- 
tish pig-iron from Glasgow Harbour for the week ending 
Saturday last, May 25, amounted to 756 tons. Of that 
total, 735 tons went overseas, and only 21 tons coast- 
wise. For the corresponding week of last year the 
figures were 616 tons overseas and 37 tons coastwise, 
making a total shipment of 653 tons. 


Wages in the Iron Trade.—Messrs. James C. Bishop 
and Owen Coyle, joint secretaries of the Scottish Manu- 
factured Iron Trade Conciliation and Arbitration Board, 
have received the following intimation from Sir John M. 
MacLeod, Bart., C.A., Glasgow :—‘‘In terms of the 
remit, I have examined the employers’ books for March 
and April, 1929, and certify that the average net selling 
price brought out is 101. Ils. 6-95d.’’ This means that 
there will be no change in the wages of the workmen. 








Pusiic Works IN. Roumanta.—The Commercial 
Secretary at Bucarest has reported to the Department 
of Overseas Trade that a new Bill, outlining various 
roadmaking, road improvement, and_ bridge-building 
proposals is shortly to be submitted to the Roumanian 
Parliament. British firms desirous of receiving further 
particulars should apply to the Department at 35, Old 
Queen-street, London, S.W.1, quoting reference No. 
A.X. 8001. 

THE INSTITUTE OF FUEL AND THE TOKIO CONGRESS.— 
The papers which have been despatched, through the 
medium of the Institute of Fuel, to the World Engineering 
Congress and the World Power Conference, to be held 
in Tokio in September and October next, comprise : 
‘Synthetic Fuels and Lubricating Oils,’’ by Professor 
A. W. Nash; ‘“ Pulverised Fuel for the Small Unit,” 
by Messrs. H. W. Hollands and E. C. Lowndes; “‘ The 
Volumetric Measurement of Coke and Coal,” by 
Mr. J. E. Lea; ‘“‘ The Storage of Steam,” by Dr. E. G. 
Ritchie; and “Coal Cleaning with Special Reference 
to Japanese Coals,’’ by Dr. R. Lessing. 

Tue Arrsuip R.101.—On Saturday last, the 25th 
instant, a party of members of the Royal Aeronautical 
Society visited the Royal Airship Works at Cardington, 
near Bedford, and were able to see the airship R. 101, 
which has been constructed there, and is now approaching 
completion. .We understand from one of the members 
present on this occasion, that the structural work is 
practically finished, that the outer cover is partly in 
position, and that the rudders are now being fitted. 
The gas bags, which have an aggregate capacity of 
5,000,000 cub. ft., are also finished, and the work of 
filling them with hydrogen will. be commenced almost 
immediately. Some of the five engines; which are of 
the Diesel type with eight cylinders in line, have been 
delivered, and the remainder, we understand, are 
practically ready. A full description of the desi 
of the airship was given by Lieut.-Colonel V. C. Rich- 
mond in a paper read before the. Institution of Naval 
Architects at the Spring Meeting. last .year, and this 
paper was reprinted in an abridged.form-on page 457 
of our 125th volume. The ,metal-construction work 
was illustrated and described -in ENGINEERING on 
page 689 of volume 126, and -particulars‘of the engines 
were given in a paper by Mr. A. E. L. Chorlton, read 
at the Glasgow Meeting of the British Association 
last year. This paper was reprinted on pages 375 
and 441 of our 126th volume. 
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NOTICES OF MEETINGS. 





Royat Instrrotion.—To-night, 9 p.m., Albemarle- 
street, W.1. “The Air Pump: Past and Present.” by 
Dr. E. N. da ©. Andrade. Monday, June 3, 5 p.m., 
General Meeting. 

INsTITUTION or GaAs ENGINEERS. —-Annual General 
Meeting, Tuesday, June 4, to Thursday, June 6. Insti 
tution of Civil Engineers, Great George-street, S.W.1. 
Tuesday, June 4, 10 a.m., Presidential Address, by 
Mr. J. Terrace. Report .on the Education Scheme. 
At 3.15 p.m. ‘“ Construction of New Works-—Oxford,”’ 
by Mr. W. E. Caton. Twenty-first Report of the Joint 
Research Committee of the Institution and the University 
of Leeds. At 8 p.m. Reception and Dance. Holborn 
Restaurant, W.C.1. Wednesday, June 5, 10 a.m. 
Annual General Meeting of the Benevolent Fund. ‘“‘ The 
Incident of the Peak Load,’’ by Mr. F. G. Gorman. 
Twenty-second Report of the Joint Research Committee 
of the Institution and the University of Leeds: Studies 
in Carbonisation—Part IV. Influence of Various 
Factors on Ignition Temperature, Reactivities and 
Structure of Coke. Twenty-third Report: Studies in 
Carbonization.—Part V. Temperature, Size of Coal, 
Blending with Inorganic Compounds. At 3.15 p.m. 
Gas Fellowship Report on ‘ Factors Influencing the 
Reactivity of Coke,” by Mr. F. J. Dent and Professor 
J. W. Cobb. Third Report of the Effluents Sub-Com- 
mittee. First Report of the Ammonia Sub-Committee. 
Report of the Refractory Materials Joint Com- 
mittee. Report of the Gas for Therapeutical Purposes 
Committee. Thursday, June 6, 10 am. “‘ Notes on 
Purification,”” by Mr. G. C. Pearson. Report of the 
International Illumination Committee. At 2. p.m., 
Visit to Works. 

ILLUMINATING ENGINEERING Socrety.-—Tuesday, June 
4, 7 p.m., Royal Society of Arts, John-street, Adelphi, 
W.C.2. Annual General Meeting. “Some Further 
Applications of Synchronously Intermittent Light for 
Revealing Moving Machinery,” by Dr. J. F. Crowley. 

IstrrTuTION OF MUNICIPAL AND CouNTY ENGINEERS.— 
Scottish District : Friday, June 7, 10.30 a.m., Town Hall, 
Hamilton. ‘Hamilton, Historical and Municipal,” 
by Mr. W. H. Purdie, ‘“‘ Recent Road and Bridge Improve- 
ments in Lanarkshire,” by Mr. J. Robertson. “* Notes 
on a Costing System,” by Mr. P. A. Leitch. A 
“Removal,” by Mr. T. M. Stephen. Saturday, June 8, 
9.45 a.m. Various Visits. 








MINING MACHINERY MARKET, Spatn.—-A confidential 
report on the market for mining machinery in the 
Consular district of Bilbao, Spain, has been prepared 
by the Department of Overseas Trade. British firms 
desirous of receiving a copy of the report should com- 
municate with the Department at 35, Old Queen-street, 
London, S.W.1, quoting Reference No. A.X. 7952. 





Conrracts.—Messrs. The A.-S. Refrigerating Machines, 
Limited, Trafalgar House, Waterloo-place, London, 
S.W.1, one of the associated companies of the General 
Electric Company, Limited, have just received an order 
from Messrs. Boots, Cash Chemists, Limited, Nottingham, 
for 14 sectional refrigeration cabinets, each fitted with 
the hermetically sealed, leakage and explosion-proof 
A.-S. automatic refrigerating machine.—Recent orders 
received by Messrs. The Parsons Oil Engine Company, 
Limited, Town Quay Works, Southampton, include an 
eight-cylinder set with built-in reverse gear for Messrs. 
The James Dredging Company for a fast launch, a four- 
cylinder 30-h.p. paraffin marine set for a ship’s motor 
lifeboat, two 30-k.w. emergency lighting sets for Southern 
Railway cross-channel vessels, and four further engines 
of the petrol type, the horse-power of which ranges from 
14 to 28, for Canada.—Messrs. The Paterson Engineering 
Company, Limited, Windsor House, Kingsway, London, 
W.C.2, have received a contract, through Messrs. The 
Jardine Engineering Corporation, Limited, Hong Kong, 
for rapid filtration plant of 10 million gallons daily 
capacity for the Canton Municipal Waterworks. 





Franco-BritisH TRADE.—British trade with France 
has continued to be most unsatisfactory during the past 
few years. While, in 1928, Britain took from France 
one-fifth of her total exports, France only received 
imports from Britain to the extent of one-twelfth of her 
total imports. In the annual report for 1928, of The 
British Chamber of Commerce, Paris, the question is 
dealt with at some length. The one-sidedness of Franco- 
British trade is stated to be due in the first place to the 
formidable French Customs barriers and, secondly, to 
the unsatisfactory working of the “ most-favoured nation 
clause ’’ in its present form. It is also pointed out that 
industrial plants abroad, and particularly in France, 
have been modernised of late, and the standard of work- 
manship improved. Nevertheless, British manufactured 
goods still enjoy a high reputation in France; the only 
stumbling-block is the question of price, and it is emphas- 
ised in the report that if British manufacturers could 
see their way to reducing the price of the goods, ‘they 
intend to export to France, a measure of prosperity 
would return to the trade, notwithstanding the heavy 
tariff disabilities. Furthermore, it should be borne in 
mind that the stabilisation of the franc has increased 
the spending power and general well-being of the French 
people. The Chamber is doing good work in endeavour- 
ing to facilitate British imports into France and has for 
a long time past directed its efforts to the securing of a 
new Franxco-British treaty to replace the obsolete and 
inadequate existing treaty. The Chamber was founded 
in 1873 and incorporated in 1906; the members on the 
roll numbered 1,373 on December 31 last. The offices of 
the Chamber are at 6, Rue Halévy, Paris, (9e.) 
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THE DIX RIVER POWER PLANT, KENTUCKY. 


(For Description, see Page 669.) 











RooF GANTRY HANDLING MACHINE 
PaRTs. 


LOW-TEMPERATURE TAR. 


In the course of a lecture on low-temperature 
tar delivered on May 27 at the Sir John Cass 
Technical Institute, Dr. M. A. Matthews said that 
there were at present in Great Britain 43 companies, 
representing a capital of 8,000,0001. sterling, directly 
interested in the low-temperature carbonisation of coal. 
The products of the carbonisation are a semi-coke, 
a rich gas of very great heating power, and tar. It 
was only with the last of these that the lecture dealt. 

Low-temperature tar, the lecturer stated, differed 
considerably from the high-temperature tar produced 
by gas works and coke ovens, and contained a far higher 
percentage of tar acids and non-aromatic products. It 
occupied, roughly speaking, a position between high- 
temperature tar and crude petroleum. Low-tempera- 
ture tar was somewhat variable in nature, as its com- 
position depended upon the type of coal carbonised, 
upon the temperature of carbonisation, and upon the 
construction of the retort used, t.e., upon the time 
during which the tar vapours remained in contact 
with the heated charge. Since low-temperature tar 
was readily decomposed by heat, the last two of the 
above factors were of great importance, the thermal 
decomposition of the tar resulting in an increase in 
aromatics at the expense of the paraffins. 

The low-temperature carbonisation of 1 ton of 
bituminous coal produced directly about 4 gallons of 
excellent motor spirit, but this amount could be greatly 
increased by suitable treatment of the higher-boiling 
fractions of the tar. Such treatment might consist 
of a cracking process, by simple distillation under 
pressure, as long practised in ths petroleum industry, 
but experiments indicated that much more satisfactory 
results could be obtained by a combined cracking .and 
hydrogenating process, of a similar nature to that used 
in Germany for the production of motor spirit from 
brown coal or lignite tar. Among other products 
which could also be obtained from low-temperature 
tar, were lubricating oils, fuel and Diesel oils, powerful 
disinfectants (from the tar acids), and resins suitable 
for use as paints, varnishes, and insulating materials. 
The pitch left on distilling low-temperature tar was 
more brittle than that from high-temperature tar. It 
contained less free carbon but had been found useful 
in the manufacture of roofing materials and as a binding 
agent for briquettes. When the chemical nature of 
low-temperature tar was more fully understood many 
other uses would be found for it. 


Fia. 15. 
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THE NORTH-EAST COAST EXHIBITION. 


SUPPLEMENT TO 


ENGINEERING. 





Ir would be difficult, if not impossible, to give a 
better reason for the existence of the North-East 
Coast Exhibition at Newcastle-upon-Tyne than by 
quoting the words used by His Royal Highness, the 
Prince of Wales, when he opened it on Tuesday, 
May 14. In the course of an inspiring speech the 
Prince said: ‘‘The aim of this Exhibition is to 
re-vitalise existing industries—to discover how they 
should be adapted and, if necessary, improved. 
The march of time may have shown some branches 
of industry outliving their usefulness, and it is 
hoped that this great enterprise may serve in no 
small measure to discover the weak spots; and by 
encouraging the establishment of new works and 
new methods, providing further channels of labour 
in an area that has had more than its fair share of 
hard times.” We are sure that all our readers will 
re-echo the hope here expressed. 

The wise shopkeeper displays his wares in as 
attractive a form and surroundings as possible ; he 
tempts not only the potential purchaser to enter, 
but the casual passer-by to recollect where the 
goods that may some day be needed are to be 
obtained, and he keeps on the alert to discover 
the direction and volume of new demands. The 
Exhibition, which is to remain open until October, 
fills, we believe, the first two of these requirements 
for success, and we are confident that the courage 
and breadth of outlook which have created it in a 
time of trade depression will not neglect the third 
of them. The North-East Coastal area and its 
hinterland indicates by this Exhibition what it has 
done in the past, what it is now doing, and what it 
can yet do. The area contains rivers, adapted for 
the building of the largest ships and affording safe 
harbourage and well-equipped ports, combined with 
its extensive coal and iron fields. There are many 
great industries in it, yet room for many more, and 
it may earnestly be hoped that this Exhibition will 
dosomething both to increase the activity of these 
industries and introduce new ones. 

With the amenities of the Exhibition we have 
little to do; our present business is only with the 
engineering side of it, but the visitor may rest 
assured that his comfort, convenience, and enter- 
tainment are amply provided for. The grounds are 
spacious and pleasantly laid out, while the lighting, 
both inside and outside, is exceptionally good. This 
part of the installation was carried out by Messrs. 
The General Electric Company, Limited. They are 
to be congratulated on the excellent results they 
have obtained. The site selected for the Exhibition 
is on the Town Moor, by the side of the Great North 
Road, and rather less than a mile from the Central 
Station. It covers in all about 120 acres. The 
buildings, with the exception of the Palace of Arts, 
are of a temporary nature, but this does not imply 
either flimsiness of construction or poverty of 
design. A Grand Court is flanked on two sides 
by the Palace of Engineering and the Palace of 
Industries, with a Festival Hall on the third side, 
connected to both by lower buildings containing 
restaurants. The fourth side abuts on the main 
avenue. The corners of the two large buildings 
above mentioned, which face the Grand Court and 
Main Avenue, are finished with towers. Numerous 
smaller buildings occupy well-chosen positions to 
the east and north of the main group. The archi- 
tects for the Exhibition are Messrs. W. M. and 
T. R. Milburn. Of the subsidiary buildings, how- 
ever, a notable one, that of the Empire Marketing 
Board, London, was designed by Messrs. Richardson 
and Gill. The whole of the building and site 





works, including the roads and lay-out, the bridge 
over the lake, and the Stadium, were carried out by 
Messrs. Henry Kelly (Contractor), Limited, New- 
castle-on-Tyne. The President of the Exhibition is 
the Honourable Sir Charles A. Parsons, the Chairman, 
His Worship the Lord Mayor of Newcastle-upon- 
Tyne, Councillor A. W. Lambert, and the General 
Manager, Mr. C. P. Hainsworth. 

The Palace of Engineering is a rectangular build- 
ing, with an unobstructed floor area of 130,000 
square feet, housing the stands of 122 exhibitors. 
It is excellently lighted by skylights in the roof, 
which is of wood of the well-known Belfast construc- 
tion and covered, like roofs of the other principal 
buildings, with Ruberoid. The tower, as well as 
that in the neighbouring Palace of Industries, is 
surmounted by a cupola containing a powerful 
searchlight supplied by Messrs. The London Electric 
Firm, South Croydon, in conjunction with Messrs. 
C. A. Parsons and Company, Limited, Newcastle-on- 
Tyne. There areno galleries, all the stands being on 
the ground floor and arranged in eight longitudinal 
avenues, with eight transverse ones. 

In what follows we have attempted to give an 
adequate account of the exhibits in the Palace of 
Engineering. As was to be expected, a considerable 
part of the material shown has already been dealt 
with in our columns, and we have endeavoured, as 
far as possible, to confine our descriptions to new 
models or new apparatus we have not previously 
described. In some few cases limitations of space 
or time have prevented us from dealing fully with 
interesting exhibits, and we hope to refer to them 
in a later issue, 

Our account of the engineering exhibits may well 
commence with some reference to a remarkable model 
of the lower reaches of the River Tyne and the in- 
dustrial area which has contributed largely to the 
engineering features of the exhibition. The model it- 
self is placed in the Palace of Industries, and is 43 ft. 
long by 9 ft. wide. It represents the lower part of the 
river Tyne for a distance of 14} miles from its mouth. 
The horizontal scale is 132 ft. to the inch, but the 
vertical scale is somewhat more, in order to bring out 
the contours more clearly. A photograph of the model 
is reproduced in Fig. 1, on page 680. As a graphic 
representation of the docking, ship-repairing and 
bunkering facilities of the port of Newcastle-on-Tyne, 
and of the areas in which further development is 
possible, the model cannot be excelled, combining, 
as it does, the advantages of both a map and an 
aerial photograph. 

The model is exhibited by the Tyne Improvement 
Commission, a voluntary body which, constituted by 
Parliament in 1850, is now representative of all the 
interests involved, viz., municipal, the shipping 
industry, the coal industry, and the large general 
body of importers and exporters. At the time of 
the Commission’s institution, the mouth of the Tyne 
was blocked by a bar covered with only 6 ft. of 
water at low tide; for the last 20 years, this depth 
has been kept at over 30 ft. by dredging, while 
above bridge, there is 25 ft. of water under the 
same conditions. In 1850, the export of coal was 
about 3,500,000 tons. Since then, an export of 
21,500,000 tons in one year has been reached. 
Similar figures for the net register of sea-going 
tonnage passing up and down the river in one year 
are 5,500,000 and 25,000,000. 

The position the river takes in shipbuilding is 
indicated by the latest figures, which show that 
the Tyne produces annually about 224 per cent. 
of the new tonnage of the United Kingdom, and 





over 11 per cent. of the new tonnage of the 
world. Following on the creation of a new swinging 
area for ships up to 450 ft. in length, just below 
Newcastle in 1927, and the new 1,100 ft. riverside 
quay at Albert Edward Dock in 1928, other and 
larger improvement schemes are under considera- 
tion, while it is hoped that, in the future, it will be 
possible to make the Tyne a free port for imports, 
the port dues having already been considerably 
reduced. The latest improvement in the river 
facilities lies in the arrangement, arrived at in the 
spring of this year, under which coal shipment can 
be continued up to 10 o’clock on Saturday nights. 
This has an important bearing on the question of 
repairs, as ships undergoing them will not be held 
up by the restricted loading hours hitherto pre- 
vailing. 

It may also be mentioned that the Tees Con- 
servancy Commission are exhibiting a contour 
model, in colour, of the River Tees and surrounding 
district from Victoria Bridge, Stockton, to Middles- 
borough and the North Sea, This shows all the 
principal features of the river on both the Durham 
and Yorkshire banks, and is of considerable interest 
though it is not of so large a scale and, in conse- 
quence, not so detailed as that of the River 
Tyne. 

Turning now to the definitely engineering‘exhibits, 
we may refer to the stand of Messrs, The North 
Eastern Marine Engineering Company, Limited, 
Wallsend-on-Tyne, who have an extensive display 
including a section of a large Diesel engine. From 
among the exhibits we select two for illustration. 
These are concerned with the troublesome problems 
of removing lubricating oil from steam and water, 
respectively. While the latter problem has existed 
since the introduction of the practice of using the 
condensate as feed water, the former is compara- 
tively new, or, at least has assumed greater import- 
ance with the growing employment of the exhaust 
steam of a reciprocating engine to drive a low- 
pressure turbine. The North Eastern interceptor, 
shown in Figs. 4, 5 and 6, page 681, has been designed, 
primarily for use on vessels fitted with the Bauer- 
Wach system, but other uses are clearly indicated. 
A vertical section of a small interceptor is given in 
Fig.5. Theoil-carrying steam enters at A, and passes 
through the extracting element B, thence making 
its way round the diaphragm C, and continuing 
its path to the turbine through the outlet D. The 
separated oil or other impurity, falls into the sump 
chamber E, to which any drip from the diaphragm 
also finds its way through the hole shown. The 
sump is provided with a gauge glass to ascertain the 
oil level in it, any undue accumulation being drained 
off at intervals to a filter, observation tank or other 
suitable place, or to the bilges. 

The oil-extracting element consists of a number of 
zig-zag partitions arranged alternately so as to 
form complete cells of square cross-section, as shown 
in Fig. 6. The walls of the partitions are perforated 
but the angular corners are left intact. The dirty 
steam entering by the holes H in any cell is deflected 
in its passage through the exit holes F, and the oil 
is deposited by the turbulence of the steam in 
the corner G, whence it trickles down into the 
sump. 

There are a considerable number of rows of cells, 
through which the steam has to pass in succession. 
A large interceptor with the cells removed is shown 
in Fig. 4. The smaller interceptors, such as that 
shown in Fig, 5, are used for extracting oil from the 
exhaust steam passing to direct-contact feed heaters. 
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Oil-contaminated feed water is dealt with by the 
gravitation feed-water filter shown in Figs. 2 and 3. 
Filters on this principle are used on steamships 
ranging from the liners Laurentic and Minnedosa to 
small cargo vessels, but the particular filter shown 
in the figure is the latest development embodying 
improvements in detail resulting from experience. 
About half of the filter consists of three connecting 
chambers, into the end one of which the oily water 
from the hot well is delivered. The large body of 
water contained in these chambers involves a 
great decrease of velocity and it is, in consequence, 
in a quiescent state in all of them. This provides 
sufficient time for most of the greasy matter to 
rise to the surface of the water in one or other of 
the chambers, from which it is scummed off at 
intervals. The remainder of the tank consists 
of a chamber with a basket containing coke in the 
centre. This basket is bedded on a machined 
joint, in order to prevent leakage, and is surrounded 
by a number of filter cartridges wrapped round with 
ordinary coarse towelling. These cartridges are 
also bedded on cone-shaped machined seats. The 
partially-filtered water from the scumming chambers, 
after passing through the coke and cartridges, 
flows over a weir, formed by a partition across one 
corner of the tank, and is led, in a clean condition, 
to the feed pumps or float tank. The weir ensures 
that the whole filter is properly submerged and 
that all the filtering surface is thus made use of, 
while the grease-collecting level is conveniently high 
in the secumming chambers. Spare coke baskets and 
cartridges enable the filter to be rapidly put into a 
clean condition with the minimum of delay from 
flow stoppage. 

Other exhibits of interest are examples showing 
the extending use of Perlit iron. One of these 
examples is of a firebar made of this material after 
16 months’ service. Its condition, i.e., practically 
retaining its original shape, is in marked contrast to 
the worn out and distorted bars near it made of 
ordinary cast iron which have only had three months’ 
use. The heat-resisting qualities of Perlit iron are 
also graphically demonstrated ina small furnace, | 
in which various specimens of different metals are | 
shown at a high temperature. 

A striking example illustrating the confidence now 
shown in welding as a boiler-making process forms 
part of the exhibit of Messrs. Riley Bros. (Boiler- 
makers), Limited, Stockton-on-Tees. Itis only com- | 
paratively recently that the classification authorities 
have recognised the electric and oxy-acetylene pro- 
cesses as legitimate, and it has needed this recognition 
to remove some of the dubiety with which the much 
older method of hearth welding appears to have been 
regarded by them. The example referred to above, 
and shown in Figs. 7 and 8, page 681, is hearth 
welded, and has been passed by Lloyds for a working 
pressure of 100 lb. per square inch. We under- 
stand that the Board of Trade also accept this 
form of construction. The particular furnace and 
combustion chamber under consideration is 8 ft. 
4} in. in diameter at the bottom, and is intended 
for the largest size of Messrs. Riley’s vertical 
multitubular boilers, which is 8 ft. 6 in. in 
diameter by 17 ft. high, and has a heating surface 
of 1,010 sq. ft. with a grate area of 44 sq. ft., the 
evaporation, at the easy-steaming rate, being 6,350 Ib. 
of water per hour from and at 212 deg. F. The 
total height of the structure, as shown in Fig. 8, 
is 9 ft. 74 in., and the total width across the corners 
of the combustion chamber is 6 ft. 10 in. It weighs 
approximately 3 tons. 

Only three plates are used in the construction. 
The front portion of the furnac> is made of a plate 
of lenticular contour in the flat; the back portion 
is a smaller plate of, originally, a somewhat seg- 
mental outline; and the combustion chamber is 
made from a single plate of special shape notched 
at the sides to permit of the necessary narrowing 
at the bottom. This chamber has, then, a welded 
seam at the back and two short welded portions 
where it begins to narrow. It is completely shaped 
to the form seen in Fig. 7 


7, and is then welded to the 
front portion of the furnace. The two parts are 
rigidly held together whilst the back portion of the 
furnace is welded in, which operation completes 
the construction. The firehole openings are flanged 





out if the boiler is required for coal firing, the con- 
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nection with the shell being made by a flanged|the furnace proper and the combustion chamber. 
firehole pipe, put in from the outside of the shell. | The top of the latter is formed by a flat flanged plate 
Fig. 7 shows very well the large passage between’ stiffened by dog and gusset stays. 
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Fias. 4 to 6. Om Separator ; Messrs. NortH-EastERN MARINE ENGINEERING Company, LIMITED. 


Of the numerous machines shown by Messrs. E. N. 
Mackley and Company, of Hawks-road, Gateshead- 
on-Tyne, we can only find space to describe two, one 
being a multi-stage turbine pump and the other a 
centrifugal slurry and tailings pump. Thislatter pump 
is shown in Figs. 9 and 10, page 682. Two types 


of this pump are manufactured, one for handling 
materials, such as the thick fluids met with in gas, 
soap, chemical, paper, and dye works, and the other 
for heavier work, such as pumping water charged 
with gravel, clinker, stones and other solid matter. 
An exterior view of one of these pumps is given in 
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MartneE Fitter; Messrs. NortH-EASTERN MARINE ENGINEERING CoMPANY, LIMITED. 
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Fies. 7 AND 8. WELDED BoILER CONSTRUCTION ; 
Messrs. RitEy Bros. (BoILERMAKERS), LIMITED. 


Fig. 9 shows two of its characteristic features, 
namely, the support of the shaft in two external 
bearings to take the weight off the stuffing box, and 
the arrangement of the casing which may be turned 
round so that the discharge branch faces in any 
convenient direction. Fig. 10 gives an end view 
with the cover removed to show the renewable liner 
in position. The impeller, which is of specially 
hard metal, runs in a thick annular lining, and is 
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also covered in by discs bolted to its sides. 
Thin removable packing rings are provided to 
compensate for wear on the running surfaces of 
the impeller. There are no bolts or nuts subject 
to the cutting action of the water, the whole of the 
lining arrangements being held in place by the end 
cover. A prolongation of the impeller boss runs 
in a‘ pocket-like extension of the back liner. This 
may be filled with grease or clean water under 
pressure, to prevent grit from lodging in the bush ana 
cutting the shaft. The suction branch leads straight 
and without obstruction to the eye of the impeller. 

The turbine pump is illustrated in Figs. 11 and 12, 
on this page, and is typical of the firm’s method of 
providing for rapid dismantling and correct re- 
assembly by means of a stepped gunmetal-lined 
casing. The external appearance of the pump 
is seen from Fig. 12, the actual exhibit being a 
repeat order of a set already working, which is 
capable of dealing with 1,000 gallons of water per 
minute at a head of 1,050 ft., when driven at 
1,450 r.p.m. by a 450 h.p. motor. The character- 
istic features of the Mackley pump are, however, 
best seen in Fig. 11. The exterior casing is a plain 
cylindrical casting with end flanges, supporting 
feet, and discharge ring. It is lined with a gun- 
metal casing which is stepped internally at each 
section. As the diameter of the sections increases 
towards the discharge end, it is clear that when 
dismantling, the shaft needs only to be withdrawn 
an inch or two in that direction, to bring each section 
clear of its seating. The whole of the internal 
parts can then be easily removed. The lining is 
also stepped externaily, as required, in this case 
once, to avoid excessive thickness at one end. 
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Figs. 11 anp 12. 


Each section is an independent water-tight cell 
consisting of a gunmetal diffuser ring B, a cast- 
iron diaphragm ©, a cast-iron diaphragm bush D, 
and a cast-iron impeller ring E. In these revolves 
the phosphor-bronze impeller A. The fitting parts 
being of gunmetal and tightly fitting, and the cast- 
iron parts having a definite clearance, no leakage 
can take place between the several sections on the 
one hand, or rusting up on the other. The guide 
passages in the diffuser ring are designed with a 








gradually enlarging orifice in the direction of 
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discharge, in order to give a gradual reduction of 
water velocity without the risk of eddying, &c. 
The hydraulic balance chamber is situated at the 
discharge end of the pump, recessed into the cover. 
The action is automatic, and is regulated by the 
cock on the outer pipe. The small collars in the 
bearing at this end of the shaft are designed as a 
safeguard against possible thrust when starting up. 
At the driving end, a line on the shaft and a pointer 
on the casing indicate when the impellers are in a 
central position. 
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Fies. 13 to 15. CoLirery ScrEeEn ; MEssrs. 
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Messrs. The Sunderland Forge and Engineering 
Company, Limited, Pallion, Sunderland, show several 
examples of their well-known electrically-driven ships’ 
winches with contactor-type control gear, steam- 
driven generator sets for ship lighting, motors, 
generators and starting panels, and other electrical 
gear. They also exhibit some examples of their 
more recent developments in colliery equipment. 
One of these, a screening machine, is shown in 
Figs. 13, 14 and 15 above. The principle is that 
of imparting high-frequency vibration to a tightly- 
. 8tretched wire screen, inclined at a suitable angle 
for the particular material being dealt with. 
Vibration is effected by a motor-driven device 
mounted on a girder spanning the screen. The 
screen has a flat bar down the centre, to which 
the connecting rod from the vibrator is attached. 
If two screens are placed in tandem, as in the 
present instance, a rigid connection is made between 
them immediately underneath the point of attach- 
ment of the rod. 

The motor is of } h.p. and runs at a speed of 
2,200 r.p.m. It drives the vibrator directly, 





15. 
THE SUNDERLAND FoRGE AND ENGINEERING 
LIMITED. 


thus giving 2,200 complete vibrations per minute, 
the amplitude of which can be varied from zero to 
fs in. The vibrating mechanism itself is very 
simple and not likely to get out of order. The shaft 
is fitted with an eccentric, which, instead of the 
usual strap, runs in a second eccentric. The strap 
of this second eccentric is coupled by a connecting 
rod to the centre of the vibrating screen, and the 
amount of eccentricity of both eccentrics is such 
that, when opposed, all vertical motion is cancelled 
out and no vibration takes place. When added 
together, however, the full amplitude is transmitted 
to the screen. The position of the second eccentric 
on the shaft is altered, in order to vary the ampli- 
tude, by rotating it relatively to the shaft round 
the first eccentric, which is keyed to the shaft, The 
second eccentric is caused to rotate by a finger 
projecting from a sleeve keyed to the shaft and 
capable of sliding along it. The keyway is cut 
helically on the shaft, so that the axial sliding move- 
ment of the sleeve causes it to rotate round the shaft, 
and so displaces the eccentric, as required, by means 
of the projecting finger, The axial displacement 
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of the sleeve is effected by rotation of the star-wheel 
at the right hand of the vibrator, which actuates a 
screw connected with the sleeve. The change of 
amplitude may be made whilst the machine is 
running. All the working parts of the vibrating 
gear are in dust-proof casings. 

As will be seen from Fig. 13, the machine is 
hinged at one end and provided with angle-adjusting 
gear at the other, which may be rigidly locked so that 
the vibration is confined to the screens. The normal 
screening angle with coal is 35 deg. to the horizontal, 
but the angle varies with the material being dealt 
with, as well as with the size of mesh and diameter 
of wire, these last two factors depending again on the 
degree of separation required. The capacity of the 
machine exhibited, of which the area of each screen 
is 6 ft. by 5 ft., is 60 tons of coal per hour of 
size between 14 in. and dust, assuming that 75 per 
cent. of the material passes through the screens, 
but it will be understood that the capacity varies 
with the size of mesh. . 

Another new product of the company is a compact 
electric winch specially designed for the rough 
handling such machines generally experience in 
shipyards, This winch is illustrated in Fig. 17, 
on Plate LVI, and will lift a weight of 3 tons at 
a speed of 45 ft. per minute. It will be clear from 
the figure that the winch is self-contained, the 
controller being housed in a water-tight casing 
mounted on top of the motor. The motor, 
which develops 13 brake horse-power at 500 r.p.m., 
is housed in a drip-proof casing, and surmounts the 
resistances, which are similarly protected. Both 
the motor and the resistance chamber are ventilated 
by louvres of the overlapping type formed in the 
access doors. A foot-operated band brake is situated 
between the motor and the driving worm. 

The large representative group of engines dis- 
played by Messrs. Petters, Limited, Westland 
Works, Yeovil, includes a 5 kw. automatic electric- 
lighting set running on fuel oil. The automatic 
generating set running on petrol has been available 
for some time, but this set represents a new and 
interesting development, The set is illustrated in 
Fig. 18, on Plate LVI, the centre of the figure being 
occupied by a Petter S type, 8 brake horse-power 
surface-ignition oil engine, with a direct-coupled 
generator on the right hand and a geared starting 
motor on the left, all three machines having a 
common bedplate. 

When the engine is working normally, the oil 
spray impinges on the vaporising surface formed 
by the uncooled portion of the cylinder head in 
the usual way. For starting, an electrically-heated 
plug is provided. This arrangement consists of 
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a fuel nozzle which can be rotated into either the 
starting or working position. The nozzle can be | 
seen at the front of the cylinder head in the figure, | 
and is provided with a toothed pinion meshing | 
with a rack operated by a solenoid. The starting | 
switch, situated at a distance from the plant, if| 
necessary, when put into the “on” position, sets | 
in motion a small electric motor which actuates a| 
simple contactor of the segmental type. The first 
segment of the contactor puts the electric heating 
plug into circuit with one cell of a small start- 
ing battery and, by means of the solenoid seen 
above the generator, rotates the sprayer into the 
starting position. Other movements, all regulated 
by a timing device, start the engine by putting the 
geared motor into the starting-battery circuit, and, 
when the vaporiser is heated and the engine firing 
normally, they switch off the electric heater, rotate 
the nozzle into the working position and cut out the 
starting motor. The engine is stopped by by-passing 
the fuel at the fuel pump, thus cutting off the 
supply to the nozzle. This is effected by a second 
solenoid actuated from a further segment of the 
contactor, the operation taking place when the 
starting switch is put into the “ off” position. 
Messrs. C. A. Parsons and Company, Limited, 
Heaton Works, Newcastle-on-Tyne, and Messrs. 
The Parsons Marine Steam Turbine Company, | 
Limited, Wallsend-on-Tyne, have two stands at the | 
exhibition. The main exhibit of the former firm is | 
a 6,250-kw. continuous output turbine, coupled to | 
an alternator, with an exciter, generating current | 
at 11,000 volts and 50 periods. The set runs at | 
3,000 r.p.m. when supplied with steam at a pressure 
of 165 Ib. per sq. in. absolute. The growth in turbine 
manufacture and design is well shown by a small 
set built 44 years ago, which ran at 18,000 r.p.m., 
and developed 4 kw. It is similar in type to 
those which supplied the current for lighting the 
previous exhibition, held in Newcastle in 1887. 
Another of the historical exhibits we illustrate 
in Fig. 19, on Plate LVI. This is an outward- 
radial flow turbine made in 1891. It ran at 
a speed of 4,800 r.p.m., with a steam pressure 
of 140 lb. per square inch, generating 100 kw. 
The shaft adjusting gear to reduce the blade clear- 
ance to 0:01 in., and steam-jacketed diaphragms 
for the fixed blades were both new in turbine 
practice at that date. It ran as a condensing 
turbine, and, when officially tested by Sir Alfred 
Ewing, gave a steam consumption figure of 27 lb. 
per kilowatt-hour. This was a record in low steam 








consumption and demonstrated the superiority of the 
steam turbine over the best reciprocating engines | 
of the period. 

Probably the most striking exhibit in the Palace | 
of Engineering is a 36-in. reflecting telescope, on | 
the stand of Messrs. C. A. Parsons and Company, | 
Limited. This was constructed by Messrs. Sir | 
Howard Grubb, Parsons and Company, Walker | 
Gate, Newcastle-on-Tyne, a subsidiary firm of 
Messrs. C. A. Parsons, to the specifications of 
Professor Sampson, F.R.S., Director of the 
Edinburgh Observatory, where the instrument will 
be installed after the Exhibition. It will be 
used, we understand, mainly for spectrographic 
observations. We propose to describe the instru- 
ment in some detail in a later issue, so that 
on this occasion, we propose to give only a few 
general particulars of it. The optical system is 
arranged on the Cassegrain principle, the main 
mirror, of parabolic form, being 37 in. in diameter, 
6 in. thick, and having a central aperture 34 in. in 
diameter ; its focal length is 15 ft. The Cassegrain 
mirror, which is mounted nea: the upper end of the 
tube, is of hyperbolic section, 10 in. in diameter, 
and is designed to give an equivalent focal length of 
54 ft. in conjunction with the main mirror. The 
mounting is of the equatorial type, in which the 
declination axis is mounted on the upper end of the 
polar axis, as will be clear from Fig. 16, on this page, 
which shows the instrument erected in the maker’s 
works. 

For setting and guiding the telescope, both in 
right ascension and declination, three rates of 
motion are provided for both axes, the fastest, 
giving one revolution in three minutes, being used 
for rough setting. For fine setting, the rate of 
movement is one revolution in two days, and for 
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Fie. 16. 36-In. ReFrLecting TELESCOPE; Messrs. Str Howarp Gruss, Parsons AND Co. 


guiding, one revolution in 60 days. All the motions 
are electrically operated, and the driving clock, 
which is housed in the lower part of the stand, is 
kept automatically wound by means of a motor of 
tw h.p. A guiding telescope is fixed parallel to 
the main tube, as shown in Fig. 16, and this is 
provided with an eyepiece mounted on cross slides 
fitted with illuminated scales. The object glass of 
the guiding telescope is of the three-lens apochro- 
matic type, with an aperture of 7 in. and a focal 
length of about 13 ft. In addition, there are two 
finders, one of 3-in. aperture and 36-in focal length, 
and the other a prism monocular with a magnifica- 
tion of 9 diameters. The spectrograph for use 
with the telescope is being constructed by Messrs. 
Adam Hilger, Limited, 24, Rochester-place, London, 
N.W.1. 

On page 345 ante, we described the Malcolm-Feuer- 
heerd variable-capacity rotary pump made by Messrs. 
Bever, Dorling and Company, Limited, 47, Victoria- 
street, S.W.1, at the Bowling Iron Works, Bradford, 
and this firm is exhibiting various types of this 
appliance. One of these embodies a later develop- 
ment, consisting of an automatic hydraulic control 
gear, and is shown in Figs. 21 and 22, on Plate LVII. 





It will be remembered that the action of the pump 
results from the rotation of a ring of rollers round 
an eccentrically situated driving shaft, the capacity 
being varied by vertical movement of the roller 
race in the pump casing so as to alter the degree of 
eccentricity. In the section of the control gear 
shown in Fig. 22, the spindle A is connected to the 
roller race, the eccentricity being increased by raising 
the spindle and decreased by lowering it. Motion is 
given to A by the piston D, which is actuated by 
fluid from the delivery branch of the pump, through 
the centre of a piston valve C. The plunger B is 
also subject to the pressure of the pump delivery, 
the load on it from this cause being balanced 
normally by a nest of helical springs in a telescopic 
casing compressed by a regulating handwheel. 
The action is as follows: An increase of pressure 
in the delivery pipe causes the plunger to overcome 
the set resistance of the springs and to rise, lifting 
the piston valve with it. This opens the top port 
and the piston is depressed, a movement accom- 
panied by depression of the spindle A and the roller 
race to which it is attached. The downward 
movement of the piston has also restored the piston 
valve to the central position which arrests further 
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Fic. 27. Biow-Down Aanp Hzat-REcOvVERY PLant; Messrs. Fintrators, LIMITED. 


motion, but in the meantime the capacity of the 
pump has been decreased and the pressure corres- 
pondingly reduced to that set by the adjusting 
springs. A reduction of the pressure below the 
set load, lowers the plunger, opens the bottom 
port of the cylinder, and increases the pump capacity 
by raising the roller race. 

Another interesting exhibit on this firm’s stand 
is the patent winding engine controller shown -in 
Fig. 23, on Plate LVII, and known as the Bever 
overwinder. This provides a separate automatic 
control for the steam valve and brake, that for the 
latter being variable. The principle on which it is 
based is that of an automatically controlled gover- 
nor, that is, the governor automatically functions at 
a higher or a lower speed according to the position 
of the cages in the shaft. The governor proper is 
driven through bevel and pinion gear from a shaft 
deriving its motion from the drum shaft of the 
engine by means of drag link or chain gear. It 
has a lift of between 3} in. and 3} in. The driving 
shaft is prolonged to carry a worm gearing with 
a worm wheel on a secondary shaft, which, by 
this means, makes almost one complete revolution 
for a wind. The secondary shaft carries a pair 
of cams which actuate vertical rods coupled to 
levers, the other ends of which are connected to 
tappet rods actuating the trip gear of the controls 
to the steam valve and brake, respectively. The 
fulcra of these levers are situated at the outer ends 
of the governor levers, all the rods, levers and cams 
being in parallel, though showing as single in the 
figure. 

To follow the working of the apparatus it may be 
assumed that the engine is started correctly. The 
steam control cam, as seen in the figure, commences 
to rotate in a counter-clockwise direction. The 
cam rod, the roller of which is kept in contact 
with the cam by a spring, then begins to descend, 
and the tappet rod rises, that is, the stop travels 
away from the trigger. If, however, the speed 
of the engine is allowed to increase unduly, the gover- 
nor rises and the outer end of its lever, which carries 
the cam lever, descends, thus depressing the tappet 
rod to the point of releasing the trigger of the valve 
control and shutting off steam, in spite of any further 
independent movement of the cam levers. The 
engineman, it will thus be seen, must run at the 
predetermined speeds for which the cams have been 
cut. Should the engineman be suddenly incapaci- 
tated while the engine is running, the governor 
will continue running at a speed not less than that 
which existed when he lost control, and the cam, 
continuing its rotation, will raise the cam rod and 
depress the tappet rod. The trigger is thus released 
at the point where the engineman should have 
reduced the engine speed. Should the engine be 
started in the wrong direction, the cam moves in 
a clockwise direction, and the acute point seen on 
the cam, immediately raises the cam rod and 
releases the trigger. 





The pointer on the cam rod, by its movement 
with the rod, serves to warn the engineman when 
the engine is approaching a dangerous speed, coinci- 
dent with a corresponding indicator on the worm- 
gear casing denoting that the tripping point is 
reached. The profile of the cams is set out to suit 
the speed at any part of the wind of the engine con- 
cerned. The cam for the brake operates the valve 
of a cataract gear, which gives a variable braking 
effect according to the position of the cages in the 
wind, a property which, in a weak drum, results in 
a considerable saving. The cam controlling the 
steam is profiled to shut off the steam before the 
brake comes into operation. The resetting of the 
gear after it has functioned may be done by a man 
in a minute, or by two men in half that time, this 
latter procedure being recommended to emphasise 
to the management the fact that the overwinder has 
come into operation. 

An interesting small pump designed for handling 
liquid food stuffs and other materials necessitating 
frequent cleaning of the apparatus is shown by 
Messrs. M. W. Swinburne and Sons, Limited, Walls- 
end Brass Works, Wallsend-on-Tyne. This pump, 
known as the “ Breech” piston pump, is illus- 
trated in Figs. 24 to 26, Plate LVII. To reach 
the whole of the working parts none of the covers 
has to be removed, no joints broken, and no bolts 
unscrewed. Dismantling is effected by a quarter 
turn of a breech lock, and the barrel and valves 
are then withdrawn in one piece from the casing. 
This operation is clearly illustrated in Fig. 26, which 
shows one of the smallest hand pumps, but the 
construction can be better understood from Figs. 24 
and 25, which show a larger pump of a somewhat 
later pattern. 

Referring to Fig. 24, it will be seen that the body 
casting has flanged suction and delivery branches 
at the open end and is machined with a taper 
near these branches. The other end is closed, the 
pump being double-acting. A brass casting 
containing two pairs of suction and delivery 
valves, i.e., one pair for each end of the pump, 
has a copper tube brazed to it, which tube forms 
the barrel. The joint between the body and the 
valve box is metal to metal, and is kept tight by 
the breech lock previously alluded to, which is 
simply an adaptation of the well-known hose 
coupling with wedge tightening action. The valve 
chambers are formed by two horizontal portions, 
containing the valve seats, with a vertical wall 
between them. The resultant construction, as will be 
clear from the figures, consists of common chambers 
under the suction and delivery branches with 
separate chambers between them communicating 
with the two sides of the piston. This communica- 
tion, in the one case, is merely a hole through the 
inner end wall of the valve chamber casting, and in 
the other is made through a groove in one side of 
the body casting which forms a front. 

The: valves have spherical surfaces seated on 








nairow mitred faces to prevent jamming. The 
piston for pumps handling liquid food, milk, 
wine, syrup, &c., is all metal, but for gritty or 
muddy liquids, leather or hemp packing is used. 
The piston-rod stuffing-box consists of a conical 
brass thimble pulled up against its seating by 
an external nut, and containing a gland of the 
screwed type. When the valve chamber cast- 
ing is removed, the piston can be easily cleaned 
in situ, and the ends of the suction and delivery 
pipes are exposed. In frosty weather, complete 
drainage is ensured by opening the breech. The 
piston can be withdrawn, if necessary, by re- 
moving the wing nut on the crosshead. From 
Fig. 24 it will be seen that a guide rod is fitted 
to carry the crosshead. The fulcrum end of the 
hand lever is formed with side bosses which slide 
in grooves on the inside of the bedplate, the only 
pin being the gudgeon. For power-driven pumps, 
a connecting rod is coupled to the crosshead. The 
pump, it is stated, is quite tight under a work- 
ing pressure of 100 1b. per square inch. When 
power-driven at a speed of 75 double strokes per 
minute, the capacity of the No. 4 size pump is 
1,560 gallons per minute, between 1} and 2 h.p. 
being required to operate it. The suction and 
delivery pipes may be of 1} in. or 2 in. bore, as 
desired. 

Messrs. Filtrators, Limited, Astor House, Ald- 
wych, London, W.C.2, are exhibiting their well- 
known apparatus for the treatment of boiler feed 
water to prevent scale, and to remove that already 
formed, but the display includes a later develop- 
ment in connection with it, in the continuous blow- 
down and heat-recovery plant. A diagrammatic 
illustration of this is given in Fig. 27, on this page, in 
which the Filtrator itself will be seen in the top left- 
hand corner. As we gave a full illustrated account of 
the appliance in ENGINEERING, vol. cxxii, page 415, 
no further comment is required, except perhaps the 
reminder that the principle embodied is that of 
subjecting a small quantity of linseed to the action 
of steam in a condensing chamber, the resulting 
emulsion being introduced into the boiler with the 
feed-water. This colloidal solution, by coating 
any scale-forming matter in the boiler with a close 
envelope, prevents the aggregation of such matter 
into the crystalline growths so difficult to remove 
once they adhere to the heating surfaces. The en- 
trapped substances are removed in the form of 
sludge, and as no oil is extracted from the linseed 
the solution has no deleterious influence on the 
boiler plates or tubes. 

. The plant shown in the figure is designed to effect 
the automatic removal of the sludge, as opposed to 
periodic blowing down of the boiler concerned, an 
operation which usually results in the loss of much 
heat with disturbance of the steam pressure. The 
action is as follows: Between the boiler and the 
feed tank, and installed where most convenient, 
either at ground level or above or below it, is 
an insulated cylindrical receptacle containing a 
baffle plate. The receptacle is connected by a 
pipe at its upper part, to a tee piece inserted 
between the blow-off valve and the boiler shell, a 
valve having an orifice adjustable to the rate of 
steaming of the boiler, being attached to the tee- 
piece. This valve allows a continuous blow-down 
flow to take place, the discharge entering the recep- 
tacle at about 10 Ib. per square inch pressure. The 
fallin pressure between the boiler and the receptacle 
causes a portion of the water, approximately 20 per 
cent., to flash off into steam, which passes to the feed 
tank through an automatic control valve and enters 
it as hot distilled water. 

The remainder of the water passes down the 
receptacle behind the baffle, the sludge gravitating 
to the bottom, and the clear water thus left being 
discharged to the feed tank from a point about half- 
way up the receptacle. If desired, the whole of 
the water blown down can be returned to the feed 
tank with but little loss of heat, and the raw water 
consumption is considerably reduced, In general, 
however, it is desirable to allow a small portion 
of the blow-down water to run to waste, in order to 
prevent increase of density through the accumula- 
tion of soluble salts. A third outlet for this is pro- 
vided at the bottom of the receptacle, and the pipe 
from it is led in a coil through the feed tank. This 
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and at low pressure, an important point where a 
common drainage system only is available. The 
figure shows the apparatus coupled to a Lancashire 
boiler, but the method is applicable to marine use 
especially where the make-up feed water is muddy 
or brackish, and density control likely to be difficult 
unless automatically performed. 

Messrs. Clarke, Chapman and Company, Limited, 
Victoria Works, Gateshead-on-Tyne, are exhibiting, 
amongst other examples of marine auxiliary 
machinery, a new form of booster winch. It 
embodies a development of the Ward Leonard 
principle. The drive enables the pull on the rope 
to be exerted at any speed from zero to full speed, 
and even permits stalling without damage, thus 
reproducing one of the main advantages of the 
steam winch. An illustration of the winch is given 
in Fig. 28 annexed. The barrel and warping drums 
are driven by a motor in the usual way through 
worm-wheel gearing running in oil. Included in 
the circuit, however, is a small generator which 
functions either as a positive or negative booster, 
enabling the winch motor to be supplied with a 
voltage varying from nothing to double the line 
voltage. 
double voltage is only internal, to the winch and 
is never transmitted to the ship’s mains. 

The generator is driven by a small motor con- 
nected across the line supply, the combined motor- 
generator set being situated in a deep portion of the 
main bedplate underneath the winch motor. The 
machine is thus completely self-contained, all 
the electrical parts being in a waterproof housing, 
the ventilators having caps which may be tightly 
screwed down in heavy weather. Control is 
obtained by varying the fields of the equipment both 
in direction and magnitude, and, by special wind- 
ings on the main motor and motor generator, a 
nearly constant power-speed load curve is obtain- 
able, and any desired degree of overload stalling can 
be arranged for, say from 25 per cent. to 100 per cent. 
excess torque, according to the particular duty of the 
gear. When lowering loads the equipment becomes 
regenerative, and power is returned to the line. 
There are no resistances in the main current and 
the power taken from the mains is, in consequence, 
in proportion to the actual work done, and not, 
as is frequently the case in electric winches, in 
proportion to the torque or load irrespective of 
speed. 

The control is very simple. A stool is provided at 
the rear of the machine, and the operator then has 
in front of him the starting buttons, the controller 
handwheel, and a pedal foot brake, the latter 
actuating a caliper type friction brake by means of 
the lever seen in the figure above the worm casing. 
There is also an emergency hand-lever in connection 
with the magnetic brake. Braking is, however, 
normally regenerative, and there is therefore little 
wear on the magnetic brake, the true duty of which 
is to hold the load stationary when the control is in 
the “off” position. All loads can be lifted or 
lowered at creeping speed or any intermediate 
speed up to full speed. The booster control system 
is equally applicable to capstans, warping winches 
and windlasses. When warping a ship not only is 


a powerful pull required at a very slow speed, but | 


on occasion a steady pull without any movement. 
The booster equipment can provide any required 
pull up to 170 per cent. full pull, at any speed within 
its capacity. This is indicated in the curves shown 
in Fig. 29, above, of the pull and speed of a 
typical warping winch. As already pointed out, the 
power consumption from the sh'ps’ mains is in 


It is understood, of course, that this | 
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the construction of the pulveriser may be gathered 
by a comparison of the present illustrations with 
those given on page 720, of vol. cxxii, of ENGINEER- 
rng. An improved method of feeding the raw coal 
has been embodied. Referring to Fig. 31 it will be 





seen that the coal on being charged into the | 


28. 


of the chamber is hinged so that the discs and beaters 
can be exposed when required. Examination or 
replacement of the discs is thus easily effected. 
The pulverised coal is drawn off by the fan, at the 
left of Fig. 30. from the pulveriser and delivered 
to the burners, but on its way to the fan passes 
through the hopper-like separating chamber. 
In this, by means of a hinged regulating deflector, 
the coarser coal is caused to fall back into the pul- 
veriser, while the finer material is carried on the air 
stream to the fan. As the pulveriser and chamber 
are subjected to an air-exhausting process, the 
operation does not result in the emission of 
dust. 

The stand of Messrs. G. and J. Weir, Limited, 
Glasgow, is one of those of which the exhibits are 
so numerous that though we had previously de- 
scribed many of them an attempt to cover the rest 
would be suggestive of a catalogue. We must be 
content, therefore, with the selection of two of the 
firm’s latest products. The increasing partiality 
of engineers in charge of large power plants for 
rotary auxiiiaries was met by the Messrs. Weir in 
the direction of boiler feeding by their turbo-driven 


hopper at the right hand of the drawing, falls on to | feed pump, which has been supplied to work with 
a belt conveyor, and is carried forward under an| pressures up to 1,200 lb. per square inch. Steam 


adjustable gate. 
varied by altering the feed of the ratchet by which 
the larger pulley is rotated by means of a slotted 





crank disc. The crank disc is driven, through a_| 
gearbox, by a belt from the main shaft having a 
jockey pulley tightener. 

On falling from the feeding belt any tramp iron | 
or other heavy substance drops into a pocket imme- | 
diately under the larger pulley but the coal is 





deflected by a current of warm air being drawn into 





the pulveriser, and enters the pulveriser by a pair | 
of side passages, a hinged deflector flap near the | 


proportion to the work done, thus, if a pull of full} pulley being set as necessary according to the | 
load is required at say 15 ft. per minute, only a/| velocity of the incoming air, etc. Any iron which is | type on a common bedplate with the driving motor, 
small current would be taken from the supply | not thus trapped passes into the pulveriser and | the shafts having coupling with fibre discs. The 
mains; with contactor control full load current | falls into the chamber seen at the bottom of it. | impellers are of nickel alloy, and of the single inlet 
would be taken, the greater part of the power being | The pulverising chamber is lined with hard wearing | shrouded pattern, cast integral with the shaft sleeve. 


absorbed in resistances. 

Without referring to all the exhibits of the firm, 
some description may be given of the pulveriser 
shown in Figs. 30 to 32, opposite. This machine 
is suitable for land or marine purposes and is 
capable of dealing with 10 tons of coal per hour 
at a shaft speed of 960 r.p.m. It is driven by a 
180-h.p. motor. An idea of the advance made in 


interchangeable where possible, to facilitate replace- 
ment. These sections are held by bolts passing | 
through lugs on the back and having their nuts outside | 
the chamber as seen in Fig. 31. The pulveriser disc 
is made, in the new design, of two mild steel plates 
between which are riveted the brackets carrying 
the hard steel beater plates. The whole outer side 





| 





The speed of this belt may be| as a motive power for auxiliaries is not, however, 


always convenient to provide and control in a 
modern power station, and in consequence there 
is a demand for electricity in its place, which demand 
is reflected in the electrically-driven pump shown in 
Fig. 38, Plate LVIII and termed by Messrs. Weir 
the “‘ Electrofeeder’’ pump. This type of pump is at 
present limited to the larger powered installations, 
and the actual pump shown in the exhibition, and 
illustrated in our figure, is constructed for a duty of 
20,000 gallons per hour against a pressure of 400 Ib. 
per square inch, when running at 1,450 r.p.m. 
The pump is of the horizontal ring section turbine 


| steel liners, which are now made in short sections, | The shaft runs on steel roller water-cooled bearings. 
| End thrust is automatically taken up by a double 


valve hydraulic arrangement, and, in addition, 
endwise movement of the shaft is prevented by a 
Michell thrust bearing, which protects the working 
faces against wear. 

The second apparatus to which we propose to 
refer on this stand is a Weir three-stage air ejector. 
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Fie. 21. 
AvuToMATIC PumMp-ConTROL GEAR; Messrs. BEVER, DORLING 
AND CoMPANY, LIMITED. 
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Fie. 26. 
Fies. 24 tro 26. * BreEecH” Piston Pump; MEssrs 
M. W. SwWINBURNE AND Sons. 
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Fie. 23. WINDING-ENGINE CONTROLLER ; 
Messrs. BEVER, DoRLING AND Co., LIMITED. 
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Fie. 38. ELECTRICALLY-DRIVEN FeEp Pump; Messrs. G. AND J. WErR, LIMITED. 
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Fics. 89 to 43. “Moniror” Sarety Devices; Mr. C. L. STOKOE. 























Fic. 44. Rotary Arr Compressor; Messrs. BERNARD HOLLAND AND COMPANY. 
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Fie. 46, 
TRAFFIC-CONTROL APPARATUS ; Messrs. J. H. HoLMES AND Company, LIMITED. 
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Fias. 30 to 32. CoaL Putveriser; Messrs, CLARKE, CHAPMAN AND Company, LIMITED. 
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This ejector, which is illustrated in Fig. 50, page 689, 
is of the intermediate surface condenser type, and 
has a duty rating of 48 lb. of dry saturated air 
at 68 deg. F. when circulated with cooli-g water 
at 58 deg. F. It is capable of maintaining any 
vacuum up to 28-8 in Hg. with a barometer of 
30 in. Referring to the figure it will be understood 
that each of the connections on the top of the 
ejector supplies steam to a nozzle, with a throat 
diameter of 4 in., through which a jet of steam 
discharges into a conical air diffuser. The diffusers 
are housed in the casing, where they are subjected 
externally to a current of cooling water, as are 
also two systems of condenser tubes, through 
which the steam and air mixture from the ejectors 
passes. The steam is discharged downwards 
through the diffusers and flows upwards through 
the cooler tubes. A special water-sealed drain 
tube is provided to drain the tubes, and small-bore 
drains pass independently to the main condenser. 
The cooling water for the intermediate condenser 
is taken from the cooling water system of the main 
condenser, but it is claimed that the loss of efficiency 
from the heat thus abstracted is fully compensated 
for by the ability of the ejector to maintain the 
vacuum when the main engines are not in operation. 
It may be mentioned that the steam before reaching 
the nozzles has to pass through a strainer with 
holes y-in. in diameter, and that the nozzles are 
made Of Monel metal. 

With reference to this metal, the collection of 
examples of its uses, exhibited by Messrs. Monel- 
Weir on Messrs. G. and J. Weir’s stand, should 
not be overlooked. Chief among these may be 
mentioned the Monel metal turbine blading and 
condenser tubes, which have surfaces of a high 
degree of finish. The condenser tubes, with a 
very high proportion of nickel, have been sub 
jected to corrosion and durability tests over a 
period of some 44 years, and are still in perfect 
condition. 

Another firm which is exhibiting under the 
segis of Messrs. Weir, is that of their associates, 
Messrs. Drysdale and Company, Limited, Glasgow. 
In this case again we select only a new development 
and illustrate it in Figs. 33 to 37, page 688. These 
figures show the Drysdale “ Vertoil ” motor-driven 
pump which, as its name implies, is a vertical 
vump for handling oil, its primary purpose being 
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for the circulation of lubricating oil in marine 
engine rooms. The pump is made in three sizes, 
the example displayed on the stand being designed 
for a duty of 50 tons per hour. Little need be said 
about the power unit, its method of application 
being clear from Fig. 37. The motor is of 30 brake 
horse-power, and will run at a maximum speed 
of 1,550 r.p.m., the maximum oil discharge pressure 
being 85 lb. per square inch. As regards the pump 
it will be seen that the casing is made in two 
sections joined by vertical flanges on the centre 
line. Each section contains a pair of wheels 
meshing together, and the two work in parallel, 
though the teeth of one set are out of phase with 
those of the other set to ensure an even and con- 
tinuous flow. The two driving wheels are mounted 
on a nickel-steel shaft, which is driven from the 
vertical motor by worm gear in a central compart- 
ment of the casing. This shaft is supported by 
one roller bearing and one double-duty ball bearing, 
the latter taking the axial thrust of the worm 
wheel. The driven wheels are fitted with bronze 
liners and rotate on a fixed spindle, lubrication 
being effected from the discharge side of the gears. 
The covers at the outer ends of the pump section 
are spigoted, to facilitate replacement after inspection 
or renewal of the gears. The vertical shaft on which 
the driving worm is mounted is coupled direct 
to the motor, the weight of the shaft and armature 
being supported by a ball thrust bearing on the top 
of the motor. The journal bearings of the vertical 
shaft are of the no-gap ball type. The motor, 
motor-stool and worm shaft can be removed en bloc 
without disturbing the pump, and a hand hole is fitted 
on the pump casing for inspection of the worm gear. 
There are two suction branches at the back of the 
pump, either or both of which may be used. Below 
them is a single discharge branch. These branches 
are arranged to render priming unnecessary after the 
first operation, unless, of course, the pump should 













































Fias. 33 To 37. 


have been drained of oil through the plugs provided. 
As the Vertoil pump is a positive displacement 
pump, excessive pressures may be generated in 
the pump casing by closing the discharge valve. 
A relief valve, set to lift at about 5 lb. above the 
discharge pressure, should be fitted on the pump 
side of the discharge valve. 

Mr. C. L. Stokoe, Laburnum Avenue, Wallsend- 
on-Tyne, is exhibiting the latest developments of his 
“Monitor ”’ safety devices. These were originally 
brought out to safeguard the cooling-water systems 
of gas engines, air compressors and so forth, but 
their field of application was soon greatly widened 
by the inclusion of oil-lubricating systems, brine 
circuits for refrigerating plants, and many other 
cases in which the breakdown of the particular 
supply concerned might result in serious damage or 
loss. In the original form, described and illus- 
trated in ENGINEERING, vol. cxv, page 584, the 
device consists of a flow indicator forming part of 
the pipe line. The flow keeps an internal flap or 
disc open by an amount depending on its velocity, 
which amount is shown by a balance lever over an 
indicator dial. There are two types of alarm 
mechanism, the mechanical, which actuates a 
whistle blown by compressed air, and the electrical, 
which rings a bell. On the resumption of the flow, 
the mechanical gear automatically resets itself, 
but it can also be set to operate on the reduction of 
the flow instead of its complete cessation. The 
electrical gear can be employed either to give an 
alarm or, through a relay, to shut down the plant. 
The newest form of the Monitor alarm is a pattern 
for use with small flows of from 10 gals. to 150 gals, 
per hour. This is illustrated in Fig. 42, Plate LVIII. 
A disc valve of special shape, moving in a tapered 
cylinder, is the chief difference from the older 
designs, but the new pattern also possesses increased 
facilities for internal cleansing. 

One of the later developments of the device is 
shown in Figs. 39, 40, and 41. This is designed to 
operate an alarm when the level of a liquid in a 
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VeERTOIL Pump; Messrs. DRYSDALE AND CoMPANY, LIMITED. 


tank becomes either too high or too low, or, to take 
a special case, to give warning should the fuel-oil 
tanks of a ship begin to overflow during filling. 
It consists of a cast-iron box containing a hinged 
float which takes the place of the flap or disc valve 
in the flow indicator. The alarm gear is similar to 
that of the flow indicator, the mechanical arrange- 
ment being shown in Fig. 39 and the electrical in 
Fig. 40. In the latter circuit 1, 2 closes and 2, 3 
opens when the float falls. As shown in the figures, 
the alarm will operate when the float falls, but to 
adapt the mechanism to give warning when the 
float rises, it is only necessary to place the alarm 
gear on the other side of the box, i.e., at A in Fig. 41. 
Another modification consists of the adoption of a 
diaphragm which responds to changes of pressure, 
as distinct from changes of flow. This type has 
been developed as a safeguard for the main-engine 
forced-lubrication systems of motor-ships. It may 
also be used to give the alarm should the cooling- 
water pumps of such engines stop or breakdown, 
this being attended by a loss of pressure. Like 
the flow type, the pressure alarm may be either 
electrical or mechanical. An illustration of the 
latter is given in Fig. 43, Plate LVIII, from which 
its construction will be clear. The pressure at which 
the alarm sounds is regulated by adjustment of an 
internal spring, effected by the screws seen under- 
neath the casing and above the whistles. 

Messrs. Bernard Holland and Company, 17, Vic- 
toria-street, Westminster, S.W.1, show a two-stage 
air-cooled brake compressor, with electric motor 
drive, designed for use on railway and tramway 
work. It is a very compact machine, and has 
been used in tube railway work, where there are 
frequent stops, for two years without any over- 
haul or repairs. Another of the later specialities 
of this firm shown is a portable self-contained 
two-stage rotary compressor, mounted on a chassis 
with springs and rubber-tyred wheels, and provided 
with a radiator, fuel tank, air cooler, and receiver. 
It runs at 1,450 r.p.m. and delivers 106 cub. ft. 
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Fia. 50. Turee-Stace Air Esector; Messrs. G. ano J. Wetr, LIMITED. 


of air per minute at a pressure of 100 lb. per square 
inch. There are several larger machines on the 
stand, and of one of these we give an illustration 
in Fig. 44, on Plate LVIII. This machine, which, 
it will be remembered, embodies the principle of 
air compression by the radial displacement of flat 
plates from a rotor eccentrically placed in the cy- 
linder, is a two-stage water-cooled one, for delivery 
pressures up to 150 lb. per square inch. At this 
pressure, it has a capacity of 1,380 cub. ft. of free 
air per minute, actual delivery, when running at 
485 r.p.m. 

Oil-firing apparatus is shown by Messrs. The 
Wallsend Slipway and Engineering Company, Limi- 
ted, Wallsend-on-Tyne, and Messrs. Swinney 
Brothers, Limited, Morpeth, who hold the sole 
licence for the manufacture of the oil-burning equip- 
ment originated by Messrs. Smith’s Dock Company, 

Among the most recently introduced plant shown 
by Messrs. Swinney is the Thompson positive 
self-cleansing filter which is shown in Figs. 51 
and 52, on this page, and is designed to obviate the 
necessity of opening up a filter for cleansing, as is 
necessary when the type fitted with a removable 
cartridge of copper gauze or perforated steel is em- 
ployed. In the Thompson filter, the filtering element 
is made of a series of flat sheet-metal annular discs, 
of the form shown in Fig. 52, threaded on a central 
spindle. Each disc is separated from the adjoining 
one by a very narrow space, the width of which is 
determined by the kind of oil or other liquid it is 
desired to free from solid impurities, as it is through 
the slots thus formed that the liquid is constrained 
to pass, its course being indicated in Fig. 51. At 
each side of the filter frame is a spindle on which 
are threaded small discs. These enter the slots in 
the filter frame to a sufficient depth to cover the 
width of the rings and, as regards thickness, they 
fit closely in the slots. All three spindles are 
geared together by pinions at the top, so that 
the rotation of the centre one causes the other 
two to revolve also.’ It is this rotation which sets 





up a scraping action from the relative motion of 
the discs and rings, thus causing the trapped solids 
to be removed from the latter. 

Suitable scrapers remove the dirt from the 
discs, and it falls into the sump at the bottom of 
the chamber. The strainers are made either single 
or double, shut off valves being provided in both 
cases for use when cleaning. They may also be 
made with completely rotating discs, the example 
described being one in which a semi-rotatory 
movement of the handle on top of the casing 
being all that is required to clean the filter frame. 

We also noted on this stand a very neat arrange- 
ment of an automatic oil-firing plant for a central- 
heating boiler. The oil is sprayed by low-pressure 
air, and the equipment comprises a small motor 
driving both a fan and an oil pump. The 
burner discharges over a sparking gap in the 
furnace, across which an electric current is caused 
to pass while the pump and fan are running. 
The resultant sparks not only light up the jet 
as soon as the equipment is started up, but, by 
their continuous passage, prevent the flame from 
going out should water be present in the oil. The 
oil-burning gear is controlled automatically by a 
thermostat placed where an even temperature is 
desired. 

Among the exhibits of Messrs. J. H. Holmes and 
Company, Limited, of Newcastle-on-Tyne, are 
various machines for use in electric welding and 
electroplating, and a compact installation for the 
first-mentioned purposes is shown in Fig. 20, on 
Plate LVI. The set consists of an alternating- 
current squirrel-cage motor, direct coupled to the 
direct-current welding generator, having a separate 
exciter which can be seen on the left in the figure. 
The output of the generator can be varied from 25 
to 200 amperes, at 18 to 30 volts. The switchboard 
is of enamelled slate, and carries an ammeter, a 
voltmeter, a shunt regulator, a series regulator, and 
a change-over switch. An exhibit with an historical 
interest is the first dynamo made by the firm. This 
dates from 1885, and is of the Gramme type. It has 
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Fies. 51 anp 52. Srur-CLEANSING FILTER ; 
Messrs. SWINNEY Brotuers, LIMITED. 


been returned to Messrs. Holmes, at their request, 
and replaced by a modern machine, and was, until 
its return, running up to its original full rated 
capacity of 50 amperes at 60 volts. It is thus 
employed on the stand, being belt driven by an 
alternating-current totally-enclosed motor venti- 
lated by an external fan. 

In contrast with this veteran machine, Messrs. 
Holmes show an example of one of their latest 
products, in the ‘‘ Castle”’ automatic electric street- 
traffic control equipment. This is illustrated in 
Figs. 45 to 47, on Plate LIX. It will be at 
once evident from Fig. 45 that the apparatus 
employs coloured signal lamps for both day and 
night use. The traffic at a crossing is controlled 
automatically by four signal lamp boxes, one at 
each of the four ways of the crossing, and facing the 
oncoming traffic from each direction. Each box 
contains three coloured lights arranged vertically. 
The top light is red, indicating “‘ Stop,” the middle 
one is amber, indicating “‘ Caution,” and the bottom 
one is green, indicating “‘Go.” These words are 
moulded in the lamp lenses, and are legible at some 
distance from the signals, though the colour of the 
light showing is chiefly relied on. 

All four signal boxes are controlled by mechanism 
housed in the box seen below the lamps in Fig. 45. 
One box can be arranged to control up to six four- 
way crossings, a system which, by synchronising the 
traffic on adjacent crossings, makes for smoother 
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Fie. 53. ExLectric Heaping Macuine; Messrs. INTERNATIONAL CHANNELLING MACHINES, LIMITED. 





runningas well as keeping the installation costs down. 
When the apparatus is working, the red light shows 
for a pre-determined number of seconds, and, on 
its disappearance is immediately succeeded by the 
amber light, which remains visible for a very short 
period only. It is succeeded by the green light, | 
which is also shown for a pre-determined time. | 
The red and green lights may be set to show for | 
any period from 5 seconds to 3 minutes, in steps of | 
5 seconds, but the amber light has an independent 
adjustment of from 2 seconds to 8 seconds, as most | 
suitable to the particular crossing, a long caution | 
period being wasteful. In addition, the red and | 
green signals may be switched off when traffic is at | 
a minimum, as, for instance, late at night. The | 
amber signal remains on and flashes intermittently, 
thus serving to give warning of the proximity of a | 
crossing. 
The normal working of the signals is for red lights 
to appear simultaneously at both cross-road ends, | : : e e 
while the main road ends show green, or vice versa, | Fie. 54. FLamME-PRoor CigcuiT BREAKER ; 
all the four corners being under common control.| MESSRS. A. REYROLLE AND Company, LimrrTEp. 
The amber signal gives warning of a change, and 
allows vehicles proceeding in one direction sufficient | instantaneous change of signal is thereby effected. 
time to clear the crossing before the other traffic at | The important features of accuracy of timing and 
right angles to it is released. By means of a small} ease of variation of setting has been secured by 
auxiliary hand controller, fixed where required, it | using a reversible motor, and by halving the period 
is possible to regulate the traffic at any one of the | of the red and green signals between the forward 
six crossings by hand, should it be required by troops | and backward directions of rotation. The cam 
passing, or a procession, for instance. The operator | drum operates its own reversing switch when it 
has then independent control of all the signal lamps | comes up against variable stops in either direction. 
at the particular crossings, the automatic control | An alteration to the position of the stops controls 
being cut out. This change-over does not affect | the reversal of the motor, and the red and green 
the automatic working of the signals at the other | signals may be timed, within the limits already 
crossings. 














| stated, to a degree of accuracy of plus or minus 
The internal arrangement of the control box is}; a quarter of a second. The setting levers for the 
shown in Fig. 47. In the upper part is a double- | stops are seen in Fig. 46. They are reached through 
pole isolating switch and fuses, and at the right/a small door at the side of the control box. 
hand is the motor for operating the timing| There is one half-circle dial, bearing the setting 
mechanism. This is a universe] constant-speed | times, for each of the intersecting roads concerned ; 
machine which drives, through reduction gear, a| that is, main road and cross road. Each lever can be 
drum carrying three cams. This drum is seen| moved to any setting on the scale independently of 
in the centre of the box. Above it are three contact | the other, and without any interruption of the work- 
fingers actuated by the cams, which fingers operate | ing of the mechanism. The tumber switch, partly 
the three contact switches at the bottom of the | visible to the right of the main switch, controls the 
box that complete the electrical circuit to the} flashing setting of the amber light already men- 
lamps. Overlapping of the signals or gaps between | tioned. Access to the mechanism is from the door 
them are rendered impossible by mechanical at the front, but a padlock in the side compartment 
interlocking of the contactor switches. Thus, if! must first be opened. A second key is therefore 
one switch is closed, the remaining two are held| necessary to get at the mechanism or live parts, 
open, and, in addition, the cams are overlapped so | which key would not normally be entrusted to the 
that each contactor switch in turn is prepared to | operator, though he would have access to the timing 
close half a second before it is due to operate,| controls and main switch handle. 
though it cannot actually close before the pre-| From among the apparatus shown by Messrs. A. 
viously energised contactor switch opens. An/| Reyrolle and Company, Limited, Hebburn-on-Tyne, 


| we illustrate two of the exhibits, namely, a flame- 
| proof mining pillar, shown in Figs. 48 and 49, on 
| Plate LIX, and a flame-proof circuit breaker with 
| detachable dividing boxes, shown in Fig. 54. The 
| mining pillar consists of a fixed portion and a movable 
| one, the former containing only the insulated connec- 
| tions, and the latter current transformers, trip coils, 
and other apparatus which might require overhaul or 
| adjustment. It will be seen in Fig. 49 that the movable 

portion, containing the circuit-breaker, is supported 
| on slides, along which it is drawn when it is required 
| to isolate it. A hinged cover is swung over the plug 
receptacles and locked, so that anyone working on 
the circuit is amply safeguarded. The plug re- 
ceptacles, which are the only accessible live parts, 
are recessed deeply in porcelain insulators, as seen in 
Fig. 48. The interlocking mechanism prevents such 
faults of handling as closing the switch before the 
movable portion is properly engaged, or plugging in 
this portion when the switch is closed. 

The apparatus shown on the top of the ’bus-bar 
chamber is a potential transformer, and the high- 
tension fuses are mounted on holders screwed into 
the casing. The action of unscrewing breaks the 
circuit to the transformer first, and further un- 
screwing is necessary before the holder can be 
withdrawn. This ensures that any sparking which 
may occur takes place in a closed casing. A triple 
thread is employed on the holder to increase the 
sealing effect of the metal-to-metal contact. The 
pillar exhibited is suitable for a pressure of 3,300 
volts, three-phase, and a current of 200 amperes. 
The moving contacts are of the laminated-brush 
type, with renewable sparking pieces. Two or three 
instantaneous overload trips can be provided or, 
if required, a dash-pot giving an adjustable time lag 
may be fitted. Any number of pillars may be 
mounted together to form a complete switchboard. 

The small circuit-breaker is, like the mining 
pillar, of the oil-immersed type, the oil tank being, 
in both cases, of welded boiler plate. The example 
shown in Fig. 54 is adapted for attaching to a wall 
or pillar, and has a current-carrying capacity of 
100 amperes at 660 volts. The dividing boxes 
are so arranged that the complete circuit-breaker 
may be detached from them without altering 
their position, and the cables need not, in conse- 
quence, be unsealed. The circuit-breaker may be 
constructed to contain either inverse time-limit 
dash-pots or tubes for instantaneous tripping, 
adjustable through a wide range. If a squirrel- 
cage induction motor, of a size suitable for switch- 
ing direct on to the mains, is to be controlled, 
a starting dash-pot may be fitted, arranged so 
that the operation of closing the circuit-breaker 
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lowers the trip-coil plungers, and thus prevents 
tripping from occurring under the influence of the 
heavy starting current. The plungers return 
gradually to their normal position while the motor 
is running up to speed, and are then ready for normal 
operation under running conditions, 

Messrs. International Channelling Machines 
Limited, Penistone-road, Sheffield, are showing 
coal-cutting machines and other coal-face machinery, 
some operated electrically and others pneumatically. 
The “ Siskol ’’ electric header with automatic safety 
switch, illustrated in Fig. 53, on the opposite page, 
is intended to do the same work as compressed-air 
percussive machines in headings and other narrow 
places. The electric heading machine, with a 3-h.p. 
motor, is claimed to do the same work as a percussive 
coal cutter requiring 25 h.p. for the air compressor. 
The action is a combined reciprocating and rotating 





‘one. As will be seen from the figure, the centre 
}column is attached to a plate base which may 
| be mounted on wheels for flitting, and carries a 
casting formed with two long bearings carrying 
pilot bars, and is also provided with quadrantal 
worm gear for swivelling the machine. The motor 
is attached to one end of the pilot bars and a 
gear-box containing the reciprocating mechanism to 
the other. 

The intermediate driving spindle lies between 
the pilot bars, as also does the feed screw which 
moves the bars, along with the motor, gear box and 
cutter, relatively to the column. The intermediate 
spindle is driven by the motor through single- 
reduction gear, and a second-reduction gear is 
situated in the reciprocating gear-box at the right 
of the figure. In this reduction element, the pinion 
on the intermediate shaft is a long one, so as to 
permit the wheel on the main shaft, which meshes 
with it, to reciprocate in an axial direction whilst 
transmitting the rotary motion. This wheel is keyed 
to the shaft and next to it, also attached to the 
shaft, is a swash-plate cam. The edge of the cam 
rotates between two rollers on fixed centres, the 
result being that the main shaft is thus made to 
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reciprocate in every revolution. This gear box is | 
oil tight, and splash lubrication is adopted. The | 
shaft terminates in a substantial chuck, which | 
carries the cutter bars and extension rods seen in the 
foreground of the figure. When the machine is in | 
use, the wheels are removed from the baseplate and | 
the column is jacked up to the roof against timber | 
packing. Headings or bords up to 20 ft. wide by | 
5 ft. deep can be cut by the machine from one setting | 
of the column, and it may be arranged to cut any- | 
where between floor and roof. Seams as low as | 
18 in. may be worked in. 
The latest type of pneumatic machine shown is | 
the Siskol scalloping machine. This is the well- | 
known Siskol coal cutter adapted for breaking up | 
the coal after the holing has been done, so avoiding | 
shot firing and, where the conditions are suitable, 
increasing the percentage of large coal. The coal | 
cutter is mounted on a casting fitted with two 
quadrantal worm gears, by means of one of which 
it can be swung in a vertical plane, and by the other | 
in a horizontal plane, round the column. This | 
casting, and therefore the cutter, can also, by 
means of a simple helical device, be raised or) 
lowered on the column as desired. The machine | 
is chiefly applicable in fairly thick seams, say from | 
3 ft. upwards, and is operated by making a horizon- 
tal cut about the middle of the seam, with a vertical 
cut following if necessary. The ordinary five- 
pronged cutting bit is then exchanged for a pick with 
a single point. This is directed to any desired | 
point at the face of the heading, as is possible by | square inch. As will be seen from the figures, the 
the employment of two quadrants, and a few blows, | crankcase is enclosed, the cylinders are water- 
with simultaneous feeding, will break up the coal | jacketed, and forced lubrication is employed. There 
into lumps of a size conformable with its nature.|is a two-pass intercooler between the stages, of 
On the adjoining stand, Messrs. 8S. A. Ward and | sufficient surface to reduce the outgoing air tempe- 
Company, Limited, Wybourn, Sheffield, are also | rature to within 10 deg. F. of the cooling-water inlet 
showing ym d machinery, in the form of their| temperature. Metallic packing is used on the piston 
auxiliary haulage gears for displacing ponies;rods and metallic scrapers at the crankcase 
underground. These gears, somewhat resembling| top. Between the glands and scrapers there is 
a very compact — “i pte eal xe |a distance in excess of the stroke, so that it is im- 
and strong, some of the examples being designed | possible for oil to find its way up out of the crank- 
for use with compressed air, others with electricity. | ten and into the cylinders. The valves are of the 
They are built in standard sizes from 5-h.p. upwards, | original Hoerbiger plate type, made by Messrs, Belliss 
and with single and double drums, surge wheels, &c., | and Morcom, and are placed in chambers behind the 
as may be required. A new development of Messrs. | cylinders, where they are accessible through to 
Ward’s activities is seen in a simple ball grinding | and bottom covers. , F 
mill, intended for producing pu'verised fuel of a} Perhaps the most interesting feature of the com- 
high degree of fineness, as also for the production | pressor is the control system. This consists of a 
of graded material for roads, concrete making, &c., | iieihshenk valve placed on the air inlet pipe as 
in sizes between } in. and } in. | shown in Fig. 55. The spindle is loaded on the top by 
A motor-driven two-stage air-compressor made by | deadweight discs, and is prolonged downwards stk 
Messrs. Belliss and Morcom, Limited, Birmingham, | a small cylinder and fitted with a piston. The under- 
is shown on the stand of Messrs. Babcock and | side of the piston is subjected to the pressure of the 
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Wilcox, Limited, of Farringdon-street, London, 
E.C.4, operating a totally enclosed single-gear steam 
winch made by this latter firm. The air-compressor 
is illustrated in Figs. 55, 56 and 57, page 691. It is 


of the double-acting, two-crank type with a capacity 
of 250 cub. ft. of free air per minute, and delivery 





pressure adjustable between 50 lb. and 100 lb. per 


air delivery, and the weights are so adjusted that 
when this pressure rises some 2 lb. above the desired 
final pressure, the valve rises and closes. It remains 
closed, with the compressor running light and deliver- 
ing no air, until the delivery pressure falls to about 
2 lb. below the required working pressure, when the 
weight causes it to open. The handwheel and spindle 
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below the piston are used to close the valve when 
starting the compressor. This method of control, 
we understand, has been found to be simple and 
very effective, provided that the light-load power 
can be kept down to a low figure. In this parti- 
cular compressor, the light-load brake horse-power 
is only about 8 per cent. of the full-load power, 
though special tests have shown it to be as low as 
4-25 per cent. on larger plants. 

At the stand of Messrs. The Grampian Engineer- 
ing Company, Limited, of Causewayhead, Stirling, 
various types of “ Velox” steam disinfectors are 
shown. It will, no doubt, be generally known 
that the sterilisation of the bedding, clothes, &c., 
used by persons suffering from infectious diseases 
is now commonly effected. by the application of 
heat, but that several methods of applying it are 
extant, is, perhaps, not so widely known. After 
a full consideration of the relative advantages 
of hot air, boiling, low-pressure steam applied in 
a current, and high-pressure steam applied in a 
confined space, The Grampian Engineering Company 
have selected the last method as affording the 
most satisfactory system, having high penetrative 
powers in the case of bulky articles. The pressure 
used is from 10 to 15 lb. per square inch, and the 
steam is delivered in a saturated condition, while all 
air is completely removed. The exhibits include 
examples of disinfectors suitable for complying 
with the various Public Health Acts on land, and 











se) 
5) 
Oo 











ENGINEERING. 


MAY 31, 1929.] 





‘aoed soy} uoryeredo SutAip ySnos0y4 AIOA | 
@ uoljeduioo s}t uo pue ‘soynUTUI QF 03 soynUTU | 
QZ WoIy serzeA Imodea urljeulI0y 0} oInsodxe oyy, | 
‘floo pey-wiee4s peroods e@ Aq Yo pefiog st ‘104eM Jo | 
OOT 0} UlpeuI0; Jo syurd Zz Jo YySuUeI4s ¥ Jo “UITRULIO] | 
etorourmios “queo sed QF AreuIpIO jo uor4NIos ¥ | 
“1 ‘Bop ZOT 04 ‘Sop OLT wWorz soSuvs orngesodui94 oy, | 
*AIMOIOUL JO SOYOUT YZ 0} GT WoIy SuiSuer umnova | 
% Zuryevoro ‘10q00fo ue Suryenqgoe Aq “ysneyxe 944 
‘JoqUIBY 944 ULIBA 0} S[IOD JoquIvYyoO 94} UT posn st 
urvajg 9 ‘wR948 oInssoid-ySty Jo osn oyy Aq poseurep 
eq plnom Worm ‘oye ‘syooq ‘siny ‘se[orqie JoYyyeeT | 
‘sqoyue[q Joy posn st ssao0id 1044e] OY, “wo xsAs UT | 
-BULIO} UINNOVA 9} puv UIRE4s oAnssoid-YstY Jo wi94sAs 
poulquios @ uO 410M 0} poydepe oq UO sIOYOOFUISTpP 
XO]9A 949 4eq} pojou oq AvUI 4y “MOTOS TeIQUOO B | 
Aq pesojo st pure Ure SuLsULMs [eyUOZTIOY B UO PeTLIeO | 
st Joop eyy, ‘edA4 [eyuoztI0y oy} 09 odrourad ut | 
Ie[raIs st yng ‘sovds ostUIOUODE 04 JopIO UT ATTROTPIOA | 
posueiie si4y «“Sury4O]9 pure ‘syueUNIysuT ‘sSuIssorp | 
Burstp11048 10y AYoryo posn JOyoFUISIp Jo WIOJ B ST | 
STYL “€9 PUL Z ‘SBI Ul UMOYs st FIqGIYxXe pity? V 
“AOPOOFUTSTP OY} MOOG 

wnIp oy} UT oNqviodule} UOTyeANZeS OF Poonped ST 4 | 








“‘poulloy oprxo yovq oy} Aq soaqnyz oy} JO WOISOII0O 
quoacid 04 pres st pue ysrq Area st poonpoid ureezs 
oy} jo omnqeiedure, oy, “Moy sed 10zeM JO ‘G[ OOT 
04 “G[ OOT Woarz Jo[Iog 944 Jo 9zIs oY} 0} SuTps090% 
‘solIvA uoTyeIodeAs OYJ, ‘400s 10 oYOWS yNOyZIM 
pouring st qorya ‘moy sJod uygeared jo suopes F{ 0} T 
WOI} St UOTZOOJUISTP oy0]dUI00 yooye 07 uoTyduINsuOD 
ey], ‘“pestuturul st uoTsojdxo jo Ys oy} OUITy B Ye 
guid [ pasoxe JoACU s}UeZU0D JoyeM oy} Sv ‘pue ‘dn 
SuIgysT] JO soyNUIUL XIs UTYATM IJOTIOG Styy UT pester oq 
uv WiRe4g ‘aInssoid oyenbepe uteyureU 0} SUTAIeS 
uoy} pue Mou sayorys Moy @ ‘sdumd puey Arejo1 
-Tules Jo suvou Aq [ouUNy 94} Jo opis YOve UO SUMIp 
uorsserd 09 [9048 0FUT sofoRydeoer 0430 JO Ssyoyonq 
wor pedurnd ore J0xeM poof pure [IO OY], + ‘SIOUING 
uesung jo dnois v oAoqe ‘soqny [9048 UMBIP PI[OS Jo 


| SOLI0S B@ Surureyuoo Sulsvo IepnSueqzoo1 & JO sSIsuod 


W ‘19 ‘St Ul UMOYs st JofIoq sty, 
pery odAq ysey oyg Jo JoyeI10Ues Surysol0zUl Ue IOF 
SoplAoid s10xosuIsIp Jo utoyshs ., XOTOA ,, 93e]duUI00 
oy} gnq ‘eayeA Butonper ofqezins e Suisn ‘Ayddns 
Suystxo Aue way uMeip oq Avu uresys oY], 
“‘prendoyes & sv poy oq ABUT 10z¥voIpuT UoOIsjndxe 


‘uggered Aq | 


| ~OoyuIsIp JO sse0oid oy} WOIZ SuIstre Ie [NOF oy} pus 
| poyvoy ATYSo104} wseq Avy $}194U0 oY] 19478 ‘IRE4S 
| Aq Joqureyo 94} Woy porfedxo st Ie oYy, ‘“popra 

-oid ore oayea Ajoyes pue surerp ‘sesne3 oinssoid 
| Aressooou oY], “Wey} Jo JOU seop ynq ‘saporzIe 
| 8q9 8ozerjoued 41 ‘yout orenbs sad ‘q] GT Jo onssard @ 
| pue “J ‘Sep Oz Jo oinqerodura4 ev ye ‘UOTyIPUOD sTyy 

Uy ‘uOoIsuedsns yeoTUeyooU UT J0yBM OU ‘asINod Jo 
| ‘sureyuoo 4t Ysnoyy ‘poqyeinges oq ]Teys yt 4eVqy 
| SAIMsUa ‘UIve4S FutsezUS Vy} UO YooHe UOT}esMepuOD 
| Aq ‘Yorqa ‘10978 SsuTeJUOD UINIpP oy} 4Nq ‘peqzy st 

[foo ou ‘pasn st ‘ureve}s poyeoysodns sozeioueds 
Yor ‘A9[Toq XOPEA OY} WoYAA ‘ale Sutieque oy4 
s}eoy SNy} pue “IequIvyo oy} Jo pus ouo YyeoUIEpuN 
| UINIpP os19ASUBI} [[BUIS OG} UT pozENgis [loo jvoTey B 


| YSnorg} pessed st ‘pornsse st We9}s poyeinzes Woy | 


| ‘UrBe4s Jeflog ey], ‘soURIZUe ZuTUTe}qQo UIRE4s poqvey 

| -dedns jo souvyo B oq SNy} 4ySTUI o1043 SB ‘10T10q 

| 84} Woazy ApJooITp Joquivyo 94} OFUt possed you st 
qnq “6g “Si UI UMOYsS ‘Jequreyo 943 Jo doy 043 42 ooord 

| -qyNoUL & WOIy poonporzUT st UIVE4S BuTST]IIO48 OT, 

| “pesn SI JofIog xojeA 8,WIY 94} Jt Sutsevo JopIog oy} 





Surysea Oseu0p WAIA ouOp ATrensn se ‘soporze 049 
ee TB ,, 0F 9NO palLivo st Suyeoy [euy oy} ory 
‘aoyesuepuos guaAoid pue Joqureyo oy} dn yvoy 
04 St 4sIy 48 stq} Surop jo qvofqo oyy, ‘sseooid 
Zurjooyurstp oy} JO pues pue Zuruuiseq oy} 48 possed 
ST UIve4S OIG YSnory} ‘spioo Suoy jo Joquinu *e a1 
ToquIvyo oy} JO soRZINs JouUT ey} UQ “(OG 31) 
$}[0q Suryeiper pue pooympuey [esquco e Aq poyxooy] 
| St 100p pus JeyjO oy} souryoRur ody pu, ut 
pure ‘sdurejo moros Aq popees pue paso]o ST JOOP oJ, 
*BUISIVGOSIp 10 Surpeoy of UMVIPYIIA St YSN oy} 
Woy pasn Sureq s[rei [euiezxXe ofqez10d ‘pozoozutstp 
oq 0} SofOIZIV OY} SUTeyUOD ‘gc “SI Ul UMOYS sB 
‘gjrel uo Sutuunr ySnowy o1tM postueayes W ‘Sut 
| -gooys [0038 poystueyd WIM pooAoo Suteq ofoOyA oy} 
‘pooMm puUe [elIoyeUT Suronpuoo-uou & YI posse] 
SI JoqUIvYyO OY], ‘WorpTsoduroo soysoqse pue Joqqni 
| @ YGIM opeuUr st Yor jo gurof eyy ‘pua ouo 48 Joop 
| pesury wv yy poepraoid st ‘Foqureqo [9048 post 
| -UBA[CS ‘PozOALI OYJ, *ZG9 Sed UO ‘Ng 07 gg “SEIT Ut 
| USATS SI 1OJOoFUISTp od.4y-ouLreM v Jo o[durexe uy 
| 


, ‘aTqvaINoAvy o1OUL ATPozzTuIpe ore ‘srvedde, 


woIy UMBIp oq ABUT ITB sIy} fJequIeYo oy} YSnory} | esvesIp B sou ‘UOTJOoFUT 03 Sutsodstperd suoy 
Ile UY “polisop fl sovUINy 94} UI powNsuod oq ABUT UOT} | Ite WEA SMBIP JUALIN UTVI4S SIYY JO ysNeYyXo oY, | -tpuco oy oToyYM “drys prvoq UO UOTJOOFUISTP IOF 


“GGLIWIT ‘ANVAWOD DNIYAANIOND NVIdWVU) AH], "SUSST]{ SUOLOMANISIGQD “€9 AGNV ZQ ‘SOIT 


“€9 “SLY 


ONTYIINIONGS 














“NOLLIGIH Xa 


ONIYAANIONG NVIANVUY) THY, “SUSSAL !unTlog HSVT 


“daLIWIT ‘ANVANWOD 
“T9 “Old 




















‘29 Ory 
LSVOO WLJSVH-HLYON GWHAL 


LV SLIdth xd 





694 


ENGINEERING. 





[MAY 31, 1929. 








Messrs. Vickers-Armstrongs Limited, Westminster, 
show some castings, &c., of a new alloy called 
P.M.G. brass, for which striking results are claimed. 
These examples are shown in Fig. 64 on this page. 
The alloy has been developed at the Barrow-in- 
Furness Works of Messrs. Vickers-Armstrongs, to 
render available a brass possessing superior physical 
qualities to the well-known 88-10-2 Admiralty gun- 
metal, without an increase in cost. A comparison 
of the two metals is here given :— 


P.M.G. Gun- 
metal. 
cific gravity . je 8-39 8-82 
ield point, tons per square inch 11-13-6 7:9 
Tensile sania tons per square 
inch . -» 18-22 16-22 
Elongation on 2 i in., ,, per cent. ... 8-18 8-28 
Brinell hardness numbe Be - 100-115 75-95 
Izod impact test, ft.-lb. ... 20 14 
The above figures are for cast metal. In a forged 


condition or in the extruded form, the following 
mechanical test results are obtainable :— 


Yield, tons per square inch 20-22 

Ultimate tensile strength, tons a square inch 33-6 

Elongation on 2 in., per cent. . a . 38-42 
36 


Izod impact test, ft. -lb. a“ 

The tensile strength of the alloy at high stem- 
peratures is also striking, as will be seen from the 
following figures :— 


P.M.G, Brass, Gunmetal, 
Tensile Tensile 
Yield, Strength. Strength. 
Temperature. Tons per Tons per Tons per 
Deg. C. square inch, square inch. square inch. 
200 8-11-6 19-6 13-02 
250 _ _ 13-20 
300 8-8 15-64 9°34 
350 8-2 16-0 7:09 
500 7-6 9-6 2-94 


As the alloy contains no low melting point metals, 
foundry difficulties due to drawn metal and porosity 
are stated to be considerably lessened. The castings 
exhibited certainly show a close grain, and the 
resultant soundness, coupled with the high yield 
point and its capacity for withstanding high water 
test pressures without leakage, should enable 
designers to reduce scantlings in cases where it 
is employed. A typical test of soundness is that 
of a bush, 2 ft. 6 in. long by 64 in. in external 
diameter with a wall thickness of 14 in., which was 
machined down, by taking an equal amount off 
both the internal and external surfaces, to 3 in. 
thick. Under a water-test pressure of 2,000 Ib. 
per square inch, no signs of leakage were discoverable. 
The foundry procedure adopted is the same as 
for Admiralty gunmetal. The operations of brazing 
and tinning, it is stated, can be carried out satis- 
factorily, whilst tests as a bearing metal are claimed 
to show P.M.G. brass to be superior to any of the 
best-known phosphor bronzes. 


A striking exhibit in the Palace of Engineering | Limited, Newcastle-upon-Tyne. 
of which we must defer a detailed description, is | tioned stand is a new form of firehose reel. 


the marine oil engine on the stand of Messrs, 
William Doxford and Sons, Limited, Sunderland. 
This is one of the firm’s latest designs, and is of the 
airless-injection balanced opposed-piston type, deve- 
loping 1,000 brake horse-power at 180 r.p.m. It 
has three cylinders, each 400 mm. (15? in.) in 
diameter by 1,300 mm. (51} in.) stroke, and has 
lever-driven scavenge pump, lubricating, fresh-water 
and sea-water pumps. 

Among other engineering exhibits with which 
we have not, at present, space to deal, and some 
of which we hope to describe later, we may refer to 
the novel and ingenious automatic bottle-washing 
unit shown by Messrs. R. Powley and Sons, 
Limited, Sunderland, and the Michell bearing fitted 
with a thrust-indicating arrangement, shown by 
Messrs. Michell Bearings, Limitec, of South Benwell, 
Newcastle. Messrs. The Birtley Iron Company, 
Limited, Birtley, show a working model, one-third 
full size, of their pneumatic separator for the 
cleaning of coal. 
and the dessicated-coconut machinery on the stand 
of Messrs. The Tyneside Foundry and Engineering 
Company, Low Elswick, illustrates the variety of 
engineering practice which is carried out in the 
district. An interesting display of their well-known 
Sirocco fans is made by Messrs. Davidson and 
Company, Limited, of Belfast. 

Working lifts are shown by two firms, Messrs, 
Pickerings, Limited, Stockton-on-Tees, and Messrs, 





The plantation-rubber machinery | 





THE NORTH-EAST COAST EXHIBITION. 





Fia. 64. Sprecrmens or P.M.G. Brass; 


Austin and Company, Newcastle-upon-Tyne, and 
as the mechanism of a lift is exposed, the methods 
of control, &c., adopted will no doubt be of interest 
to many visitors. The recognition of the growing 
importance of effective insulation in many direc- 
tions, for both high and low temperatures, is 
shown by the comprehensive display of Messrs. 
Newalls Insulation Company, Limited, Washington 
Station, Co. Durham, and by the smaller stands of 
Messrs. 8S. T. Taylor and Sons, Limited, Scotswood- 
on-Tyne; Messrs. The Chemical and Insulating 
Company, Limited, Darlington; Messrs. John 
Davies Insulating Company, Limited, Liverpool ; 
and Messrs. John Taylor, Dunford and Company, 
On the last-men- 
This 
is designed for attachment to a wall and has the 
spindle of the reel connected to the water main, 
the end of the hose being likewise connected to it. 
On the hose being run out the water is automatically 
turned on so that when the nozzle is brought to the 
seat of the fire it is already discharging water ; 
an electric alarm bell, situated where desired, 
commences to ring at the same time. 

An extensive display of pipes and tubes of various 
compositions is made by Messrs. The Yorkshire 
Copper Works, Limited, Leeds, the case containing 
tubes illustrating the various types of corrosion 
attack being of great interest. The exhibit of the 
eight firms forming the non-ferrous metals manu- 
facturing branch of Messrs. Imperial Chemical 
Industries is noteworthy, as showing what can now 
be done with sheet copper. An interesting item 
in this display, is the jet-test apparatus for testing 
condenser tubes, developed by the Corrosion Com- 
mittee of the Institute of Metals. This test consists 
essentially of a jet of sea water mixed with air im- 
pinging on a condenser tube to represent, though 
at a greatly accelerated rate, the action of sea water 
on the tube in service. 

Steel and ironwork displays are made by Messrs. 
Cargo Fleet Iron Company, Limited, Middlesbrough ; 
Messrs. Stewart and Lloyds, Limited, Glasgow ; 
Messrs. Pease and Partners, Limited, Darlington ; 
Messrs. Redpath, Brown and Company, Limited, 
Edinburgh; Messrs. Bolckow, Vaughan and Com- 





Messrs. VICKERS-ARMSTRONGS LIMITED. 


pany, Limited, Middlesbrough; Messrs. Dorman, 
Long and Company, Limited, Middlesbrough and 
London; Messrs. Consett Iron Company, Limited, 
Consett ; Messrs. Head, Wrightson and Company, 
Limited, Thornaby-on-Tees; and Messrs. The South 
Durham Steel and Iron Company, Limited, West 
Hartlepool. The large pipe shown on the stand of 
the last-mentioned firm, coated internally with a 
loaded bitumen composition by a centrifugal process, 
should be specially noted for the excellent surface 
so obtained. The latest product of this company 
consists of pressed-steel units for tanks, an example 
of which is erected on the stand. 

The stands of two well-known instrument-manu- 
facturing firms should not be overlooked, viz., 
Messrs. The Cambridge Instrument Company, 
Limited, 45, Grosvenor-place, London, 8.W.1, and 
Messrs. Negretti and Zambra, 38, Holborn Viaduct, 
E.C.1. Both contain a number of fine examples of 
British design and workmanship. Messrs. George 
Kent, Limited, of Luton, also exhibit examples of 
their air, water, gas and other meters. 

One of the basic industries of the North-East 
Coast, that is, shipbuilding, is necessarily only 
demonstrable by models. A fine collection is shown 
by Messrs. Sir James Laing and Sons, Limited, Sun- 
derland ; Joseph L. Thompson and Sons, Limited, 
Sunderland ; Swan, Hunter and Wigham Richardson, 
Limited, Wallsend-on-Tyne ; William Doxford and 
Sons, Limited, Sunderland ; R. and W. Hawthorn, 
Leslie and Company, Limited, Newcastle-upon- 
Tyne; Furness, Withy and Company, Limited, 
Newcastle-upon-Tyne; Smith’s Dock Company, 
Limited, North Shields and South Bank-on-Tees ; 
and Vickers-Armstrongs Limited, Westminster. 
Other models, not shown by shipbuilding firms, are 
those on the stands of the White Star Line, Liver- 
pool, and the Bergen Steamship Company, Norway. 

Locomotive construction isrepresented by a pair of 
models on the stand of Messrs. R. and W. Hawthorn, 
Leslie and Company, Limited. The only other ex- 
hibits touching railway work areaseven-ton combined 
shunting engine and crane, on the last-mentioned 
firm’s stand, and a Sentinel-Cammell steam rail 
coach of the six-cylinder gear-driven type on the 
stand of the London and North Eastern Railway Co. 
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THE BRIDGE IMPACT REPORT. 


THat what is everybody’s business is apt to 
prove nobody’s business is an adage, the validity 
of which seems to be illustrated once again in the 
recent report of the Bridge Stress Committee, 
dealing with impact on railway bridges. It is 
exceedingly doubtful whether a single member of this 
committee would now be prepared to defend certain 
statements made in the report, of which perhaps 
the most astonishing was the remark that in railway 
bridges “‘ the working stresses, though more or less 
subject to repeated oscillation, are at their maximum 
too far within the elastic limit to allow of their 
repetition having any deleterious influence.” This 
statement involves at least two fundamental errors, 
of which possibly the least important is the impli- 
cation that there is some close connection between 
the endurance of structural steel and its elastic 
limit. All experimentalists are now agreed that 
this plausible hypothesis has no basis in fact, whilst 
there does seem to be a fair correlation between the 
endurance of the steel and its ultimate strength. 
The second and more serious slip is the assertion 
that the elastic limit is not exceeded in railway 
bridges. So far is this from being the case that, 
were not the elastic limit exceeded, the working 
stress on parts of the Conway tubular bridge would 
transcend not merely the elastic limit of the wrought 
iron, of which it is built, but would actually be in 
excess of the ultimate strength of the metal. In a 
paper on working stresses, read in 1886, before the 
American Society of Mechanical, Engineers, Sir 
Benjamin Baker stated that the working stress in 
this particular structure was as much as 20,000 lb. 


PAGE: 


figure taken over some typical section of the flange, 
and it is now known that, within the elastic limit, 
the stress round a hole in a bar may be three 
times the average value, which, in this instance, 
would, therefore, be of the order of 60,000 Ib. per 
square inch. In the case of the Saltash and Britan- 
nia bridges, Sir Benjamin estimated the working 
stress under service conditions as 13,000 Ib. per 
square inch, so that here, again, unless the elastic 
limit be exceeded, we should have locally stresses of 
nearly 40,000 lb. per square inch, which is far above 
the yield point of the material. 

These or similar facts were, of course, quite well 
known to the Committee, and the explanation of the 
appearance in their report of the serious misstate- 
ment quoted, would seem to be that each individual 
member expected some other member to make a 
critical study of the first draft prepared, with the 
result, as not infrequently occurs in such cases, that 
no one did this. 

The figures as to stresses, quoted above, illustrate 
once again the innate absurdity of basing factors of 
safety on the elastic limit, a practice which appar- 
ently originated in a consideration of design com- 
putations, but which has no basis in the experience 
of the maintenance engineer. 

In another part of the report we find the remark 
that “any stress due to impact should be allowed 
for, independently of considerations relating to 
fatigue.” This is, undoubtedly, a perfectly legiti- 
mate expression of opinion, but it is_certainly not 
accepted by many of our bridge engineers, including 
some of those responsible for the bridge work on 
our main lines. These have definitely stated that 
they were indisposed, in the light of the report, 
to modify their practice in proportioning bridges. 
This would also seem to be the view taken by the 
bridge engineers of India, who, as noted in a letter 
on page 672 of this issue, have adopted: a so-called 
impact formula based upon the length of span. 
Undoubtedly there is a certain lack of logic 
in calling such coefficients impact factors, since 
impact pure and simple is due almost wholly 
to unbalanced locomotives. It is convenient, how- 
ever, to include in one formula provision for both 
impact and fatigue, and unless this procedure can be 
proved to lead. to constructions extravagant to build 
and costly to maintain, it is likely to remain popular. 
Moreover, if the provision thus made is based on a 
sufficiently wide experience of the behaviour of 
bridges under traffic, the method has the further 
advantage of being scientifically sound. Indeed, 
the Committee themselves state that no bridge 
failures due to impact effects are on record. For 
this reason, some experienced bridge engineers have 
resented, in the report, what they describe as the 
implication that no satisfactory allowance for 
impact has been made by them in the past. Indeed, 
some of them feel that the researches of the com- 
mittee aredistinctly more interesting than practically 
important. 

The Committee have also claimed that railway 
bridges do not fail from fatigue. They would hardly 
have ventured on this assertion had they perused 
the various papers written by Sir Benjamin Baker, 
when engaged on the design and construction of the 
Forth Bridge. The responsibility of fixing the 
so-called unit stresses for these unprecedented 
spans was no light one, and was enhanced by the 
relative novelty of the material used. In making 
his estimates of safety, Sir Benjamin supplemented 
his own experience of the behaviour of bridges under 
rolling loads, by data drawn from locomotive super- 
intendents and mechanical engineers. He also 
conducted many experiments, some of which were 
on a large scale, though he stated quite definitely 
that such experiments constituted but a pis aller, 
being merely the best that could be done when 
experience was lacking. 

In his various papers, he noted many instances 
of railway bridges failing by fatigue, and in contrast 
to the Conway bridge with its calculated stress of 
20,000 lb. per square inch, he cited the low working 
stresses found. necessary in the viaducts of the 
New York Elevated Railway. Here the unit 
stress for the flanges was limited to 8,000 Ib. per 
square inch, the corresponding figure for tle bracing 
being generally 7,500 lb. per square inch, but reduced 
to 4,500 lb. per square inch in the case of members 
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30 to 33-ton steel was used for the tension members. 
This steel was assumed to have an endurance under 
pulsating stress of 20 tons per square inch, and the 
unit stress was taken as one-third of this for loads 
frequently applied, and at 74 tons per square inch 
if occurring more rarely. In the case of alternating 
stresses, the unit stress was taken as 34 tons per 
square inch for frequent loads, and at 5 tons per 
square inch for infrequent loads. It can hardly be 
seriously maintained that Sir Benjamin Baker was 
mistaken in attributing certain failures to fatigue. A 
fatigue fracture is, in fact, highly characteristic. The 
metal, even the softest, parts without contraction 
of area or any sign of ductility. A typical instance 
was provided by the tie-bar fracture, which occasioned 
the collapse of the roof of Charing Cross station. 
In this instance an imperfect weld led to such a 
concentration of stress on the surrounding sound 
metal that the fatigue limit was exceeded, and the 
bar parted with the characteristic fracture. Another 
relatively recent instance is provided by the failure 
of the Embabeh bridge over the Nile at Cairo, 
where two tension members failed after some 4 or 5 
years’ service. Here the primary cause of the break, 
lay in the use of unsuitable material and in inferior 
workshop practice, but the fractures were of the 
typical fatigue type. In such failures, the metal 
immediately adjoining the fracture may be as 
ductile as ever, and this was found to be the case 
with most of the specimens cut from the broken 
chords, though in some few cases there was marked 
brittleness. It may also be noted that a number 
of old links from the Hammersmith bridge used for 
temporary purposes in erecting the Forth Bridge, 
were so embrittled by fatigue that some of them 
fractured spontaneously in their journey north. 
The remainder, after annealing, gave satisfactory 
service. 

Indeed, accident apart, it is difficult to see how 
a tension member can fail save by fatigue, since it is 
quite inconceivable that any error of calculation as 
to the load carried could be so gross as to give rise to 
a fracture of the test-bar type. Fortunately, failures 
in tension are rare ; most bridge disasters arise from 
inadequate struts, and, for the Forth Bridge, Sir 
Benjamin, accordingly, employed a very stiff tubular 
form. It was presumably, in part, this peculiarity 
which led Mr. Theodore Cooper to declare shortly 
after the completion of the bridge, that an American 
engineer would have provided an equally satisfactory 
structure at less than half the actual cost. This 
claim had an unfortunate sequel in the collapse of 
that engineer’s Quebec bridge, due to the failure of 
a badly-designed strut, and it may be recalled that 
the evidence given at the enquiry consequent on 
this colossal collapse, showed that the practical 
shopmen had expressed doubts as to the adequacy 
of the bracing, but that Mr. Cooper said that he 
had gone into the matter and that ‘they had got 
it right.” Apparently some empirical rule had 
been used, since mathematical analyses made 
subsequent to the collapse showed the bracing to 
be dangerously weak. 

Sir Benjamin Baker profited, no doubt, from the 
fact that he started his career in the workshop, 
and thus gained a certain feeling for fitness in design, 
which is less easily attained in other ways. Main- 
tenance engineers do acquire, as the result of pro- 
longed experience, a similar intuition as to the 
adequacy, or otherwise, not only of the structures 
committed to their care, but of new proposals. 
Nevertheless, there is reason to believe that in 
many cases their views are ignored by designers. 
It is hardly disputable that bridges have been 
condemned and replaced, or loads over them 
restricted, solely on the basis of mere calculation, 
although neither loose rivets nor cracked plates 
had been reported by the maintenance engineer. It 
is very difficult to persuade a certain type of com- 
puter to temper calculation by observation, and 
that, if a bridge shows no sign of weakness in service, 
it is safe, even if the nominal stresses may appear 
high. Thus, at the Hull meeting of the British 
Association in 1922, Messrs. Cookson and Nicolas 
showed that satisfactory service was being obtained 
with a bridge constructed of old rails in spite of the 
fact that the calculated stress came out at 9°22 tons 
per square inch. We have already noted the high 


nominal stress in the Conway tubular bridge, and 
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in a paper published in our issue of February 21, 
1902, page 236, Mr. T. Graham Gribble gave a highly 
interesting and instructive analysis of the stresses 
in Brunel’s Chepstow bridge. This is a plate girder 
of 100 ft. span, the depth being 7 ft. 6 in. The web 
plate is % in. thick, and is practically unstiffened. 
The calculated shear stress on this web came out at 
1-48 tons per square inch, whilst typical American 
specifications, quoted by Mr. Gribble, would permit 
a shear stress of but 0°337 tons per square inch. 
The latter value is based on the hypothesis that a 
diagonal strip of the web can be regarded as a 
strut, the strength of which must be calculated by 
some modification of the Rankine-Gordon formula. 
This view was broached very shortly after engineers 
began to indulge in detailed stress analyses, but its 
advocates failed to check their coefficients by a study 
of existing structures. Baker, knowing by experience 
that these formule called for web plates far thicker 
than necessary, determined to investigate the 
matter experimentally, and constructed for this 
purpose a plate girder of 31 ft. 8 in. span, 3 ft. 6 in. 
deep, with a }-in. web plate divided into five panels 
6 ft.4in. long. The girder was loaded at a distance 
of 12 ft. 8 in. from one abutment and carried 75 tons 
before the first sign of buckling appeared. The 
corresponding shear stress was 4°3 tons per square 
inch, which was 20 to 25 times as much as permitted 
by the variants of the Rankine-Gordon formula 
given in contemporary text-books and_pocket- 
books. 

The bearing pressure at Chepstow was 13 tons per 
square inch which was carried without any sign of 
distress in rivets or plates, and may be compared with 
the values recommended in many American specifica- 
tions in use at the time of Mr. Gribbles’ investigation, 
and which were quite frequently copied into British 
pocket-books. These low values were certainly 
not based on experience with riveted structures, 
and may possibly have originated in observations 
on pin-connected bridges. Pins never fit their holes, 
and are subject to some motion in the eyes. It is 
easy to understand that bearing pressures safely 
carried by rivets might well prove too high for 
satisfactory service with pins. This matter was also 
investigated by Sir Benjamin Baker, who endorsed 
Considére’s claim that “in all constructions in 
which riveted portions have not already commenced 
sliding, the rivets hold solely by longitudinal tension, 
and the adherence which this tension gives rise to, 
between plates, constitutes the sole resistance. Any 
alternating stress in excess of that adherence rapidly 
dislocates the work.” In accordance with this 
view, Sir Benjamin advocated the use of larger rivets 
where alternating stresses had to be carried. Here, 
possibly, is to be found some explanation of the 
feeling common amongst structural engineers that 
alternating stresses are more dangerous than pulsat- 
ing ones, although Wohler found that the reverse 
was the case in his experiments. Another factor 
that undoubtedly comes in, is that if there should 
be a loose joint anywhere, an alternating stress will 
lead to hammering, whilst a pulsating one may 
not do so. 








THE BUSINESS OF THE EMPIRE. 

THE child in Stevenson’s song knew that the 
world is full of a number of things, as indeed is the 
British Empire, and so thought we should all be 
as happy as kings. If, so far as concerns material 
possessions, we are not quite so happy as that, it 
must be that we do not turn the world, the Empire, 
and their contents to the best account. We know 
that, so long as no country has all the commodities 
it could do with, there should be profitable em- 
ployment for those who can supply what is lacking. 
Yet there are few countries, either within the Empire 
or outside it, in which men are not unoccupied 
when they might be working. During and since 
the war many countries have become anxious to 
cultivate manufactures of their own, and much or 
most of what they have made has reduced the 
employment available for the manufacturers of this 
country. This is the simple statement of a situation, 
familiar enough to have become commonplace, 
and among the explanations of it which have been 
offered is the venerable doctrine that countries, 
industries and businesses are all members one of 
another. As a doctrine this is still more common- 
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place, but in recent times it has assumed a new 
position, notably in this country. From having 
been held or neglected as a pious opinion, it has been 
becoming an increasingly recognised economic truth, 
and modestly and tentatively it seems to be feeling 
its way into the business policy of the Empire. 
It is teaching industry that more is to be made by 
co-operating to increase the fullness of the earth 
than by competing for a share in what is already 
being produced. 

Two incidents of the present year illustrate this 
tendency. At the request of the Australian Govern- 
ment, on the initiative of the Australian Prime 
Minister, the British Government nominated last 
year an Economic Mission, consisting of four 
British men of business, to proceed to Australia 
and confer with the Commonwealth and State 
Governments, the Development and Migration 
Commission, and the leaders of industry and 
commerce in Australia, on the development of 
Australian resources, and on any other matters of 
mutual economic interest to Great Britain and the 
Commonwealth which might tend to promote trade 
between the two countries and increase settlement 
in Australia. Of the four members of the Mission, 
Sir Arthur Duckham, the leader, and Sir Hugo 
Hirst were chosen from the engineering trades. 
After a very busy three or four months in Australia, 
during. which they visited every State of the 
Commonwealth and travelled some 20,000 miles 
within it, they submitted a report to the Australian 
Prime Minister, which has since been published by 
the Dominions Office in this country (H.M. 
Stationery Office, 2s. 6d. net), and at recent meetings 
of the British Engineers’ Association and the 
Agricultural Engineers’ Association, members of the 
Mission and others discussed the conclusions to 
which the visit had led. The report itself, which is 
a remarkably clear and deliberate document to have 
been prepared under the circumstances and in the 
time at disposal, gives in detail the problems 
submitted for consideration, the conclusions and 
recommendations to which the evidence led, and a 
number of amplifying memoranda on the principal 
topics. It will be read with interest by all who are 
associated in any way with Australian trade ; 
but its effect, as given by Sir Hugo Hirst in his 
address to the British Engineers’ Association and 
by Sir Arthur Duckham and Sir Hugo Hirst to the 
Agricultural Engineers’ Association, shows that it 
ought to be studied by all who take any part in the 
economic business of the Empire. The members of 
the Mission were each visiting Australia for the 
first time, and their conclusions were based on a 
brief but comprehensive survey of the conditions 
of the country, made by personal enquiry in each of 
its States, and supplemented by considering the 
best available evidence and opinion previously 
collected in the Commonwealth. The result was 
the independent judgment of the four experi- 
ienced business men in question, expressed with a 
critical candour which seems to show that they were 
satisfied of having secured the confidence of those 
to whom they were reporting. The reception both 
of the Mission and of its report appears to justify 
this confidence, and the individual recommendations 
may be left to the consideration of the Australian 
authorities with the conviction that they will receive 
the attention they merit. 

Two aspects, however, on which the report lays 
repeated stress have a wider application than the 
individual circumstances under consideration. The 
community of Australia has necessarily its own 
interests, separate from those of other countries ; 
but with its population, in all something less than 
that of London, two-thirds of it assembled in big 
cities, and the remainder distributed in every variety 
of climate over something more than 30 times the 
area of Great Britain, it has also widely different 
interests within itself. The most impressive conclu- 
sion to be drawn from the report is that nowhere are 
these interests to be found in water-tight compart- 
ments. A broad distinction within the Common- 
wealth is between the primary and the secondary 
industries—the primary industries, which supply its 
exports and provide its food, and the secondary, 
which include its manufactures. In our issue of 
Aug. 6, 1926, we gave an analysis by Mr. (now Sir) 
G. A. Julius, presented to the Institute of Engineers, 
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Australia, of the industries of the country, in ote is only to invite, or at best to postpone, a 
which it was shown that the protective tariff by | refusal. A successful result requires the frank 
which the secondary industries had been created, | intention to co-operate with Australian manufac- 
and were being maintained, had operated to support | turers in ascertaining by mutual consultation what 
inefficient and efficient industries indiscriminately.|they can make to advantage for themselves, 
In the report of the present Mission, confirming other | resting confident that to learn and provide what 
evidence accumulated previously, it is shown that | they cannot will give British works a rich business 
as a result a vicious circle had been started, through | on the only basis on which it will be permanent. 
which the cost of living, rates of wages and costs of | The source of trade to mutual benefit must come 
production were being successively increased in| from the intensive development of the country. 
both primary and secondary industries, and, without | Australia will not depart from her settled policy 
real wages being increased, the export products | of promoting her secondary industries where they 
of the countries were either excluded from compe-|can be conducted efficiently, but neither is she 
tition in the world’s markets or being maintained | likely to lose sight of her fundamental interests in 
in them by indirect contributions provided by the | the primary productions of the country, which not 
community. The Mission recommended that a 
scientific investigation should be made into the 
incidence of the tariff, in order to separate out 
efficient from inefficient manufactures, and we 
understand it is likely that effect will be given to this 
recommendation. We refer to it here as a striking 
example of the interrelation of apparently separate 
interests, which is emphasised more generally in the 
report’s declaration that the essential interests of 
Great Britain in Australian trades can be promoted 
only by measures which in the first instance tend 
to promote Australian prosperity. ‘The suggestion, 
for example, that an attempt should be made to 
accelerate the rate of immigration is regarded as 
premature and inexpedient until measures are 
concerted which will enable the industrial community 
to absorb the additional population usefully. 

A second aspect on which the report is constantly 
insisting is the necessity for co-operation between 
the various interests concerned. The consequences 
of the lack of such co-operation are shown in a 
variety of ways. The finances of the community 
have suffered through the unintended, but inevitable, 
competition created when the seven States came 
successively, and independently, on the money 
market for loans. In schemes of development, 
again, plans have been put forward without using 
and co-ordinating sufficiently the expert scientific 
and technical knowledge which the governments 
might have had from their own departments. 
Cases, for instance, have been found in which an 
area has been laid out for an irrigation scheme 
without a preliminary soil survey, to make sure 
that the soil was suitable for the purposes for which 
the irrigation was to be provided. Other schemes 
were started by individual States when to be done 
economically they required the co-operation of other 
States in a preliminary survey, and considerable 
expense has been incurred through its absence. 

The principle, however, on which the absence 
of such co-operation and regard for mutual 
interests is deplored in measures taken by 
Australian authorities is urged no less on British 
manufacturers. Australia has arrived at a critical 
stage of her history, in which her further develop- 
ment will require the assistance of scientific investi- 
gation and increased mechanical facilities. She 
has to distinguish what she can manufacture to 
advantage from what she cannot; she has to 
produce more cheaply, improve her marketing, and 
transport arrangements, and adapt her finance to 
her present and future requirements. British 
manufacturers have the first opportunity of assisting 
her in this task, but only on the condition that 
they take it. The Australian market is rich, but 
British manufacturers can no more cultivate it 
without making and maintaining personal touch 
and adapting their services to its requirements 
than the Australian States could prudently lay 
out areas for irrigation without a previous survey of 
the soil. There is, moreover, no lack of competition 
among other countries for this market, and in order 
to meet it on equal terms the British organisation | Council and members of the Societies, will lay a 
must be as effective and at the same time as/ wreath on the Davy statue and after luncheon, a 
economical of energy as that of other countries. | public meeting will be held in the Pavilion when 
The parallel to the seven States bidding against | addresses will be delivered by Dr. J. Symons, Mr. 
each other for loans may be drawn in the picture of | J. C. Tregarthen, Sir Humphry Davy Rolleston 
British works multiplying their selling and other| and Sir Ambrose Fleming, the last of whom, for 
measures for cultivating the market, instead of | the occasion, will represent the Royal Institution 
combining their resources in a more powerful and | of Great Britain, for which Davy did so much. 
at the same time more economical organisation.|The west country can boast of many famous 
The services to be offered must further be such as | names in science and engineering, such as Savery, 
the market requires. To propose to import into} Newcomen, Cookworthy, Snow-Harris, Charles 
it manufactures that it can make for itself effi- | Fox, Thomas Young, Davies Gilbert, Hornblower, 


with nature, from which every race renews _ its 
strength. 


ing other markets, and the announcement last 
week that the Government have appointed an 
Economic Mission to visit Argentina and Brazil 
may be taken as evidence of a mutual wish in this 
country and in these important markets for further 
co-operation. 
consider the industrial, commercial and _ financial 
relations of Great Britain with both countries, 
with a view to developing them in the general 
interest, and removing any impediments that 
may now be retarding that development. The 
Mission has the advantage of an experienced and 
distinguished President in Lord D’Abernon, and, 
like the Australian Mission, of a total membership 
of four commissioners, each with practical business 
experience. The engineering trades are repre- 
sented by Mr. Julian Piggott for the iron and steel 
industries, and for the engineering industries by 
Mr. G. E. Rowland, who for the third time in 
succession has been re-elected President of the 
Agricultural Engineers’ Association, though the 
group with which he is associated is no less repre- 
sentative of general engineering. A preliminary 
survey of Anglo-Argentine and Anglo-Brazilian 
questions is being conducted among Chambers of 
Commerce, Trade Associations and other bodies as 
well as individual firms interested in Argentina and 
Brazil, and communications on the subject are being 
received by the Secretary, Mr. H. W. Wiswould. 
at the Department of Overseas Trade. It may well 
be hoped that this Mission, which is entirely 
economic, may attain the objects for which it 
appears to be so admirably fitted, and lead to the 
necessary co-operation within the British interests 
concerned, as well as between them and the foreign 
markets. 














THE CENTENARY OF SIR 
HUMPHRY DAVY. 


On June 8 at Penzance, will be celebrated the 
centenary of the death of Sir Humphry Davy, who 
was born there on December 17, 1778, and who died 
at Geneva on May 29, 1829. The celebration has 
been arranged jointly by the Royal Geological 
Society of Cornwall, the Royal Institution of Corn- 
wall and the Royal Cornwall Polytechnic Society, 
all of which have done much to foster scientific 
investigation and industrial development in the 
south west of England. At noon on June 8 the 
Mayor of Penzance, accompanied by the Town 

















The purpose of the Mission is to} 
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Trevithick, Woolf, and John Couch Adams, but 
with the exception of Adams, the discoverer of 
Neptune, none, who at so early an age raised himself 
to the first rank among original investigators as 
did Humphry Davy. 

The life of Davy has been sketched or written 
many times, first by Dr. Paris in 1831, then by 
John Davy, and in more recent times by Pattison 
Muir and Sir Edward Thorpe. Few men of science 
present the biographer with a more fascinating study. 
Had Davy not been a great chemist, he would 
it has been said, have been a great poet. Richly 
endowed by nature, his achievements have been 
equalled by others, his influence as a leader of 
science, far-reaching as it was, was not greater 


| only are the source of her wealth and capital, but | than that of other distinguished men, but it was 
maintain in it the stock accustomed to deal direct | in the extraordinary combination of an exuberant 


imagination, with exceptional dexterity in manipu- 
lation and remarkable powers of lucid exposition 


While the markets of the Empire have an interest |that he stood almost alone, and it was by the 
of their own for this country from every point of ‘exercise of these gifts that he made not only an 
view, the anxiety of British manufacturers to de- |international and lasting reputation for himself, 


velop them does not mean that they are abandoning | but also for that famous Institution, the career of 
those of the world. The same principle that seeks | Which might otherwise have been as chequered and 


employment and mutual advantage in developing | Short as that of many 
the wealth of the Empire is involved also in develop- | 


another similar project. 


The son of a woodecarver of Penzance, and one of a 
family of five, Davy was known, as a boy, more 
for his skill in fishing, his vivacious talk and his 
excursions into natural history, than for any 
superiority he showed over his schoolfellows. He 
once wrote to his mother, “ After all, the way in 
which we are taught Latin and Greek does not much 
influence the important structure of our minds. | 
consider it fortunate that I was left much to myself 
as a child and put upon no particular plan of study, 
and that I enjoyed much idleness at Mr. Coryton’s 
school. I perhaps owe to these circumstances the 
little talents I have, and their peculiar application— 
what I am I have made myself—I say this without 
vanity, and in pure simplicity of heart.” Losing 
his father when he was 16, in 1795 he was appren- 
ticed to a surgeon, John Bingham Borlase, and it 
was then he began experimenting on light, and heat 
and chemistry, making a laboratory in a garret 
of the house of his self-appointed guardian, Tonkin, 
and showing his results to his Quaker saddler 
friend, Dunkin. One day he showed Dunkin how, 
by rubbing two pieces of ice together you could 
melt them, and a year or two later he declared that 
he had become convinced of the non-existence of 
the once much-talked of caloric. Three years he 
worked at physic and surgery under Borlase, and 
then being released from his indentures, in October, 
1798—still under twenty years of age—he became 
superintendent of the laboratory of the Pneumatic 
Institution at Bristol, opened by the somewhat 
eccentric Beddoes with the idea that the study of 
the physiological effects of different gases might 
have important therapeutical applications. It was 
there Davy discovered the extraordinary effects 
of nitrous oxide when inhaled by human beings. 
At Bristol he also began his friendships with Southey 
and Coleridge. A visit to London in 1799 was 
followed by the publication of his “ Researches, 
Chemical and Philosophical,” and in the year 1800 
he began experimenting with the galvanic battery, 
the invention of which had just been made known 
by Volta’s own letter to Sir Joseph Banks. In the 
whole domain of science it would perhaps be impos- 
sible to point to any single piece of apparatus, the 
use of which has led to a greater number of funda- 
mental discoveries than has the Voltaic cell, and 
Davy’s most brilliant work was done with its aid. 

While Beddoes had been engaged with the foun- 
dation of the Pneumatic Institution at Bristol, 
Count Rumford had taken the initial steps for the 
founding of the Royal Institution in London “ for 
diffusing the knowledge and facilitating the general 
introduction of mechanical inventions and im- 
provements, and for teaching by courses of philo- 
sophical lectures and experiments the application of 
science to the common purposes of life.” The 
proprietors included peers and baronets and 
members of Parliament and, on March 23, 1799, 
Rumford was elected secretary. One of his first 
duties was to engage a lecturer, his choice falling 
on Dr. Garnett, whose first lecture was given on 
March 4, 1800. Then followed the appointments 
of Davy in February, 1801, and of Young a little 





later, Garnett having in the meanwhile resigned. 
From the first Davy was a phenomenal success. 
Macaulay said that in the seventeenth century it 
was the fashion to know something of telescopes 
and air pumps, but Davy, in the early nineteenth cen- 
tury, made chemistry the rage. One of his admirers, 
Coleridge, in February, 1803, wrote “I rejoice in 
Davy’s progress. There are three suns recorded in 
Scripture—Joshua’s that stood still; Hezekiah’s 
that went backward ; and David’s, that went forth 
and hastened on his course like a bridegroom from his 
chamber. May our friend prove the latter.” Davy’s 
achievements belong to the history of science, 
his Bakerian Lectures of 1806 and succeeding 
years wherein he dealt with “Some Chemical 
Agencies in Electricity,” and with his notable 
experiments resulting in the isolation of potassium 
and sodium creating immense interest in scientific 
circles both at home and abroad. 

Davy at this time was probably at the height 
of his powers. For five years longer he continued 
however, to serve the Institution; on April 8, 
1812 he was knighted, the following day he de- 
livered his farewell address, on April 11, he was 
married to the wealthy widow, Mrs. Apreece, and 
the following year started out on his tour on the 
Continent, having with him as personal companion 
and amanuensis, his ‘“‘ greatest discovery ” Michael 
Faraday, then but 21 years of age. If 1812 was 
marked by the end of Davy’s lectures, it also was 
marked by a disastrous colliery explosion which led 
Davy to further researches and to his invention of 
the miner’s safety lamp, a model of which is shown 
in the Penzance memorial. The explosion took 
place on May 25, 1812, at Felling Colliery, near 
Sunderland and out of some 120 persons in the 
pit, 92 lost their lives. The catastrophe, one of 
many such, focussed public attention on the dangers 
of coal mining and thanks to a London solicitor, a 
society was formed to try and prevent such acci- 
dents. In August 1815, Davy, then shooting 
in Scotland, was approached. Obtaining samples 
of gas from mines he began their study at the 
Royal Institution, of which he was then an honorary 
professor, and in the course of a few months had 
produced his first ‘‘ Safe Lamp ” and by the end of 
the year had devised the lamp in which the flame 
burnt within a cage of wire gauze. The lamp 
proved successful, and the coal owners presented 
him with a service of plate, which, under certain 
conditions, Davy directed by his will was ‘to be 
sold and the same given to the Royal Society to 
provide an annual medal from the interest for the 
best discovery made anywhere in chemistry.” 

Of his subsequent career little need be said. In 
1818 he was made a baronet, in 1820 he succeeded 
to the president’s chair of the Royal Society and his 
addresses contain a valuable review of the science 
of the time. Without the simplicity and modesty 
which characterised his great successor Faraday, 
Davy as his reputation grew, came to attach more 
and more importance to rank and station, and it was 
owing to this that he lost much of his popularity. 
The end came when most men are in their prime. 
In 1826 he had a stroke of apoplexy, and from this 
he never really recovered. He resigned his presi- 
dency of the Royal Society in 1827 and in 1828 left 
England for Rome, and it was while he was on his 
way back that he died at Geneva. His tomb is in 
a cemetery outside that city. The tablet to his 
memory in Westminster Abbey is to be found in 
St. Andrew’s Chapel close to the memorials to 
Telford, Sir James Simpson and Thomas Young. 








NOTES. 

STRESSES IN STIFFENED SU3PENSION BRIDGES. 

In our issue of April 29, 1927, page 506, we showed 
that the solution of the problem of the stiffened 
suspension bridge could be greatly simplified by 
expressing the load as a Fourier series. The same 
device was invented independently by Professor 
S. Timoshenko, at almost the same time, but was 
published subsequently. The subject is further 
discussed in a recent paper due to Professor G. C. 
Priester.* The method has very great advantages 

* Application of Trigonometric Series to Cable Stress 
Analysis in Suspension Bridges, by George C. Priester. 
Published by the Department of RericnA Research, 





University of Michigan, Ann Arbor. Price 1 dol. 
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whenever it is deemed legitimate to treat the 
stiffening girder as of uniform moment of inertia 
throughout its length, being direct and very much 
less laborious than the so-called deflection method 
of deducing stresses which was used by the engineers 
responsible for the calculation of the stresses in the 
Delaware River suspension bridge. The older 
formulas, which originated with Rankine, treated the 
stiffened suspension bridge as the equivalent of a 
rigid arch. The stresses thus deduced may be 
twice as high as those determined by the more 
exact theory. Throughout his pamphlet, Professor 
Priester employs the virtual-displacement method, 
which Maxwell originated as a means of determining 
stresses in statically-indeterminable structures. In 
our opinion this is less simple and direct than 
Castigliano’s principle of least work, but the results 
are, of course, the same. The main interest of 
Professor Priester’s pamphlet lies in the comparison 
he makes between the results obtained by approxi- 
mate methods, in which certain effects are assumed 
to be minute enough for the “ principle of the 
superposition of small quantities” to be valid. 
Where this is possible the arithemetical work can be 
considerably simplified, or alternatively, the analysis 
may be more complete. His comparative examples 
show that, in the cases where this assumption is 
ordinarily made, the error is immaterial, being often 
less than $ per cent. Since the assumption of a 
uniform moment of inertia for the stiffening girder in- 
volves errors of about 10 per cent. (see ENGINEERING, 
January 6, 1928, page 1), it is useless, where this is 
neglected, to introduce refinements which may affect 
the results by at most, say, 3 per cent. Professor 
Priester’s paper is very comprehensive, covering 
fully the effects of temperature and variation in the 
effective span due either to movement of the saddle 
or, as at the Delaware River bridge, to deflection of 
the towers. The pamphlet concludes with a list of 
references, but makes none to our issue of April 
29, 1927, in which the method was first described, 
having, as stated, been originated independently 
and somewhat prior to the work of Professor 
Timoshenko. 


Wrovuenut-IrRon Covers FoR DiESEL ENGINES. 


In a paper recently read before the Institution of 
Engineers and Shipbuilders in Scotland, Dr.-Ing. 
F. Sass described a method of building up Diesel- 
engine covers by brazing together ‘with copper a 
number of constituent parts machined out of 
wrought-iron. The cylinder head in question was 
the lower cover of a double-acting airless-injection 
Diesel marine engine, having cylinders 700 mm. in 
diameter by 1,200 mm. stroke. It is impossible, 
in the case of these lower covers, to arrange the 
valve and other openings in it as symmetrically as 
in the upper cover, and hence the temperature 
strains are correspondingly greater. For this reason, 
there have been many cases of cracked cast-iron 
covers. Brazing with copper has long been known 
to yield a remarkably strong joint, and the strength, 
Dr. Sass stated, can be enhanced by subsequent 
heat treatment, which causes the copper to diffuse 
deeply into the iron. The cover described in his 
paper was made to replace a cast-iron cover, and 
was consequently less simple than it might other- 
wise have been. The components numbered 18 
and included tubes, ribs, and elbow-pieces. The 
brazing was effected in an electric furnace, which 
could be raised to a temperature of 1,200 deg. C., 
the temperature being under very perfect control. 
The whole operation of brazing and heat treat- 
ment was conducted in an atmosphere of hydrogen. 
The final cooling extended over 48 hours. The 
method is stated to be due to Mr. K. Bassler, 
of the A.E.G. turbine works, in which similar 
methods have long been employed for building up 
diaphragms. 


Treasury Arp FoR RvuRAL ELECTRICAL 
DEVELOPMENT. 


The strength of private enterprise is that the 
possibility of moderate, if not large, profits in 
years to come enable it to attract capital, even 
for schemes which may not be immediately pro- 
ductive. With municipal, and still more with 
state, enterprise, this postponement of benefit, 
except in a very limited way, is not possible, owing 





to the financial arrangements under which these 
undertakings operate precluding the formation of 
a working capital fund and, because, perhaps 
rightly, it is felt that public money should not be 
used to finance anything of a speculative character. 
There are cases, however, where the public demand 
for a commodity sold by a local authority can 
only be tested by providing an appropriate supply. 
This necessarily means capital expenditure and the 
risk that it may not be possible to meet the 
charges on that expenditure within the first few 
years. One of these cases is the supply of electricity 
to rural districts, of which so much has been heard 
lately. It is interesting to learn, therefore, that 
Treasury aid has been enlisted to find a way out 
of the dilemma, and that the Minister of Transport 
has. been so impressed with the desirability of 
ascertaining what results may be expected from 
the development of electricity supply in a typical 
rural area, if proper methods of canvassing and of 
demonstrating the advantages of the service are 
adopted, and if the prospective consumer is offered 
facilities to wire his premises and to obtain the 
necessary appliances, that he has selected an area 
of approximately 100 sq. miles in extent lying to 
the north and west of Bedford for experiment. 
Further, as a result of an application made by the 
Bedford Town Council to the Development Com- 
missioners, the Treasury have agreed that advances 
shall be made from the Development Fund, for a 
period not exceeding ten years, of such sums (not 
exceeding 8,000/.) as may be required to meet 75 
per cent. of the actual deficit on the scheme. Any 
such advances will be repayable out of future sur- 
pluses. The Bedford Corporation will carry out 
the work, with the advice and assistance of the 
Electricity Commissioners and the Development 
Commissioners. We believe that this is the first 
scheme of its kind, and its operation in practice will 
be watched with interest from more than one 
aspect. 


An INCANDESCENT-LAMP CONTROVERSY. 


We are asked by Mr. Campbell Swinton to take 
some part in discussing a question of priority, 
which is bound up with the invention of the carbon 
incandescent electric lamp. It will be remembered 
that, on December 20 last, Mr. James Swinburne 
delivered an address on the work of Swan (who 
was born in 1828), in which he remarked, inter alia, 
that St. George Lane-Fox had taken out a patent 
for a parallel system of distribution more than a 
year before Edison. He did not, however, mention 
that it was the same St. George Lane-Fox who, in 
1879-80, had patented the method of treating an 
incandescent-lamp filament which is now known 
as flashing. This omission was pointed out by 
Mr. Campbell Swinton in a paper which appeared 
in the April issue of the Journal of the Institution 
of Electrical Engineers. Mr. Swinburne’s reply, 
which was published in the same issue, was that 
as Swan “got nothing” from Lane-Fox there 
was no need to mention his work. He also added 
that, as regards parallel distribution, he had not 
intended to be contemptuous of what Lane-Fox 
had done, but that that work again was nothing to 
do with Swan’s invention of the incandescent lamp. 
Mr. Swinburne must, however, admit that he did 
drag Lane-Fox in, and must take the consequences, 
if any. Mr. Swinton’s next complaint is that 
Sir Ambrose Fleming, in some brief personal recol- 
lections of Swan which appeared in the February 
issue of the Journal, also failed to do justice to the 
“valuable and pioneer work ” of Lane-Fox. But, 
with the exception of some introductory matter of 
an historical kind, Sir Ambrose’s paper was entirely 
concerned with th> work of Swan on the incandes- 
cent lamp, and if he is in agreement with Mr. 
Swinburne that this pioneer did not use Lane-Fox’s 
method of starting the conductivity of an imper- 
fectly carbonised filament by a momentary high 
pressure it is not surprising that he did not connect 
the two names. Regarding the matter as judicially 
as we are able, it seems that Lane-Fox, like many 
others, was experimenting with one or more of 
many ideas, with the object of producing a com- 
mercial incandescent lamp. It was Swan, however, 
who successfully solved the problem, and in so 
doing made little use of Lane-Fox’s work. On 
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the other hand, Lane-Fox seems to have been 
among the first to suggest the parallel system of 
distribution, which is an important corollary to 
the use of the incandescent lamp. But that in no 
way detracts from the value of Swan’s work. We 
hope that the matter may now be allowed to rest. 
These questions of priority are more suitable for 
lawyers than engineers, and, as far as technical 
development is concerned, lead nowhere. In this, 
as in many other cases, the deed is far greater than 
the man. 








THE ROYAL SOCIETY 
CONVERSAZIONE. 
(Concluded from page 651.) 

THE cesium tube demonstrat on by Mr. N. A. 
de Bruyne, of the Cavendish Laboratory, Cambridge, 
is one of the outcomes of experiments in which 
he was first engaged in the Research Laboratories 
of the General Electric Company, at Wembley. Some 
years ago, Lilienfeld observed that electrons are 
driven or drawn out of a cold cathode by a power- 
ful electric field. This auto-electronic emission has 
been studied by several investigators, and Mr. 
de Bruyne found, in agreement with others, that 
it is independent of temperature as long as the 
temperature of the cathode is not raised above 
1,944 deg. K. Above that temperature, the thermi- 
onic emission predominates. For these studies the 
cathode, usually a tungsten filament, must be heated 
to get rid of all occluded gas, and the experi- 
ments have to be madeina vacuum. By conducting 
them in a bulb containing a metallic vapour at very 
low pressure, Mr. de Bruyne demonstrated that no 
vapour of a metal can be condensed on another 
metal when the temperature of the latter (the 
filament in this case) exceeds the critical tempera- 
ture of Knudsen. The filament was surrounded 
by a cylindrical collecting electrode, and the bulb 
contained cesium vapour at a pressure of 10-° mm. 
When the filament was heated there was a slight 
thermionic emission; when a positive potential 
was applied to the collector, and the filament 
current was switched off, the cesium vapour began 
to condense on the cooling filament and a very 
strong momentary emission was observed. The 
critical temperature, below which cesium vapour 
can condense on tungsten, was 800 deg. C.; for 
potassium and sodium, the temperature would be 
higher. 

Professor G. P. Thomson, of Aberdeen, exhibited 
photographs and apparatus illustrating his study 
of the diffraction of electron waves ; we reproduced 
some of these photographs on page 80 of our issue 
of July 20, 1928. When a beam of cathode rays 
(electrons) is passed through a very thin film of metal, 
the metallic crystals act like a diffraction grating on 
the waves which guide, and perhaps partly compose, 
the electrons, according to modern theories. The 
metal films shown were of aluminium, silver, iron, 
lead, and platinum; the diffraction rings were 
regular in all cases except in that of the aluminium 
film, which had been obtained from rolled aluminium 
and consequently showed spots in ring grouping 
instead of complete rings. The whole system of 
rings was deflected by a strong magnetic field. The 
films, about one-millionth of a centimetre in thick- 
ness, were prepared in various ways. Some films, 
mounted to show their transparency, were produced 
by the Joliot process, by sputtering the metal on to 
a liquid surface. 

The moving-iron oscillograph exhibited by Mr. 
Bryan Matthews, of Cambridge, and made by the 
Clifton Instrument Company, of Bristol, was 
designed by him for recording the transient changes 
in electric potential which accompany nervous 
impulses travelling along the nerves from and to the 
brain. The nerve bundles are very complex, contain- 
ing some 10,000 fibres. For exact electrical measure- 
ments, single fibres have to be isolated, and the 
period of the potential rise of a few micro-volts is 
then found to be of the order of 0-002 second. 

A new form of wireless direction finder, having 
several remarkable properties, was exhibited by 
the Radio Research Station of the Department of 
Scientific and Industrial Research, at Slough. It 
employed two identical frame aerials, each 1 metre 
square, tunable to the desired signal frequency and 
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fixed at right angles to one another. The electro- 


and amplified independently so as to ensure equal 
amplication in the two systems, are applied to the 
two perpendicular deflecting-plate systems of a 
cathode-ray oscillograph, the electron beam of which 
is deflected by the resultant of the amplified signals. 
The frames resolve the direction of arrival into two 
rectangular components which are then equally 
amplified and re-combined in the oscillograph, in 
such a manner that the latter traces a line in the 
direction of arrival of the incoming signal, which is 
directly read off on a compass inscribed on the 
oscillograph screen. In actual tests, the apparatus 
has measured, within half a degree of arc, the 
direction of arrival of atmospherics from visible 
lightning flashes 500 km. distant. The instan- 
taneous response of the new device, primarily 
designed for the study of atmospherics, renders it 
also valuable in signal direction-finding. The appa- 
ratus demonstrated worked on wave-lengths of 
5,000 m.; its range, however, is 300 to 30,000 m. 
The whole exhibit, including charts of the distribu- 
tion of local disturbances all over Europe, formed 
an interesting supplement to the paper on atmo- 
spherics which Mr. R. A: Watson Watt read at the 
Glasgow meeting of the British Association (see 
ENGINEERING, October 19, 1928, page 426.) 








THE LATE MR. H. J. MARSHALL. 

Anyone who takes the trouble to make even a 
cursory study of engineering history will be struck 
by a discontinuity, as evident as that which some 





hold exists throughout physics. If we take the 
year in which ENGINEERING was founded as a starting 
point and compare the names of the leading firms 
then operating with those of the same standing, 
which are at work 63 years later, the paucity of 
those who can be placed in both lists is almost 
startling. There is, of course, more than one 
reason for this. Industrial conditions in recent 
years have stimulated more and more the move- 
ment, which is conveniently known as rationalisa- 
tion, with the result that many smaller firms, about 


lost their identity in some larger organisation. On 
the other hand, in a distressingly large number of 
cases, those responsible for the conduct of concerns 
bearing well-known names have failed to keep pace 
with the times, and sooner or later have found 
themselves unable to continue the struggle for 
existence. This, however, is not the invariable con- 
dition. It is, in fact, pleasant to be able to cite cases 
of old-established firms, the management of which 





has throughout been characterised by enterprise, fore- 
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| sight and, above all, by a determination to take full 
motive forces: in the two frames are subjected to | advantage of the benefits derivable from the use of 
frequency-changing by beating with a common| modern business methods. This has often been 
oscillator, and the resulting audio frequencies, filtered | done not by the introduction of new blood, but by 


the well-directed skill and inherent pride of the 
members of the founder’s family, so that what may 
be described as a dynastic succession has been 
achieved with excellent results. 

Perhaps no better example of this is to be found 
than in the joint histories of Messrs. Marshall, Sons 
and Company, Limited, of Gainsborough, and of Mr. 
Herbert John Marshall, whose death, we regret to 
record, took place on May 22, at the age of 63. For 
many years, the firm and the man have been in- 
separably interlinked, and it is for that reason that, 
in dealing with the life of a distinguished engineer, we 
must refer to the development of the concern which 
bears his name. The firm, now known as Marshall, 
Sons and Company, Limited, was founded in 1848, 
when Mr. Herbert Marshall’s grandfather, William 
Marshall, purchased an old-established engineering 
business in Gainsborough. At first, the activities 
of the undertaking were confined to millwright work, 
in connection with the local oil and flour mills, to 
which later was added the manufacture of threshing 
machinery and portable and stationary engines. 
In 1857, Mr. James Marshall, Mr. Herbert Marshall’s 
| father, was taken into partnership, and four years 
‘later, another son (Henry) of the founder joined 
the firm. Shortly afterwards, when Mr. William 
Marshall died, the concern was converted into a 
| joint-stock company, and so continued under the 
|rule of the two brothers, until the death of Mr. 
Henry Marshall, in 1906. In the meantime, how- 
ever, Mr. Herbert Marshall had entered the firm, 
where he was later joined by a brother, a cousin and 
nephews, all of whom have worthily carried on a 
technical and commercial tradition initiated some 





whose prosperity there could be no doubt, have | 


| 80 years ago. 

During that period, the scope of the firm has 
| greatly extended, thanks largely to the engineering 
knowledge and business skill of the deceased, until 
| now the works operated by it cover some 45 acres, 
and it employs about 5,000 workers. This expan- 
sion has not taken place entirely on the site of the 
| original Britannia works, which, in 1848, occupied 
only 14 acres, for further factories, known as the 
| Trent Works and the Carr House works, were 
| established in 1892 and 1911, respectively. A full 
| account of the organisation, as it then existed, was 
published in our issues of May 14 and May 21, 1920, 
and from time to time we have also given details of the 
| firm’s products, which now include steam tractors and 
| traction engines ; road rollers ; portables and semi- 
| portables ; fixed engines of the vertical and horizontal 
types ; drop-valve mill engines ; oil engines ; vertical, 
| locomotive, Lancashire and other types of boilers ; 
| threshing machines ; road machinery ; maize shellers ; 
| elevators ; tea and flax machinery ; and decorticators 
for fibres. 

As we have indicated, Mr. Herbert Marshall was 
born in 1866, and received his early education at 
| Southampton and Elstree, after which he proceeded 
to University College, London, where he studied 
under the late Sir Alexander Kennedy. On com- 
| pleting his course at that institution, he went to 
Hannover for a year to continue his engineering 
| studies, and to perfect himself in the German language. 
| In 1885, he returned to Gainsborough and began his 
| long connection with the firm that bears hisname. To 
| begin with, he passed through the engineering 
workshops and drawing office, but he soon began to 
[ te more interest in the business side of the 
organisation and to devote himself to the establish- 
ment of branches, both in India and the colonies. 
He also turned his attention to the problems of 
output with such success that at one time the 
firm were turning out 160 portables per month, in 
addition to much heavy agricultural machinery. 
| As was perhaps natural, Mr. Marshall had, to some 
extent, the defects of his sterling qualities. No 
man can undertake the successful management of 
an engineering firm of any size without a trace of 
the autocrat in his composition. This was 
clearly brought out in his dealings with his 
employees, so that his real attitude often stood a 
chance of being misunderstood. On the other 
hand, a manifesto that he issued at the time of the 
moulders’ and boilermakers’ strike, some years ago, 
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showed the straightforwardness and openness of his 


character, and brought his profound sense of justice | 


into true perspective. 

As was not unnatural, the increased activities 
imposed on Mr. Marshall by the war caused a strain 
to his health, and he had not been well for some 
years, while his condition was aggravated by a 
serious breakdown, which occurred some two years 
ago. 

A further explanation of his ill-health may, 
perhaps, be that Mr. Marshall’s activities were 
almost entirely confined to the concerns of the firm, 
and that he took little interest either in local organi- 
sations or in sport. He was, however, a member of 


the council and a past-president of the Agricultural | 


Engineers’ Association, and of the Executive Council 
of the National Union of Manufacturers. For some 
time also, he was a member of the Grand Council of 
the Federation of British Industries. He was 


elected a member of the Institution of Mechanical | 


Engineers in 1897, and was also a fellow of the 
Royal Society of Arts. 
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have stimulated British trade to the same extent 


Ir is strange that within the same week we |@S the products of the genius of his predecessor. 
have had to deal with the career of Mr. Herbert | they have at least assisted in the convenience and 


| Marshall. and to record the death of another of | attractiveness with which this, and to-day innumer- 
| Gainsborough’s leading citizens. Only such a term |@ble other commodities, can be marketed, to say 


/ean, in justice, be applied to Mr. William Rose, the | 
|founder and managing director of Messrs. Rose | 
| Brothers. Limited, and of the Northern Manu- | 
facturing Company, whose demise took place on | 
May 20, at the age of 72. 


nothing of the improvement in sanitary conditions 
brought about. 

Mr. Rose’s first appliance was designed fot 
wrapping up }-oz. packets of tobacco, so that 
it could be sold over the counter without delay. 


Mr. Rose was born, and passed his boyhood, at the |Compared with what followed, this early effort 


Old Hall, Gainsborough, where he early displayed | 
great inventive talent. Though the development 
of his ideas was handicapped by a lack of formal 
engineering training, and still more by poverty, he 
had the good fortune to attract the attention of 
wealthy patrons, who did a good deal to sponsor his 
efforts. In these respects, he may be compared 
| to his great prototype, Arkwright. who was also a 
barber’s apprentice, and though the packing and 
| wrapping machines, which he first devised for the 
use of the tobacco industry, can hardly be said to | 





was a primitive and ramshackle equipment. being 
largely constructed of wood. Though faced with 
many disappointments in his attempts to perfect 
this machine, he held to his ideas with great 
tenacity, and had the good fortune to obtain 
the permission of Mr. H. H. Wills to allow the 
latter’s name to appear on his first registering 
tobacco packeting machine. The firm, with which 
Mr. Wills was connected, as a result of a successful 
test, adopted Mr. Rose’s machines for wrapping 
tobacco in their factories, thus eliminating a large 
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amount of hand labour. Such a result naturally 
attracted the attention of other firms, and before 
long, Rose’s machines were being widely employed 
in this and other countries in most factories, where 
packing forms one of the operating processes. 
Naturally, they are applicable to a wide variety of 
products and shapes of package, and especially 
enable confectionery and foodstuffs to be marketed 
in a cleanly fashion. The machines of the firm con- 
stitute some of the most advanced and fascinating 
of the products of the mechanical world. 

These machines are themselves manufactured in 
works, the layout of which fully conforms with 
modern productive ideas. These works comprise 
a large machine shop, together with erecting bays 
for the various machines, as well as pattern shops 
and foundries. In addition, Mr. Rose was also 
responsible for the inauguration and development 
of the Northern Manufacturing Company, Limited, 
a concern, which specialises in the production of 
machine-cut gearing for power transmission. 

In the experimental work, which is a natural 
preliminary to all successful designs, Mr. Rose 
showed himself as ruthless towards the products of 
his efforts, as Wedgwood. An instance, related in 
the Retford and Gainsborough News, occurred when 
glascine wrapping was|introduced, of which he was 
quick to see its possibilities. The necessary patterns 
for a machine were made, the machines themselves 
built, and many orders for them obtained, but 
further examination led Mr. Rose to the opinion 
that the result was not “an engineer’s job,”’ and 
the whole was abandoned in favour of a new 
design. Events have amply justified the wisdom 
of this course, but it was not one which everyone 
would have had the courage to adopt. This example 
of his methods is, however. sufficient to show that 
he combined inventive genius and _ far-sighted 
business ability to an unusual degree. 

Mr. Rose took a great interest in the life of 
Gainsborough, and one of his more recent benefac- 
tions was the endowment of scholarships for boys 
at the local Grammar School, in memory of a son 
who died some seven years ago. 


THE SALERMO LOW-TEMPERATURE 
CARBONISATION RETORT. 


THE changes which a coal and its products undergo 
when carbonised depend on the range of temperatures 
to which each part is exposed, and the period for 
which the exposure to each temperature is prolonged. 
The chemical constituents of coal and of the pro- 
ducts that it yields in the earlier stages of its dis- 
tillation are imperfectly known. Broadly, however, 
it appears to be recognised that at the lower tempera- 
tures the first effect of heating is to separate from the 
solid mass the substances, apparently pre-existent 
within it, which become liquid or gaseous at those 
temperatures, and are not subject to decomposition 
or mutual reaction unless they are exposed for a 
prolonged period to these temperatures, or are led 
into a hotter zone. Low-temperature carbonisation 
is a term which at present is not defined very precisely. 
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Judging from the temperatures to which it has been 
applied in various connections, it may be taken to be 
that temperature at which a desired product is sepa- 
rated or developed from the coal, and such a process 
as does not decompose it further after it has been 
separated or formed. If, for example, the main pur- 
pose of the process is to obtain a free lighting and 
smokeless fuel, the temperature may be carried a 
couple of hundred degrees or more higher than if 
it wished also to obtain the liquid products of dis- 
tillation before they begin to decompose. The chief 
difficulty in most processes of low-temperature car- 
bonisation arises from the low heat-conductivity of 
the charge, which makes it necessary to apply a 
substantially higher temperature at the outside of 
the mass than the minimum required for completing 
the process, and often presents considerable difficulty 
in preventing parts of the charge from being over- 
heated and thus decomposed. 

In the account of the experimental carbonisation 
plant established by the Gas Light and Coke Com- 
pany at their Fulham works, which appeared in our 
issue of March 1 last, it was mentioned that among 
the methods of carbonisation under investigation was 
one of the Salermo design, and by the courtesy of 
Messrs. Salermo, Limited, of 14, Waterloo-place, we 
are now able to illustrate the construction of the retort 
and other parts of the plant on which the working of 
the process depends. The process consists in passing 
continuously a supply of crushed coal over horizontal 
flues, within which it is dried by the heat of the escaping 
furnace gases, and thence through a retort so arrang' 
that the vapours and gases evolved are discharged 
immediately into an open space in the upper part of the 
retort, from which they are led, without further eleva- 
tion of temperature, through dust filters and con- 
densers. The condensate then passes into tanks; the 
gas after being scrubbed and stripped is led into a gas 
holder, and the coke passes out at the further end of 
the retort, either cooled or not according to the use to 
which it is next to be applied. 

The construction and working of the retort may be 
followed readily by reference to Figs. 1 to 5, of which 
Fig. 1 shows a longitudinal section of the plant and 
Fig. 2 a cross-section. Fig. 4 is a detailed sketch of 
two of the troughs which form the lower part of the 
retort, Fig. 5 a similar sketch to illustrate the gas 
seal at each end of the retort, and Fig. 3 a retort 
in process of construction. The plant illustrated has 
a capacity of 75 tons per 24 hours, and the carbonising 
chamber or retort consists, as will be seen in Figs. 1 
and 2, of 24 troughs 7 ft. 6 in. long by 16-in. in internal 
diameter ranged side by side to form its floor, and 


| enclosed within steel sides and roof lagged with fire- 


brick. An octagonal steel shaft with its ends turned 
to form journals and with its axis in the plane of the 
top of the trough lies along each trough, and carries a 
series of T-headed cast steel paddles or stirrers, fixed 
on the shaft close to each other with their heads in 
different diametral planes. The rotation of these paddles 
causes the crushed charge to flow steadily through the 
troughs, partly by causing it to fall when they break 
down the angle of repose at which it lies, and partly by 
either pushing or lifting it according to whether the 
rotation is counter-clockwise or clockwise. The paddles 
are formed with octagonal holes, which fit over the 
shaft, but leave a play of 4 in. across the diameter 
of the shaft. They are secured on the shaft by thin 
wedges. The rotation of the paddles causes the charge 
to move along the retort from trough to trough, and 








INLET SEAL 





maintains it infa‘constant state of motion, while the 
T edge serves to keep the faces of the troughs clean 
and to remove any deposit, such as scurf, which may 
form on them. Wear is taken up with considerable 
precision by shifting the wedge to the diametrically - 
opposite position in the eye, and by the use of pack - 
ing pieces of various thicknesses. Fig. 4 is, as stated, 
a sketch showing two of these troughs with their 
shafts and paddles. 

After having been crushed to 4 maximum of j in. 
and passed over a magnetic separator, the charge is 
delivered by an elevator to the receiving hopper, from 
which it passes through an Avery automatic weigh- 
ing machine into a feed arrangement, which delivers 
it evenly across a platform to a depth of about an inch. 
It is then carried along this platform by a scraper 
conveyor to the full length of the retort, and is 
dropped on to a lower platform and returned by the 
conveyor to the charging end. The platforms are 
situated above flues through which the exhaust gases 
of the furnace pass, and the charge is thus relieved 
of its moisture and delivered dry into the charging 
hopper. The first trough of the retort, into which 
this hopper delivers, is fitted with an arrangement 
in which the charge builds up a gastight seal with 
itself as the luting material. Fig. 5 is a sketch showing 
the arrangement of this trough and its seal A. The 
trough is divided by vertical steel plates into three 
equal compartments, into the centre one of which 
the charge is delivered from the feed hopper. Here 
it is shut off completely from the next trough, and 


ed | communicates with the side compartments only 


through passages under the shaft at the bottom of the 
partitions on either side. Helical paddles on the 
shaft within the central compartments push the charge 
out through these passages at a predetermined and 
sufficient depth below the surface of the material, 
and other helical paddles outside the plates which 
close the centre compartment, draw the material 
away and rapidly fill the two end compartments to 
the level at which the T-paddles start to push it 
into the next trough. A similar seal is provided 
operating in the reverse direction on the last: trough, 
the charge in the last trough but one being pushed 
by helical paddles to its opposite ends, so as to feed 
the last or outlet trough towards the centre. The 
outlet trough is also set further down than the re- 
mainder (though this is not shown in Fig. 1), so as to 
give a greater depth of seal than is necessary at the 
inlet. The working pressure in the retort is usually 
not more than .'; in. to ,3, in. water gauge. The gas 
and vapours pass directly from the atmosphere of the 
retort, into which they are discharged as they are 
formed, to a dust extractor or filter, and the gases and 
vapour, which thus have been filtered hot are then led 
to water-cooled condensers and an arrangement for de- 
canting the warm tar. The gas, after being scrubbed, 
is led into a gas holder. ; 

The retort, shown in Figs. | and 2, is fired by gas, 
though alternatively coal or coke firing can be used. 
The temperature in the combustion chamber is about 
1,200 deg. C., decreasing to about 800 deg. C. at the 
further end of the retort, and the first 13 troughs are 
shielded from direct heating by refractory tiles 3 in. 
thick. The hot gases pass from the underside of the 
troughs to the drier flues shown on Figs. 1 and 2. 
The troughs are made of a special alloy steel { in. 
thick, thus giving a high rate of heat transmission for 
an externally-fired retort. The entire system is operated 
by a single motor, taking from-15 h.p. to 18 h.p. 
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It will be seen that with most coals the pre-drying 
arrangement is an appreciable thermal advantage, 


and reduces the time required for carbonisation. The | 


preliminary crushing of the coal and the constant 
stirring of its particles greatly increase its surface 
of contact with the metallic heating surface of the 
retort, and avoid the-overheating of parts of the 
charge which would occur if larger pieces were used. 
The maximum temperature in the charge is said to 
be from 460 deg. to 500 deg. C., and the products are 
never exposed to a higher temperature than that of 
the solid charge, the usual temperatures of the vapours 
being found in fact to lie between 420 deg. and 450 
deg. C. There is accordingly a high yield of primary 
_ tar—that is, oil condensed without cracking—which 
is of low density and has a small content of pitch. 
The removal of the dust while the tar is still hot 
tends to prevent choking of the apparatus and lower- 
ing of the quality of the tar. The fluent condition 
of the original charge is increased considerably by 
the attrition which occurs in its transit over the two 
drying platforms and still more along the series of 
troughs, so that when it arrives at the outlet it is 
nearly in a pulverised condition. If it be intended 
for firing boilers direct it can, thus, be used with the 
entire sensible heat with which it leaves the retort. 
The extent to which it is cooled, if intended for any 
other purpose, can be adjusted readily by means of 
the cold-water pipes over which, in that case, it is 
discharged. The plant is applicable to a large variety 
of materials, including non-coking as well as coking 
coals, oil shales and lignite, and it is said that on 
account of the thinness of the trough walls and the 
consequent high thermal efficiency, it will treat material 
which, with other forms of external heating, would 
require a higher temperature. 

In addition to the purposes to which low-temperature 
coke, tar and gas are ordinarily applied the coke from 
this process has been used successfully for blending 
with highly swelling coal, in order to make metallurgical 
coke in coke ovens. It is claimed that low-temperature 
coke made in these retorts from a cheap non-coking 
coal, such, for instance, as the washed fines of such a 
coal containing up to 20 per cent. of water, can be 
blended with the right proportion of the swelling coal, 
the mixture being dried by the sensible heat of the 
low-temperature coke as it flows from the retort, and 
when carbonised in the coke oven yielding a greatly 
improved metallurgical coke. 


Deviations from the eight-hour day and 48-hour 
week in Belgium, to enable an employer to cope with 
unusual increases of orders occasioned by unforeseen 
events, may be authorised by the Minister of Industry, 
Labour and Social Welfare, under Section 7 of the 
Act of June 14, 1921, subject (a) to an agreement 
between the employer and the association or associa- 
tions to which the majority of his workers belong, or, 
in default of an association, the majority of his workers ; 
and (6) to a limit of two extra hours a day for not more 
than three months in any one year. According to the 
Brussels Revue du T'ravail, 1,180 authorisations were 
granted in 1928, affecting 43,457 workpeople and 
covering 3,515,275 additional hours. The largest 
amount of overtime was worked in the metal trades, 
their authorisations numbering 411. The number of 
workpeople affected was 13,881, and the number of 
additional hours authorised 976,697. 





The number of disputes, involving stoppages of work, 
reported to the Ministry of Labour as having begun in 
1928 in Great Britain and Northern Ireland was 302, 
slightly fewer than in 1927, und the smallest number 
known to have occurred in any year during the whole 
period for which statistics are available. In these 
302 disputes about 79,800 workpeople were directly 
involved (i.e., on strike or locked out), and 44,100 
indirectly involved (i.e., thrown out of work at the 
establishments where the disputes occurred, but not 
themselves parties to the disputes). In addition, 500 
workpeople were involved, for the most part directly, 
in eight disputes which began in 1927 and were still in 
progress at the beginning of 1928. The total number 
of workpeople involved, either directly or indirectly, 
in all disputes in progress in 1928 was thus about 
124,400, as compared with 114,200 in the previous year. 
The aggregate time lost in 1928 by these workpeople 
owing to the disputes was approximately 1,388,000 
working days; this figure is the lowest ever recorded 
by the Department, with the exception of that in the 
previous year, for which the corresponding figure was 
only 1,174,000. Of all the disputes in 1928, those in 
the coal-mining industry accounted for about one- 
third of the total number of stoppages, for about 
two-thirds of the total of workpeople involved, and 
for about one-third of the time lost. A single large 
dispute accounted for the greater part of the time lost 
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in the textileindustry. No other industry was seriously 
affected by disputes in 1928. 





As in most years, the majority of final settlements in 
1928 were effected by direct arrangements or negotia- 
tions between the parties or their representatives, 
199, or about two-thirds of all the settled disputes, 
directly involving about the same proportion of work- 
people, being concluded in thismanner. In 565 disputes, 
forming about 18 per cent. of all cases, work was 
resumed on the employers’ terms without negotiation, 
and nearly 24 per cent. of the workpeople were involved 
in such disputes, which included a number of short 
stoppages by coal putters at collieries in Northumber- 
land and Durham. Disputes settled by the various 
modes of arbitration and conciliation formed only 
6 per cent. of the whole, and the numbers of work- 
people involved in these disputes were generally small. 
In 21 disputes the strikers were replaced by other 
workpeople, but such disputes were in all cases very 
small. 





The National Union of Railwaymen’s financial 
report and accounts for the year ended December 31, 
1928, shows that the organisation’s assets have once 
more passed the million sterling mark, the figure at 
the end of the year being 1,035,324]. 0s. 10d. Con- 
trasted with the position as at January 1, 1928, of 
895,568/. 16s. 7d., there has been, Mr. Cramp points 
out, an improvement on the year’s working of 
175,755. 4s. 3d., while compared with the assets at the 
close of the eventful year 1926 (580,0011. 8s.) there has 
been, in two years, an increase of 455,322/. 12s. 10d. 
“This recovery since 1926—in which year over 
2,000,0007. was paid in benefits—is, indeed, gratify- 
ing,” Mr. Cramp says, “ and bears eloquent testimony 
to the financial stability of our organisation.” 





“In my 1927 report,” Mr. Cramp goes on to say, 
“T recorded the fact that 510 branches had sent from 
their Branch Management Funds to the Head Office 
a total of 14,0131. 6s. 4d. to assist in reducing the 
overdraft with the C.W.S. Bank, and I am now pleased 
to say that a further 13 branches remitted 1471. 15¢. 
during 1928 with the same object in view. Happily, 
the overdraft, which was 200,508/. 3s. 4d. at the 
beginning of 1928, was, on August 4, completely wiped 
off, and our obligation to our bankers then ceased. 
The whole of this clearance, however, was not achieved 
by the utilisation of income from contributions, as 
58,7851. represented the income from the sale of 
securities, and 53,8431. 17s. 2d. was by way of repay- 
ment of loans. Nevertheless, to have an overdraft of 
1,022,642/. in the stormy days of 1926 and to clear this 
by August 4, 1928, may, without egotism, be regarded 
as a praiseworthy performance.” 





In the course of an interesting study of compensation 
cases, the Bulletin of the Industrial Commissioner for 
New York State, points out that of all the kinds of 
injuries that workmen receive in industrial accidents, 
fractures or broken bones cause the greatest loss of 
time, and are the most costly. About 16 per cent. of 
the injuries which did not result in death or total 
permanent incapacity for work in the year ended 
June 30, 1928, were fractures. Yet the cost of these 
fractures was 35 per cent. of the cost of all the injuries 
causing temporary or partial permanent disability. 
There are two reasons, the writer says, for the high 
cost of fractures. The more important one is that 
they leave a larger proportionate number than other 
types of injuries of permanent defects to hands, arms, 
fingers or legs, which partially handicap the workers. 
Under the law, where recovery is complete, compensa- 
tion is awarded to cover the period of disability, except 
that no award is made for the first seven days unless 
the disability lasts over 49 days. When the worker is 
left with permanent amputation, or loss of use of one 
of his members, the law provides a fixed schedule of 
awards—312 weeks for an arm, 244 weeks for a hand, 
75 weeks for a thumb, and so on. Awards may be 
made for part or all of a member depending on the 
degree of disability. Awards for permanent injuries 
are four or five times as high as when the worker 
recovers entirely. c 

The chargemen employed in the Royal Dockyards 
recently applied to the Industrial Court for an increase 
of 2s. a week charge pay after three years’ service, 
and annual increments thereafter of ls. a week up 
to a maximum of 24s. The Court has decided ‘ that 
all chargemen of trades and of minor and titular grades, 
whether on the permanent list or not, shall after three 
years’ service as such receive 2s. a week increase of 
charge pay, and thereafter annual increments of ls. 
a week until reaching a maximum of 12s. a week ; 
provided that in the case of men not on the permanent 
list their years of service shall be calculated from a 





A correspondent of the Manchester Guardian gives 
particulars of an interesting pensions scheme which 
has been put in operation at the Swansea works of the 
Mond Nickel Company. The plan is non-contributory, 
is to be continued indefinitely, and all employees are 
eligible for membership. There is provision for 
retiring after 20 years’ service, for disability benefit 
after 10 years if totally and permanently disabled 
from any cause, and benefit is to be paid on the death 
of a member either in active service or if a pensioner. 
Sixty-five is the minimum age for retirement for men 
and 60 for women. Under the scheme, if a man has 
put in 30 years’ service and earned an average of 
31. 10s. per week for five years before retirement, he 
will receive a pension of 551. 10s. a year. Under the 
disability provisions, a member with 20 years’ service 
and the same average pay, will get the last-named 
amount of pension. On the death of a member in 
active service with not less than a year’s service, his 
relatives will receive 601., and should he leave depen- 
dents there will be additional death benefit. When 
a pensioner dies 601. will be paid to his beneficiaries. 





A writer in Man and Metal, the organ of the National 
Confederation of Iron and Steel Trades, states that 
German steelmakers claim that the wages quoted for 
German steel workers in the recent comparison of 
European and American wages made by the United 
States Bureau of Labour statistics do not represent 
those actually paid. It has been pointed out, he says, 
to the correspondent of The Iron Age in Germany 
by the United Steel Works, Diisseldorf, and the Federa- 
tion of German Steel Manufacturers that, while German 
wages are generally considered to be much lower 
than British, they are in most cases higher, both 
actually and relatively. Actual wage payments to 
workmen are higher than a table of wages rates would 
show, as practically all steel workers are receiving 
the 25 per cent. bonus for overtime work. In con- 
sidering wage averages the higher wages of foremen 
must be included. It is further explained that wages 
are relatively higher, as the cost of living in Germany is 
lower than in Britain, and a majority of the workmen 
live in cottage dwellings provided for them by the 
companies at fixed rentals of 25 marks to 40 marks 
per month, buying food and other necessities from the 
company stores at low prices. 





Wages paid to foreman are, it is stated, considerably 
higher than in Great Britain, and were, at the end of 
September last, 340 marks per month for a blast- 
furnace foreman, 450 marks per month for a Bessemer 
converter foreman, 410 marks per month for an open- 
hearth foreman, 465 marks per month for a foreman 
of a bar-rolling mill, 610 marks per month for a foreman 
of a sheet-rolling mill, and 330 marks for a foundry 
foreman. These wages are based on an hourly rate of 
1-12 marks to 2-03 marks for an eight-hour day, to 
which is added 25 per cent. an hour for overtime work. 
If the employee is married and has children, the wage 
is increased by from 30 marks to 80 marks per month. 
The average wage paid by the United Steel Works, in 
September last, to all workmen in the blast furnace 
and steel works departments, including foremen, 
apprentices, transport workers, skilled and unskilled 
labour, was 231 marks per month. The average wage 
of skilled workmen, excluding foremen, was in the same 
month 295 marks. 4s a result of bonus payments for 
overtime, the unskilled workman actually receives 
23-3 per cent. more than his wage rate shows, and the 
skilled worker 27-3 per cent. more. From September, 
1927, to September, 1928, the wages of steel mill 
workers advanced an average of 17-8 per cent. 





On May 13, 1929, the number of unemployed persons 
on the registers of Employment Exchanges in Great 
Britain was 1,104,700. Of these, 805,800 were wholly 
unemployed, 218,700 were temporarily stopped, and 
80,200 were persons normally in casual employment ; 
865,800 were men, 32,300 boys, 177,500 women, and 
29,100 girls. Of 1,132,705 on the registers on May 6, 
1929, 816,672 were wholly unemployed, 235,233 were 
temporarily stopped, and 80,800 were persons normally 
in casual employment; 882,006 were men, 35,246 
boys, 183,999 women, and 31,454 girls. The number 
of unemployed persons on May 14, 1928, was 1,118,390, 
of whom 899,595 were men, 32,747 boys,155,780 women, 
and 30,268 girls. 





At the end of April, 10,948 members of the Boiler- 
makers’ and Iron and Steel Shipbuilders’ Society were 
‘* signing the books’ as compared with 11,707 at the 
end of March. The number of members in receipt 
of superannuation benefit decreased from 4,511 to 
4,507, and the number of members in receipt of sick 
benefit from 2,965 to 2,575. In March, when there 
were five weeks’ outlays, the expenditure was 13,2551. 





date not earlier than June 1, 1926.” 


838. 7d.; in April, it was 10,4851. 10s. 6d. 
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POWDERED COAL FOR SHIPS.* 

By Engineer Rear-Admiral W. Scorr H1xt, R.N. (ret.). 

As a Naval Engineer officer I was brought up in a 
coal-using Navy, and there witnessed the art of hand- 
firing at its highest perfection. I frequently took 
part in coaling ship, a task which, in spite of the most 
careful organisation and the intense rivalry between 
ships’ companies to complete the operation in the 
least possible time, still remained an exceedingly 
laborious and unpleasant undertaking. Consequently 
the prospect of improvement by using and possibly 
handling coal in a powdered form made an immediate 
personal appeal. The prospect offers (1) the abolition 
of the arduous labour of hand-firing. (2) No further 
need to have continuously 15 per cent. to 20 per cent. 
of the fires in process of cleaning. (3) A reduction in 
the labour and inconvenience to the work of the ship 
involved by coaling ship. During the past eighteen 
months the powdered-coal systems fitted in the Mercer, 
Stuartstar and Hororata have been seen under steam, 
and many shore stations using pulverised fuel have 
also been visited, which have enabled one to form some 
idea as to their several merits and prospects. It is 
rather strange that some of the strongest expressions 
of doubt as to the ultimate success of powdered coal 
for ships have come from those with large experience of 
this method on shore, and therefore one feels compelled 
to re-emphasise once more the wide difference between 
the two propositions. Ashore, powdered-coal installa- 
tions generally aim at burning above all a cheap coal; 
hence the unpopularity of this method with some coal- 
owners. 

This is perhaps not unnatural, for in extreme 
cases, what has previously been looked upon as a 
refuse dump is now used by some neighbouring power 


SHIPS FITTED 


use for other purposes, and is no more liable to break- 
down. 

The irregularity of steaming due to cleaning of fires 
is a very vital point often overlooked, and its existence 
was brought home during the war to the British 
Navy whenever H.M. ships found themselves in 
company with merchant vessels, and it added very 
appreciably to the difficulties and anxieties of con- 
voying. As they carry a larger staff and frequently 
steam in company in close formation, the loss of a 
single revolution during fire-cleaning could not be 
permitted in the Navy, hence it was the routine in 
coal-burning days to begin to clean fires in a strict 
rotation within an hour or two of leaving harbour. 
Economy of staff has compelled the merchant service 
to adopt the practice of cleaning fires during the 
night watches, and accepting the necessary loss of 
revolutions as inevitable. This loss, from which 
vessels using oil, mechanically-stoked ships, and 
powdered-coal ships are free, is estimated to amount to 
at least 5 per cent. in fuel, and, together with reduction 
of personnel due to the powdered-coal system, becomes 
an immediate gain to set against the extra cost of the 
powdered-coal plant, and any further coal economy 
that results from improved combustion is over and 
above this. I hold that it is only in a finely divided 
form that the maximum British thermal units can 
be obtained from coal, and therefore, though mechanical 
stokers have their very definite place in the combustion 
of certain varieties of coal in certain special circum- 
stances, powdered-coal methods are bound to succeed 
where the installation can be made at a competitive 
figure. I admit that the mechanical stoker requires 
only one auxiliary engine, while the pulverising plant 
may involve several, and there is therefore probably 





a permanent place for a simple mechanical stoker in 


(OR NOW FITTING) 





storage must be so arranged that a minimum of hand 
trimming is required ; indeed, in large ships mechanical 
handling is advisable, and for some years to come 
crushers must be fitted if the ship is to be able to 
take coal anywhere. The naval architect can greatly 
simplify this problem in an original design, and there 
are plenty of crushers and mechanical conveyors 
available which can be readily adapted to sea service. 
The Mill—The mill is the vital portion of the 
apparatus, but the space it occupies, its weight and 
cost discourage duplication. It is not possible at 
present to say whether the high-speed mill of the 
beater type or the low-speed mill of the ball type will 
prove the better. In spite of the prejudice against 
electric motors in or near a ship’s boiler-room, electric 
drive is preferable, since it is essential that the mill 
shall be unaffected by steam fluctuations, and also 
that, should it choke, it will automatically “cut 
out’ without breaking any part of its mechanism. 
When the mill stops, the flame goes out and the 
mill, therefore, must be as reliable as the oil pumps 
in an oil-fired vessel. This problem is being tackled 
very ingeniously in America by the use of a combined 
mill and burner. A complete unit containing mill, 
motor and burner is bolted to each furnace front, 
and the coal is milled immediately before burning. 
Consequently any breakdown is confined to one furnace 
or one burner. On mass-production lines, such units 
could be made relatively cheaply and spares carried. 
It is being very favourably considered in the United 
States of America, but no authoritative results are yet 
available. For some time to come, mills are not 
likely to be duplicated in the way oil-fuel pumps 
are. It is more likely that of two mills provided for 
two groups of boilers, either will deal with either 
group, and a breakdown of any duration will then 
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Number of 
Name. Length. Tonnage. Boiler Type. Boilers Number of S.H.P. Type of Burner. Type of Mill. Owner. 
Fitted. Furnaces 
Mercer* 395 ft. 6 in. 6,219 Scotch .. 9 2,500 Peabody .. ..| Kennedy Van Saun | United States Shipping 
se (All fitted) (Ball Board. 
Stuartstart 475 ft. 10,646 Scotch .. 2 S.E. 24 6,000 Clarke Chapman ..| Resolutor (high- Blue Star Line (1920), 
2 D.E. (12 fitted for speed) Limited. 
pulverised fuel) 
Lingan 375 ft. 6 in. 4,677 Scotch . 3 S.E. 9 —_ Peabody . .| Kennedy Van Saurn | Dominion Ship Com- 
(All fitted) (ball) Pany, Limited. 
Hororatat 511 ft. 11,243 Scotch .. ce 24 6,000 Howden-Buell .| Fuller Bonnot (ball) | New Zealand Shipping 
(12 fitted for Company. 
pulverised fuel) 
Ye ae: oa 390 ft. 7,500 d.w. Babcock and 2 S.E. Clarke Chapman ..| Resolutor (high- | Berwindmoor Colliery 
Wilcox (All fitted) speed) and Steamships. 
B .. ae we 390 ft. 7,500 d.w. Scotch .. 2 Lodi a ..| Fuller Lehigh. (ball | Wilmore Shipping Com- 
(All fitted) vertical) pany. 
Cu Se ar 390 ft. 7,500 d.w. Scotch .. 2 8.E. 6 Lodi .| Fuller Lehigh (ball | Wilmore Shipping Com- 
(All fitted) vertical pany. 
_. ae ae — 9,000 Scotch .. 25S.E. 6 2,000 Brand ..| Rema (high-speed) ..| Sir R. Ropner and 
(All fitted) Company, Limited. 








* See ENGINEERING, vol. cxxiv, pages 788, 791, 810, 819; vol. 


station, while the fresh product of the mine awaits a 
buyer. However, the broader view is slowly gaining 
ground, and it is being realised by even the most 
conservative that economy in use will not ultimately 
lead to reduction in demand. Afloat, on the other 
hand, powdered-coal installations must aim at ob- 
taining the greatest mileage from a given expenditure 
on coal, and this must usually mean the use of coal 
of a reasonably high calorific value. 

Engineer-Captain J. C. Brand, in his paper read 
before this Institution in July, 1927, gave a very clear 
account of the conditions required for powdered-coal 
burning, and these conditions have now been provided 
by several makers of burners and mills. Papers and 
articles in the past year or two by many authorities, 
eg., Sir J. H. Biles, Sir Eustace T. d’Eyncourt, and 
Mr. T. A. Wall, have demonstrated the essential 
relative cheapness of coal as compared with oil as a 
producer of thermal units, and the use of oil afloat 
must depend, therefore, on other considerations than 
the actual cost of fuel. Few would retain hand-firing 
if convinced that some economical substitute had 
been found, and we have now reached a stage where, 
for a particular service, the balance must be struck 
after due consideration of the increased cost of plant, 
of the weight and space required for a powdered-coal 
installation (with a consequent reduction in bunker or 
other space), the addition of an increased amount of 
auxiliary machinery, and increased power required to 
drive it. Against this must be set, in the case of the 
hand-fired installation, the larger staff, a larger con- 
sumption of fuel, and the difficulty of maintaining a 
regular output of steam. The cost and weight of a 
powdered-coal plant are no longer excessive, and 
with the competition and research in which several 
independent firms are now engaged, they are bound to 
decrease. The auxiliary machinery required is of no 
more complicated character than that already in 





* Paper read at a meeting of the Institution of Naval 
Architects, March 22, 1929. Abridged. 
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small installations, but it seems likely that the wide 
range of fuel which can be dealt with by a pulverising 
plant on board ship, and the capacity such plants 
have for using a high temperature of preheated air, 
will ultimately settle the matter against the mechanical 
stoker, wherever the ship is designed for world-wide 
service and is not intended for a particular route. 

The essentials for a successful installation on board 
ship are: A suitable mill, a convenient method of 
moving the powdered fuel from the mill, a satisfactory 
distribution system to the burners, and an efficient 
means of removing any soot deposit from tubes and 
up-takes. The arrangement for handling the coal to 
the mills, for crushing at some stage between the 
bunker and the mill, and the supply of heated air to 
the furnace, are in themselves quite straightforward 
propositions for the naval architect and marine engi- 
neer. These essentials involve, in the case of S.S. 
Hororata, for instance, the provision of 125 h.p. for 
one-half of the ship’s boilers, 7.e., 250 h.p. for the 6,000 
shaft horse-power of the ship or about 4 per cent. 
additional power. There is no doubt whatever that 
this additional power can be obtained easily in any 
well-thought-out conversion from existing hand- 
firing. It is to be noted that the heating surface of 
the boiler is increased substantially, since almost the 
whole of the furnace area is included, instead of only 
that part which is above the bars, as under hand- 
firing conditions. Results claimed so far indicate a 
substantial fuel economy, and several makers are now 
ready to prove to shipowners that they may adopt 
the method with assured economic advantage. In 
any vessel specially designed, the size of the boilers 
can be reduced, the bunkers suitably arranged, and 
the stokehold space reduced to that usual in oil-fired 
ships. Many of the bogies of early days have been 
laid, notably the danger of inflammability. Powdered 
coal is only inflammable when mixed with air in the 
right proportion, and is not a source of danger when 
lying on hot floor-plates, as oil has proved to be. 

Coal Handling from Bunker to Mill.—The coal 











¢ See ENGINEERING, vol. cxxvi, pages 752-3 and page 275 ante. 


involve a reduction in boiler power until repairs are 
completed. This difficulty could be avoided by the 
provision of a ready-use bin of powdered coal, or by 
Captain Brand’s method of pulverising before ship- 
ment. Both these methods, however, involve com- 
plications and difficulties, which make their adoption 
improbable in general practice. 

The Burner.—The burner is the feature which has 
attracted popular attention, but it is doubtful if the 
design is really of such importance as that of the mill. 
In Sir John Biles’s paper on the fuel position last 
year there are drawings of three types. Now there 
are several others, all of which have been described in 
the technica] Press.* Three of these types are now in 
regular use in ships fitted to burn powdered coal. 
Time and experience alone will show which has the 
greatest advantage in practice. 

Distribution.—Distribution, that is the proper shar- 
ing of the mill’s product between the burners in use, 
continues to be the most difficult practical problem. 
Exhaustive trials have been made in the United 
States of America of various mechanisms, and these are 
fully reported in the paper by Commander J. 8. Evans, 
U.S.N., and R. C. Brierly, entitled ‘‘ Marine Develop- 
ment of Pulverised Fuel,” in the Journal of the American 
Society of Naval Engineers of August, 1928. The 
object in all cases is to ‘‘ churn up”’ the coal-laden air 
immediately before any division into two or more 
streams, either by mechanical means or by air jets. 
In the two British ships now running, the use of 
another power-consuming accessory mechanism has 
been avoided by the careful streamlining of pipes, by 
the use of the Venturi principle, &c., with increasing 
success. The behaviour of solid particles in a flow of 
air appears sometimes uncanny and incalculable. An 
apparently steady state of affairs may be upset by the 
rolling of the ship or a very slight change of con- 
ditions in the system. Research work on the subject 
has been carried out in connection with materials 





* See ENGINEERING, vol. cxxvi, pages 296 and 336. 
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other than coal, and, when the results have been 
assimilated, some of the apparent vagaries of coal- 
laden air will no doubt be found to be subject to 
regular laws. 

The average marine engineer accepts pressure gauges 
and water gauges as essential, and he regards the 
COzg recorder and pyrometers as temporary apparatus 
for trial purposes only. The old trained fireman or 
stoker was a craftsman, and got the best out of the 
coal by his experience and the ‘look of the fire.” 
But with methods other than hand-firing, he must 
be trained to look at his CO, indicators, his pyro- 
meters, and air-pressure gauges, with the same instinct- 
ive attention he now pays to his water and steam 
gauges. That there is nothing impossible about this 
is shown in the paper read by Mr. H. Th. Bakker 
before the World Power Conference in 1928. He 
records how the Royal Dutch Packet Navigation Com- 
pany (K.P.M.) dealt with the problem of burning a 
very friable Borneo coal of low calorific value. They 
have now fitted mechanical stokers in 29 of their ships, 
and are running them efficiently with native firemen. 
Numerous direct-reading and recording instruments 
suitable for use at sea are now on the market, and one 
of these instruments is a necessity in any well-organised 
boiler-room. 

Disposal of Ash.—The disposal of ash has been 
found to be much less difficult than was feared. Origi- 
nally it was thought that, to avoid liquid slag, coal of 
a high fusing point was essential, but in practice little 
difficulty has been found in the furnaces of cylindrical 
boilers in dealing with such slag. The slag is raked 
out at intervals in a liquid form on to the floor-plates, 
and broken up on hardening, for disposal overboard. 
Any ash thus removed is, of course, a reduction of the 
total amount which otherwise would go up the funnel, 
and this reduction is in many ways advantageous. 
In the Mercer, with her original short funnel, a good 
deal of ash was deposited on the decks, but since her 
funnel has been raised to a normal height it is reported 
that the trouble has disappeared. The Stuartstar and 
Hororata, both of which were designed to deal with a 
certain amount of liquid ash, have suffered no serious 
inconvenience from this cause. It has been found 
to be very important to avoid great changes in the 
velocity of the gases carrying the solid ash particles 
at any point on their route from the furnace to the 
funnel. Soot blowers have been fitted in all cases up 
to date for periodical removal of deposited ash while 
under way, but the experience of the Stuartstar is 
that their use can be largely dispensed with if proper 
care is taken in the arrangements to avoid sudden 
changes of velocity of the gases. An induced-draught 
fan has now been fitted in this ship for use if, from any 
cause, the draught from the combustion chamber tends 
to become sluggish, and there are indications that it 
will achieve its purposes. 

The literature in connection with powdered coal is 
growing at a very rapid rate. The Annual Serial Report 
of the Prime Movers Committee on Pulverised Fuel, 
published by the National Electric Light Association 
of the United States of America, has no equivalent on 
this side of the Atlantic, as an exhaustive summary of 
all that is being done on shore in America, but those 
interested in marine work can pick up many hints 
therefrom. The paper read by Messrs. Jefferson, Evans, 
and Broshek, before the Society of Naval Architects 
and Mechanical Engineers, United States of America, 
in November last, and entitled ‘‘ Development of 
Pulverised Fuel for Marine Purposes during 1927- 
1928,” is admirably complete in its survey of what has 
been done, and clear in its indication of the lines of 
progress. In this paper, very definite opinions are 
expressed on some of the difficulties which are being 
attacked, and the following conclusions are arrived 
at :—(1) Each boiler should have its own pulveriser. 
(2) Design of the pipe leads is of vital importance. 
(3) Pneumatic distribution has been found to be the 
best up to the present. (4) Coal-dust has been found 
to have a considerable erosive effect on the blades of 
the fan. (5) Velocities of the coal stream throughout 
the cycle must be very carefully attended to, and the 
personnel must be trained to give as much attention 
to this as to the viscosity and pressures when oil is 
used as a fuel. (6) COg indicators and pyrometers 
are necessary, but of even greater importance are 
draught gauges and smoke indicators. (7) The arrange- 
ment of the brickwork near the burner has a very 
important bearing on success, and itis found advisable 
te cool the flame near the burner by leaving a portion 
of the furnace in its neighbourhood uncovered by brick. 
Although the pneumatic distribution is regarded as 
the best yet available, a system of injection of the coal- 
dust is under trial. In this arrangement, the coal-laden 
air does not pass through the fan, but is carried along 
in the air induced by the draught from an injector, and 
this system presents many interesting possibilities. 

Coaling Ships.—-It was pointed out last year, by 
Sir John Biles, that the bunkering of coal-fired ships 
in a cleanly and expeditious manner is a factor which 
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will count very heavily in helping to extend the use of 
coal. To meet the growing appreciation of the economy 
that is possible by the use of coal in place of oil for 
shipping generally, the coal trade must be ready to 
provide coal of guaranteed quality and size as a matter 
of course. Granted this certainty of provision of a 
coal of guaranteed maximum size and standard quality, 
it is not a difficult matter to reduce very greatly the 
amount of dirt and inconvenience associated with the 
work of bunkering by moving the coal mechanically 
in covered conveyors. Pneumatic coal handling is, 
no doubt, the ideal method, and is now a proved success 
in many places. To make the best use of it, however, 
it is necessary that the openings in the bunkers should 
be designed with this method in view. It is not likely, 
therefore, to justify its adoption in ships converted 
from hand-firing methods, but should become a regular 
method at the larger ports as soon as there are ships 
using powdered coal regularly and exclusively. 

The Table on page 703, contains a list of vessels fitted, 
or about to be fitted, with powdered-coal firing, and 
is evidence of the rapid development, since 18 months 
ago, when the S.S. Mercer stood alone. A year hence 
we may expect to see the list very considerably extended. 
With one exception, these vessels are fitted with 
Scotch boilers, and one would like to have been able 
to note an extension of the use of water-tube boilers 
and high pressures. Not unnaturally, private enter- 
prise, in seeking to improve existing practice, hesitates 
to take more than one step at a time, and though, at 
the moment, there are many modifications and devices 
being tried to improve the coal-fired steam-engine, one 
notes that there has as yet been no one courageous 
enough to venture on the ideal coal-fired steamship 
embodying all the known economies resulting from 
high-pressure steam, most recent turbine practice, 
the best auxiliaries, and the best method of coal com- 
bustion, though all these steps have been taken in 
individual cases. It remains a pious hope that, in the 
national interest, some ships will be built at an early 
date, combining all these advantages and demonstrating 
quite clearly that this country can, with advantage to 
itself, revert to the use of its own natural source of 
energy. I had hoped to tabulate the results which 
have been obtained in the two British ships now 
running, but, in the case of the Stuartstar, the owners 
are satisfied that an economy of 15 per cent. in coal 
consumption has been achieved in the converted boilers. 








CaNnapDIAN Exports oF ELEctrRicity.—It is generally 
considered in the Dominion, that the exportation from 
Canada of hydro-electric power should not be further 
encouraged. Contracts already in force, however, 


have resulted in considerable increases in power exports 
during 1928, as compared with the figures for the previous 
year. During 1928, Ontario exported 178,637 h.p., 
Quebec, 60,702 h.p., New Brunswick, 1,838 h.p., and 
British Columbia, 251 h.p. 
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THERE is a story, perhaps apocryphal, of an English- 
Dutch naval action in Caroline times being interrupted 
whilst one of the combatants, who had run out of 
ammunition, requested, and was courteously granted 
by his antagonist, the loan of further supplies with 
which to continue the engagement. Such an example 
of a sympathetic, though rather Gilbertian, under- 
standing between two powers with a mutually honour- 
able record on the high seas is, happily, not at all 
likely to recur, for the simple reason that the situation 
which gave rise to it is an incredibly remote possibility, 
but it is pleasant to find that the mature experience 
of one people in matters of naval equipment is again 
at the disposal of the other, which is broad-minded 
and far-seeing enough to seek it. We allude here to 
the fact that the eight torpedo-boat destroyers built and 
building for the Dutch Navy are constructed to the 
designs, and with the technical assistance of, a British 
firm, Messrs. Yarrow and Company, Limited, Glasgow. 
One of these vessels, the de Ruyter, built by Messrs. 
Koninklijke Maatschappij de Schelde, Flushing, has 
now been handed over to the Dutch naval authorities 
after having completed a very successful series of trials. 
This vessel is briefly described below and is illustrated 
by Figs. 1 to 8 on this and the opposite pages. 

The de Ruyter has an overall length of 322 ft. with 
a beam of 31 ft., and a contract speed of 34 knots in a 
loaded condition. The speed obtained on the full power 
official trial was, however, it may be noted, practically 
36 knots, and the radius of action at low speeds has 
correspondingly exceeded the guaranteed figure. 
Externally the vessel somewhat resembles Messrs. 
Yarrow’s recent destroyer for the British Navy, H.M.S. 
Ambuscade, and a comparison of the illustration of that 
vessel* with the accompanying Fig. 1, will be interesting. 
The armament of the de Ruyter consists of four 12 cm. 
(4:7-in.) guns, two 7°5 cm. (2-95 in). anti-aircraft 
guns, and six 53 cm. (20-86-in.) torpedo tubes in 
triple mountings. The corresponding armament of 
Ambuscade is four 4-7 guns, two 2-pdr. pom-poms, and 
six 21-in. torpedo tubes in triple mountings. Reference 
to Figs. 2, 4 and 5 will show .that the larger 
guns are arranged in superimposed pairs forward and 
aft, while the two high-angle guns are mounted athwart- 
ships on a platform between the funnels. The two groups 
of torpedo tubes, shown in Figs. 2 and 6, are situated 
in line abaft the after funnel, with a short pole mast 
between. This mast is provided with a 1}-ton derrick 
for handling a seaplane, which is stowed on a platform 
immediately above the after torpedo tubes as shown 
in Figs. 2 and 5. Fig. 6 illustrates very clearly 
the arrangement of the mine-carrying rails at each 





* See ENGINEERING, vol. cxxiii, page 525. 
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side of the after guns. The fire control for the guns and 
torpedo tubes is of the most modern type. 

Accommodation is provided for 127 officers and men, 
arranged as indicated in Figs. 6 and 7. The vessel 
is intended for service in the tropics, and special 
attention has therefore been bestowed on the ventilat- 
ing system, which is on an exceptionally complete scale. 
Insulated chambers are provided in the hold, as shown in 
Fig. 8, and a refrigerating installation, of a capacity 
sufficient to cool the magazines and cold store and to 
make ice for medical and messing purposes, is fitted. 
The machinery space comprises three compartments, a 
forward boiler room with one boiler, an after boiler 
room with two boilers, and the engine room. The pro- 
pelling machinery consists of turbines of the Parsons 
type made by the de Schelde Company. It is of 
about 32,000 shaft horse-power, and consists of two 
complete units, one H.P. and one L.P. turbine being 
geared to each shaft. A cruising turbine is coupled 
up to each H.P. turbine. These are capable of pro- 
pelling the vessel at speeds up to about 16 knots. 
Of the 37 various machines comprising the auxiliary 
equipment, Messrs. G. and J. Weir, Limited, Glasgow, 
are responsible for 16, other British firms supplying 
five, Dutch firms ten, and Messrs. Yarrow, the six 
turbo-driven boiler-room fans. 

The three boilers are of Messrs. Yarrow’s latest 
pattern and have superheaters and air-heaters, also of 
this firm’s make, the latter contributing to a distinct 
increase in boiler efficiency. The total heating surface, 
including generating, superheating, and air-heating 
surfaces, is 35,000 sq. ft. The working pressure is 
275 lb. per square inch, and the superheaters raise the 
temperature of the steam by 100 deg. F. at full power. 
Three other similar destroyers, viz., Evertsen, Kortenaer, 
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and Piet Hein, have been built by Messrs. Burgerhout’s 
Machinefabriek en Scheepswerf, Rotterdam, so that 
there are four vessels of exactly similar design. The 
vessels are very strongly built and have proved to 
possess excellent sea-going properties, being, amongst 
other qualities, remarkably dry, even in a very heavy 


sea. The Dutch naval authorities have expressed 
complete satisfaction both with the design of the vessels 
and the results that have been obtained with them. 

The remaining four destroyers have only recently 
been ordered, two from Messrs. Maatschappij voor 
Scheeps-en Werktuigbouw Figenoord, Rotterdam, 
and two from Messrs. Burgerhout. These will be, as 
regards hull armament, &c., of the same design as 
the first four vessels, but it is significant to note, in 
view of the recent trend towards high pressures in 
marine steam propulsion, that the machinery is being 
re-designed by Messrs. Yarrow to meet this develop- 
ment. Inthe new designs, a boiler pressure of 400 lb. per 
square inch is provided for, while the steam temperature 
at full power will be in the neighbourhood of 625 deg. F, 
instead of about 500 deg. F. A number of the other 
improvements in the machinery are being introduced in 
order to increase economy in steaming, and it is antici- 
pated that a very high degree of efficiency will be 
obtained. 








Mercoant Sarprrnec Lire-Savinc APPLIANCES.— 
A leaflet, designated Statutory Rules and Orders, 1929, 
No. 315, and dealing with the line-throwing appliances 
to be carried by all merchant ships having a gross tonnage 
of 500 and upwards, has recently been issued by the 
President of the Board of Trade. The regulations set 
forth in the leaflet are to come into force on July 1 next, 
Copies may be obtained, price Id. net, from H.M. Sta- 
tionery Office, Adastral House, Kingsway, London, W.C.2. 
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FUEL CONTROL IN ELECTRIC POWER 
STATIONS.* 
By Dr.-Ine. F. Munzincer. 


Many generating stations still consume more coal 
than is necessary, having regard to the state of our 
present technical knowledge, owing to their poor average 
annual load factor. The result is that the consequent 
increase in the capital charges often renders thermally 
inferior, but cheaper, machines more economical. This 
is the main reason why very high pressure steam, feed- 
water pre-heating by extracted steam, pulverised fuel, 
&c., have not been employed to the same extent in 
Europe as in America. Many thermal improvements, 
e.g-, high-pressure steam, increase the cost in two 
ways :—by making the machines themselves more 
expensive, and by necessitating the use of methods, 
such as re-superheating, which, though leading to higher 
efficiencies, are chiefly used to prevent the service 
reliability and the life of the turbines being unfavourably 
affected. The demands for reliability and output are 
also higher than they were ten years ago. 

The principal means of obtaining cheaper electricity 
are: higher boiler pressures and steam temperatures, 
the employment of more efficient operating processes 
and machines, and the use of methods which will re- 
duce the effect of the peak loads on the working and 
capital costs. To some extent these are antagonistic, 
and must be balanced in order that the overall economy 
may be increased to the maximum extent. 

Fig. 1, on page 706, shows the theoretical heat con- 
sumption per kilowatt-hour with steam temperatures of 





* Paper read before the Institute of Fuel on Novem- 
ber 22, 1928. Abridged. 
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1,000 deg. F., 900 deg. F., and 800 deg. F., and pressures 
from 200 Ib. to 2,200 lb. per square inch, assuming 
adiabatic expansion down to 0-57 lb. per square inch 
condenser pressure, without extraction or re-heating. 
It will be seen that between pressures of 400 lb. and 
600 Ib. per square inch the heat consumption falls by 
about 3-4 per cent. and between 2,000 lb. and 2,200 Ib. 
by about 0-7 per cent. In reality, the decrease at the 
higher pressures is much greater, since the thermo- 
dynamic efficiency is less, owing to the high percentage 
of moisture in the steam in the low-pressure stage. 
Fig. 1 also shows the saving obtainable by using a high 
degree of superheat. The actual saving is even higher, 
since the thermodynamic efficiency increases with the 
superheat. Again, Fig. 1 indicates that, owing to 
wetness in the low-pressure stages, live-steam pressures 
of more than about 500 Ib. should not be used without 
reheating with the present permissible temperatures of 
800 deg. F. to 850 deg. F. 

The advantages of high steam pressures only become 
apparent when extracted steam is used for heating 
the feed water. Fig. 1 shows the conditions with two- 
stage extraction, assuming ideal adiabatic expansion 
without loss. The steam extracted amounts to 20 per 
cent. of the working steam, the feed water being 
pre-heated at each stage to the boiling point corre- 
sponding to the extraction steam pressure. At 1,400 lb. 
pressure and 900 deg. F., the heat consumption is 
8,060 B.Th.U. per kw.-hour, without extraction. 
If extraction is used it is reduced to 7,420 B.Th.U. 
When high steam-pressures are employed, the high- 
pressure stage has to deal with a larger percentage of 
the total available heat drop, so that its influence on 
the overall efficiency is greater than at lower pressures. 
The result is that the heat drop available in and the 
thermodynamic efficiency of the low-pressure stage are 
reduced, and an improvement of 1 per cent. in the 
high-pressure stage only increases the overall efficiency 
by 0-2 per cent. 

As regards re-heating of the feed-water by ex- 
tracted steam, though theoretically the maximum heat 
economy should be obtained by employing an infinite 
number of extraction stages, in practice only very 
moderate gains are obtained, if more than three stages 
are used. Besides the direct advantage of heating the 
feed-water by extracted steam, there is the additional 
benefit that it reduces the volume of steam flowing 
through the low-pressure stage. In the United States, 
the main turbines are almost invariably bled, but this 
means that the extraction pressures vary with the load 
and that, to ensure constant preheating of the feed water, 
steam must be bled at higher temperatures than those 
corresponding to the required preheat temperature. 
The steam pressures in the stages where extraction 
takes place are then too high at full load, and must 
be throttled with consequent loss; or steam must 
be supplied to the various heating stages at these 
higher pressures stages. In both cases complicated 
regulating devices are necessary and losses occur. 
On the other hand, if the water temperature is allowed 
to fluctuate, the operation of the heaters in parallel 
is difficult, as the turbines may not be uniformly 
loaded. In any case, this practice leads to thermal 
losses and complicated turbines, whilst disturbances 
in the heating system may affect the machines. 

For these reasons, special pre-heat turbines are 
being used in the Klingenberg station at Berlin, the 
output of which is 10,000 kw. at 3,000 r.p.m. The 
extraction pressures are about 57 lb. and 6-4 lb., and 
the feed water is pre-heated to 285 deg. F. By thus 
separating the pre-heat turbines from the main turbines, 
the final feed-water temperature and the intermediate 
pressures can be maintained independently of the 
station load. To operate the several pre-heating 
systems in parallel presents no difficulties, and the 
efficiences of the pre-heat turbines are little lower 
than that of the main 80,000-kw. sets, since the volume 
of steam dealt with is large and the speed high. The 
ratio of the steam used in the pre-heat turbine to that 
used in the main turbine is as 8-8 to 14-5. Practically 
the same result can be achieved in smaller stations by 
using one pre-heat turbine in common with several 
main turbines. The house consumption of a station 
can be dealt with very efficiently by adopting the 
arrangement shown in Fig. 2. ‘I'he pre-heat turbine, 
d, drives two generators, one of which, a, supplies the 
house load and is entirely independent of the net- 
work. The other, 6, is connected to the ’bus-bars, c, 
and its load is determined by the amount of steam 
required for heating. If the house consumption is 
higher than the steam required for heating, then 
generator } is run as a motor to supply the deficit. 
If 6 is out of action for any reason, and the house con- 
sumption is higher than the steam consumption, the 
demand can be met by running the pre-heat turbine 
on open exhaust or condensing. If the steam con- 
sumption is greater than the electrical output, the 
extraction pressures can be maintained by throttled 
steam. 

The author prefers re-heating by live steam, rather 
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than by flue gases, since operation is simpler and 
more reliable, long and large pipes can be dispensed 
with, pressure losses in the re-heater itself are reduced, 
special regulating devices on the turbines are not 
required, and the first cost is less. Very little 
information is available as to the pressures and tempera- 
tures at which re-heating should be effected. It 
appears, however, that the heat consumption varies 
with the pressure at which re-heating takes place, and 
with the moisture content of the steam in the last stage 
of the turbine. Assuming that re-heating is effected 
by live steam, and that the feed water is heated by 
three-stage extraction, the pressure in the re-heater 
and the temperatures to which re-heating is carried, 


Fig. 1. 200Lb. per Sqn. 
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determine the moisture content of the steam 
at the condenser inlet. The thermodynamic 
efficiency of a turbine largely depends on the 
latter factor. Fig. 3 therefore holds, assum- 
ing that there is a difference of 18 deg. F., as 
shown in the limit curve, between the 
temperature to which the working steam can 
be superheated by the evaporation of the 
heating steam and the saturated steam tem- 
perature, and that re-heating is carried to a 
point where the moisture of the steam in 
the last turbine stage will be 9, 6 or 3 per 
cent., respectively. As shown in Fig. 3, the 
heat consumption per kilowatt-hour at steam 
pressures exceeding 700 Ib. per square inch, 
does not vary much when the moisture in the 
steam is between 6 per cent. and 8 per cent. 
at the turbine exhaust. Since the blading 
does not deteriorate rapidly in this wet zone, 
and the size and cost of the re-heater in- 
creases rapidly with a decreasing final wet- 
ness, a final moisture of about 8 per cent. 
can advantageously be adopted for pressures 
exceeding 700 lb. per square inch, and of 
5 or 6 per cent. for pressures of 500 lb. per 
squareinch. Fig. 3 also shows that the best 
re-heat pressure for single-stage re-heating is 
about 9 per cent. to 12 per cent. of the live 
steam pressure. Finally, it will be seen that, 
if the re-heat pressure can be freely selected, 
this process can be effected, within the range 
of pressures investigated, solely with ex- 
haust steam, a moderate degree of steam 
moisture in the low-pressure stages being thus obtained. 
A comparison of the heat consumption with and 
without re-heating would be interesting, but is rather 
difficult, since, especially at high steam pressures, 
little knowledge is available about the increase in 
thermodynamic efficiency which is obtainable by ex- 
panding down to condenser pressure, and the prac- 
tical data obtainable at the lower pressures cannot be 
directly applied. In fact, there is a slight loss in 
thermal efficiency by using re-heating with steam at 
an initial pressure of 500 lb. and a temperature of 
325 deg. F. and a gain of from 4 per cent. to 8 per cent. 
with pressures between 850 lb. and 1,400 lb. per 
square inch. This saving is, however, mainly due to 
an increase in the turbine efficiency, and is only partly 
the result of pre-heating. Without re-heating, the 
blading of the low-pressure stage would wear out 
prematurely with high steam pressures and the tem- 
peratures at present admissible. Fig. 1 shows that 
it is useless to employ high steam pressures without 
re-heating. 

During the last few years, many improvements have 
been made in steam turbines. Valuable experience 
has, in particular, been obtained in the reduction of 
the leakage losses without diminishing the clearance 
between the rotor and the casing to an extent that 
would impair reliability. This has been effected by 
lowering the steam velocity, a procedure which enables 
wide steam passages to be used to reduce the friction 
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losses and the flow losses at the outer and inner edges 
of the nozzles and blades. The steam flow has 
also been influenced by gradually stepping down 
the lengths of the successive blades and widening the 
cross sections of the stages. In the high-pressure 
portion, velocity stages followed by several impulse 
stages are general, while in the low-pressure part, 
impulse wheels with multi-reaction stages are usual. 
Owing to the high vacuum, the volume of steam at 
the exhaust end of large turbines is very large. This 
demands carefully-designed exhausts, as the velocities 
of the exhaust steam cannot be regained. The length 
of the blading is, however, limited for mechanical 
reasons and to ensure adequate steam flow. For out- 
puts above a certain figure, the low-pressure stage is 
arranged on the double-flow principle, guide vanes 
being provided in the exhaust to reconvert some of 
the velocity into pressure. The results are that, between 
1910 and 1926, the maximum obtainable thermo- 
dynamic efficiency rose from 80 per cent. to 86 per cent., 
while the weight fell from 55 lb. to 20 lb. per kilowatt. 


Fig. 2. 
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As regards boilers, the capacity and efficiency of the 
mechanical stokers, which are almost exclusively em- 
ployed in German electricity works, have been greatly 
improved by making them stronger, by providing 
efficient drives, by tightly closing the backs, and 
especially by equipping them with forced draught. 
About five years ago, the central system of pulverised 
fuel was introduced, and, more recently, the unit system 
has become popular. Pulverised-fuel firing in Germany 
enables small Silesian coal, for which there used to 
be practically no market, and fine Westphalian coal 
with a low gas content, to be efficiently utilised: Where 
many kinds of coal have to be used, it is found to be 
an advantage to employ pulverised-fuel firing. Up 
to the present it has been mainly the first cost which 
has prevented this system from being used as widely 
as it deserves, its efficiency being 2 per cent. to 
4 per cent. higher than that of mechanical stokers, or 
more when poor quality coal is used. It seems probable 
that the unit system will be mainly used in future, 
as its slightly lower efficiency of 1 per cent. to 2 per cent. 
is frequently more than compensated by savings in 
first cost. On the other hand, there must be more 
stand-by plant, and in peak-load stations the mills 
must be designed to deal with the peak. The central 
system is, therefore, more advantageous, since the 
can be milled in advance of the demand and the power 
consumption per unit generated reduced. f 

In spite of the advantages of pulverised-fuel firing, 
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it is not always, nor will it probably be for some time to 
come, invariably superior to mechanical stokers. Both 
have their own spheres of usefulness. For instance, 
pulverised fuel is frequently more suitable for boilers 
with outputs exceeding 135,000 lb. per hour, and a 
single boiler with a pulverised-fuel furnace can readily 
produce up to 450,000 lb. of steam per hour, while a 
mechanical stoker will give scarcely half as much. The 
longer the load period and the more expensive the fuel 
the smaller will be the boiler for which pulverised-fuel 
firing is more economical. With low-volatile. coal, the 
range of application of pulverised-fuel firing is greater 
than with highly gaseous coal, because the air can be 
pre-heated to a greater extent. For steam outputs 
between 45,000 Ib. and 135,000 Ib. per hour, pulverised 
fuel cannot compete with mechanical stokers, and the 
latter are also preferable when the ash contains sub- 
stances which choke the tubes. 

In connection with air pre-heating, the flue gases 
can easily be cooled down to from 250 deg F. to 
280 deg. F., but this is seldom a financial advantage. 
It appears, in fact, that for an operating period of 
4,000 hours and with cheap coal, it is economical 
to cool the gases down to 320 deg. F., while with 
a more expensive coal a temperature of 285 deg. F. 
is advisable. For a period of operation of 8,000 hours, 
cooling down to 250 deg. is economical. When using 
coal with a high sulphur content, it is not advisable to 
go below 300 deg. F., owing to the corrosion of parts 
due to pockets being formed in the waste gas stream. 

At the present time, owing to the use of high steam 
pressures, the temperature of the condensate on 
entering the economiser should be about the same 
as that of the flue gases, if the plant is working 
economically. To cool the flue gases to this temperature 
with hot feed water would mean an economiser of 
impracticable size, and air pre-heating thus forms a 
good way of obtaining the required flue-gas tem- 
perature at a reasonable capital cost. For the same 
flue-gas temperature, air heaters often have a higher 
efficiency than economisers, since they reduce the 
losses from unburnt gases, increase the amount of 
coal that can be burnt per hour, and enable fuel to 
be employed which could not be employed at all 
with cold air. At present, air temperatures up to 
300 deg. F. are used with mechanical stokers, up to 400 
deg. F. on underfeed stokers, and up to 560 deg. F. in 
pulverised-fuel furnaces. Efforts are being made to 
raise these limits. It may be assumed that, by pre- 
heating the air to 650 deg. F. or 700 deg. F., using 
the entire furnace as heating surface, and employing 
certain supplementary measures, pulverised-fuel firing 
can' be made both efficient and economical, and its scope 
thereby greatly widened. 

Turning to the costs of modern generating plant, 
the author gives figures for the Klingenberg station 
in Berlin, the total generating capacity of which is 
270,000 kw. Its cost, exclusive of land but including 
interest at 6 per cent., was 3,148,000/., or 127. per kw. 
of saleable output. A station equipped with 20,000-kw. 
turbines and operating at 200 lb. to 300 lb. steam 
pressure would cost about 13/. per kw. The lower cost 
of the larger station is partly due to the larger sets, 
though the fact that it is equipped with high-efficiency | 
boilers, pulverised-fuel firing and numerous other 
improvements has a certain price-raising influence. 








The effect of these improvements is clearly shown by 
the figures for operating cost and heat consumption. | 
The former is only about 50 per cent. of the pre-war | 
figures, while the heat consumption at full load is | 
only 14,200 B.Th.U. per kilowatt-hour, and at no/| 
load 1,340 B.Th.U. per kilowatt-hour, compared with | 
20,500 B.Th.U. and 3,900 B.Th.U. per kilowatt-hour | 
in the older stations. 

The ratio between the initial cost and the live steam 
pressure in a station of the same size as the Klingenberg 
plant, obtaining its cooling water from a river, and 
using central pulverising equipment, is as 100: 104-3 : 
109-9 for pressures of 500, 850 and 1,400 Ib. per square 
inch, and temperatures of 825 deg., 842 deg., and 
842 deg. F., respectively. It is assumed that the 
feed water is heated to 310 deg., 330 deg.'and 365 deg. F., 
respectively, while the air temperature is 660 deg. F., 
the furnace temperature 2,460 deg. F., and the boiler 
efficiency 86-8 per cent. in all three cases. Higher 
steam pressures increase the cost of the turbines and 
their accessories, the piping, and especially the boilers. 
On the other hand, the cooling-water plant, con- 
densers and coal-handling and pulverising equipment 
are cheaper, owing to the lower fuel consumption. 
The cost of buildings is about the same, but. since the 
energy required by the plant itself increases with the 
boiler pressure, the installed output must be corre- 
spondingly greater than in stations operating at lower 
pressures. The boilers undergo the greatest change. 
With increasing steam pressure the heat absorbed is 
differently distributed between the boiler, superheater, 
economiser and air heater, and the heat output of the 
aggregate becomes smaller, owing to the lower heat 
consumption of the turbine. 





The cost of a boiler for a normal output of 24,000 kw. 
is given in Fig. 4 for different pressures and methods 
of construction. At a pressure of 400 Ib. there is a 
sudden rise in price because from there upwards 
welded instead of riveted drums must be used. At 
700 lb. another rise occurs, because forged-steel drums 
and steel-tube economisers must be employed. Fig. 4 
shows that it is only the boiler that becomes more 
expensive as the pressure increases. The price of the 
cooling surface becomes very high, particularly at 
high pressures, and will remain so as long as pul- 
verised-fuel furnaces and the boiler proper are not 
constructed as an organic whole. Depending on 
the design, the cost of the boiler will vary between the 
two dotted lines, the average price being shown by the 
thick central line. Closer analysis shows that the 
initial cost of a station working at 1,400 lb. per square 
inch is only about 10 per cent. higher than one for 
500 Ib. 

Assuming that there are four turbines, one of which 
is continuously acting as stand-by, the maximum 
possible annual load factor is 75 per cent., and under 
given conditions the most economical steam pressure 
is that at which the capital cost is lowest. For instance, 
at 37 per cent. load factor, 12 per cent. interest on 
capital and coal costing 12s. per ton, the capital ex- 
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penditure is 892,000/. at 500 Ib. pressure, 895,000/. 
at 850 lb. pressure, and 910,000/. at 400 Ib. pressure 
for a 360,000-kw. station, while with coal costing 
24s. per ton it would be slightly more economical to 
use 850 lb. Under average conditions, the operating 
costs at 500 lb., 850 Ib. and 1,400 lb. are approximately 
equal within a wide range, though at load factors 
below 30 per cent. pressures exceeding 500 Ib. are only 
seldom an advantage. At first sight, the moderate 
savings obtainable from the higher steam pressures 
may seem low, but a more correct impression is obtained 
by setting off the annual saving against the extra cost 
of plant. For instance, at a 50 per cent. load factor, 
coal costing 24s. per ton, and 12 per cent. capital 
charges, the annual saving effected at 850 lb. would be 
33,4001., and at 1,400 lb. 39,900/., while in the first 
case the extra cost of the plant is 185,000/., and in the 
second 420,000/, sums which could be writter off in 
5-6 and 10-5 years, respectively. Each case snust, 
however, be thoroughly investigated, since there are 
undoubtedly greater risks at the higher pressures. 

As already indicated, the thermal superiority of 
steam at pressures exceeding 700 lb. per square inch 
is frequently offset by the more expensive boilers, 
pipes and turbines. It is therefore important to 
examine what prospect there is of the cost of these 
being reduced in the near future. In view of the 
numerous parts that have to be carefully fitted, and 
of the many headers and connecting tubes between 
the latter and the boiler proper, as well as the lack 
of organic construction of the boiler and the fur- 
nace, the cooling surface is far more expensive than 
the heating surface. It is generally assumed that the 
cooling surfaces in the furnace work particularly 
economically owing to the large amount of heat trans- 
mitted by radiation. This does not, however, apply 
to the cooling surface in the combustion chamber 








proper, since only about one-third of the tube surface 
absorbs heat. With pulverised-fuel firing and air 
pre-heating, and assuming that the feed water after 
being heated by extracted steam passes through an 
economiser placed between the boiler and the air heater, 
the radiation heating surface is cheapest, and” about 
the same as the boiler heating surface at a pressure of 
500 lb., while at higher temperatures the superheater 
surface is the most economical followed by the econo- 
miser and the pre-heater. Boilers with a normal 
water circulation can naturally be made cheaper 
if the furnace and boiler proper are organically com- 
bined. Greater savings without further improve- 
ments in design and manufacture are not very probable 
in the near future. It is also difficult to say how far 
the price of high-pressure turbines can be reduced, 
but the replacement of flanges by welding, decreasing 
the number and simplifying the design of fittings, 
and the development of inexpensive steel would pro- 
bably cheapen the piping for high pressures more than 
for low. Taking the total cost of a 500-lb. plant as 
100, the costs could in this way be reduced to 103-1 
for a pressure of 850 lb. and to 106-6 for a pressure 
of 1,400 lb., from the figures of 104-3 and 109-9, 
respectively, given above. These savings are so large 
that with a load factor of 35 per cent. and average 
coal prices, it is worth while adopting a pressure of 
850 lb., and with high coal prices it is economical 
to do so at a load factor of 30 per cent. Up to load 
factors of 45 per cent., a pressure of 850 Ib. is also 
more advantageous than one of 1,400 lb. Indeed, the 
obstacles to the use of the latter pressure in European 
works are more the low load factor and the high first 
cost than the operating difficulties. 

A further question is whether there is any prospect, 
in the near future, of making a high-pressure boiler of 
entirely different design at a price approximating to 
that of the ordinary 500-lb. boiler. The heating surface 
of the superheater is much cheaper than that of the 
boiler, the difference increasing as the pressure rises. 
Normally, however, these surfaces are not suitable 


| for evaporating water, though this is possible in the 


Léffler boiler owing to the use of indirect heating. 
This type of boiler also involves the use of welded 
hard-steel tubes of small diameter and low wall 
thickness, all points which, in addition to others of a 
constructional nature, lead to cheapness. A plant of 
this kind has been in successful operation for a long 
time, at a pressure of 1,800 lb. per square inch and 
a temperature of 910 deg. F. Compared with heating 
surfaces with natural water circulation, the cooling 
surfaces of the Liffler boiler are only slightly more 
expensive than the usual boiler heating surface, and 
it should be possible to build it for pressures of 1,400 
to 1,600 lb. at about the same price as the present 
standard 500-lb. boilers. In the Léffler boiler, more- 
over, the question of material is not of so great impor- 
tance as in ordinary boilers, and this will have a consi- 
derable effect upon the price. In any case, as long 
as no 1,400-lb. boiler can be made at about the same 
price as an ordinary 500-lb. boiler, a general change 
to materially higher pressures than 500 or 750 Ib. 
cannot be anticipated. 

In many electricity works only 4 to 7 per cent. of the 
total energy is generated at a load of more than 50 per 
cent. of the peak. Since the capacity of the station 
has to be arranged to deal with this small percentage, 
it is not surprising that the cost of production at low 
load factor is high. The capital expenditure for the 
additional output is, in fact, so large that it exceeds 
all the savings in fuel that can be attained even under 
the most favourable conditions. For real economy 
it is therefore far more important that the peak-load 
machines should be as cheap as possible than that the 
peak loads be generated at the maximum thermal 
efficiency. The capital cost of the peak may be 
reduced by overloading the boilers, at the sacrifice of 
efficiency, or by using steam accumulators. The 
advantages of overloading the boilers are about the 
same at all pressures, but those of employing accumu- 
lators are greater at the high pressures. The overall cost 
of an accumulator is some 8l. to 91. per kilowatt, 
compared with 12/. to 141. per kilowatt for boilers, and 
they have been so successful that five German traction 
stations have been equipped with them. They have 
also been installed in four ordinary stations at Oberlung- 
witz, Leipzig, Pforzheim and Charlottenburg, the 
capacities being 21,200 cub. ft., 26,500 cub. ft., 10,600 
cub. ft., and 177,000 cub. ft., respectively. At 
Oberlungwitz, 9,600 kw.-h. can be accumulated, and 
a peak load of 6,000 kw. supplied, the corresponding 
figures for Charlottenburg being 70,000 kw.-h. and 
40,000 kw. Under average conditions, it can be 
assumed that 1 lb. of accumulator steam is equivalent 
to about 0-75 lb. of live steam at 300 lb. per square 
inch and 660 deg., owing to the heat drop which 
occurs. This is, however, often compensated by the 
higher boiler efficiency and the saving in capital 
cost. The accumulation of energy by pumping water 
into elevated reservoirs is only economical in rare 
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instances, though two such plants of large output are 
now being constructed near Dresden and Hagen, 
respectively. Taking the cost of a 500-lb. station as 
100, it should be possible to reduce the cost of a 
1,400-Ib. station to 105-8 by using accumulators, and 
the latter class of plant would admirably supplement 
the Léffler boiler. 








NOTES ON NEW BOOKS. 


THE volume on Illuminating Engineering, edited by 
Mr. F. C. Cady and Mr. H. B. Dates, and published 
by Messrs. John Wiley and Sons, Inc., New York, and 
Messrs. Chapman and Hall, Limited, London [price 
25s. net] has the advantages and drawbacks of a com- 
posite compilation. The book, of which this second 
edition has been thoroughly revised, has been prepared 
by a staff of specialists. Mr. Cady is in the Incan- 
descent Lamp Department of the General Electric 
Company at Cleveland, while Mr. Dates is professor of 
electrical engineering at the Case School of Applied 
Science. There are chapters on the physics of light 
production; on light sources; photometry; physiolo- 
gical optics ; light, shade, colour and daylight; and on 
applications of light in residences, public buildings, 
streets, &c., as well as for display and projection. 
We find the manufacture of lamps described, but no 
general section on vacuum and gas-filled lamps and 
on evacuation. Most of the authors are connected 
with well-known research institutions or firms, yet the 
best definition of an electric arc offered is as follows: 
An arc is a column of very hot and highly-conducting 
vapours carrying a current sustaining this condition; 
there are other instances of rather too much concession 
to popular treatment. As regards the proportion of 
light reflected by walls and ceilings of various colours, 
Mr. Ward Harrison gives a plate of 32 standard 
specimens, cardboard strips about 2 in. by } in., 
coloured white, cream, red, green, grey, &c. Each 
strip is perforated in the centre by a hole about 
} in. in diameter ; a sample of the shade to be selected 
is placed under this hole for comparison. Some of the 
coloured standards are varnished, others are mat, 
and one rather wonders why two yellows, the one 
shiny, the other mat, should have practically the 
same reflection factor, 65 or 64 per cent. But we do 
not wish to criticise this chapter on fundamental 
principles of illumination, which contains useful tabular 
information. Other parts are also instructive, though 
the matter is not always to be found in the chapter where 
one might look for it. The book is the result of six 
years’ actual experience of teaching undergraduates in 
the Case School of Applied Science, where the one- 
year’s course comprises three hours of lectures per 
week and laboratory work. 





Surely the science of flight is now sufficiently far 
advanced for the authors of books on this subject to 
be content with something less than the whole world 
of aeronautics as their field. No one will deny Captain 
P. H. Sumner, the author of “Aeroplanes, Seaplanes and 
Aero Engines”? (Crosby Lockwood and Son, 25s. net), 
industry, accuracy or interest. But he has attempted 
to deal in 300 pages with all the main aspects of flight. 
The familiar history of heavier-than-air flight is paraded 
once again before us, and to the main section of the 
book, on aerodynamics, are appended chapters on the 
airscrew, the aero engine and its types, design and 
construction, rigging and trueing, types and perform- 
ances and instruments. If one is in need of a general | 
text-book on and an introduction to aviation, not | 
abstrusely technical but yet not elementary, then this 
volume will be well worth buying. A most useful feature | 
of the book, though one which seems at first glance | 
rather beyond its scope (if, indeed, limits can be set to | 
it), is the catalogue of performance data of modern | 
aeroplanes and seaplanes, both military and commercial. | 
A separate index to this section wouid be useful and, 
in fact, the general index is rather meagre for a book | 


of this description. 








The interest attaching to Gases and Liquids, a| 
book recently published by Meisrs. Oliver and Boyd, | 
London, at 18s. net, is realiy neither scientific nor 
technical, but solely psychological. The author is Dr. 
J. S. Haldane, C.H., M.D., F.R.iS., who declares in his 
book that Carnot’s ideal engine was not reversible and | 
that Maxwell, Kelvin and Clausius were all wrong. He | 
maintains that the maximum possible efficiency of a 


=~ 3, The latter 


om 
figure, it may be noted, is daily exceeded both by, 
commercial reciprecating engines and by steam tur- | 
bines, the thermodynamic efficiency of which must, 
therefore, according to Dr. Haldane, be well in excess 
of 100 per cent. This one fact should be sufficient to 


heat engine is not a = Ts but 


establish the futility of this author’s excursion into | 
physics and thermodynamics, where hypotheses have | 


always to be tested by the numerical agreement between | 


calculation and observation. Carnot’s theory has passed 
this test with striking success. No exception to it has 
ever been substantiated by experiment, and it is now 
regarded as fundamental. By means of it Helmholtz 
established a formula for calculating, from the chemical 
energy of combination and the variation of potential 
with temperature, the E.M.F. of electric batteries, 
and elaborate tests have established the close agreement 
between computation and observation. Again Carnot’s 
theory has provided the key for improving the yield in 
the fixation of nitrogen by electrical processes, and here 
again, experience and experiment have proved in ex- 
cellent accord with the theory. It is difficult to know 
whether to be most surprised at Dr. Haldane’s disregard 
of these facts or at his assurance in criticising theories 
which he has evidently failed to understand. History, 
however, provides an interesting precedent in the reign 
of Charles JI. ‘“ Leviathan’ Hobbes, having esta- 
blished a European reputaton in the facile field of 
political speculation, essayed an equivalent success in 
the unfamiliar science of mathematics. Here, however, 
even the most plausible hypotheses, to be acceptable, 
must be capable of definite demonstration, and Wallis 
had no difficulty in refuting the claim of Hobbes that 
he had squared the circle and duplicated the cube, and 
solved other problems impossible by Euclidean methods. 





Statistical information relating to 800 British and 
over 1,300 colonial and foreign electricity supply 
undertakings is to be found in The Electrician Annual 
Tables of Electricity Supply Undertakings (London : 
Ernest Benn, Limited, price 10s. net). The matter has 
been revised and brought up-to-date as far as possible, 
and details are given of many new undertakings, as 
well as information regarding projected schemes. So 
far, it has not been found necessary to re-arrange the 
tables as a result of the operations of the Central 
Electricity Board, but before long we imagine it will 
become advisable to distinguish those undertakings 
which are still generating current from those which 
are taking a supply in bulk. That re-arrangement 
will perforce be accompanied by a certain simplifi- 
cation, which we cannot help thinking will be an 
advantage. At present it is sometimes difficult to 
see the wood for the trees, though an attempt is made 
to overcome this by printing the consumer’s voltage, 
which is the information wanted in 90 per cent. of 
the cases, in heavy type. The data relating to foreign 
and colonial stations seem more complete than 
they have been before. The compilers are, therefore, 
to be congratulated on the fact that some very hard 
preliminary work is now bearing fruit. The utility of 
these tables will be as high in the case of this edition as 
it has been in the past, especially as they are arranged 
for easy reference. 





Although a large amount of experience has been 
obtained from the wide application of ball and roller 
bearings, cases frequently arise where further formule 
for the permissible loading under given conditions 
would be of distinct value. The mathematical investi- 
gations of Hertz, which still remain the starting point 
for research to-day, are used as the basis of a recent 
book by Dr.-Ing. H. Stellrecht entitled Die Belast- 
barkeit der Walzlager (Berlin: Julius Springer. Price 
9 marks). The assumptions made by Hertz are discussed 
in relation to Stribeck’s experiments and to modern prac- 
tice as regards material, &c., and formule are developed 
for the pressure between the ball (or roller) and the race, 
with the resultant stresses. The case of the normal 
ball bearing subjected to radial loading is considered in 
detail, and a formula, based on 268 experiments with 
bearings of various sizes, is deduced for its life under 
different loads. The experiments, however, show very 
considerable variations in the life obtained with a given 
stress, suggesting that some further factors should be 
introduced in the formula. The effect of rotation of the 
inner or outer race, causing variation in the number of 
stress changes per revolution, is investigated. The 
extent to which axial loading is allowable, and its 
effect, both alone and combined with radial load, is also 
discussed. Similar treatment is given for ball thrust 
and roller bearings, the final formule being considerably 
simplified, where possible, by the substitution for 
symbols of average numerical values for the German 
standard bearings. In order to facilitate the use of his 
formule, the author has prepared nomograms which 
show at a glance the range of standard bearings suitable 
for a given set of conditions. 





One of the better-known definitions of an engineer is 
a man who can do for one pound what any one else 
can do for two. This statement expresses, what is an 
undoubted fact, that financial as well as technical 
matters must receive full consideration from those who 
wish to be admitted to the honourable company of those 
who are applying the great forces of nature for the use 
and convenience of man. This being so, we hope that 





the editors of that useful publication Kempe’s Engineers 
Year Book, the thirty-sixth edition of which has just 
been issued by Messrs. Crosby Lockwood and Son, 
at a price of 30s. net, will turn their attention to a 
revision of the section which deals with the cost of 
engineering works. <A great part of this section is 
confined to civil engineering and might, therefore, 
profitably be extended by the inclusion of data relating 
to other branches. But a more important failing is 
that the figures given are almost entirely pre-war, though 
it is only fair to add that this is clearly stated. It is 
now, however, over ten years since the war was con- 
cluded, and up-to-date prices based on important work 
must be available. There seems little excuse, therefore, 
for continuing to publish figures which relate to a time 
when the financial conditions were very different. We 
are also sorry to see that it has not yet been found 
possible to adopt our suggestion to include a glossary 
in German of trade terms, and thus complete the useful 
information under this heading which is already given 
in French, Italian, Spanish and Russian. Considering 
the vast amount of data given, however, these are 
minor blemishes, and we have no doubt that engineers 
will find it necessary to refer to this compendium in 
the future as often as in the past, and that by so 
referring they will discover an answer to most of their 
questions and find their opinions either confirmed or 
refuted. More information might, however, be given 
about marine electric propulsion, in view of the increasing 
employment of this form of drive, and the same applies 
to pulverised fuel, in which section the drawings repro- 
duced, with the exception of the Stuartstar installation, 
require modernisation. Mention might also be made 
of the Henschel system of pulverised-fuel firing for 
locomotives, which is now being tested on the German 
State Railways, especially as considerable space is 
devoted to the rival system of the A.E.G. We cannot 
find that anything is said about developments in the 
use of high-pressure steam, but this may be the fault 
of the index, which is hardly complete enough. It is 
only fair to add that a number of experts have been 
called upon to contribute to the various sections and 
that the correctness of the information given can there- 
fore be relied upon. 





The shape of the combustion chamber and the 
position of the ignition plugs to give the best results are 
problems of long standing which still engage the atten- 
tion of the designers of internal-combustion engines. 
The final test of any change is, of course. that of its 
practical application, but the study of experiments on 
the combustion of gaseous mixtures can prove of con- 
siderable assistance, both in indicating directions in 
which further progress is possible and also in forming a 
preliminary judgment with regard to the probable effect 
of suggested alterations. A recent addition to the 
literature on this subject has been made by Dr.-Ing. 
W. Endres, in Der Verbrennungsvorgang im Gas- und 
Vergaser-Motor (Berlin: Julius Springer; price 6-80 
marks). The aim of the author has been to deduce 
numerical values for the combined effect of the various 
factors which influence combustion, such as the 
chemical properties of the fuel, the compression ratio, 
the shape of the combustion chamber, &c. Starting 
from the assumption of a homogenous gaseous mixture 
in the combustion chamber, he discusses the method 
by which the flame is propagated by the raising of the 
temperature of successive portions to the ignition point, 
deducing a formula for the velocity of such propagation 
at constant pressure. Since, however, combustion in 
engines is accompanied by expansion of the burnt 
portions of the mixture and compression of the unburnt 
portions, with consequent displacement of the flame 
front, the velocity of this displacement is investigated 
and an expression is obtained for the resultant of these 
two velocities. The methods of calculation thus de- 
duced are checked against the results of experiments 
on combustion in a closed vessel or bomb, and also 
in high-speed engines, with satisfactory results. 
Finally, the author briefly discusses the question of 
detonation, arriving at the conclusion that the tendency 
to this is related to the velocity of displacement of the 
flame due to the expansion of the burnt portion of the 
charge. It is liable to cause some confusion that +, 7 
and w are used todenote ratios in no way related to their 
usual meanings, for which they are also employed. 





Text books concerned with the more advanced por- 
tions of the subject of heat usually begin at the beginning, 
instead of assuming, as in the case of An Introduction to 
Advanced Heat, by Dr. I. B. Hart, published by Messrs. 
G. Bell and Sons, Limited (price 7s. net), that the 
student has already covered the ground in physics up 
to matriculation standard, and that he is familiarising 
himself with the methods of the calculus. The plan 
of this book is to open with a more exact treatment 
of thermometry and expansion, to follow on with 
the kinetic theory of gases and a discussion of the 
corrections to the gas laws, and then to establish the 
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elementary principles of adiabatic expansion and thermo- 
dynamics. From this it is easy to provide for the 
subsequent treatment of change of state, modern 
calorimetry, and the processes of the transmission 
offheat. The standard aimed at reaches that of the 
pass degree examinations of the Universities. The 
book is written in a clear and interesting manner 
throughout, and the method of treatment is well 
suited to the requirements of engineering students. 
The chapters on heat engines, properties of vapours, 
specific and latent heats, convection, conduction, and 
radiation stand out prominently in this respect. 





With the present keen controversy over the different 
styles of rowing, which have been a feature of post- 
war regattas, The Mechanics of Rowing, by W. B. 
Coventry, published by Messrs. E. and F. Spon, 
Limited, 57, Haymarket, London, S.W.1, at 4s. 6d. 
net, should prove to be a work of considerable assist- 
ance to followers of this particular sport, in that it 
constitutes a common foundation on which to build 
up comparisons. It is obvious, of course, that no 
theoretical calculations on such a matter can arrive 
at results directly comparable with practical experi- 
ence, in view of the innumerable factors brought into 
play by such external conditions as the weather, &c. 
Nevertheless, if ideal conditions and perfect regularity 
and watermanship on the part of the crew, were 
possible, the results attained in practice would approxi- 
mate to those arrived at by theory. The secret of suc- 
cess in rowing is correctly given in the final paragraph, 
entitled ‘‘ Quickness,’”’ which should finally refute the 
oft-repeated contention that rowing is almost entirely 
a case of brute force. On such important questions 
as the most advantageous inboard and outboard 
lengths of the oars, the area of the blades, the length 
of the slides, &c., the author offers interesting advice 
in the form of simple calculations, illustrated by 
diagrams, which may be said to connect the two 
fundamental factors of the motion of the blade of the 
oar and that of the motion of the boat. Commonly 
these points have been regarded as merely a matter 
of opinion, based on previous successes, and those 
responsible for the training and equipment of crews 
would probably gain much useful knowledge from a 
study of the little work under review, the object of 
preparing which, as stated by the author in the 
preface, has been to establish a practical method for 
solving the mechanical problems of rowing. 








SURVEY OF A SOUTH YORKSHIRE 
COAL SEAM. 


Amone the first work carried out at the Fuel Re- 
search Station were two series of large-scale tests on 
the carbonisation of the Parkgate seam, in continuous 
vertical retorts and in horizontal low-temperature 
retorts, respectively, the results of which were published 
in the two sections of the report of the Fuel Research 
Board for 1920, 1921. This seam occurs throughout 
the entire South Yorkshire area of the Yorkshire, 
Nottinghamshire and Derbyshire coalfield. In the 
course of the investigations now being made in con- 
nection with the physical and chemical survey of the 
coal seams of Great Britain, a study has been made of 
the Parkgate seam, under the general direction of the 
South Yorkshire Survey Committee, and the results 
have recently been published.* The seam is not only of 
considerable commercial importance, which is likely to 
increase as the Barnsley seam becomes worked out to 
the east, but is unusually consistent in its characteris- 
tics from end to end. 

The samples taken for examination consisted of 
pillars of coal representing the seam from floor to roof 
at sixteen points well distributed over the area. The 
sections represented by these pillars showed certain well- 
marked characteristics, assisting to correlate the parts 
of the seam disclosed, and to identify its constituents. 

The number of samples taken for analysis and assay 
varied from four upwards with the number of distinct 
materials disclosed in the sections, and in addition 
samples of the banded constituents vitrain, clarain, 
durain and fusain were hand-picked and analysed. The 
cokes produced in the assay test are classified broadly 
into three types, the materials of which respectively 
were much swollen and much more voluminous than the 
original coal, less voluminous, and moderately swollen, 
the last type being less voluminous than the cokes of 
the first type and in general much harder. 

By means of the data obtained in this way it was 
found that while the general character of the seam was 
the same, the amount of particular constituents and 
other characteristics would vary in different sections, 
and even as between the horizontal sub-sections: of 
individual columns. Wide variations in sulphur, for 





* Department of Scientific and Industrial Research. 
Fuel Research: Physical and Chemical Survey of the 
—— Coal Resources, No. 13. H.M. Stationery Office. 
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instance, were found between the different sub-sections 
of certain columns, enabling a selection between these 
sub-sections to produce a coal exceptionally low in 
sulphur, though in some this was offset by their being 
higher in phosphorus than other subsections. The 
analysis of the hand-picked banded constituents showed 
that in some instances the fusain was very high in ash 
and sulphur, and as fusain tends to accumulate in 
slack and fines, the removal of the fines from the slack 
should improve the quality of the coal considerably, 
especially if it is intended for coking. The coke found 
on assay was in most cases of the very swollen type, 
and in the remainder was somewhat swollen. In 
coke ovens, though the higher temperature made it 
stronger, it was still of open structure and prone to 
cross fracture with consequent production of breeze on 
handling. The coal was high in volatiles, and it 
appears possible, therefore, that the weakness of the 
coke might be cured by carbonising it with a propor- 
tion of non-swelling combustible, such as coke breeze 
or anthracite duff. In some districts, however, the 
coke from part of the seam was shrunken and fissured, 
and this coal might possibly be used for coke making, 
if ground with a suitable proportion of a strongly- 
coking coal. 

A special examination was made both of the Park- 
gate and the Barnsley Hards seam to compare their 
suitability as locomotive fuels. For this purpose the 
chemical requisites are low moisture, sulphur and ash, 
moderate volatile matter, high calorific value, and ash 
of high melting point. The coal should also stand 
handling, not deteriorate readily on weathering, and 
be free-burning in the conditions of a locomotive fire- 
box. The last condition requires that the coal should 
not on being first charged break down through irregular 
expansion into small fragments, such as might choke 
the fire, nor swell strongly and cake the charge, 
so as to impede the draught and call for frequent 
poking. The free-burning character of the coal would 
also gain if its coke was much fissured and in general 
readily combustible. On analysis of subsections of 
pillars of each coal, it was found that the melting point 
of the ash in certain of them was below 1,300 deg. C., 
and as a general rule would therefore be liable to 
give trouble through clinkering. The same portions 
were likewise condemned by a swelling test. By obser- 
vations of this sort it was therefore possible to select 
the positions of the seam which would be likely to be 
satisfactory in locomotives. 








CATALOGUES. 


Electric Cables.—The A. C. E. C. Company, have sent 
us a series of handsomely-printed views of their wire- 
drawing and cable-construction works at Charleroi, 
Belgium. 

Metal Rolling.—Messrs. The Demag Company, of 
Duisburg, Germany, give. in a recent issue of their journal, 
a description and many illustrations of machinery for the 
cold rolling of metals. 

Electric Motors.—A list of induction motors and of 
direct-current motors and dynamos in stock, is to hand 
from Messrs. Higgs Motors, Witton, Birmingham. 
Prices are stated. 

Materials.—Messrs. Buck and Hickman, Limited, 2, 
Whitechapel-road, London, E.1, have issued a useful 
list of materials held in stock, including wire, plates, and 
sections in great variety. 

Machine Tools.—A priced list of second-hand machine 
tools and a number of high-speed steel —o cutters is 
to hand from Messrs. Pidgen Brothers, Helmet-row, 
Old-street, London, E.C.1. 

Motor Vehicles.—The method and cost of getting, con- 
veying and tipping sand and gravel are discussed in a 
recent issue of the journal issued by Messrs. The Sentinel 
Waggon Works, Limited, Shrewsbury. 

Electrical Appliances.—A list of small electrical 
appliances and utensils for domestic, travelling and office 
use, is to hand from the A.E.G. Electric Company, 
Limited, 131, Victoria-street, London, S.W.1. 


Electric-Motor Starter.—A folder illustrating a motor- 
operated liquid regulator, a starter for handwheel opera- 
tion, and a motor starting panel, are to hand from Messrs. 
Allen West and Company, Limited, Brighton. 

Lathes.—Messrs. Jones and Lamson Machine Com- 
pany, 19, Water-lane, Queen Victoria-street, London, 
E.C.4, have issued circulars illustrating a special turning 
job, with times of production and some specimen chucking 
tools for their turret lathe. 

Electric-Light Fittings.—Messrs. Korting and Mathieson 
Electrical, Limited, 715, Fulham-road, London, S.W.6, 
have sent us a number of leaf catalogues of electric lamps, 
brackets and reflectors, and a copy of their quarterly 
journal dealing with office lighting. 

Electric Furnaces.—Messrs. Wild-Barfield Electric 
Furnaces, Limited, North-road, London, N.7, have issued 
a circular describing their electric automatic hardening 
furnaces. Another circular describes the Vickers 
diamond-pyramid hardness-testing machine. 

General Engineering.—We have received interesting 
pamphlets from Messrs. The Skoda Company, of Prague, 
illustrating some of their workshops and products, 
including steam and electric locomotives, crankshafts, 
large steel and iron castings, mechanical shovels, &c. 








Hydraulic Turbines.—Several hydraulic turbines, of 
under 200 h.p., and one of 750 h.p., with speed-increasing 
gears for driving electric generators, are described in the 
journal issued by Messrs. Escher, Wyss and Company, 
Switzerland, and 20, Grosvenor-gardens, London, S.W.1. 

Lifting and C ying Appli —A folder illustrating 
a considerable variety of lifting and conveying appliances 
for warehouse goods and general materials is to hand from 
Messrs. Marco, Limited, Lynn-road, High-road, Leyton- 
— London, E.11, who design and manufacture such 
plant. 

Electric-Motor Starters.—Messrs. The English Electric 
Company, Limited, Queen’s House, Kingsway, London, 
W.C.2, have issued a new catalogue of oil-immersed 
starters for squirrel-cage motors. The horse-powers 
covered range from 4$ to 170, and the voltages from 
100 to 650. 

Welded Vessels.—A leaf catalogue of tanks, drums, 
pipes, mixing vessels with steam jackets, &c., is to hand 
from Messrs. Thompson Brothers (Bilston), Limited, 
Bradley, Bilston. The vessels are made of stainless-steel 
welded together, and are suitable for foods, acids, alkalies, 
wines, paints, &c. 

Milling Cutters.—Messrs. The Brooke Tool Manufactur- 
ing Company, Limited, Warwick-road, Greet, Birming- 
ham, have issued a catalogue of milling cutters ranging 
from 3 in. to 8 in. in diameter, made with inserted teeth, 
fused in, the cutter bits being made either of high-speed 
steel or cobalt alloy. 

Vacuum Cleaners.—A new catalogue of their turbine 
vacuum cleaner for workshops, mills, warehouses and 
large establishments, is to hand from Messrs. Sturtevant 
Engineering ag ro Limited, 147, Queen Victoria- 
street, London, E.C.4, showing several stationary and 
many portable sets. 

Electric Motors.—Messrs. Wolf and Morgan, Limited, 
66, Victoria-street, London, S.W.1, have issued a cata- 
logue of Wagner split-phase motors of $ h.p., $ h.p., and 
+ h.p., made by the Wagner Electric Corporation, 
St. Louis, U.S.A., for whom Messrs. Wolf and Morgan 
are sole distributing agents. 

Heavy Engineering.—We have received a copy of the 
technical bulletin published by Messrs. Societa Nazionale 
delle Officine di Savigliano, Savigliano, Italy. The text 
is in Italian, and describes large electrical machines, 
electric locomotives, railway turntables, and large pipe 
lines constructed by the company. 

Lifting Blocks.—Messrs. Herbert Morris, Limited, 
Loughborough, have issued a pamphlet illustrating and 
explaining the application of their hoist-blocks to a great 
variety of work. The blocks are made for fixed-point 
suspension, or for travelling by direct pull, by hand- 
operated gear, or by electric motor. 

Navigation Instruments.—A folder catalogue received 
from Messrs. Dobbie, McInnes and Clyde, Limited, 57, 
Bothwell-street, Glasgow, shows the Rex standard 
compass, the R.D.C. steering compass, and the R.D.C. 
telemotor outfit. Sounding outfits, both motor-driven 
and hand-operated, are also shown. 

Ball Bearings.—Messrs. The Skefko Ball Bearing Com- 
pany, Limited, Luton, issue a quarterly journal of which 
they have sent us a copy. It contains notes on the 
application of ball bearings to locomotives, ring-spinning 
frames, and tube mills, an article on sliding friction in 
bearings, and another on international standards. 


Rock Drills.—Messrs. Hadfields, Limited, Sheffield, 
have issued a catalogue of finished rock drills, made with 
various standard points, in any lengths required, and with 
shanks to suit the usual drilling appliances. Inthe same 
list particulars are given of lengths of steel, and informa- 
tion on forging and heat treatment is also included. 


Oil Engines.—In a circular to hand from Messrs. Plenty- 
Still Oil Engines, Limited, Kings-road, Newbury, it is 
stated that the new company continues the production 
of the semi-Diesel type of engines on the same lines as 
before, the larger engines being on the Still system. The 
new name seems to have caused some misapprehension, 


Textile-Mill Drive.—Messrs. Brown Boveri (Switzer- 
land), Trafalgar House, Waterloo-place, London, 8.W.1, 
give a description in their journal of the reconstruction 
of a textile mill with electric drives. The mill has 
90,000 spindles, 5,000 doubling spindles, and 1,200 looms, 
Both group and individual drives have been installed 
for various machines. 

Small Electric-Lighting Sets.—Messrs. The General Elec- 
tric Company, Limited, Magnet House, Kingsway, London, 
W.C.2, have issued leaf catalogues of three electric-light- 
ing sets suitable for small suburban houses, and known as 
Gecofix sets. We have also received some particulars 
of an improved design of watertight quick-break switch, 
operated by a brass side handle. 

Furnaces.—Messrs. Liptak Furnace Arches, Limited, 38, 
Victoria-street, London, S.W.1, have issued an inte- 
resting catalogue of their suspended walls and flat 
arches for furnaces, with illustrations of the separate 
parts and of the — to a pulverised-fuel furnace, 
water-tube boiler furnaces, billet and glass furnaces, 
oil stills, &c., both coal fired and oil fired. 


Mining Plant.—Messrs. Head, Wrightson and Company, 
Limited, Stockton-on-Tees, have issued catalogues 
dealing with some of their special products, including 
the Lowden patent dryer. This is a long, cast-iron hot 
plate, combined with mechanism for breaking up any 
caking of the material as it is advanced along the plate. 
Another appliance dealt with, the Akins classifier, is a 
trough with revolving sifters for separating sand from 
slime. A third catalogue relates to pithead-frame work, 
gear and cages, showing some striking illustrations of 
pithead structures supplied for English, South African, 
ndAus tralian mines. 
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** ENGINEERING ’’ ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

in each case ; where none is mentioned, the Specification is not 

tlustrated. 
Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 
Copies o ye may be obtained at the Patent Office Sales 
ranch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 

the uniform price of 18. 
The date of the advertisement of the pt of a Complet 

Specification is, in each case, given after the abstract, unless the 

Patent has been sealed, when the word ‘‘ Sealed” is appended. 
—— may, at any time within two months from the date of 

advertisement of the acceptance of a Complete Specification, 

give notice at the Patent Office of opposition to the grant of a 

Patent on any of the grounds mentioned in the Acts. 


GAS ENGINES, PRODUCERS HOLDERS, &c. | 


298,252. Richardsons, Westgarth and Company, | 
Limited, Hartlepool, and W. S. Burn, Hartlepool. | 
Diesel Engines. (6 Figs.) May 6, 1927.—The invention | 
relates to nozzles for oil engines working with airless | 
injection, in which atomisation of the fuel takes place at | 
sprayer holes opening directly into the engine cylinder, | 
In accordance with the invention, there is interpolated | 
between the valve seat and the sprayer holes a member | 


incorporating restricted and tortuous channels or ir 








sages along which the fuel is constrained to flow on its 
way to the atomising sprayer holes, the number of the 
channels or passages, which are individually small in 
cross section, being so far in excess of the number of 



































atomising grooves that the interpolated member arrests 
solid particles which otherwise might choke the atomising 
sprayer holes, it being understood that the choking of 
even a number of the filter channels or passages will not 
seriously impair the action of the nozzle. The nozzle 

referably comprises an outer member 1, from the 
aor interior of which the sprayer holes 4 lead into the 
engine cylinder, and a filter member 2 which fits closely 
in the hollow interior of the outer member 1 and has 
longitudinal and transverse grooves 7 in its surface | 
through which oil is adapted to be fed to the sprayer 
holes. The oil thus has a very considerable cooling effect 
on the nozzle. —(Sealed.) 


MINING, METALLURGY & METAL WORKING, 


| the building in which the tank is disposed. 





301,185. Wellman Seaver Rolling Mill Company, 
Limited, Westminster, London, and S. Smith, 
Westminster, London. Manufacture of Hollow | 
Drills. (5 Figs.) November 10, 1927.—The invention | 
has relation to the manufacture of hollow steel drill | 
blanks ready for sharpening or other treatment. In | 
accordance with the invention, a somewhat thick cup- | 
shaped hollow billet or ingot 13 mounted on a mandre 
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1] is passed through a series of dies 14 in drawing 
apparatus of the push-bench type, the elongated hollow 
member 13aso produced being then subjected to the action 
of reels 15 (Fig. 2), which loosen it on the mandrel 11 
to permit of the withdrawal of the latter. The elongated 
hollow member, when withdrawn from the mandrel, is 
passed without a core through a rolling or reducing 
mill 22 to reduce its diameter and thicken its walls. The 
elongated hollow member, after removal from the 


mandrel, may be placed in a reheating furnace prior to 





its passage through the rolling or reducing mill.— 
(Sealed.) 


PUMPS. 


297,554. Liquid Measurements, Limited, Park 
Royal, and F. Hammond, Park Royal. Inflam- 
mable-Liquid Dispensing Apparatus. (4 Figs.) 
August 16, 1927.—The invention relates to inflammable- 
liquid dispensing apparatus. According to the invention, 
means for filling a closed tank with liquid comprises 
a plug 3, for example, of elastic material such as rubber, 
to fit and close the filling opening 2, having two apertures 
or tubes 4, 8 passing therethrough, one, 4, connected to 





= 


the filling hose 7 and the other, 8, connected to a conduit 
10 discharging at a remote point, for example, outside 
A further 
feature in the invention consists in the provision of a 
non-return valve in the conduit 10. Preferably the non- 
return valve comprises a container 16 with liquid therein 
communicating with the remote point of discharge and 
an inverted cupped member 20 floating on, and with its 
edge below, the surface of the liquid and communicating 
with the conduit 10.—(Sealed.) 


SHIPS AND NAUTICAL APPLIANCES. 


301,854. S. B Freeman, Birkenhead, F. G. 
Martin, Birkenhead, W. Ramsay, Birkenhead, and 
J. Stone and Company, Limited, Deptford. Steam- 
Generator Installations for Steamships. (1 Fig.) 
September 7, 1927.—This invention has relation to 
power installations for steamships. The invention 
provides an installation which comprises, in combination, 
a steam generator, particularly of the water-tube type, 
for supplying the turbine, a condenser having its tubes 
protected with a non-corrodible lining, such as electro- 
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lytically deposited chromium, which is effective for ensur- 
ing the lasting tightness and cleanliness of the con- 
denser tubes, powdered-fuel burner apparatus, including 


| the necessary air supply for projecting the fuel and pro- 


ducing a combustible mixture therewith, fuel-pulverising 
means at the fire door or immediately adjacent to the 
burner apparatus, and means for the systematic supply 
of broken fuel to the pulverisers. In the figure, @ 
is the boiler room, b are the coal bunkers, and c is the 
front of two boilers each having a furnace d. The coal 
removed from the bunkers 6 is fed into the hoppers f 
of crushers g. The broken coal from the crushers g 
passes into the ducts h, which deliver it to pulverisers 7. 
There is a pulveriser 7 at each furnace door. The pul- 
verisers are driven by the shaft 2 of a motor m— 
(Sealed.) 


STEAM ENGINES, BOILERS, &c. 


302,471. A. W. Bennis, Bolton. Furnaces. (5 
Figs.) November 19, 1927.—The invention relates to 
furnaces provided with a chain grate and having a 
plurality of air chambers beneath the grate surface. 
According to the invention, the temperature, and also, 
if desired, the volume, and also the pressure of the air 
supplied to the various air chambers of a grate is adapted 
to be varied and controlled, cool or medium heated air 
being supplied through the front air chambers of the 
grate, hot air being supplied through the intermediate 
air chambers, whilst cold or cool air is supplied, either in 
the same quantity or a smaller quantity, through the 





rear air chambers of the grate. A grate of the chain type 
is indicated at 4 and is provided beneath its upper run 
with a number of air chambers 5, 6, 7, separated by 
partitions 8, 9, extending transversely of the grate. 
The gases of combustion from the grate are caused to 
pass through banks of tubes 10 into a conduit 11. The 
gases of combustion pass down the conduit 11 into an 
air heater at 13, and thence into a further air heater 
in tandem therewith at 14, whereupon the gases of 
combustion then pass into a conduit 15, through an 
induced-draught fan 16 and thence to exhaust. A forced- 
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Fig.2. 
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draught fan 17is provided to supply air to the chambers 
beneath the grate, this fan forcing air down a conduit 18 
into the air heater 14. At the exit of such air heater 14 
there is a downwardly extending conduit 20, through 
which medium heated air passes, this conduit being 
regulated by a damper 21 which allows air heated in 
the air heater 14 either to pass down the conduit 20 
or to enter the airheater 13, or allows a portion of the 
air withdrawn from the air heater 14 to pass down the 
conduit 20 and a further portion to enter the air heater 13. 
The exit of the air heater 13 is connected toa conduit 22, 
down which hot air is caused to pass. A by-pass 23 
is provided in the conduit 18 supplied with cold air 
from the fan 17. (Sealed.) 


MOTOR ROAD VEHICLES. 


297,659. C. H. Fowler, Hunslet, Leeds, and E. D. 
Ellis, Hunslet, Leeds. Steering Mechanism. 
(3 Figs.) April 28, 1928.—The invention relates to the 
steering mechanism of self-propelled vehicles, of the 
type which is adapted to permit of either hand or power 
steerage, and in which the same hand wheel controls 
the swivelling-axle mechanism in either case. According 
to the invention, the hand steerage operates in the usual 
manner, and the power steerage is controlled through the 
medium of friction clutches; a is the hand steering 
wheel, b the steering-wheel shaft and c the worm shaft 
carrying the worm d meshing with the worm wheel e of 
the steering mechanism. The shafts b and c are arranged 
in alignment and may be coupled to rotate as a single 
shaft or uncoupled to permit of relative motion. The 
adjacent ends of shaft c and the screw h, Fig. 2, carry dog 
teeth 61 and c!, respectively, whilst slidably mounted on and 
rotating with the shaft b, between teeth b! and cl, isa double 
dog clutch member f adapted to be moved into engage- 
ment with either the teeth b! or ct according to whether 








oy’ i 3 
297659) eK 


hand or power steerage is desired. The dog clutch 
member f is controlled by a handle from a position 
near the steering wheel a, Fig. 1, and when the handle 
is actuated to move the clutch member f into engage- 
ment with the teeth cl of the shaft c, steering by hand is 
performed in the ordinary manner, the shafts 6 and c then 
rotating as one when operated by the handwheel a. 
For steering by engine power, the handle is actuated to 
cause the clutch member f to be brought into engagement 
with the teeth 6! on the screw h, the rotary motion of which 
causes the friction clutch members ¢, j, carried by @ cross- 
head device k and slidably keyed to the shaft c, to be 
brought into engagement with the friction clutch mem- 
bers J, m, respectively. The clutch members J, m are 
driven in opposite directions by the gearing n from the 
engine. Thus the clutch member ¢ or 7 may be moved into 
engagement with the driven clutch element / orm accord- 
ing to which direction it is desired to turn. On the hand 
wheel a being moved in the direction according to which 
it is desired to turn, the friction clutch members, 1, 
orj, m take up the drive.—( Sealed.) 











JUNE 7, 1929.] 





ENGINEERING. 








SUPERSATURATION IN STEAM AND Suppose, now, as another ideal case, that the 


ITS INFLUENCE UPON SOME PROB- 
LEMS OF STEAM ENGINEERING. 
By C. F. Powe. 


expansion is reversible as before, but that condensa- 
tion is altogether suspended. In expanding through 
| the same small volume, 8 V, the external work done 
| will be the same, viz., P 3 V and the vapour must 


THE supersaturation of a vapour may be defined ‘lose the heat equivalent to this energy. As con- 
as the ratio of the actual density of the vapour to | densation does not take place, the whole of this heat 
the density of the saturated vapour at the same | must be supplied by a loss of sensible heat, so that 
temperature. Theories have been put forward in | the drop of temperature must be greater than that 
which it is assumed that steam, in rapid expansion, in the first case. As the whole working substance 
tends to become supersaturated. If this assumption is now vapour, it is evident that the final density 
is correct the ordinary isentropic heat drop of the | must be greater than in the case we first considered 
steam, in expanding between two pressures, forms | —when condensation took place. In this second 
a misleading criterion by which to estimate the | case, therefore, the final density of the vapour must 
efficiency of machines such as the steam turbine. | be greater than that of saturated steam at the 
In order to make an accurate test of the theory it | temperature of the vapour. In this condition it is 
is necessary to know the limiting supersaturation | said to be “supersaturated,” and we may define 
which must be produced in a vapour at a given | the supersaturation as the ratio of the actual density 
temperature, before condensation begins. In this|of the vapour to the density of saturated steam 
paper :— |at the temperature of the vapour. 

(1) An account is given of some experiments to | Expansion at Finite Speeds.—Suppose, now, the 
determine the value of this limiting supersaturation | back pressure, instead of being P, is reduced to Pt. 
at different temperatures. | The external work done in both cases will be P* 8 V, 

(2) From the results, the true position of the but the time taken by the expansion need no longer 
“ Wilson line ” can be fixed. By the ‘“‘ Wilson line ” | be indefinitely great, but can be made as small as 
is meant the line running through the points on the | we please. It is usually supposed, no matter how 
H — Log P diagram which represent the state of | rapidly the expansion takes place, that the mech- 
rapidly expanding steam at which condensation anism of condensation is quick enough to supply 
just sets in. This line is found to correspond very | the amount of water required for steady conditions. 
closely with the ordinary line of 2 per cent. wetness | [f, however, there is any mechanism of condensation 
at low pressures. | worth talking about, it must take some time to 

(3) It is shown how the new data can be im-|act, so that, by increasing the speed of expansion 
ported into the calculation of the heat drop of steam | sufficiently, we could, theoretically, force the steam 
in expanding adiabatically and under supersaturated | to expand without condensing and so to become 
conditions between two given pressures. A simple | supersaturated. 
formula for estimating the heat drop in supersatu-| The first indications that the finite rate of 
rated flow is this:—“If A H), is the heat drop| condensation of steam was of importance in 
calculated by the usual method (no supersaturation), | engineering were obtained in the experiments of 
then A H, the heat drop allowing for supersatura-|Callendar and Nicholson* on the interchange of 
tion, is given by, | heat between the steam and the cylinder walls 

i 1 on K logy 8 ig | of a steam engine. 
| They concluded that their results could only 
where P,, is the pressure at which the Wilson line | be explained if it were assumed that the steam 
is reached, P is the final pressure and K, « are| became supersaturated to some extent during the 
constants which depend on P,, and which may be | expansion, i.e., that the expansion actually took 
found from a table.” place in a manner intermediate between the two 

(4) Hitherto there has been disagreement between | ideal ways we have considered. It will be con- 
theory and experiment in the effect of superheat venient to describe an “ expansion in thermo- 
on the discharge of steam by nozzles. The values | dynamic equilibrium” as one in which, were the 
for the discharge calculated on the supersaturation | expansion stopped at any point and the system 
theory, using the new data, are in complete agree- | left to itself, there would be no subsequent change 
ment with the experiments of Mellanby and Kerr. jn the condition of the working substance. Callendar 














The theory and the new data may, therefore, be | 


applied with some confidence to the more important 
problem of flow in the steam turbine. 

“Does expanding steam begin to condense when 
its temperature at a given pressure becomes slightly 
less than the corresponding saturation temperature, 
or is condensation delayed ? If there be delay, what 
effect has it on the efficiency of machines in which 
expanding steam is used ?”” This problem of “ super- 
saturated expansion ” as we call it has been studied 
by many writers and experimenters; notably by, 
Callendar, Stodola, Mellanby and Martin. The 
writer has recently made experiments at the 
Cavendish Laboratory which seem to answer these 
questions more definitely than has hitherto been 
possible. In this paper he proposes to give an 
account of these experiments and to preface it with 
a general account of the physics of the problem. 

Supersaturation.—Consider some saturated steam 
at atmospheric pressure and at 100 deg. C., contained 
in a cylinder furnished with adiabatic walls and an 
adiabatic piston. Let the steam expand a little, 
doing work on the piston. The expansion is assumed, 
theoretically, to take place indefinitely slowly, so 
that the force resisting the piston is only very 
slightly less than the pressure of the vapour on the 
piston. In very slow expansions of this sort, the 
working substance has time to attain thermodynamic 
equilibrium throughout. As the vapour expands, 
doing work, the working substance as a whole must 
lose energy. This loss of energy results in a drop in 
temperature of the steam, accompanied by partial 
condensation on the walls, so that at the end of the 
expansion the working substance exists in two 
phases, water and vapour, and the temperature, 
which is the same throughout, is a little lower than 
100 deg. C. 


and Nicholson concluded that in their experiments 
the steam did not expand in conditions of thermo- 
dynamic equilibrium. Experiments on the discharge 
of steam through nozzles led to similar conclusions. 
For a given initial pressure, the amount of steam 
discharged by a nozzle increases as the back pres- 
sure is reduced, until a limiting maximum discharge 
isreached. Further diminution of the back pressure 
does not alter the discharge. The value of this 
maximum discharge can be readily calculated if the 
heat drop of the steam in expanding from the initial 
pressure down to any lower pressure can be found. 
But the calculation of this heat drop depends 
upon what assumption we make as to the way in 
which the steam behaves in passing through the 
nozzle. If it is assumed that the steam expands 
in conditions of thermodynamic equilibrium, then 
it is found that the actual discharge frequently 
exceeds that to be expected from the theory, and 
this in spite of the fact that all frictional losses, 
which would tend to reduce the discharge, are 
neglected in making the calculation. This excessive 
discharge has often been confirmed, and it may 
be taken as established that the assumptions on 
which the calculations were based are in error; 
that the steam, in its efflux from a nozzle, does 
not, in fact, expand in conditions of thermodynamic 
equilibrium. 

We are thus led to examine the mechanism of 
condensation to see whether it may not sometimes 
be too slow to secure that the condensation shall 
keep pace with the expansion. If it is sometimes 
found to be too slow the question then arises, 
“Are there any practical limits to the super- 





* Proc. Inst. Mech. Eng., 1897, pages 1 to 126, vol. 
cxxxi. 
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saturation that can be produced in steam by a 
sufficiently rapid expansion ?” 

Wilson’s Eaperiments.—Clerk Maxwell put for- 
ward the idea as early as 1880 that steam could 
exist in a supersaturated condition; in fact, the 
well-known Thomson “ideal” isothermals for 
vapours point to this conclusion. The experiments 
of Coulier, Wilson* and others confirmed the 
theory. Wilson used a glass cylinder provided with 
a light glass piston. If the pressure beneath the 
piston were suddenly reduced, the piston fell 
very rapidly, and the contents of the cylinder 
expanded, approximately adiabatically. The ratio 
of the final volume, V,., of the mixture in the cylinder 
to the initial volume, V,, may be called the 
“expansion ratio.” Wilson filled his ‘“ expansion 
chamber” with air taken from the room. The 
whole apparatus was at room temperature, and 
the air in the chamber quickly became saturated 
with the vapour of the water with which the piston 
was lubricated. 

The final volume V, was fixed, and he made 
expansions of different amounts by altering the 
initial position of the piston and therefore the 
initial volume V,. 

In a typical case, the mixture inside the expansion 
chamber consisted of air, water vapour and water 
on the walls and the piston. The air was greatly 
in excess of the vapour, for the partial pressure 
of air was, say, 800 mm. and that of the vapour 
12 mm. only. Even before the expansion began 
water was present, for it was on the piston and on 
the walls as a transparent film, and this is true 
of all these experiments. It must be borne in 
mind that what we are concerned with is not 
the presence of water on the piston or the walls, 
but the presence of water throughout the vapour 
itself. It is the presence of drops of water 
throughout the vapour itself that reveals con- 
densation in the vapour, and any drops produced 
by an expansion can be seen if the chamber is 
suitably illuminated. If the mixture of air and 
vapour expands adiabatically it cools, and as in 
the second ideal case we considered, the vapour 
tends to become supersaturated. Wilson found 
that when the first expansion was made a cloud 
of drops appeared in the chamber even when the 
expansion ratio was quite small. This appeared at 
first sight to indicate that the smallest super- 
saturations were capable of producing condensation 
throughout the vapour; that with the speeds of 
expansion he was using, the mechanism of con- 
densation was sufficiently rapid to keep pace with 
the expansion. When, however, the piston was 
restored to its initial position and the experiment 
repeated several times, the conditions changed. 
A cloud no longer formed, provided the expansion 
ratios were small (less than 1-25, say). The later 
expansions, in*fact, took place in accordance with 
the second ideal hypothesis—that of suspended 
condensation. The supersaturation reached at the 
end of any given expansion can be calculated 
readily. If y is the ratio of the specific heat at 
constant pressure to that at constant volume for 
the mixture of air and vapour, the relation between 
the final absolute temperature T, and initial absolute 
temperature T, is 

Ty (2)"". 
T, be 


If the initial density of the water vapour (which 
is saturated) at T, deg. A is sp, the final density p, 
will be given by 

Pg ™ F Pye a 

The density of saturated vapour at T, deg. A 
being 8p, we have 

Bs eee 

8 Py 8 pz % 
The supersaturation attained with an expansion 
ratio of 1-25 was about 4 at 0 deg. C., the initial 
temperature being 24 deg. C. 

How the Cloud is Formed.—Lord Kelvin showed 
that the equilibrium vapour pressure, P, over a 
liquid with a curved surface exceeds that over a 
flat surface at the same temperature. The relation 
between the two is given by the formula : 

ae Be 
Pe RYT’ oD: 
* C.T. R. Wilson. Phil. Trans., 1897. 
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where P, is the saturation pressure over a flat 
surface; R the gas constant (per gram); T, the 
absolute temperature ; 7, the surface tension ; 1, the 
radius of curvature of the surface; and D the 
density of the liquid. 

At the temperatures used by Wilson (about 20 deg. 


C.), the ratio P is nearly the same as the ratio of 


Ps 

densities, °, which we have defined as the super- 
8 

saturation S, because, at these temperatures and 


pressures, Boyle’s law holds good, very nearly. | 


We can, therefore, write equation (1) in the form 


1 
“RT? (2) 


27 
r 


2 


Log, S = 


It is evident, from this equation, that the smaller | 


the drop of water, the greater must be the super- 
saturation of the vapour surrounding it, in order 
that it may be in equilibrium. 
saturation is less than that given by the above 
equation, the drop will evaporate. If the super- 
saturation exceeds this value, even by an indefinitely 
small amount, the drop will grow; what is more, 
if the supersaturation is maintained, it will grow 
indefinitely, because the radius is increasing. 


—figt 














(1246 A) 


The explanation of Wilson’s experiments is now 
clear. If the vapour is pure, a drop must start, 
ab initio, and its radius will at first be very small. 
The supersaturation necessary to make it grow 
will, therefore, be very great. With the small 


: ae . Vv 
expansions we have been considering, for which 7 


equals, say, 1-25, the supersaturation, 8, will equal 
4, and no drops can be produced. The drops which 
appear with the “fresh” air, are produced by 
condensation on the dust particles present in 
enormous numbers in the ordinary air of a room. 
The dust particles allow the water to condense upon 
them, and the resultant drop arrives at maturity, 
without, as it were, having to pass through the 
difficult times of childhood and _ adolescence. 
These dust particles are eventually removed by 
being carried down with the water, which condenses 
on them. When they are all removed, no drops 
are produced in the gas by the small expansion. 
They need be of only very smail size to be effective 
as centres of condensation for, until r is very small, 
the change in the equilibrium vapour pressure is 
inappreciable. Thus, if r is one-thousandth part of 


a millimetre, the change in the vapour pressure is | 


only equal to a tenth of one per cent. 
If steam were a continuous medium, and not 
composed of discrete particles, it would be difficult 


If the super- | 


chamber completely changed. An expansion of 
this magnitude produced a persistent cloud, which, 
unlike those formed by condensation on dust 
particles, could be reproduced indefinitely. Wilson 


proved that the drops which appear when us = 1:25 
1 


are produced by condensation on charged ions which 
are continually being produced, in small numbers, 
throughout the gas. The initial temperature 
being 25 deg. C., he calculated that the super- | 
M = 1:25 is about, 
| . 
4-fold, and that the final temperature at the end | 
of the expansion is about 0 deg. C. Similarly, he | 
concluded that the supersaturation necessary to | 
produce cloud condensation is eight-fold at — 16) 
deg. C. If we substitute these values for S and T, | 
and an appropriate value for the surface tension | 
in Kelvin’s formula (2), we find that the effective | 
radius of these nuclei is 6-4 x 10-8 em. This value | 
is of molecular dimensions, and it is natural to | 
identify the nuclei with associated molecules. It | 
will be convenient to refer to cloudy condensation, | 
t.e., condensation on these associated molecules as | 





saturation produced when 








“condensation ‘at’ the cloud limit.” The super- | 
Fig. 2. 
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An improvement on Callendar’s original assump- 
tion can be made by an application of Kelvin’s 
formula.* It was mentioned above, that using the 
ordinary value of the surface tension, this formula 
leads to the value 6-4 x 10-8 cm. for the effective 
radius of the associated molecules, which become 
nuclei of condensation at the cloud limit at — 20 deg. 
C. Assuming that this radius remains constant 
at higher temperatures, an estimate can be made of 
the way in which the supersaturation at the cloud 
limit varies with the temperature. Although 
this theory is an improvement on Callendar’s 
original assumption, and must lead to a better 
estimate of the losses due to supersaturation, it 
also failed to account for the singularity disclosed 
by Mellanby and Kerr’s experiments. On the 
other hand, it was in agreement with an observa- 
tion of Stodola, who studied the flow of steam 
through a glass nozzle. He observed the first 
indications of condensation in the steam in the 
form of a cloud at a certain point in the nozzle, 
and he made an estimate of the temperature and 
the supersaturation in the steam at that point. 
This calculated supersaturation was in good agree- 
ment with the supersaturation at the cloud limit 


Fig. 3. 
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duce this cloud-condensation will 





be referred to as “the super- 

saturation at the cloud limit.” 
New Experiments.—The infer- 

ence to be drawn from Wilson’s 





experiments in connection with 
steam engineering problems is 
now clear. If steam is expanding 
very rapidly, no sensible amount 
of condensation will take place 
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the expansion is sufficiently rapid, 

only a very small fraction of the steam will condense | 
in this way, and until the cloud limit is reached, the | 
steam may be regarded as dry. At the cloud limit, | 
enormous numbers of nuclei appear, and condensa- | 
| tion sets in.* 
| In order to apply this conception of “ super- | 





| agreement with Mellanby and Kerr’s results. 


throughout the vapour until the yor oo? ML 

cloud limit is reached. A certain os We 

amount of the vapour will, of ~ rot or pee 

course, condense on the walls of 3 as 6 Sx 

the engine or turbine directly the led a a 

steam becomes saturated. Thus, 3 ese, 

in the turbine, the point at which 3 sae 

saturation is reached is clearly “ Pos 

shown by the condition of the ang 2 5 10 20 50 1700-200 
blades. Provided, however, that — (246.0) Pressure uv Lb. per Sq-in. 


at the particular temperature, 97 deg. C., as given 
by the application of Kelvin’s formula. 

The direct measurements of the supersaturation 
at the cloud limit, to be described, are in very good 
They 
lead to the conclusion, however, that the value 


to see how any condensation could take place in the | .aturated flow,” to the thermodynamic theory of | found by Stodola at 97 deg. C., which is supported 
dust-free vapour. The fact that a gas is a collec-| the turbine, Callendar assumed tentatively, that | by Kelvin’s formula, is too high. The explanation 


tion of molecules leads to the existence of a limit 


|the supersaturation at the cloud limit is equal to| 


seems to be that Stodola did not measure the 


to the supersaturation which can be produced in it | eight at all temperatures. The theoretical maximum | supersaturation necessary to start the condensation, 
without condensation taking place. Wilson found | discharge from nozzles, calculated on the basis of | for at the point for which he made his calculation 


that, if he made expansions of gradually increasing 
ratio, at an initial temperature of 25 deg. C., no 


|this assumption, was still in disagreement from | 


| Mellanby and Kerr’s experiments. It was considered | 


condensation occurred in the dust-free mixture of | by some writers that this threw serious doubt on 
air and vapour until the expansion-ratio reached the | the soundness of the idea of supersaturated flow. 


value 1-25. 
as a result of an expansion. 
expansion ratios, the number of drops changed but 


little, until a second limit was reached, when 
Mi, 1:38. They then increased in number at 
1 


an enormous rate, and the appearance of the 


At this limit, only a few drops appeared | 
With increasing | 





* In order to avoid obscuring the main theme of the 
paper, no attempt has been made here to discuss the | 
effect of the air present in Wilson’s experiments. There 


| are several reasons for believing that the presence of air, 
|or any other foreign yas, makes no difference to the 


supersaturation required to “ catch ”’ the different kinds 


| of nuclei. | 


the drops were sufficiently large to scatter light. 
His value is consequently too high. That Kelvin’s 
formula does not lead to accurate values for the 
supersaturation at the cloud limit at the higher 
temperatures is also not surprising, since with it 
we are applying to drops containing a few molecules, 





* H. M. Martin, “A New Theory of the Steam Turbine.” 
ENGINEERING, 1915. See also for revised values of the 
supersaturation limit, ENGINEERING, October 10, 1919, 
page 484, and May 6, 1927, page 531. 
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a formula which might be used with confidence if 
the radius of the drops were a thousand times as 
great. The essential parts of the apparatus are 
shown in Fig. 1. 

A glass piston, lubricated with water, slides 
freely in an outer glass cylinder. When the pressure 
beneath the piston is suddenly reduced, it falls, 
its conical end coming down into a constriction in 
the cylinder. The conical end of the piston is 
ground into the constriction so that, when these 
come together, the joint is air tight. A scale, 
etched on the inside of the outer cylinder, and a line 





round the outside of the piston, enable the position 
of the piston, before the expansion, to be deter- | 
mined. The final position of the piston is invariable, | 
and it is an easy matter to draw a calibration curve | 
showing the expansion ratio corresponding to any | 


l 
different temperatures from van der Waal’s equation, 


and it is found to approach unity at the critical 
point steadily. It is clear that we must expect 
the supersaturation at the cloud limit to do the same. 
Fig. 2 shows the supersaturation curve extended 
by a dotted line to the value unity at the critical 
temperature. 

With the information given in Fig. 2, we can 
calculate the total heat, entropy, pressure, &c., of 
steam when “at” the cloud limit at any given 
temperature, t.e., we can determine the state of 
the steam at which cloud condensation just begins, 
at any temperature. In what follows the suffixes 
“ss” and “s” will be applied to quantities mea- 
sured at the cloud limit and at saturation, respec- 
Vs 
Vss’ 


tively. Now S = where V,, and V, are the 


initial position of the piston. This expansion | specific volumes of steam at the cloud limit and 
chamber is surrounded by a water bath, the tempera-| of saturated steam, respectively; both at the 
ture. of which can be maintained constant at any temperature T. The steam is dry at P,,, so the 
point between 0 deg. C. and 80 deg. C. With this | relation between Pa and T is given by Callen- 





apparatus, the expansion ratio required to produce | 
condensation at the cloud limit, at different tem- | 
peratures, was determined and, from these results, | 

TABLE I.—2Zxperimental Results (Powell). 








Temperature. Supersaturation at Cloud Limit. 
— 16-4d 7-80 
3-2 deg. C 5-07 
19-1 deg. € 3-74 
47-0 de 2-87 





the supersaturation was calculated. These experi- | 
ments were made on mixtures of air and vapour, 
in which the air was in excess. No experiments 
of this kind have yet been published on the expan- 
sion of pure vapours. A table showing some of 
the results obtained is given in Table I. | 





dar’s equation for dry steam, viz. :— 
P(V — 0°0160 + c) = 1-0706 T. (3) 
where P is in lb. per square inch; V is in cub. ft. 
per lb.; T in degrees Centigrade Absolute; and 
373-1) 1° 
c= 0-4213 (“) 3° 
The isothermal is therefore given by 
P(V — 0-0160 + c) = constant, 
so that : 
Ps (Ve — 0-0160 + c) = Pos (z — 0-0160 + c) (4) 


In this equation, P,, V, and S are known (P, and 
V, from the Steam Tables, for the given value of T) ; 
consequently, we can calculate P,,. 

The pressure and specific volume being now known 














TABLE II. 
| | | | 
| ‘i ™ 4 7 Saturation 
Pressure inIb. | Temperature of | bg pe Pe | —— a | ‘Temperature Total Heat of | Specific Volume 
per square inch. | vapour, deg. C. | pics the isch cr bnaasy | corresponding to water at 6. | of water at 6, 
per Ib. Centigrade. | 
pressure P,;. | 
Pus Oss. ¥ Hy. 6s. hs. Vs. 
160-0 171-79 2-7585 184-16 | 186-63 0-0182 
120-0 158-10 3-6030 171-15 | 173+53 0-0179 
100-0 149-92 4+2676 164-28 | 165-72 0-0177 
80-0 140-36 §-2499 155 +52 156-62 0-0175 
64-0 131-30 6-4589 147-14 147-97 0-0174 
56-0 126-06 7-3109 142-31 | 143-00 0-0173 
48-0 120-23 8-4357 136-88 } 137-43 | 0-0172 
40-0 113-58 9-9915 130-67 131-08 0-0171 
32-0 105-76 12-291 123-35 123-63 0-017 
24-0 96-22 16-055 | 114-34 | 114-49 0-017 
16-0 83-58 23 -393 102-41 102-43 0-017 
12-0 75-14 30-555 94-44 | 94-41 0-017 
8-0 63-87 44-520 83-84 83-76 0-0 
5-6 54-51 61-998 75-06 74-95 0-016 
4-0 46-06 84-731 | 67-23 | 67-11 0-02 
2-4 33°88 136-15 | 56-06 | pe | i 
1°6 24-68 198-38 47-77 47-65 0-02 
1-0 14-48 306-90 600-78 38-74 38-63 | 0-02 








These results have been plotted in Fig. 2, and a 
smooth curve has been drawn through the points 
giving the line ab. Although only four actual 
points are plotted, each of these points was deter- 
mined with great accuracy, and is the result of 
perhaps twenty distinct determinations (for details 
see Proc. Royal Society, vol. 119, 1928, p. 553). 

In order to extend these results to higher tem- 
peratures we use the two facts that :— 

(1) The cloud limit supersaturation must be 
unity at the critical temperature ; and 

(2) The supersaturation must approach this 
limit, unity, steadily. The first point follows 
from James Thomson’s ideal isothermal. In Fig. 3 
two such isothermals have been drawn, one for the 
critical temperature, Tc; the other for a lower 
temperature, T. It is clear that if we compress 
the vapour along the ideal isothermal for T, the 
pressure cannot rise above the value Pmax. The 
limit to the supersaturation which can be pro- 
duced at temperature T, will, therefore, be equal to 





» 
I max, 


P,” where P 
Theoretically, then, the actual supersaturation at | 


the cloud limit must lie between 1 and Feat at | 


temperature T. At the critical point rose 


unity and the supersaturation cannot become 
greater than this. 


is the saturation pressure at T. 


| 


equals 


We can calculate Foss for | 


| 
| 


we can calculate the total heat from Callendar’s 
formula, 

Pos (Ves —_ 0-0123) 
H¢gs = 


- 46 5 
2-2436 +o 


(5) 





and the entropy from Callendar’s equation, 
T 
dss = 1-09876 logy, [ sa] 


— 0+25356 logo ( — ah one + 1+76300 (6) 


Pes 
rae 

The results of calculations made in this way are 
shown on the (H, Log P) diagram in Fig. 4. It 
will be seen that, at the lower pressures, the new 
cloud limit line is nearly coincident with the 2 per 
cent. wetness line of the ordinary theory. 

In the application of these results we require to 
know values of H,,, &c., corresponding to different 
values of P,,. These values could be found, at 
least roughly, from Fig. 4. It is convenient, 
however, for purposes of calculation to be able to 
find accurately the difference between the values of 
H,, at two neighbouring pressures. This can be 
done very simply, for it is found that the relation 
between the values of P,, and V,, as calculated by 
the foregoing method* is represented with consi- 
derable accuracy by the formula 


Logio Ves = 2-487 — 0-92841 Logo Ps (7) 





* For actual values see Powell, Proc. Roy. Soc., 1928, 
page 533, vol. cxix. 








Given P,, this equation gives V,,, whilst H,, 
follows from the formula (5), given above. 

Table II*, on this page, gives values of the 
specific volume, V,,, and the total heat, H,,, of 
steam at the cloud limit at different pressures, cal- 
culated from the equation 

Logi Vss = 2-487 — 0-92841 Logie Pos. 

hs, v, are the values of the total heat and specific 
volume of water when at the saturation temperature 
corresponding to the pressure. 

It is now proposed to examine how these new 
“ supersaturation ’’ data can be imported into the 
calculation of heat drop in expansions in which 
condensation takes place, after the cloud limit 
has been reached. 


(To be continued.) 








THE TRANSPYRENEAN RAILWAY VIA 
CANFRANC, 


By Txropore Ricu. 
(Continued from page 635.) 


THE summit tunnel under the Somport Pass is 
7,875 m. (8,615 yards) long, of which a length of 
4,453 yards was built by the French and 4,162 yards 
by the Spanish. It is clearly indicated in the general 
map of the railway given in Fig. 2 on page 542 
ante. This map shows the position of the Franco 
Spanish frontier. To obtain the alignment of the 
tunnel, concrete blocks carrying bronze reference 
plates were set up in its approximate direction. 
On each block on the outward side a pillar was 
set up 1 m. high and 60 cm. square, on which a 
second plate was placed in a vertical plane above 
the former; cross reference marks were made in 
rock to serve in case of damage to the pillar. 
Similar pillars were set up at the ends of the 
base lines, of which there were two on the French 
side and one on the Spanish, and at the tunnel 
mouths. 

The triangulation for the tunnel is shown in 
Figs. 26 on page 714, which has been prepared 
from an illustration in our Spanish contemporary, 
Revista de Obras Publicas. The triangulation 
points, of which five were in France and five in 
Spain, varied in height from 2,050 ft. to 3,363 ft. 
above the level of the French entrance to the tunnel, 
which lies at an altitude of 1,075 m. (3,527 ft.). 
The points were made by fixing brass plates 
engraved with a cross into blocks set in the rock. 
The base lines were measured with the aid of 
a steel wire in sections of 24 m. The measuring 
wires had graduated flat scales at each end and 
were adjusted with the aid of a spring balance, 
allowance being made for air temperature, the 
average being taken from a series of readings, 
the wire being changed and comparison made with 
the first set. The base points not being on the 
same level, five wooden tripods were used, which 
were moved from point to point and fixed securely 
in the ground. The triangulation took two months 
to complete, the survey being carried out by 
Major Peyronel, of the French Artillery, and 
M. Sevin, of the Spanish Department of Roads and 
Bridges. 

The altitude at the Spanish end of the tunnel 
is 1,194 m. (3,917 ft.) or 119 m. (390 ft.) above the 
French end. Considering the varied character of 
the rock to be passed through, the fact that boring 
was to proceed from both sides and that there was a 
distinct danger of serious difficulties from flooding, 
it was decided to arrange the tunnel with a hump 
near the middle. There is a rise on the French 
side of 4,157 m. at 1 in 29, a level of 100 m., and a 
down grade of | in 238 for the remaining 3,755 m. 

Experience during construction showed that on 
the Spanish side the infiltration of water varied 
very much with the state of affairs overhead, and, 





* It is not claimed that the values of Hg, for example, 
have been determined experimentally to the accuracy 
represented by the figures. The difference between, say, 
Hgg at 48 lb. and Hgg at 56 Ib. is, however, determined 
much more accurately by this new method than would 
be possible by the first method, since that involved 
determining the value of the supersaturation from a 
curve with an accuracy perhaps better than 2 per cent. 
In effect, we are defining the cloud limit line by the 
equation (7) above rather than by the lins (a/c), in 
Fig. 2. 
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in view of the experiences on the Loetschberg 
tunnel and the fact that the gradient of 1 in 29 
made but little difference in the net power con- 
sumption for operation, this policy was justified. 
We may first deal with the driving of the tunnel 
from the French end. At this side advantage 
was taken of the somewhat extensive water power 
available ; within a few yards of the mouth of the 
tunnel two 600-h.p. hydraulicturbines were installed, 
deriving supplies from torrents above, and driving 
25-period three-phase generators. For the com- 
pressed air supply for the drills, three two-stage 
belt-driven air compressors were employed, each 





driven by a 250-h.p. motor, and also two auxiliary 


2 m. by 2 m. was next driven with shots. Ingersoll 
air drills supported on columns or on a trolley frame 
were used for the main headings. The drills used 
were from 45 mm. to 80 mm. in diameter (1? in. 
to 3 in.), and holes 0-610 m. to 2:5 m. (24 in. to 
6 ft. 8 in.) deep were drilled. The drills took from 
15 h.p. to 20 h.p. and worked with an air pressure 
of 5 kg. per square inch (71 lb. per square inch). 
A double-track tram road of 60 cm. (23-6 in.) gauge 
was used for removing the rock excavated. 

On this French side, about 2 km. from the 
tunnel mouth, when a set of drill holes was nearly 
completed, a gush of water occurred suddenly with 
such force that the carriage supporting the drills 
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7 
compressors of 60 h.p. Two groups of two-stage 
ventilating fans in series were provided for venti- 
lation, each group driven by a 50-h.p. motor. 
After the works were finished, the plant in the 
power station was reconstructed, and is now| 
installed in one of a chain of power stations 
belonging to the Apse Valley Power Company. 

For haulage in the tunnel and around the works 
Thomson-Houston 60-cm. gauge mining-type electric 
trolley locomotives operating at 250 volts to 300 volts 
direct current were used, there being two of 10 tons 
with two 35-h.p. motors each, and three of 4} tons 
with two 15-h.p. motors eack. These were supplied 
from a 100-h.p. motor generator. These loco- 
motives proved very satisfactory, although difficulty 
was met with in operating them in the advanced 
headings owing to the damage done to the trolley 
wire and supports during blasting operations. At 
first the spoil tubs in the advance sections had to be 
pushed by hand, but later an arrangement was 
installed consisting of a cable drum operated by 
an electric motor mounted on tie locomotive and 
connected up in series with the main driving motor. 
On arriving at the end of the trolley section, 
an insulated cable was plugged in and paid out 
as the locomotive advanced, being wound up 
automatically as the locomotive came out with 
the loaded trucks, On reaching a point beyond 
the danger area the plug was disconnected and the 
trolley raised. 

The bottom heading system of tunnelling was 
used, the first heading being 2:20 m. (7 ft. 2 in.) 
high by 2-30 m. (7 ft. 7 in.). In this were laid a 


300 mm. (11-8 in.) ventilating duct and 75 mm. 





(2-95 in.) compressed-air pipe. A top gallery 
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accumulation of water pressure, a layer of dry stones 
was placed over the arch, which was waterproofed, 
and a layer placed at the back of the side walls, 
with ducts leading to the drainage conduit, which 
is 50 cm. (19-7 in.) deep by 60 cm. (23-6 in.) 
wide. Fig. 28, below, shows two sections of the 
tunnel, the left-hand section illustrating the normal 
arrangement where pressure was met with, and the 
right-hand, the construction, where much water 
was present in addition to pressure. Figs. 29 and 
30 illustrate a form of construction used where the 
side walls were of sound rock, but where it was neces- 
sary for the roof to be supported on arched piers. 
On the French side of the tunnel a large proportion 
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away. The head of water was estimated eee gE ee k 

at from 650 ft. to 1,000 ft., the drill (232.0) i 0-5i5) “040 
apparently having entered a fault com- 

municating with a deep pocket. The flow of water | 

was so great that quantities of debris were washed | ELEVATION. Fig. 30. 
into the forward headings. Work was stopped for | = 


over a week before the flow slackened sufficiently to | 
enable the face to be reached. The water diminished | 
to a mere trickle at the end of 14 days. 

The material encountered on the French side | 
consisted of calcarious rocks and compact schists ; | 
with the former no timbering was required, but | 
the latter decomposed rapidly after contact with | 
the air, very heavy timbering being then required. | 
A number of faults were met with in the schists, | 
giving rise to heavy pressures, and necessitating the | 
use of reinforced linings at such points. Dynamite | 
was used as the blasting explosive. | 

For the tunnel lining, shaped concrete blocks | 
were used, made with a mixture of 300 kg. (661 Ib.) | 
cement, 400 litres (4:7 cub. ft.) of sand and_| 
800 litres (9-4 cub. ft.) of stone aggregate, passing a | 
0-3-cm. (1:18 in.) ring. The blocks were made in | 
a multiple mould and compacted with compressed-air | 
rammers; they were laid with the aid of a steel | 
frame centreing. Fig. 27, on this page, shows | 
the lining being pointed. 
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of the workmen engaged on the construction work 
were Spanish ; they proved to be very satisfactory, 
and particularly skilful in dressing up the rock-face 
by hand. About 800 men were engaged in the 
French tunnel works, working in three shifts. 
They were lodged close to the tunnel mouth in hut- 
ments. The works at the French end were carried 
out by Messrs. Desplats et Lillaz, now Desplats et 


The same system of! Lefevre, of Paris, under the superintendence of 


construction was used for some of the approach | M. Joanicou, of the Ponts et Chaussées, as resident 


tunnels. 


In some parts of the tunnel, in order to prevent an | line from Bedous. 


engineer, who was also responsible for the approach 
The completed entrance at the 
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temporarily packed inside completed sections. 
Soon after drilling started, springs were met with, 
the first being 134 yards from the mouth, the 
amount flowing being 2 gallons a second. As the 
section widened out the volume increased, and it 
was found that the flow had material relation with 
the snow melting and rain outside. At times the 
quantity reached 490 litres (100 gallons) per second. 
At 420 m. a second spring was met with. Zinc 
sheets were used to direct the water to the sides. 
At 1,560 m. a third spring was found, which gave 
a good deal of trouble. It flooded the workings 
for fifteen days, but after several efforts it was 
temporarily controlled by a wad of sacks and a tube 
conducting the water to the side drain until the 
regular channel could be cut. The water was 
conducted well away from the tunnel entrance, as 
shown in Fig. 31 on page 715. 

The materials met with were grey metamorphic 
limestone, mica-streaked marble, and clayey schists. 
The last of these was difficult to drill, while it 
swelled up on exposure to the air, disintegrating 
into powder. Considerable difficulties were met 
with in these schists owing to flaking, sliding and 
splitting, and the tunnel lining, which varied in 
thickness from 30 cm. to 1-20 m. (11-18 in. to 
45-2 in.), had to be reinforced in bad places. In 
some parts the rock disintegrated into fine dust 
to such an extent that water sprays had to be used 
to make the atmosphere bearable. The work 
was carried out with remarkably few accidents, 
although in the depths of winter care had to be 
taken to reduce danger of illness from men coming 
out from work in the hot tunnel into the severe 
cold found at the high altitude. 

To supply stone for the tunnel and many of 
the station works, a quarry was opened near the 
tunnel mouth, connected with the works by an 
inclined plane. The construction of the Spanish 
section of the tunnel was carried out by Messrs. 
Calderai and Bastianelli under the supervision 
of Senor D. Manuel Aguilar, who is now Professor 
at the Civil Engineering School of the Spanish 
Government at Madrid. The work of boring the 
tunnel from the Spanish side was commenced on 
January 1, 1909; the headings met on October 13, 
1912, and the tunnel was completed in February, 
1915. The error in direction between the French 
and Spanish tunnels was only 18 mm., or 0-7 in. 


(To be continued.) 
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Hydrauiic Laboratory Practice. 
FREEMAN. New York. The American Society of 
Mechanical Engineers, 1929. 


Tus handsome volume, of 868 pages, is in the main 


Edited by JoHN R. | 


troversy as to whether the improvement should be 
carried out by dredging, or by regulation by train- 
ing works, Fargue constructed a model of the section 
of the river in question, to a horizontal scale of 
1: 100. Although everything in this experiment 
was arbitrary, including the relationship of hori- 
zontal to vertical scale, the volume of water, and 
the duration of flow, it led to the knowledge that 
dredging could be depended upon to give satis- 
faction only if carried out in conjunction with 
regulating works. 

This investigation, however, barely touched the 


of the erosion caused by bridge piers and at the toe 
of overfall weirs; measurements of the current 
velocities in and around various harbours; the 
most satisfactory design of the intake and head 
works of power canals ; the design and operation of 
surge tanks for hydro-electric installations; the 
effect of coast protection structures, &c. The whole 
of this work is carried out on scale models, based 
on the principle of dynamical similarity, and the 
results, where comparable with those obtained from 
the full-sized structure, have fully demonstrated 
the value of this method of investigation. 

In view of the fact that the principles underlying 





fundamental problems involved in the use of river 
models, and the first attempt to solve such problems 
was made by Professor Osborne Reynolds at the 
University of Manchester in 1885. 

In connection with the construction of the 
Manchester Ship Canal, the question arose as to 
whether certain training walls proposed for the 
upper reaches of the Mersey estuary would cause 
siltation in the lower estuary, and thus injure navi- 
gation below Liverpool. A question also arousing 
considerable discussion at the time was whether the 
outer bar in its then existing location, could be 
deepened by means of training works. Reynolds 
interested himself in these questions and constructed 
small models of the estuary in which he demonstrated 
that the characteristics of the real estuary could 
be made to reproduce themselves. Moreover, he 
introduced, for the first time, the idea of the 
principles of dynamical similarity as applied to such 
investigations, and thus enabled the element of 
time to be taken into account. 

Following this work, Reynolds carried out at 
Manchester an extensive series of investigations on 
models of symmetrical estuaries in 1888-1890, for 
a Committee of the British Association, and as a 
result of these determined the necessary relation- 
ship between the horizontal and vertical scales and 
the range of the tides, in order that the model 
might reproduce with reasonable fidelity the 
behaviour of the estuary. 

Reynolds’ experiments on the models of the 
estuary of the Mersey were extended by Vernon- 
Harcourt in 1886. The practical outcome of the 
experiments was the rejection of training works for 
the upper reaches of the Mersey and the construction 
of the canal along the southern shore. 

Following the conclusion of the Mersey experi- 
ments, Vernon Harcourt carried out a series of 
model investigations with a view to improving the 
mouth of the Seine, for which a number of plans had 
been suggested. Surveys of the Seine were avail- 
lable, showing the conditions existing before the 
installation of certain training works, and also the 
| conditions following their construction, and Vernon 
| Harcourt was able to show that similar results | 
| were produced by similar training works in his 





a translation, revised to 1929, of the German work | model. In 1890, the French Government under- 
Die Wasserbaulaboratorien Europas, which was pub- | took the construction of a further model of the 
lished in 1926 by the Verein Deutscher Ingenieure. | Seine estuary, and caused experiments to be made, 
In addition to the contents of the German book, the results of which were in sensible agreement with 
which consist of descriptions of the chief European | those of Vernon Harcourt. 
hydraulic laboratories and their equipment, along| While the experiments of Reynolds and Vernon 
with an account of the principal items of experi- | Harcourt showed that the scale model provides a 
mental work carried out during recent years, Mr. | useful, and indeed often the only method of attack 
Freeman has included descriptions of a number of | on problems involving the regime of estuaries and 
additional European and some American labora- | river beds, they were far from giving a complete 
tories, and an excellent series of memoranda on the | solution. The effect of the size and density of the 
theory of experiments with models. | bed materials in relationship to those in the river | 
Although the engineering laboratories of most| or estuary itself was only examined in a very 
Universities have, for the last 40 years, contained | tentative manner, and no definite conclusions were | 
some apparatus for investigating the laws of fluid | drawn as to the most suitable materials. 
motion, this has usually been on a comparatively-| No systematic attempt to carry this work any 
small scale, and has been devo‘ed mainly to the | further appears to have taken place for some years, 
investigation of fundamental problems of fluid} but in 1898 a permanent River Hydraulic Labora- 
flow and of such phenomena as are experienced in | tory, the first of its kind, was established in the | 
the flow from orifices and over weirs, the impact | Technical University at Dresden under the super- | 
of jets, and the flow in bends and pipe lines, &c. | vision of Professor H. Engels. Since then, interest 
The chief interest of the present volume, which is | in this branch of hydraulics has been stimulated | 
very well produced indeed, lies in its description | by the great developments in hydro-electric genera- | 
of the extension of such investigations in modern | tion, and in the canalisation of rivers, and on the | 
laboratories to cover the phenomena of river flow, | Continent of Europe there are now at least sixteen 
erosion and siltation, and allied problems. | hydraulic laboratories whose activities are in part | 
The first serious laboratory investigation of such | devoted to investigations of this type, no fewer) 
phenomena appears to have been carried out in| than eight of them being in Germany. | 
France by Fargue in 1875, in connection with a| Other investigations which have been and are | 





suggested improvement of the channel of the | being carried out in these laboratories include studies 
Garonne at Bordeaux. 


In order to settle a con- | of the flow through syphon spillways and over weirs ; 


| the use of river and tidal models were first success- 
| fully demonstrated in England, it is regrettable 
| to realise what a relatively small amount of such 
investigation work is being carried out in this 
|country. So far as we know only one of our 
hydraulic laboratories—that of the University of 
Manchester—is adequately equipped for and is 
actively engaged in research work of this type. It 
is unfortunate that no description of this, or indeed 
of any English laboratory, appears in the volume 
under review, but we understand that this omission 
Mr. Freeman is already taking steps to rectify in a 
supplementary volume now in preparation. 

We believe that the investigation of many pro- 
blems involved in schemes of hydro-electric develop- 
ment and irrigation in the British Dependencies, 
has, of recent years been carried out in the hydraulic 
laboratories of Sweden and Germany. In view of 
the increasing importance of such developments 
it is a matter for regret that these problems should 
not be handled to a larger extent in this country. 
Why, for instance, should not some Institution, 
such as the National Physical Laboratory, be 
equipped with a river flow laboratory capable of 
dealing with any such required investigation. 

The volume before us must in its preparation, 
have involved a great deal of painstaking work, 
and the thanks of all interested in this branch of 
engineering are due to the editor, Mr. J. R. Freeman, 
and the publishers, the American Society of Mechani- 
cal Engineers, for rendering available this English 
translation and for the excellence with which the 
work has been carried out. The translators have 
done their share well. The book is copiously and 
beautifully illustrated, and is one which no hydraulic 
engineer, interested in the experimental side of his 
work, can well afford to be without. Mr. Freeman 
recently informed us that he had reached the age 
at which men ought to put something back into 
the profession by which they had benefitted in life, 
and in this volume he has certainly made a very 
handsome and useful contribution. 








Strength of Materials. By ArrHuR Mortey, D.Sc. 
Seventh Edition, London: Longmans Green and 
Company, Limited. [Price 12s. 6d. net.] 

Dr. Mortey’s excellent work on Strength of Materials, 

first published twenty years ago, has recently reached 

a seventh edition. Although it has not been found 

necessary to introduce any material change in the 

arrangement of the book, most of the recent research 
bearing on the subject has been noticed, and much 
interesting matter, occupying altogether 80 pages, 
has been added. The section on the fatigue of 
materials has been re-written in a comprehensive 
manner, and a brief history of the research on 
fatigue will now be found to occupy a conspicuous 


| place in this. 


The book contains a clear and concise treatment 
of many subjects which have received but scant 
attention in text-books, such as the bending of 


|curved bars, with applications to hooks, rings, and 


links; the strength of flat plates; the elastic 
strength of cylinders under internal pressure, and 
of cylinders reinforced by external winding; the 
strength of tubes under external pressure; the 
stresses produced by forced fits; and vibrations 
and critical speeds, the whirling of shafts, and 
the stresses and instability at certain speeds of 
running machinery. On each of these subjects 
the author is acknowledged as a leading authority, 
and his method of treatment has been very 
generally adopted. 

Throughout the book, results involving even the 
simplest mathematics are worked out in detail, 
so that the reader has no difficulty in filling up 
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the gaps frequently left in such work in most 
treatises. The numerous fully-worked-out examples 
are also particularly valuable to students, who will 
find the well-chosen series of questions at the end 
of each chapter of great help in obtaining a sound 
knowledge of the subject. 

It is not only an ideal book for students, but 
has been widely adopted as a reference book by 
practical engineers, both in this country and 
abroad ; in fact, it is probably the most frequently 
quoted authority on the subject in the English 
language. The copious references given by the 
author, which usually render access to the original 
papers a comparatively simple matter, are of great 
value, and will be appreciated both by the student 
and the more advanced worker. 


The Earth. Its Origin, History and Physical Constitution. 
By Harowp JEFFRIES, F.R.S. Second edition. Cam- 
bridge: University Press. [Price 20s. net.] 

Even those who have little or no knowledge of 

mathematics will be fascinated by this volume. The 

author, though primarily concerned with the study 
of the earth, has found it necessary to discuss 
many astronomical problems. Laplace’s suggestion 
that the solar system has been produced by simple 
condensation from a revolving nebula had to be 
abandoned when it was proved that the angular 
momentum of the system, taken as a whole, was 
inconsistent with this hypothesis. The alternative 
that the solar system originated in the near passage 
of another sun was brought forward by Professors 

T. C. Chamberlin and F. R. Moulton, of Chicago, 

in 1901, and to these Dr. Jeffries makes generous 

teference, although it has been found necessary to 
abandon almost every other detail of their theory. 

The conclusion now reached is that some 2,000 

million years ago, a star larger than the sun 

approached so near to the latter that a long process 
was drawn out of it, which condensed into the 
planets as the other star moved away. During 
this motion of recession, the disrupting star generated 
in the matter previously extruded a motion trans- 
verse to a line drawn between it and the sun, and 
thus gave the extruded matter angular momentum 
round the sun. The mathematical discussion 
shows that in the encounter described only one of 

the two stars involved would be endowed with a 

planetary system. 

Not all of the matter drawn out of the sun formed 
planets. Part probably left the system for ever 
and part remained as a sort of gaseous envelope, 
rotating about the sun with an orbital velocity 
similar to that of similarly situated planets. 
medium gradually fell back into the sun, and com- 
municated to it the angular momentum now repre- 
sented by the sun’s rotation. Some small portion 
of the medium fell into the planets and part remains 
to-day, and is responsible for the zodiacal light. 
Whilst this envelope existed, it had important 
effects on the orbits of the planets, which must, 
originally, have been very eccentric. Their radial 
velocities were, however, largely damped out by 
the friction of this gaseous medium, which also 
played a large part in endowing some of the planets 
with satellites, and was also responsible for the for- 
mation of Saturn’s rings. These, apparently, are 
due to the break up of a small satellite formed at a 
distance from Saturn, and which afterwards got 
nearer to its primary owing to the friction of the 
medium. The moon, however, is sui generis, 
having been torn out of the earth by a tidal wave 
raised by the sun. When the earth and moon 
constituted one body the day was four hours long, 
and the natural period of vibration of the planet then 
was about 2 hours. Owing to this synchronism, 
enormous tides were raised, with the result that the 
crest broke away and formed the moon. It appears 
that calculation shows that this result could not 
have occurred had the earth been homogeneous 
at the time, so that it must then have had a 
dense core. It appears, moreover, that the earth 
must have solidified within less than 15,000 years 
after its birth, and that the surface would have 
cooled enough for the formation of oceans not 
long afterwards. 

There are now numerous ways of calculating the 
age of the stars and of the solar system, and the 
results are, on the whole, remarkably concordant. 


This | 


The most direct and reliable method of estimating 
the age of the earth is by determining the propor- 
tion of lead contained in the uranium inclusions 
of the igneous rocks. There is good reason for 
believing that this lead has been wholly generated 
from the uranium since these rocks solidified, 
and the rate of generation is known. In this way, 
a lower limit for the age of certain rocks is found 
to be 1,257 million years, which is in satisfactory 
agreement with the age of some 2,000 million years 
attributed to our planet from other data. These 
astronomical considerations constitute only the 
introduction to Dr. Jeffries’ treatise, which discusses, 
in detail, the whole structure of the earth as deduced 
from seismological observations, from its thermal 
history, and its elastic and plastic properties. An 
interesting point brought out is that almost the 
whole tidal friction is due to shallow and narrow 
seas. The Irish Sea alone is responsible for 60 
times as much friction as the open oceans. It is 
| interesting to note that Dr. Jeffries’ investigations 
| lead him to reject the possibility of the Continental 
drift suggested by Wegener. 





Concrete-Plain and Reinforced. Vol. II. By the late 
FREDERICK TAytor, SANFORD E. THompson and 
Epwarp Smutsxki. Fourth Edition. New York: 
John Wiley and Sons, Inc. London: Chapman and 
Hall, [Price 37s. 6d.] 

THE first edition of Concrete Plain and Rein- 
forced, published in 1905, consisted of one volume 
containing 585 pages, and at that time was con- 
sidered one of the few standard books on the 
subject. The fourth edition of this work will 
comprise four volumes ; the first dealing with the 
theory of design of the more simple structures, 
has 969 pages; the second volume, that under 
review, has 688 pages, and is devoted to the theory 
and design of statically indeterminate structures ; 
the third volume, dealing with concrete, materials 
and construction, will shortly be in the press, while 
the fourth volume has yet to be prepared. 

The volume under review consists entirely of 
new material, so far as this book is concerned, 
and the thoroughness of treatment of the subject 
| matter will be realised when it is stated that the 
|688 pages are wholly devoted to the design of 
|continuous beams, rigid framed structures and 
| arches. 

The first chapter, of 211 pages, deals most 
exhaustively with continuous beams of equal and 
| unequal spans and haunches of different forms, 
/under various types of loading and with free, 
restrained and cantilevered ends. Explanation is 
given of the derivation of the various formule. 
Equations for practical use are derived, and general 
| formule which can be used to solve unusual prob- 
lems are set forth. Tables and diagrams are included 
which will greatly assist the designer in solving the 
| equations, and render unnecessary any knowledge 
of integral calculus, though this is essential for the 
reduction of the formule derived in the solution of 
the problems involved when dealing with statically 
| indeterminate structures. 
| The use of ‘‘ Fixed Points” and influence lines 
|is explained, and calculations are given for de- 
|termining these. The effects of variation of the 
| moments of inertia and of movement of the supports 
| are investigated, while the effects of varying the 
position of the loading are clearly demonstrated, 
and a lucid explanation is given of the determination 
of the positions of loading to give the maximum 
positive and negative bending moments and shear. 
The whole treatment could hardly be more thorough 
and clear, and the addition of worked-out examples 
greatly assists in elucidating the text. 
| Chapter II is devoted to the derivation of the 
| requisite formule for determining the dimensions 
|and reinforcement necessary for structures under 
| direct stress and bending combined, and worked- 
|out examples of such structures are included 
| showing the application of the formule in actual 
| practice. Numerous diagrams are included in a 
chapter at the end of the book, giving the values 
of various factors requisite for the solution of the 
| necessarily complicated equations. 

Chapters III and IV, containing 170 pages, deal 
with rigid frames of various shapes, and buildings 
considered as framed structures. Among the rigid 














frames are saw-tooth framed roofs, frequently 
employed in factory construction. Flat and curved, 
as well’ as ridge and single-slope-roofed frames are 
also among the types of rigid frames for which 
formule are derived. 

The thoroughness of treatment of this portion of 
the book will doubtless be greatly appreciated, 
and especially the very useful matter in Chapter IV, 
which deals with the determination of the bending 
moments in framed buildings, where the attachment 
of continuous beams to their supporting columns 
has a marked effect on the bending moments 
induced in the several members. 

The worked-out examples both of rigid frames 
and framed buildings will be of great assistance 
to the designer, and the student, while the tables 
and diagrams will help considerably in the simplifi- 
cation of the various equations. 

Chapters V to VIII, inclusive, are devoted to the 
design of fixed and two-hinged arches having open 
and filled spandrels ; three hinged arches are stati- 
cally determinate, and are therefore not dealt with. 
The design of bowstring bridges is included, 
these structures being treated as arches with or 
without ties having hinges at the springings. 
The treatment is analytical, all steps being lucidly 
and thoroughly explained, while the working out 
of practical problems is rendered as easy as possible 
by the inclusion of forms of tables for making the 
necessary summations and tabulations, and of 
diagrams giving values for the complicated factors 
of the essentially lengthy formule. The use of 
influence lines is explained for finding the maximum 
positive and negative bending moments at critical 
sections, and the positions of the loading to produce 
these maxima. The worked-out example of a fixed 
arch with filled spandrels will be found useful in 
showing the application of the formule to the 
actual design of a bridge. 

The book concludes with a chapter on the slope- 
deflection method of solving statically indeter- 
minate structures. An example is given of the 
application of this method and the derivation of 
the three moment equation for continuous beams 
by the slope-deflection method is also developed. 

From this brief description of its contents, it 
will be evident that the book will be of the value 
to engineers who wish to design the more com- 
plicated works in reinforced concrete with complete 
confidence in the safety of the resulting structure, 
and also to students who wish to acquire the - 
knowledge required for dealing with the more 
intricate problems which they may meet with in 
their future practice as engineers. 








THE P. AND O. TURBO-ELECTRIC 
LINER ‘ VICEROY OF INDIA.”’ 


(Continued from page 640.) 
Stream Ratsine PLAnt. 


THE general design and the details of the accom- 
modation on the new P. and O. turbo-electric liner, 
Viceroy of India, were dealt with on page 637 of 
our issue of May 24, and the arrangement of the main 
and auxiliary machinery, which we shall next proceed 
to describe, will be clear from the plans and sections, 
which we give in Figs. 27 to 31, on Plate LX, and 
Figs. 32 to 35, on page 718. As will be seen there are 
two boiler rooms, with two oil fuel plant rooms between 
them, containing the heating units, transfer pumps 
and filters. Aft of the second boiler room is a 
single large engine room, which contains the main turbo- 
alternators, propelling motors, and the auxiliary steam- 
driven generating sets, as well as the main control 
panel, auxiliary switchboard, motor-generators, oil 
purifiers and coolers, water filters and other equipment. 
On a lower deck are the condensers, the feed heating 
and refrigerating plant and the oil-engine driven 
auxiliary generating sets. 

It will be convenient to start our description of this 
equipment with the main steam-raising plant. This 
consists of six water-tube boilers, which were manu- 
factured by Messrs. Yarrow and Company, Limited, 
of Scotstoun, Glasgow. Four of these boilers, as will 
be seen in Figs. 27 and 28, on Plate LX, are placed 
in the after stokehold in pairs, with their uptakes 
leading to the after funnel. A view of this stoke- 
hold is given in Fig. 40 on page 726. Each of these 
units has an evaporative capacity of 30,000 lb. per 
hour, and as they are designed to supply steam at 
a pressure of 400 lb. per square inch and a tempera- 
ture of 750 deg. F., in both respects higher figures 
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are being worked to than is usual in the mercan- 
tile marine. As regards rating, too, it should be 
mentioned that the similar units, which are installed in 
naval ships are, owing to the limitations of weight and 
space, being worked at approximately three times | 
the output of those on the Viceroy of India, so that a | 
large margin of power is available on the latter vessel. 
The steam heating surface in these boilers is 5,700 sq. ft., | 
while, in addition, the superheater and air heater have 
surfaces of 1,820 sq. ft. and 5,700 sq. ft., respectively. 
The combustion chamber volume is 1,320 cub. ft. 
The arrangement of the boilers themselves will be 
clear from the figures on Plate LX, and_ the 
section given in Fig. 32 above. The two boilers | 
installed in the forward stokehold have an eva-| 
porative capacity of 27,000 lb. per hour, the heating | 
surface of these units being 4,850 sq. ft., with a| 
superheater and air heater surface of 1,550 sq. ft. and | 
5,000 sq. ft., respectively. Their combustion chamber | 
volume is 1,200 cub. ft. The arrangement of the boilers 
in this stokehold can be gathered from Figs. 27 and 
28, on Plate LX. The first four boilers can supply 
sufficient steam to propel the ship at a speed of 16-5 
knots, the other two being used when it is desired to 
raise that speed to 19 knots. 

All six boilers are of the same design and are arranged 
for oil-firing on the Clyde system, with five burners 
to each boiler, the superheater being integral with the 
boiler and the air heater being superposed in series. 
They are of the single flow type and are equipped with 
tive furnaces. Each boiler has a single upper steam | 
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drum andjthree lower water drums, one at one side 
and two at the other. The superheater drum is placed 
between the two latter drums. As will be gathered 
the combustion chamber capacity is unusually ample, 
and another interesting feature of the design is the large 
amount of heating surface, which is exposed to the 
furnace. The superheater is of the self-draining type 
with steeply inclined tubes. The steam drums have 
an internal diameter of 4 ft. 2 in. with a shell thickness 
of 24-in., while the internal diameter of the water 
drums is 23in., with shell thicknesses of 1 yy-in., 14-in., 
and l}in. The superheater drum has the same external 
diameter, but its walls are 14,-in. thick. A Cockburn 
safety valve is mounted on the end of this drum. All 
the steam and water drums were made of steel forgings, 
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which were supplied by Messrs. the Darlington Forge 
and Engineering Company, Limited, of Darlington, 
and Messrs. John Brown and Company, Limited, of 
Sheffield, so that it has been possible to eliminate rivet- 
ing except at theends. These ends were bored slightly 
taper to receive the pressed steel end covers and manhole 
doors, which were supplied by Messrs. Charles McNeil, 
Limited, of Kinning Park, Glasgow. The tubes in 
the tube nests adjacent to the furnace have an external 
diameter of 1} in., while the diameter of those above 
the superheater is 1} in. The superheater tubes 
themselves are 1} in. external diameter. 

The furnace casings are arranged so that the air leav- 
ing the airheater circulates through them on its way 
to the burners, while great care has been taken to 
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Fig. 36. PNEUMERCATOR GAUGE. 


insulate the hot surfaces, with the result that the stoke- 
hold, besides being roomy, is remarkably cool. Insu- 
lated galvanised steel covers have also been provided 
for the ends of the drums, and the insulation through- 


out has been provided by Messrs. Newalls Insulation | pipe 


Company, Limited, of Washington, County Durham. 

The design of the boilers is such that the gases first 
traverse large nests of tubes at the front of the boiler, 
the rear bank of tubes acting as a screen, which only 
absorbs radiant heat. The position of the super- 
heater also ensures that the steam temperature only 
varies slightly with the load fluctuations. The air 
heater is constructed in two sections, the first gas- 
pass being downwards and the second in an upward 
direction. Finally, the gases are discharged into a 
common main flue. All the boilers are fitted with 
Mumford’s feed regulators, which are mounted on the 
end of the top steam drum. The guaranteed efficiency 
of these boilers is 84 per cent., a figure which was 
actually exceeded on the trial runs. 

The oil fuel required for firing these boilers is stored 
in 22 tanks surrounding the boiler compartments, their 
total capacity being about 2,300 tons. They are filled 
from a central position, and oil is pumped from them 
to the boilers by electrically-driven pumps, which are 
installed in two separate rooms between the stoke- 
holds, as shown in Figs. 27 and 28, on Plate LX. 

To facilitate operation, and in order to render it un- 
necessary to observe the gauge glass levels from the 
stokehold floor, distant-reading water-gauges of the 
Pneumercator t have been installed by Messrs. 
Kelvin, Bottomley and Baird, Limited, of Glasgow, on 
each water-tube boiler. One of these instruments, 
which is mounted on a convenient pillar, so that it is 
in full view of the boiler room staff is shown in Fig. 36, 
while Fig. 37 is a diagram of the general arrangement 
of the gauge and its datum chamber. The principle 
on which this device operates is as follows :—The 
steam space of the boiler is connected to a small cham- 
ber, the outside of which is fitted with fins. Inside 
this chamber is a weir, the lower side of which is 
connected by two pipes to the two limbs of the gauge, 
one of these pipes also being connected to the water 
space of the boiler. By operating the stop and drain 
valves, with which the device is fitted, the gauge 
system can be charged with water, a cushion of air being 
trapped in the upper portion of the inverted U, which 





forms the gauge proper. The radiation of heat from 
the chamber causes the steam within it to condense, 
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and the resulting water fills the pipe, which is not 
connected to the water space, up to the level of the top 
of the weir. Any surplus condensate overflows the 
weir and runs back to the boiler through the other 

ipe. During operation therefore, the first pipe 
is filled with water at a constant head, while in the 
Second pipe the water is at the same level as in the 
boiler. The water in both pipes is subjected to the 
same boiler pressure, as well as to the same pressure 
from the air cushion. The difference in the water 
level in the two limbs of the gauge, therefore, represents 
the difference in level between the water in the two 
pipes. If the chamber be placed, so that the top of its 
weir is level with the top of an ordinary gauge glass 
then the difference between the levels in the U-tube will 
show the amount the water level in the boiler is below the 
top of the glass. This enables the water level to be indica- 
ted on a Pneumercator placed some distance from the 
boiler drum and at any desired level. A scale of inches, 
equal in length to the ordinary boiler gauge glassis placed 
between the two limbs of the gauge. If the top of this 
scale is arranged, so that it is level with the water in 
the first pipe the level in the second pipe can be read 
off in the ordinary way. In order to compensate for 
the expansion of the air, which is imprisoned in the 
bend of the U-tube, one limb is made of larger section 
than the other. The result is that any change in the 
boiler pressure does not affect the level, and no adjust- 
ment of the latter is therefore required under working 
conditions. The main part of the larger limb is 
composed of a stout metal tube, to which a short sight 
glass is connected. The other limb is of ordinary 
standard gauge glass. 

A further point of interest about the steam raising 
plant is that corrugated bends manufactured by 
Messrs. Aiton and Company, Limited, of Derby, have 
been fitted in the line at all places where expansion 
has to be allowed for. These bends which are 
of a type which is being increasingly used both in 
marine and land practice are the first with welded-on 
flanges, which have been accepted both by Lloyds 
and the Board of Trade authorities. 

In addition to the six main boilers, two three-furnace 
Scotch boilers have been installed in the forward 
stokehold for use in port. These boilers are also oil- 
fired on the Clyde system and are provided with 
separate forced draught fans and feed pumps. All 
the boilers work under Howden’s system of hot forced 
draught, the fans, which are located high up in the 
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boiler room, being driven by constant-current motors 
on the Austin system, details of which will be given 
in a later article. This arrangement has been 
adopted to permit of a good speed range being ob- 
tained, and should therefore ensure efficient control 
of the combustion over a wide range of evaporation. 
The fans are fitted with remote control equipment, so 
that they can be operated from floor level. 

Other auxiliary equipment, of which mention may 
be made, are the Mono CO, recorders which have 
been supplied by Messrs. James Gordon and Company, 
Limited, of Kingsway, London, W.C.2, and the electrical 
salinometers, which are fitted to all the water-tube 
boilers, for continuously recording the degree of 
salinity of the boiler feed water. These were made 
by Messrs. William Crockett and Sons, Limited, of 
Glasgow. 

The pumping and heating units for the fuel supply, 
as well as the transfer and bilge pumps, were manufac- 
tured by Messrs. J. and G. Weir, Limited, of Cathcart, 
Glasgow, and has already been mentioned, are located 
in two compartments between the stokeholds. Auto- 
Klean strainers are fitted on both the suction and 
discharge sides of the fuel pumps. 


CONDENSERS. 


The condensers and closed feed system used on this 
ship also contain several points of interest, which are 
worthy of special mention. The arrangement of this 
section of the plant can be seen in Figs. 27 and 28, on 
Plate LX, in Fig. 39, on page 720, and in Fig. 41, on 
page 726. The condensers, one of which is fitted below 
each main turbine, are of the regenerative type and 
were designed and manufactured by Messrs. G. and J. 
Weir, Limited, of Cathcart, Glasgow. They are capable 
of maintaining a vacuum of 28-9 in., and the air-free 
condensate is delivered at a temperature from 1 deg. 
to 2 deg. F. above the temperature of the entering 
exhaust steam. As will be seen from Fig. 39, on page 
720, the shell is of inverted boat shape, the inlet 
flange being offset from the centre, so as to accom- 
modate the turbine exhaust flange which is of special 
shape. The bottom of the condenser forms a large 
reservoir, which takes the place of the ordinary feed 
tanks. The contents of the distilled and fresh water 
tanks, which are, as usual, arranged in the double 
bottom spaces are therefore only used for make-up 
purposes. The water level in the condenser well is 
maintained by a float operated make-up valve. The 
condenser contains two nests of cupro-nickel tubes, 
supplied by Messrs. The Yorkshire Copper Works, 
Limited, of Leeds, the cooling water first passing 
through the lower and then through the upper nest. 
The steam first enters at the bottom of the condenser, 
where it reheats the condensate, which, having flowed 
down from the tube nests in the upper part of the 
shell, then flows in an ascending direction, a certain 
amount of tube space being provided to act as a self- 
adjusting air-cooling medium. The air is taken off 
by three stage ejectors, which are fitted with inter- 
coolers, the condensate being withdrawn by motor 
driven extraction pumps, which pass it through 
the third-stage coolers of the air ejectors, the drain 
cooler and low pressure heater to the teed pump suc- 
tion. The feed pump itself delivers the water through 
the intermediate pressure and high-pressure heaters, 
which are of the usual Weir multi-flow type, to the 
feed water regulators on the boiler, as shown diagram - 
matically in Fig. 38, on page 720. 

It should be stated here that steam is extracted 
from the main turbines for heating the feed water at 
three stages, viz., stage 9,13 and 15. With the normal 
output of 11,600 shaft horse-power the extraction 
pressures at these points are 106-5, 30-7 and 11-8 Ib. 
per square inch absolute, respectively. Steam is also 
taken off at the thirteenth stage for heating a low- 
pressure evaporator. The latter has a water capacity 
equivalent to 3 per cent. of the total feed water, and 
its vapour is led to the range, which is fed by steam 
from the fifteenth stage. In addition, there are 
two high-pressure evaporators, each of which has a 
capacity of 40 tons, and a distilling condenser of the 
same capacity. 

The two main feed pumps, the position of which can 
be seen in Fig. 28, on Plate LX, are of the single-stage, 
centrifugal type, and are also of Messrs. G. and J. Weir’s 
manufacture. They are driven by steam turbines, 
which are supplied with steam at a pressure of 375 Ib: 
per square inch and a temperature of 750 deg. F., 
and are capable of delivering 20,000 gallons of feed 
water per hour against a discharge pressure of 460 lb. 
per square inch. The turbines, which exhaust either 
to a 28-in. vacuum or against a back pressure of 20 Ib. 
per square inch, are of the impulse type with blading 
of Monel metal, so that they are particularly capable 
of withstanding extremes of pressure and temperature. 
The pumps are of the single-stage type, the casings 
being made of high-tension bronze alloy and the impel- 
lers of Monel metal. To meet the vacuum exhaust condi- 
tion the turbine glands are sealed by special sealing 
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such conditions the sets are therefore entirely self- | Sts RARER dobMMba: 5 
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The auxiliary air pumps, which are of ‘the twin type, are | 
electrically driven and serve a Weir Uniflux auxiliary 
condenser. 

AUXILIARY MACHINERY. 


The main circulating pumps, of which there are two, 
one for the port and the other for the starboard engine, 
were manufactured by Messrs. W. H. Allen, Sons and 
Company, Limited, of Bedford. They are of the 
horizontal, single stage, double suction, centrifugal 
type. ‘Their casings are split on the horizontal centre 
line, the branches being so arranged that the impeller | | 
can be inspected without breaking the pipe joints. | 
The impellers are of gunmetal, while the shafts are of | 
manganese bronze. These shafts run in one outside | 
adjustable bearing. Renewable gunmetal wearing | 
ay are fitted to the casings. The ouput of each pump | | 

s 22,000 gallons per minute at a head of 27} ft., the | 
we range being from 250 to 440 r.p.m. They are | 
driven by 250-h.p., 220-volt direct-current motors 
through a rigid coupling. These motors are of the 
Allen marine type and are cesigned on a liberal basis as 
regards temperature rise. They are controlled by 
automatic starters operated by push-buttons. The 
pumps for dealing with the auxiliary circulating water 
ure of the vertical type with an output of 1,200 gallons 
per minute against a head of 30 ft. They are driven by 
16-5-h.p. motors running at 1,000 r.p.m. The thrust | 
is taken by a bearing, which is incorporated in the 
motors, the latter being of the drip-proof type. Control | 
is effected by drum-type controllers, which are operated 
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by a single hand-wheel and embody ‘the usual automatic | |for sanitary and bath duties. These are of the same; They are driven by 31-h.p. motors running at 1,450 


and protective features. It will be convenient to state | general design as those just described, their output  r.p.m. 
at this point that the same firm supplied the pumps | being 710 gallons per minute against a head of 90 ft.| Since the whole of the auxiliary machinery on the 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 
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Norgr.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of 
the London Metal Exchange for “ fine foreign” and “‘ standard” metal respectively. The prices shown for 
lead are for English metal, whilst those for spelter are for virgin metal. Middlesbrough priees are plotted 
for steel plates and rails, and also for hematite and Cleveland pig-iron. The prices given in the case of steel 
plates are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. The pig-iron 
prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price of quicksilver is per 
bottle, the contents of which vary from 70 Ib. to 80 lb. The price of tin-plates is per standard box, but in 
other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 
lines represent 11. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each. 








The turbine of each of these sets runs at 8,000 r.p.m., 
and drives through gearing a 220-volt direct-current 
generator, the speed of which is 670 r.p.m.. 

In addition, two oil-engine-driven sets, the position 
of which is shown in Fig. 28, on Plate LX, are installed 
for use when the ship is in port and the main boilers 
are shut down. These sets were manufactured by 


Viceroy of India is operated electrically and a consider- 
able amount of energy in this form is also employed 
for lighting, heating and cooking purposes, the auxiliary 
generators are of larger output than is usual on a ship 
of this size. They consist of four 500-kw. turbo- 
generator sets, which, as shown in Fig. 35, are arranged 
im pairs in the wing spaces at the control platform level. 








Messrs. Petters (Ipswich), Limited, and consist of 
250 brake horse-power, four-cylinder engines direct- 
coupled to 150-kw. B.T.-H. direct-current generators. 
The engines work on the airless injection principle 
and run at 275 r.p.m., being mounted on a common 
bedplate with the generators. Current is generated 
at 220 volts and arrangements have been made so that 
the sets can be run in parallel with the above mentioned 
auxiliary steam turbo-generators, when desired. 

Great care has been taken to reduce the exhaust 
noise from these engines, which might otherwise be 
objectionable. This is effected by using water-cooled 
silencers on the engines themselves, from which two 
separate exhausts are led up the after side of the 
engine room casing through secondary silencers to short 
vertical pipes on the sun deck. In this way, it is stated, 
an almost complete absence of exhaust-noise at all 
loads is secured. Each engine is provided with its 
own circulating water pump, starting air receiver and 
other auxiliary equipment. Normally, sea water is 
employed for cooling, but a connection can be made to 
the reserve feed tanks, so that supplies for this purpose 
are obtainable when the ship is in port. 

The emergency generating set which, by the Board 
of Trade Regulations, has to be provided for supplying 
energy to the wireless equipment and for lighting 
purposes, is also of Messrs. Petter’s manufacture, 
and is of the same type as the units which have just 
been described. It consists of a 75 brake horse-power 
engine, which is direct-coupled to a 50-kw. 220-volt 
British Thomson-Houston generator, and is housed, 
with its switchboard, in a small engine room on the 
port side of the boat deck. This engine is cooled 
by a Heenan and Froude cooler, which is supplied 
with fresh water, and drives its own circulating-water 
pump, cooler fan and air compressor. It can be started 
from cold in about three minutes. In the design of all 
these sets special attention has been paid to compact- 
ness, and they are also arranged so that supervision 
and overhaul are facilitated. 


(To be continued.) 








LABOUR NOTES. 


CoMMENTING upon the unemployment figures, in 
the May issue of the Monthly Report of the Boiler- 
makers and [ron and Steel Ship Builders’ Society, Mr. 
Hill, the General Secretary, says that the percentage 
is still above ‘‘ the callous demand of capitalism for a 
surplus of unemployed labour.” ‘The volume of 
work on hand in all districts and in all branches of 
our trade is sufficient,” he goes on to say, “ to warrant 
a general advance of wages. An all-round advance of 
wages by peaceful negotiations at this time would 
do more than anything else to develop and maintain 
the present trade improvement. There has also been 
a welcome reduction of sickness amongst our members. 
We have got over the epidemic which told so heavily 
on the health and lives of our members, and which 
also told so severely on our funds in the earlier months 
of the year. There is one other welcome feature in 
our returns, namely, an increase of over a hundred 
members for the month.” 


‘“‘It is a serious matter for us,’ Mr. Hili proceeds, 
“that we still have 10,948 members unemployed, but 
we have had considerably more than this number of 
families in this state of semi-starvation and demorali- 
sation for some eight years. Our members who are 
more fortunate fully realise that this evil does not end 
with the families concerned. In these eight years, 
we have spent some 3,000,000/. of the Society’s funds 
to meet the necessities of our members, with, at the 
same time, serious reductions in our income from 
contributions. Even that is not the end of this evil 
influence ; it has pressed down our wages until our 
standard rates are amongst the lowest of any craftsmen 
in the industry. Of course, the bulk of our members 
are pieceworkers. I took great pains to ascertain 
the average yearly earnings of our piece workers, and 
this I submitted to the employers in conference, proving, 
as far as figures were available to me, that our piece- 
workers throughout the year had little more than 
the average plain time rates. This unemployment 
menace has made employment for all our members so 
uncertain that steady employment for pieceworkers is 
practically unobtainable; and the actual earnings of 
our piece workers throughout the year is down by 
about 50 per cent. since 1919.” 


Industrial News, a weekly organ of the Trades 
Union Congress General Council, states that whatever 
advantages certain skilled trades in the United States 
may possess over similar workers in Europe, are 
certainly not shared by American workers in industries 
in the Southern States of the Union. For some years 
past, textile developments in Tennessee and Alabama, 
where labour is low-waged and unorganised, have been 
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pressing severely upon the older textile industries of | 
Massachusetts where the standard of living is higher | 
and trade unions exist. Now, Texas is on the move. | 
Tke Houston Chamber of Commerce offers the following | 
“inducement”? to New England millowners to shift | 
their plants to Houston :—‘‘ Unorganisable Mexican | 
labour in inexhaustible numbers can be secured in | 
Texas for new textile mills . . . Houston also has | 
available for textile mills over 7,000 native female | 
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workers, ranging in age from 18 to 44, who retain | 
enough of the democracy of the great open country | 
to give a day’s work for a day’s pay.”” And the day’s 
work, Industrial News says, is 55 hours a week, and 
the average pay 14.41 dols. or about Is. 1d. per hour. 
Do conditions, it asks, in textile industries exist any- 
where, save in Japan, India or China, as under the 
* Star-spangled banner” ? 





One or two interesting recommendations are made 
by the United States Senate Committee on Education 
and Labour, which recently carried out an investigation 
of the causes of unemployment and possible methods 
of relief. One is that private industry should recognise 
the responsibility it has to stabilise employment. 
““The Government should encourage this effort in 
every way,” the Committee say, “ through sponsoring 
national conferences, through publishing information 
concerning the experience had by industries in this 
work, and through watching every opportunity to 
keep the thought of stability uppermost in the minds 
of employers.’’ Another recommendation is that 
insurance plans against unemployment should be 
confined to the industry itself as much as possible. 
“There is no necessity,’’ the Committee say, “ and 
no place for Federal interferences in such efforts at this 
time. If any public insurance scheme is considered, 
it should be left to the State legislatures to study the 
problem.” A third recommendation is that the States 
and municipalities should be responsible for building 
up efficient unemployment exchanges. “‘ The Govern- 
ment should be responsible, the Committee think, for 
co-ordinating the work of the States, so as to give a 
national understanding of any conditions that may 
arise and be able to assist in any national functioning 
of the unemployment exchanges.” 





is estimated that the insurance system will cover about 
250,000 persons, and that the total annual contribu- 
tions will be about 7:5 million kroner, and the cost of 
insurance between 5:5 and 6 million kroner a year. 
The State and municipal unemployment funds, the 
principal object of which will be to finance the orga- 
nising of works as a means of providing employment, 
are to be constituted out of subsidies from the State 
and municipal authorities, amounting to one-quarter 
of the total sum paid in insurance contributions. It is 
proposed to set up a State Unemployment Council and 
municipal unemployment boards, to be responsible 
for the combating of unemployment. 


The Committee express the opinion that efforts 
should be made to set up an efficient system of obtaining 
statistics of unemployment. The first step should be 
taken, they suggest, by the Bureau of the Census in 
1930. The Government, municipalities, and other 
public agencies are recommended to plan public works 
which will form a reserve against unemployment in 
times of depression. Finally, it is suggested that 
further consideration might well be given to two ques- 
tions, namely, the effect on unemployment of industrial 
developments such as consolidation of capital, and 
the necessity and advisability of providing through 
private industry, through the States, or through the 
Federal Government, a system of old-age pensions. 


The Monthly Labour Review of the United States 
Department of Labour has an interesting article on 
the subject of ‘‘ Chrome Poisoning.”” Though chromium 
plating is now largely displacing plating with nickel 
on account of the relative hardness and non-tar- 
nishing qualities of the surface of articles plated by 
this process, its use appears to have resulted in an 
increase in the number of cases of poisoning from 
chromium compounds, and as a result a great deal of 
attention has been directed recently to the use of these 





The weekly official organ of the International Labour 
Office states that the problems created in Soviet Russia, 
by the difficulty experienced in recruiting and finding 
employment for engineers and technical workers, 
continue to become more acute. It was recently 
decided to double the actual number of engineers 
during the next five years. In order to improve and 8 be p . 
oe the training of a new corps of specialised workers, compounds in industrial processes. An investigation 
the Supreme Economic Council has insisted on taking | Was made by the United States Public Health Service 
over the management of a number of technical schools | in 1928, of the extent of the hazard in six plants in 
and institutions hitherto under the control of the | which the process of chromium plating was used, and 
Commissariat of Public Education. This seems to | the National Safety Council has recently published 
indicate that the need for engineers and technical | @ Summary of the available information regarding the 
workers is greater than ever, although it would appear hazard. The report lists the following 10 industries 
from figures published by the labour exchanges that | OF processes 1n which chromates are used : Manufacture 
a considerable number of workers of this class are |°f chromium preparations and chrome colours ; 
|colour photography ; match manufacture; the tar- 
|colour industry; manufacture of wet batteries ; 
| bleaching of fats, wax, and oils; textile printing ; 


|chrome tanning; staining of wood; and chrome 


| plating. 





unemployed. 


A Bill approved by the Norwegian Government 
provides for the establishment of State and municipal 
funds to combat unemployment and for compulsory | 
insurance against unemploymert. Such insurance, | 
the cost of which is to be met by equal contributions | 
from workers and employers, is to cover all persons | 
liable to sickness insurance, except persons under | 
twenty years of age, State and municipal employees, 
persons employed in agriculture, forestry or fishing, 
domestic servants in private houses, and apprentices. | 
When persons liable to insurance are involuntarily 
unemployed, they may claim relief in the form of daily 
benefit and travelling and removal allowances when 
looking for other work. 


The injurious effects of chromium exposure are 
summarised as follows :—(1) The occurrence of large, 
rapidly spreading ulcers of the skin of the hands and 
of the mucous membrane of the nose and throat. 


septum. These ulcers are difficult to heal and are 
sometimes rather painful. (2) Skin irritation mani- 


The contributions would be from 0-40 kroner to | oF Shae pee aE 
0-80 kroner a week, according to the classification of | 
the insured person. They would be payable at the | 
same time as the sickness insurance contributions. 








Not uncommonly there is a perforation of the nasal 





types of preventive procedure :—(1) The use of enclosed 
machines for grinding raw material. (2) Efficient local 
exhaust ventilation. (3) Where such means of handling 
dust and fumes are not available, the use of efficient 
respirators. (4) Impermeable rubber gloves. (5) The 
anointment of face, hands, and arms with a mixture of 
petrolatum, three parts, and lanolin, one part. This 
should be done after cleansing hands, arms, and face 
with soap and warm water, rubbing in the ointment 
while the skin is still moist. (6) Proper change of work- 
ing clothes and caps. (7) Adequate washing and bath- 
ing facilities. (8) Most important of all is frequent 
medical inspection, which will accomplish (a) the prompt 
treatment of the slightest skin affections, (6) the 
exclusion of persons having abrasions on the hands or 
arms, and (c) change of work for those individuals who 
possess ulcers which are extremely slow in healing. 





On May 27, 1929, the number of unemployed persons 
on the registers of Employment Exchanges in Great 
Britain was 1,132,300. Of these, 779,700 were wholly 
unemployed, 273,500 were temporarily stopped, and 
79,100 were persons normally in casual employment ; 
886,200 were men, 30,300 boys, 188,600 women, and 
27,200 girls. No figures are available for the week 
ending May 20, 1929. Of 1,104,662 on the registers 
on May 13, 1929, 805,769 were wholly unemployed, 
218,680 were temporarily stopped, and 80,213 were 
persons normally in casual employment ; 865,734 were 
men, 32,338 boys, 177,530 women, and 29,060 girls. 
No figures are available for May 28, 1928. 


The weekly official organ of the Trades Union 
Congress General Council states that notwithstanding 
the collapse of the irregular strike of clothing workers 
at a certain London factory, ‘“‘ which was organised 
by a break-away union, a circular has been issued to 
all trade unions by the break-away union, calling itself 
the United Clothing Workers’ Union, asking for 
financial support in connection with the expenses of 
the strike.” The policy of the General Council is, it 
is pointed out, well known. ‘ No union,” the General 
Council says, ‘‘can be recognised by the Congress 





| fested by eruption. (3) Irritation of the conjunctiva, k : : 
‘the outer membrane of the eye, shown by definite | to Congress. In this case, the strike was an unofficial 
| congestion of this structure. (4) Occasionally there is|0n¢, not supported by the appropriate union, the 
| seen a slight bronchial catarrh ; this is a rarer effect. | Tailors’ and Garment Workers’ Union, but organised 


which is composed, as this union is, of members who 
|have broken away from an existing union affiliated 


| by a body which cannot be recognised by Congress, 
| and the trade unions which have been informed of the 
| circumstances in which the break-away organisation 


Experience with chrome compounds in different | came into existence will realise that it is not entitled 
It | industries has suggested, it is pointed out, the following | to their support or encouragement.” 
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1,000-GALLON TAR-SPRAYING 
MACHINE. 


THE most important requirement for a machine 
designed for spraying roads with tar is that it should be 
capable of maintaining a low and constant speed under 
all road conditions. For spraying tar and bituminous 
emulsions, speeds in the neighbourhood of 1 mile per 
hour may be required, but at the same time, the vehicle 
should be capable of normal road speeds for transport 
from the depot to the road under treatment. The 
F.W.D. spraying machine made by Messrs. the Four 
Wheel Drive Lorry Company, Limited, 46, Charing 
Cross, 8.W.1, which we illustrate in the view on the 
previous page, has been specially designed to meet these 
requirements. The makers are prepared to guarantee 
a speed of 1 mile per hour, while at the normal speed 
of 22 miles per hour the vehicle is able to haul a reserve 
supply of 1,000 gallons of spraying material on a trailer. 
The latter is employed when work is being performed 
at a considerable distance from the source of supply, 
and the equipment on the vehicle enables liquid to be 
forced by compressed air into the lorry tank from 
the trailer tank, or the liquid may be drawn by vacuum 
created in the lorry tank from road tanks or storage 
tanks at the railway depots. 

The machine is built as far as possible of standard 
parts used in the manufacture of the well-known 
F.W.D. lorry. The vehicle is fitted with an air 
compressor, controlled from the cab, where there is 
a gauge to show the pressure in the tank. By 
means of levers on each side of the vehicle, the 
supply through the main valve can be opened and closed 
by the operator when walking alongside. For spraying 
pavements or gateways that may be outside the range 
of the main spraying pipe, there are metallic hoses on 
each side, which can be operated by hand. The speeds 
of the machine at normal engine revolutions are 22, 
16, 8 and 4 m.p.h., whilst, as stated, a spraying speed 
as low as 1 m.p.h. can be obtained. In accordance 
with normal practice in F.W.D. vehicles, the drive is 
taken to both axles through cardan shafts. 36-in. by 
6-in. tyres are fitted on the front wheels, and twin 36-in. 
by 5-in. tyres‘on the rear wheels. The cylindrical tank, 
of 1,000-gallon capacity, is mounted on hardwood 
bolsters and is secured by steel straps; it is tilted 
slightly towards the rear to enable the contents to be com- 
pletely drained. The dome, visible in the figure on the 
front of the tank, contains a filter and a connection for 
filling, and it may be noted that the filling pipe inside 
the dome extends to the bottom of the tank, and so pre- 
vents frothing of the liquid. The dome is mounted on 
a detachable manhole cover, carrying all connections 
for the compressor, the pressure gauge, and the blow-off 
cock. A gauge glass, calibrated in 20-gallon divisions, 
is fixed at the rear of the tank, as shown in the figure. 

A cross pipe in three sections, fitted with 15 
nozzles, is carried at the rear of the machine, as 
shown. When not in use, the spraying pipes can be 
carried in a box provided for the purpose, and the 
nozzles in wire baskets in a paraffin container. The 
width of spray may be varied from 6 ft. to 104 ft., 
according to the length of pipe used. The spray bar 
is made in sections for this purpose, whilst two 12-ft. 
lengths of flexible metallic hose, fitted with spraying 
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nozzles, are provided for use when necessary. The 
shields at the rear prevent the spray from blowing 
back on to the chassis or the pavement. A pipe is 
provided for blowing out the nozzles in the spraying bar 
during temporary cessation of work, such as at meal 
times, when it is not desired to remove the nozzles and 
store them in paraffin. The nozzles are also blown 
out if the liquid becomes lumpy and tends to 
clog the spraying bar or valves. An instrument is 
provided in the cab which indicates the number of 
yards per minute sprayed. By a connection with the 
main spraying valve on the rear of the machine, the 
drive of the instrument only operates during spraying, 
and thus the actual number of linear yards sprayed 
may be read from the recorder. 











MICHELL BEARING WITH THRUST 
INDICATOR. 


Amone the interesting engineering displays at the 
North East Coast Exhibition, which limitations of time 
and space did not enable us to deal with adequately 
in our issue of last week, is that made by Messrs. Michell 
Bearings, Limited, of South Benwell, Northumberland. 
The firm show two examples of their marine type 
thrust bearings running at 50 r.p.m., together with a 
pivoted type journal bearing. The exhibit is arranged 
so that a load of 250 lb. per square inch on the pad 
faces can be applied by means of a hand pump giving a 
total thrust load of approximately 20,000 lb. and the 
covers of the several items are opened so that the 
circulation of the lubricating oil can be seen. The 
Michell bearing is so well known, and has been dealt 
with so fully in our columns in the past, that it is not 
necessary to refer to it in detail here. One of the 
thrust blocks, shown, however, is fitted with the 
Michell propeller-thrust indicator which we have not 
previously dealt with. The device is self-contained 
in the bearing and gives a direct reading of the pro- 
peller thrust. This arrangement is shown in Fig. 1 
and 2 above. A number of small pistons are fitted 
in recesses formed in the horseshoe, and are inter- 
connected by the passages shown. One end of the 
system of cylinders and passages is connected to a 
small hand pump containing oil and the other end is 
coupled to a pressure gauge. By operating the hand 
pump the thrust pistons are forced forward and take 
the total propeller thrust, the direct thrust being 
at once indicated on the pressure gauge, the readings 
from which afford reliable information which may be 
used in estimating the relative performance of machin- 
ery, hulls and propellers. 











PROPOSED AUSTRALIAN ENGINEERING CONVENTION.— 
| It has been suggested that an international convention 
| of engineers should be held in Australia at the time of the 
opening of the Sydney Harbour bridge. The matter was 
| again referred to at the spring meeting of the Institution 
| of Engineers, Australia, held at Newcastle, New South 
| Wales, and after some discussion, the Council of the Insti- 
| tution decided to ascertain the probable number of engi- 

neers from overseas likely tofattend such a convention. 
| Emphasis was laid upon the fact that although the conven- 
| tion would open at Sydney it would not be restricted to 
| that city, but would embrace the whole of industrial 
| Australia. 





MICHELL BEARINGS LIMITED, ENGINEERS, SOUTH BENWELL, NORTHUMBERLAND. 
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LETTERS TO THE EDITOR. 


THE REPORT OF THE BRIDGE 
STRESS COMMITTEE. 
To THE EpITor oF ENGINEERING. 


Sir,—Mr. L. H. Swain, in your last issue (page 672), 
complains that the Bridge Stress Committee have con- 
demned “ work done in India ” and that I have stated 
that certain formule used in India and elsewhere are 
“illogical and incorrect.” 

I have searched in vain for any criticism or condemna- 
tion of the valuable experimental work done in India, 
but I plead guilty to having made the statement to 
which he takes exception. The Committee’s views 
on this point are stated on page 8 of the Report and are 
perfectly definite. If Mr. Swain, after studying the 
reasons for these views, as set out in the Report, still 
believes that formule of the Pencoyd type are a logical 
means of expressing the influence on bridges of engine 
hammer-blow and other impact effects, no words 
from me will do him any good. 

My replies to his questions are :— 

1. A number of engineers in this country, in India, 
and elsewhere are working on the same problem in 
different ways, and the thanks of engineers are due to 
anyone who can increase our stock of knowledge on an 
important subject. At the same time, to take umbrage 
when our pet theories are upset by new facts or fresh 
light, is to put ourselves for the time being out of court. 

2. Whether the allowances for impact prescribed 
by current Indian practice are correct or otherwise, 
having regard to the characteristics of Indian locomo- 
tives, is a question which Mr. Swain should test for 
himself, in the light of the Bridge Stress Committee’s 
Report. 

If the bridge and locomotive engineers of this country 
or in India adopt the attitude of your correspondent 
when their practice is criticised, progress will be retarded 
and their thermal efficiency will be lowered in propor- 
tion to the amount of heat wasted. 

I do not assume that Mr. Swain’s letter reflects the 
views of all his colleagues on the Indian Bridge Com- 
mittee, as it is difficult to believe that this body, for 
whose careful and persevering work we, in this country, 
are most grateful, would allow pique, even temporarily, 
to cloud their reasoning faculties. 

ConraD GRIBBLE. 

London, June 3. 








THE EROSION OF GUNS. 
To THE EDITOR OF ENGINEERING. 


S1r,—With reference to the paper on “ The Erosion 
of Guns,” read before the Iron and Steel Institute 
by Messrs. R. H. Greaves, H. H. Abram, and S. H. 
Rees, and reproduced in your issue of May 24 (page 
653), I have read this with great interest and feel, 
like most other people interested, that these gentlemen 
have made a great contribution to the knowledge of 
this subject by their paper. 

In a German book entitled ‘‘ Modern War Methods ” 
(Kriegstechnik der Gegenwart), by Schwarte, is given 
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a brief description of the German long range gun Uruguayan Administration of Ports, Montevideo ; 


used in the bombardment of Paris. We may safely 


state that this gun is one of the most unusual guns so | 


far manufactured, inasmuch that the volume of charge | Sava river. 
| Yugo-Slavia; July 15. 


Tug Boilers.—The supply and delivery of two spare | 


was the largest ever used in a gun of its size, 1.e., 
367 Ibs. (not the largest ever used, but the largest for 
its size), while the projectile weighed 220 |b. Also, from 
the enormous velocity attained, the time that the pro- 
jectile was in the bore must have been longer than for 
any other gun. In this German book it is stated that 
the ramming and volume of the chamber altered to such 
an extent from round to round that the charge demanded 
a corresponding increase from round to round to allow 
for the change in the density of loading so as to produce 
as far as possible a constant muzzle velocity of 5,250 ft. 
per second. 

This statement shows that in the German long range 
gun, the erosion must have been very heavy near the 
commencement of the rifling, and this tends further 
to verify the conclusions arrived at by the writers of this 
paper of the importance of avoiding any Vena Con- 
tracta effect, inasmuch as the intense heat caused 
by this large volume of gas rushing from the chamber 
and scrubbing over the slight corner at the commence- 
ment of the rifling would melt the steel locally, and 
this would be accentuated by the length of time for 
which this operation was going on due to the length 
of time taken to get the projectile out of the bore. 

It further tends to show that the German gun did not 
become useless because of the high rubbing velocity of 
steel projectile on steel gun near to the muzzle, as many 
people think, but because of excessive erosion near to 
the commencement of the rifling. This, together with 
the conclusions arrived at by the authors of this paper, 
tends to show that a long forward taper on the chamber, 
if the chamber is in any way larger in diameter than 
the bore, is desirable on all guns. 

I am, Sir, 
Yours faithfully, 
Tuos. H. WesstTER, A.M. Inst.C.E. 

Gun Design Office, Messrs. Wm. Beardmore & Co., 

Ltd., Parkhead, June 3, 1929. 


INVENTIONS AND THE INCOME TAX. 


To THE EDITOR OF ENGINEERING. 








Str,—-I would supplement the remarks made by 
correspondents in recent issues of ENGINEERING with 
regard to the cost to the inventor of taking out patents 
and the diffidence of the income tax authorities. 

Some eleven years ago, I went so far as to appear 
in Court called by the local surveyor of taxes, and local 
retired tradesman being present to adjudicate claims. 
Result, when the surveyor of taxes made reference to 
his book to answer questions, there was no precedent 
to recite and he only could put the matter on a par with 
a commercial traveller and his expenses—I lost the case, 
and wasted my time. 

The “ constitutional’? remedy might be dealt with 
as given by Lord Decies. 

Yours faithfully, 
Justus JONEs, 
Urmston, Manchester, June 1, 1929. 








TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
Possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Diesel-driven Generating Set.—The supply and erection 
at the Minia power station of one Diesel engine-driven 
alternating-current generating set of approximately 
250 kv.-a., together with switch and control gear. e 
Egyptian Ministry of the Interior, Cairo; July 
(Ref. No. B.X. 5331.) 

Power Point Mechanisms.—The supply and delivery 
of alternating-current power point mechanisms. The 
Victorian Railways Commissioners, Australia; June 26. 
(Ref. No. B.X. 5334.) 

Conveying Plant.—The supply and delivery of one 
mechanical screen and conveyor ani two mechanical 
sludge and scum collectors. The S.ores Department, 
Johannesburg City Council, South Africa; June 20. 
(Ref. No. A.X. 8031.) 

Motor Omnibuses.—The supply of ten four-wheeled 
and two six-wheeled omnibus chassis. The New Zealand 


15. 


Government Railways; June 12. (Ref. No. A.X. 
8046.) 
Gas Tubing.—A firm at Sarajevo, Bosnia, Yugo- 


Slavia is desirous of receiving quotations from British 
manufacturers for the supply of some 15 tons of butt- 
welded (Stumpf geschweisst) black and galvanised 
gas tubes in sizes ranging from } in. to 2in. (Ref. No. 
AX, 8033.) 


Cranes.—The supply of three travelling cranes and 
accessories. The State Electricity Works, Montevideo, 
Uruguay ; July 17. (Ref. No. A.X. 8036.) The supply 

he 


of one hand-operated overhead travelling crane, 


| August 17. 








(Ref. No. A.X. 8037.) 


Bridge.—The construction of a bridge across the | 


The Ministry of Public Works, Belgrade, 
(Ref. No. A.X. 8039.) 


boilers for tugs in service at the port of Antwerp. The 
Municipality of Antwerp, Belgium; July 5. (Ref. No. 
A.X. 8052.) 

Hoisting Chain.—The supply of 3,200 m. (10,500 ft.) 
of hoisting chain for the hydraulic cranes in use in the 
docks and river quays at the Port of Antwerp. The 
Municipality of Antwerp, Belgium; June 20. (Ref. No. 
A.X. 8053.) 

Water Meters.—The supply of rotary and French-type 
water meters. The Egyptian Ministry of Public Works ; 
July 13. (Ref. No. A.X. 8054.) 

Pipes and Fittings.—The supply of an_ indefinite 


quantity of galvanised wrought-iron or mild-steel 
pipes and fittings for gas, water and steam. The 
India Store Department, Simla; June 24. (Ref. No. 


A.X. 8059.) 








LAUNCHES AND TRIAL TRIPS. 

‘“* Haxsy.”—Grain-carrying steamer ; triple-expansion 
engines. Trial trip, May 29. Main dimensions, 434 ft. 4 in. 
by 54 ft. 3 in. by 30 ft. lin. Built by Messrs. William 
Gray and Company, Limited, West Hartlepool, for 
Messrs. Sir R. Ropner and Company, Limited, West 
Hartlepool. 

** Kosmos.”-——Steamer, pelagic whaling factory ; 
quadruple-expansion engines. Launch, May 30. Main 
dimensions, 550 ft. by 77 ft. by 50 ft. 6 in. Displace- 
ment 32,000 tons. Built by Messrs. Workman Clark 
(1928), Limited, Belfast, for Messrs. Kosmos Whaling 
Company, Norway. 

‘* FaRRANDOC.”’—Single-screw Canadian lakes and 
eanals cargo steamer; triple-expansion engine. Trial 
trip, June 1. Main dimensions, 260 ft. by 43 ft. 4 in. 
by 20 ft. Built by Messrs. Swan, Hunter, and Wigham 
Richardson, Limited, Newcastle-on-Tyne, for Messrs. 
Paterson Steamships, Limited, Fort William, Ontario. 








BOOKS RECEIVED. 


The Institution of Mechanical Engineers. 
1928. Vol. Il. June to December. London: 
of the Institution. 

Hydraulic Laboratory Practice. Edited by JoHN R. FREE- 
MAN. New York: The American Society of Mechanical 
Engineers. 

Estimating. A Manual for Engineering Students, 
Draughtsmen, Cost Clerks, &c. By T. H. HARGRAVE. 
London: Sir Isaac Pitman and Sons, Limited. [Price 
7s. 6d. net.] 

Cours D’Electricité Industrielle. Vol. 1.  L’Electricité 
dans la science de VIngénieur. By A. DEFRETIN. Paris: 
Hermann et Cie. [Price 95 francs. ] 

Introduction a L’ Etude de la Physique Théorique. Vol. IV. 
Electricité et Magnétisme. By Renk Fortrat. Paris: 
Hermann et Cie. [Price 10 francs. ] 

Die Grundlagen der Tragfligel und Luftschraubentheorie. 
By H. Guavert. Berlin: Julius Springer. [Price 
12.75 marks. ] 

Turbo-Geblise und Turbo-Kompressoren. 


Proceedings, 
Offices 


By Dr.-INne, 


Bruno Eck and W. J. Kearron. Berlin: Julius 
Springer. [Price 28 marks. ] 

Aeronautical Research Committee. Reports and Memo- 
randa. No. 1168. Haperiments on a Model of the 
Airship R.101. By R. Jones and H. Bey, 
[Price ls. 8d. net.] No. 1173. Full Scale Deter- 


mination of the Effect of High Tip Speeds on the Per- 
formance of an Airscrew. By W. G. JENNINGS. 
[Price 9d. net.] No. 1190. Wind Tunnel Experiments 





| 


| 


| iron is necessarily on a very limited scale. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MippLesBrovuGH, Wednesday. 

The Cleveland Iron Trade.—Business in Cleveland pig 
Makers are 
off the market altogether. They have disposed of 
their output to the end of September, and are not 
quoting for delivery further ahead, but their ideas of 
values are at least half-a-crown above rates at which 
small business is passing. Buyers are much in evidence, 
but inadequate supply is keeping transactions within 
very narrow limits. An idle blast furnace is to be 
re-kindled at Messrs. Palmers’ Jarrow Ironworks next 
week, but the additional output will do little to relieve 
the stringent situation. Possibly small odd lots could 
still be purchased from the small holdings of merchants 
at 72s. 6d. for No. 1 quality, 70s. for No. 3 g.m.b., 69s. 
for No. 4 foundry and 68s. for No. 4 forge, but higher 
prices are being realised. 

Hematite.—East Coast hematite is in good demand 
both for home use and for shipment to the Continent, 
but quotations remain at a comparatively low level. 
Producers are fully sold for this month, but merchants 
have considerable quantities coming to hand against 
running contracts, and they are still selling at 74s. 
and upward, according to quality. Three additional 
blast furnaces may be put into operation in the near 
future. 

Foreign Ore.—There is little activity in foreign ore. 
Merchants have not much to offer, and users are well 
bought. Market rates are at the equivalent of best 
rubio at fully 23s. c.i.f. Tees. 

Blast-Furnace Coke.—Durham blast-furnace coke is far 
from plentiful, and up to 20s. is now paid for good average 
qualities, delivered here. 

Manufactured Iron and Steel.—There are no quotable 
changes in manufactured iron and steel. Nearly all 
departments are well employed, and orders are coming 
forward steadily. Common iron bars are 10/1. 15s. ; 


best bars, 111. 5s.; double best bars, 11/. 15s.; treble 
best bars, 12/. 5s.; iron rivets, 112. 10s.; packing 
(parallel), 8/7.; packing (tapered), 10/.; steel billets 


(soft), 61. 17s. 6d.; steel billets (medium), 71. 12s. 6d. ; 
steel billets (hard), 8/. 2s. 6d.; steel rivets, 117. 5s. ; 
steel ship plates, 8/7. 12s, 6d.; steel angles, 81. 28. 6d. ; 
steel joists, 8/. 2s. 6d.; heavy sections of steel rails, 
81. 10s.; black sheets (No. 24 gauge), 101. 10s.; and 
galvanised corrugated sheets (No. 24 gauge), 131. 15s. 

Imports of Iron and Steel.—Imports of iron and steel 
to Middlesbrough continue to show substantial reduc- 
tion. Returns issued this week give the detailed arrivals 
from Holland, Belgium, France, Norway, Sweden, 
Finland, India, Germany and coastwise during the 
seven months ending May 31 last, the figures for the 
same months a year ago, and for the corresponding pre- 
war period of 1913-1914. The total imports for the 
past seven months reached 102,939 tons, as against 
134,145 tons a year ago, and only 42,718 tons in the 
pre-war period. 

Shipments of Iron and Steel.—Monthly shipments of 
iron and steel from the Tees reflect a healthy state of 
trade. Aggregate loadings for May were returned at 
96,242 tons, or only 670 tons below the April total, 
which was the heaviest of any month for the past three 
years. May pig-iron clearances reached 32,718 tons—- 
the largest since March, 1926. Manufactured iron 
shipped last month amounted to 4,675 tons, and steel 
to 58,849 tons. Of the pig-iron despatched in May, 11,661 
tons went coastwise and 21,057 tons abroad; of the 
manufactured iron 2,397 tons went coastwise and 
2,278 tons to foreign destinations; and of the steel 
cleared 14,740 tons went coastwise and 44,109 tons 
overseas. Scotland was once more the largest receiver 
of pig-iron accepting 9,611 tons; while Italy took 
4,430 tons, Belgium 3,230 tons; Denmark 2,850 tons ; 
Germany, 2,830 tons; and France 2,533 tons. The 


on the Design of an Automatic Slot for R.A.F.31 | Cape was the largest buyer of manufactured iron, 
Section. By F. B. Braprietp and F. W. G. GREENER. | accepting 938 tons. Principal importers of steel were :—- 


[Price 9d. net.] No. 1196. Report on Progress 
during 1927-28 in Calculation of Flow of Compressible 
Fluid, and Suggestions for further Work. By Professor 

. I. Taytor. [Price ls. net.] No. 1204. Wind 
Tunnel Experiments on the Design of an Automatic 
Slot for R.A.F.34. Section. By F. B. BraprFieLp and 
F. W. G Greener [Price 9d net.] No. 1205. Full 


| 
| 
| 


Scale Tests of Bristol Fighter Aeroplane with R.A.F.30 | 


Wings, fitted with ‘‘ Pilot Planes 
By W. G. Jennincs. [Price 4d. net.] No. 1215. 
The Accelerated Motion of a Cylindrical Body through 
a Fluid. By H. Guavert. [Price 9d. net.] London: 
His Majesty’s Stationery Office. 

Department of Scientific and Industrial Research. Building 
Research. Special Report No. 13. 


” at the Wing Tips. | 


Effect of Tem- | 


perature on the Setting Times of Cements, and on the | 
Strength of Cements, Mortars and Concretes. By W.N. | 


THomas and N. Davey. London: 
Stationery Office. [Price ls. net.] 
Festschrift Prof. Dr. A. Stodola:zum 70 Geburstag iiber- 
reicht von seinen Freunden und Schiilern. Edited 
by E. Honeaecer. Ziirich: Orell Fiissli. 

24 marks. ] 


His Majesty’s 


[Price | 


Problems in Technical Mathematics. By A. H. Stuart. | 


Oxford University Press. London : 
Milford. [Price ls. net.] 

The Railway Year Book, 1929. London: The Railway 
Publishing Company, Limited. [Price 5s. net.] 

Kelly’s Directory of Merchants, Manufacturers and 
Shippers of the World, 1929. Vols. I andII. London: 
Kelly’s Directories, Limited. [Price 64s. post free. ] 

Portland Cement Association. Report of the Director of 
Research for the Year ending November, 1928. Chicago : 
Offices of the Association. 


Humphrey 


India, 6,309 tons; Argentina, 6,039 tons; Canada, 
3,585 tons; Natal, 3,082 tons: Australia, 2,850 tons ; 
Norway, 2,662 tons; The Straits, 2,107 tons; and 
Japan, 2,003 tons, 


Prersonat.—Mr. F. J. Henson, manager of the technical 
and research bureau of the Red Triangle Cement Organisa- 
tion, has been appointed a director of the Portland 
Cement Selling and Distributing Company, Limited, 
Ship House, 20, Buckingham Gate, London, 8.W.1.— 
Messrs. The Moss Gear Company, Limited, late of 
Thomas-street, Aston, Birmingham, have built and 
equipped a large modern factory at Chester-road, Tyburn. 
Their new postal address is: Crown Works, Tyburn, 
Birmingham.—Mr. C. Elliott has been appointed general 
manager of the Birmingham section of the British In- 
dustries Fair in succession to the late Mr. Charles Stanley. 
—The Mitcham works of The Mullard Radio Valve 
Company, Limited, have been acquired by Messrs. 
Mitcham Works, Limited, New-road, Mitcham Junction, 
Surrey.—Messrs. Spencer-Hopwood, Limited, have re- 
moved their London office from 74, Chandos House, 
Palmer-street, S.W.1, to more commodious premises at 
17, Dartmouth-street, S.W.1.—The head offices of 
Messrs. Wailes Dove Bitumastic, Limited, have been 
removed to larger premises at Collingwood Buildings, 
Newcastle-upon-Tyne.—Mr. I. W. Benson, late of 
Bush House, Aldwych, London, W.C.2, no longer 
represents the interests of Messrs. Marshall, Sons and 
Company, Limited, in Cummer asphalt plants and 
concrete mixers. All inquiries for these sections of 


Messrs. Marshall’s manufacturers should be addressed 


| to them at Britannia Iron Works, Gainsborough, 
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NOTES FROM THE NORTH. 


Giascow, Wednesday. 

Scottish Steel Trade.—A good deal of general uncer- 
tainty has existed amongst those connected with the 
Scottish steel industry during the past week or two re- 
garding the outcome of the general election, and now that 
the state of the different parties is known, doubt still 
prevails as to the future. Possible alterations, by the new 
Government, in the de-rating scheme, due to come into 
operation in October, are being discussed by all concerned. 
That and other questions affecting the trade are being 
debated just now, but, considering the present position of 
the various parties, it is not anticipated that any legis- 
lation of a drastic nature will be undertaken and 
few changes will therefore be made in existing conditions. 
In Scotland the steel trade shows no change since last 
report. The demand continues on moderate lines, and 
while producers are able to keep their plant in operation, 
no distance ahead can be seen. Fairly good deliveries 
are being made to the shipyards, but unless there is an 
improvement in new contracts at the yards the demand 
for steel will gradually ease off. In the black-sheet trade 
the position is very much as it has been during recent 
weeks. The heavier gauges move very slowly, but light 
sheets and galvanised sorts continue in fair demand. 
The following are the current market prices :—Boiler 
plates, 10/. 10s. per ton ; ship plates, 8/. 12s. 6d. per ton ; 
sections, 8/, 2s. 6d. per ton; black sheets, } in., 9/. per 
ton; galvanised corrugated sheets (No. 24 gauge), 13. 15s. 
per ton, all delivered at Glasgow stations. 


Malleable-Iron Trade.—In the West of Scotland 
malleable-iron trade a very quiet tone prevails and 
business shows no signs yet of opening up. Re-rolled 
steel bars are in slightly better demand, but prices are 
very poor, especially for export lots. ‘“‘Crown” bars 
are called 101. 5s. per ton for home delivery and 91. 15s. 
per ton for export, and re-rolled steel bars are 8l. per 
ton for home delivery and 7l. 15s. per ton for export. 


Scottish Pig-Iron Trade.—The state of the Scottish 
pig-iron trade is practically without change and only a 
limited demand exists. The number of furnaces in 
blast is 26, yet the output more than covers current 
requirements. The market quotations are as follow :— 
Hematite, 78s. per ton, delivered at the steel works ; 
foundry iron, No. 1, 75s. per ton, and No. 3, 72s. 6d. 
per ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scot- 
tish pig-iron from Glasgow Harbour for the week ending 
Saturday last amounted to 1,190 tons. Of that total 
1,164 tons went overseas and only 26 tons coastwise. For 
the corresponding week of last year the figures were 
511 tons. for overseas destinations and 86 tons coastwise, 
making a total shipment of 597 tons. 

Shipbuilding.—Conditions in the shipbuilding industry 
in Scotland cannot be said to have improved during the 
past month. The output was quite satisfactory but not 
one new contract was reported, and this is a very 
unusual state of affairs. While, however, official inti- 
mation is lacking, it is rumoured that one or two vessels 
have been booked. Shipowners in some instances do not 
view with favour the increased cost of new tonnage 
owing to the advance in the price of steel material, 
and where they were inclined to increase their fleets they 
are now reconsidering the situation. The output for 
the past month consisted of 38 vessels of 46,440 tons, 
and the following are the details :— 


Vessels. Tons. 

The Clyde ... aor re ane 24 44,791 

The Forth ... ere Sad Exe 7 1,061 
The Tay ... ae ¥en - — 

The Dee and Moray Firth 7 588 

Total . 38 46,440 


The Clyde total is about an average for the year to 
date, and brings the output for the five months up to 
88 vessels of 236,825 tons. That total is nearly 4,000 
tons under the figure for the same five months of last 
vear and about 57,000 tons under the record year of 
1913, when the figure was 293,997 tons. 








Contracts.-—Messrs. The B.E.N. Patents, Limited, 
92. Tottenham Court-road, London, W.1, have received 
an order for B.E.N.-Myers high-pressure washers from 
the London Midland and Scottish Railway Company.— 
Messrs. The English Electric Company, Limited, Queen’s 
House, Kingsway, London, W.C.2, have received an 
order from the Darlington Corporation Tramways for 
six complete four-wheel single-deck railless omnibuses, 
each having seating accommodation for 32 passengers. 
The equipment will consist of a single 60-h.p. motor, 
and standard foot-operated controller and rheostatic 
braking will be provided. 


_THE INSTITUTE or MeTats.—The preliminary details 
of the annual autumn meeting of the Institute of Metals, 
which meeting is to take place in Diisseldorf from 
September 9 to September 12 next, are now available. 
In the afternoon of the first day, the eighth annual 
autumn lecture will be delivered by Dr. A. G. C. Gwyer 
on “Aluminium and its Alloys.” The mornings of 
September 10 and 11 will be devoted to the reading and 
discussion of papers, and the afternoons to visits to works. 
On September 12, an all-day trip will be arranged to Essen 
to visit the works of Messrs. Friederich Krupp. © A 
detailed programme of the meeting will be issued in July. 
Members are asked as soon as possible to notify the 
secretary of their. intention of being present at the 


meeting. The office of the-Institute is -at-36, Vietoria-- 


street, Westminster, London, S8,W.1, 





SHEFFIELD, Wednesday. 

Iron and Steel.—Diminished activity in steel production 
in this district is widely attributed to the unsettling 
influences of the general election, but official returns 
show that the shrinkage in manufacture pre-dated the 
election by a considerable period. Sheffield’s gross 
output of steel in April, for instance, was 13,600 tons 
less than that of the preceding month, though it exceeded 
that of March, 1928, by 6,200 tons. It continues at 
about the level of 100,000 tons a month—which, despite 
unemployed capacity, is considered to be a fair average 
when competitive factors, economy schemes, and 
decreased purchasing power are taken into account. 
The re-opening of works brought the Lincolnshire total 
of steel output to 65,000 tons, this being 4,000 tons more 
than in March this year. Lincolnshire’s production of 
pig-iron—63,900 tons—was practically the same as in 
the preceding month. Prices still show an upward 
tendency, largely owing to the dearness of coke and 
serap, resulting from the foreign demand. To cover 
increased costs, Derbyshire foundry iron producers have 
increased their quotation by ls. per ton. The latest 
prices are as follow: Siemens’ acid-steel billets, 97. 10s. 
per ton; hard basic-steel billets, 7/. 15s. to 91. 15s. ; 
soft basic-steel billets, 77. ; Lincolnshire foundry pig iron, 
72s. 6d. ; Derbyshire foundry pig iron, 68s. 6d. ; Derby- 
shire forge iron, 64s. 6d.; Crown iron bars, 11l.; iron 
hoops, 127. ; steel hoops, 9/. 10s. to 91. 15s. ; basic-steel 
scrap, 67s. 6d. The heavy forges and foundries and 
the largest rolling mills are operating at moderate 
capacity. The gross tonnage leaves room for consider- 
able improvement, but on the whole there is a fair 
quantity of work forthcoming from British engineers, 
while export orders, though mostly taken at cut rates, 
account for a considerable number of forward contracts. 
Railway steel is opening out with greater promise. The 
electrical, automobile and chemical industries continue to 
make heavy demands on local works; while aircraft 
steel embodying the highest quality, and munitions 
for foreign use are being supplied. Good business is 
being done in road-making, engineering, and mining 
tools, plough steel, rake steel sections and castings are 
in demand from agricultural engineers, and inland 
works are taking substantial quantities of scythes, 
chaff and turnip-cutter knives. 


South Yorkshire Coal Trade.—Further easement is 
shown in the house coal position. Stocks are growing 
and pits are working short-time, but among distributors 
a determined effort is being made to maintain values at 
their current level. The industrial demand is patchy. 
Inland deliveries under contract are considerable. 
Exports are again broadening, and supplies under quota 
arrangements are largely absorbed. Furnace and foundry 
coke are steady at an advance of ls. per ton. There is 
an improved demand for steel-making coke. Quotations: 
Best branch handpicked, 27s. to 28s. 6d.: Derbyshire 
best brights, 20s. to 23s. ; best house, 19s. 6d. to 20s. 6d. ; 
screened house coal, 17s. 6d. to 18s. 6d. ; screened house 
nuts, 16s. to 17s.; Yorkshire hards, 15a. 6d. to 16s. 6d. ; 
Derbyshire hards, 15s. 6d. to 16s. 6d.; rough slacks, 
8s. 6d. to 9s. 6d.; nutty slacks, 6s. to 7s.; smalls, 2s. 
to 4s. 








CALENDAR.—We have received a weekly tear-off 
calendar from Messrs. W. T. Henley’s Telegraph Works 
Company, Limited, 11, Holborn Viaduct, London, E.C.1. 





THe Sm Jonn Cass TsCHNICAL INstTrITUTE.—A 
report on the work of the Department of Petroleum 
Technology of The Sir John Cass Technical Institute, 
Jewry-street, Aldgate, London, E.C.3, during the session 
1928-29, shows that there were 145 class entries and 
that the student hours totalled 2,153. The courses 
arranged comprised : lectures on petroleum technology ; 
introduction to the chemical and physical properties of 
petroleum ; properties, applications and examination of 
petroleum; and applications of engineering and 
mechanical drawing. 

CANADIAN EectricaL Copr.—We learn from a 
recent issue of the .Canadian Engineering Standards 
Association Bulletin that the Canadian Electrical Code has 
been adopted by the city of Dalhousie, New Brunswick, 
and by the Electrical Journeymen’s Trade Association 
of Saint John, New Brunswick. Furthermore the new 
Licensing Act of the Province of Saskatchewan officially 
recognises the Code. A meeting of the Alberta Electrical 
Association was held recently in Edmonton, at which 
the matter of the Provincial adoption of the Canadian 
Code was discussed; a special delegation subsequently 
interviewed the Premier in connection with the Code. 
A point of interest is that a French edition of the Code is 
being prepared for use in the Province of Quebec. 





THe Iron AND Steet InstrruTe.—As already an- 
nounced, the annual autumn meeting of the Iron and 
Steel Institute will be held at Newcastle-on-Tyne from 
September 10 to September 13 next. The reading and 
discussion of papers will take place in the Festival Hall 
of the North-East Coast Exhibition, on the mornings of 
the first two days, and the afternoons will be devoted to 
visits to steelworks, marine engineering and ship- 
building works, and other industrial installations on 
Tyneside. On Thursday, September 12, members will 
proceed by road to Middlesbrough, and will spend the 
afternoon visiting works in that district. The last day 
of the meeting, September 13, will be devoted to 4 
special visit to the exhibition and to various excursions 
in the Newcastle neighbourhood. Members are asked to 
notify the secretary of the Institute,,28, Victoria-street, 
London, 8.W.1, of-their intention of participating in the 
meeting, not later than Saturday, June 15 next. 
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NOTICES OF MEETINGS. 








Minne INnstiTuTE or ScoTLAND.-—Saturday, June 8, 
4p.m., Y.M.C.A. Institute, 30, High-street, Ayr. ‘‘ Recent 
Progress in Underground Conveying,” by Mr. 8S. Mavor. 

Orricat Socrety.—Thursday, June 13, 7.30 p.m., 
Imperial College of Science and Technology, South 
Kensington, S.W.7. ‘The Beam Given by Dioptric 
Apparatus,” by Dr. W. M. Hampton. Experiments, 
Demonstrations and Exhibits, arranged by the Technical 
Optics Department of Imperial College. 

Dieset Encotne Users’ Assocration.—Friday, June 
14,6 p.m. Caxton Hall, Westminster, S.W.1, “ Repairs 
to Diesel) Engine Parts by Electro-Deposition,’ by 
C. H. Faris. 


NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade,—Lack of shipping supplies continue 
to handicap the Welsh steam-coal trade. Exporters have 
business in hand, but are unable to place orders with 
collieries on account of their inability to secure suit- 
able boats to take cargoes. The result is that some col- 
lieries, though booked up on paper, find it difficult to 
avoid temporary stoppages owing to the shortage of 
ready shipping making it impossible to clear wagons 
quickly enough to ensure a good supply at the pits. 
In spite of these adverse influences conditions show some 
improvement and most collieries are able to maintain 
their prices on the basis of recent levels. Supplies of 
large coal are adequate to meet the demand, but smalls 
are none too freely offered and are tight in places. The 
feature, however, is the strength of washed duffs. These 
classes are.in short supply and in good request. Washed 
dry duff commands as much as 14s. to 15s., with 
bituminous duff from 16s. to 16s. 6d., while unwashed 
dry duff rules from 11s. 6d. to 13s., according to quality. 
Dry sized coals too are scarce and strong on the basis 
of 21s. 6d. to 23s. for nuts, with bituminous nuts round - 
20s. Shipments of coal as cargo foreign in the past week 
amounted to 481,250 tons, which was 97,000 tons more 
than in the preceding week and 121,000 tons greater 
than in the corresponding week of last year. Compared 
with a week ago, exports to France were raised from 
124,000 tons to 125,000 tons, to Brazil from 7,000 tons 
to 38,000 tons, to Egypt from 28,000 tons to 38,000 tons 
and to Italy from 36,000 tons to 59,000 tons. Clearances 
from Cardiff were increased from 201,000 tons to 301,000 
tons, and at Newport from 65,000 tons to 82,000 tons, 
but at Swansea remained stationary at 61,000 tons. 
Shipments from Port Talbot were lowered from 46,000 
tons to 31,000 tons and at Llanelly from 11,000 tons to 
7,000 tons. 

Profitable Mining.—For the first time since May, 1924, 
the working of the South Wales coal mining industry 
shows a profit. The joint audit for the three months 
ended April resulted in a credit balance of 99,0631., or 
2-24d. per ton, compared with a deficit of 222,149/. or 
554d. per ton in the previous quarter, and of 693,438/., or 
ls. 3-99d. per ton in the corresponding period of last 
year. The improvement was due to a rise of 44d. per 
ton in the average realised pithead price and a reduction 
of 3}d. per ton in the cost of production. Exports in 
the quarter ended April last amounted to 5,677,000 tons 
compared with 5,568,000 tons in the previous three 
months and 5,382,000 tons in the corresponding period of 
last year. Shipments however, still remain considerably 
less than pre-war exports, when the quarterly average 
was in the neighbourhood of 7,400,000 tons. 


Iron and Steel.—Exports of iron and steel goods in 
the past week amounted to 10,141 tons compared with 
17,012 tons in the preceding week. Shipments of tin- 
plates and terne-plates fell from 7,917 tons to 6,715 tons, 
black-plates and sheets from 1,969 tons to 128 tons, and 
galvanised sheets from 4,852 tons to 656 tons but those 
of other iron and steel goods were raised from 2,274 
tons to 2,642 tons. 








ALUMINIUM PaInt FoR WarsHIPs.—Our attention has 
recently been drawn to the use of aluminium paint for 
warships by the United States Department of the Navy. 
In a bulletin issued some time ago by the Bureau of 
Construction and Repair of that Department stress is 
laid on the light weight and other advantageous properties 
of the paint. In May, 1927, the use of aluminium paint 
was authorised as a priming coat, in place of red lead, 
for the exterior and interior metal surfaces of the new 
light cruisers Salt Lake City and Pensacola. It was 
directed, however, that the paint should not be employed 
for the outer hull, below the level of the second deck, 
nor for the interiors of water and bilge tanks. This 
decision was prompted by the fact that the paint tends 
to soften and blister when submerged for long periods in 
either salt or fresh water. Again, the paint cannot 
withstand the action of petroleum, and it was not, 
therefore, used for the interiors of fuel-oil tanks. In 
September, 1927, the use of aluminium paint was further 
extended, and it was adopted as a finishing coat for a 
large number of spaces, including magazines and store- 
rooms. Subsequent reports showed that the paint was 
giving as satisfactory results in service as red lead would 
have done; moreover, it possessed a number of distinct 
advantages, apart from the saving in weight. The 
interior lighting of the ships was improved and the 
appearance of the paint was superior to that of red lead. 
Again, it was a more agreeable material to work with 
than the lead paint and the finished coat could be more 
easily inspected. In view of the results obtained, the 
use of aluminium paint has been authorised for other 
light cruisers. now under construction for the United 
States Government, 
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POWER STATION PROBLEMS. 


THE very marked improvement effected of late 
years in the thermal efficiency of power stations 
has not been free from drawbacks, illustrating 
once again the truth of the Zoroastrian theory that 
every good gift of Ormuzd is marred somewhere 
by Ahriman’s interfering finger. A few years ago 
600 deg. F. was taken as the standard temperature 
of smoke-stack gases. To-day it is now sometimes 
as low as 236 deg. F., with the result, thatin certain 
weather conditions the spent gases tend to hang 
round the region of discharge. The matter is aggra- 
vated by the fact that in a high-efficiency furnace 
excess air is reduced to a minimum, whilst the CO, 
content may reach 16 per cent. In other weather 
conditions another trouble may arise from the 
chimney-stack being cooled so much that the gases 
passing through it have their temperature lowered 
below the dew-point. The resultant condensation 
on the inner surface of the stack being highly 
charged with the acid products of combustion, may 
occasion serious corrosion. An obvious remedy is 
to provide an air space between the inner and outer 
surfaces of the chimney, thus lessening the flow of 
heat through the wall. 

The introduction of pulverised fuel, again, raised 
the problem of clearing the flue gases from dust. 
This was the main objection advanced against the 
pioneering labours of Mr. C. Bettington, whose 
system of firing by pulverised fuel was at work 
in the Johannesburg power station before the war, 
in which the inventor,’ one of the early volun- 
teers, lost his life. Fortunately, some of the coals 
mined in the United States are remarkably free from 
ash, a characteristic which was largely responsible for 
the success with which American engineers overcome 
the difficulties invariably associated with every large 
departure from traditional practice. The experience 





thus gained made it a eeuaaiealibe bie on, to adopt 
the system with less exceptional fuels, and,“ as 
we described in our issue of September 18, 1928, 
a coal containing no less than 18°33 per cent. 
of ash is being successfully used in the pulverised 
fuel plant at the Calumet station of the Common- 
wealth Edison Company, Chicago. Infraction of the 
city ordinances against atmospheric pollution is 
avoided, in this case, by passing the gases through 
a washer before discharge. It will not be sur- 
prising if this practice becomes general in the 
future—at least, in the case of super-power stations. 
The method has the advantage of removing acids 
as well as dust, and would go far to silence the not 
always well-informed critics of metropolitan power 
stations. At the Trenton Channel Power Station 
85 per cent. of the total dust carried by the flue 
gases is deposited electrically. 

Whilst pulverised fuel has been adopted at 
Chicago, there is, we understand, no intention of 
extending the use of the system in New York. There 
it has proved perfectly satisfactory where adopted, 
but New York is in the fortunate position that 
of the coals available, the best quality is also 
the cheapest, and this can be burnt satisfactorily 
with under-feed stokers, which work well through 
a surprising range of output. Those to be in- 
stalled at Battersea will, we learn, be able to work 
at any rate between 300 Ib. and 2,100 Ib. of coal per 


0 hour per foot of furnace front, and the boiler effi- 


ciency will be quite good, even when the rate is 
1,800 lb. per hour. The range at Battersea will 
be greater than that at any existing New York 


5| station, but even so, the flexibility is such that 


peaks at New York are taken without any need for 
heat storage. This is done by speeding up simul- 
taneously the stokers and induced draft fans. At 
Chicago, owing to the large sulphur content of the 
coal and the corresponding low fusibility of the ash, 


740 |it was considered impractical to use under-feed 


stokers, and hence, when it became necessary to 
instal boilers with an evaporative capacity double 
that of the best of those already in place, recourse 
was had to firing by pulverised fuel. 

In the conditions prevailing in New York, it has 
been thought best to instal giant turbo-generators 
having a very exceptional overload capacity. This 
latter feature, with the added requirement of a flat 
efficiency curve, has necessarily involved some 
sacrifice of efficiency at normal rating, but it is 
claimed that the overall result is better than could 
have been attained in any other way. Certainly 
the New York supply company is exceedingly 
prosperous, though it sells current at less than pre- 
war prices, and out of every dollar earned, 14 cents 
go in city taxes, whilst but 4 cents go to the share- 
holders. This condition contrasts strongly with the 
results usually attained with municipal power plants 
in America, which, in general, so far from making 
any contributions to municipal funds, have com- 
monly to be rate supported. 

Whilst the trend in America has been towards 
very large generating units, there are many engineers 
who maintain that a machine developing 25,000 kw. 
and designed for a 29-in. vacuum, is as large as 
British conditions demand. Such machines can 
run at 3,000 r.p.m., so that all component parts 
are relatively light and are easily handled. With 
eight such units in a station instead of four 
50,000 kw. machines, two could be out of service 
at a time, say, one under repair and the other stand- 
ing by. This would give greater security of supply 
than would the fewer and larger machines, which 
having to run at 1,500 r.p.m. would moreover be 
necessarily of more massive construction. Additional 
switchgear would, of course, be required with the 
more numerous machines, but it is claimed that this 
drawback is more than counterbalanced by the 
gains. 

As matters stand, some designers are prepared 
to go up to ratings of 40,000 kw. at 3,000 r.p.m., 
the machines being designed for a vacuum of 
28} in. Beyond this limit of output it will be 
necessary, if a reasonable vacuum is specified, to 
run at 1,500 r.p.m., which implies a very large 
increase in dimensions and weights. This follows 
because turbine efficiencies depend mainly on the 


value of N (wo) (Sa) where d denotes some 
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characteristic diameter and N is the number of 
stages. A somewhat similar rule applies also to 
the generator. 

The introduction of progressive feed heating has 
simplified considerably the problem of obtaining 
large outputs from high-speed turbines. Centrifugal 
stresses fix a limit to the maximum diameter of 
blading associated with a stated speed of revolution, 
and the possible output is then limited by the 
necessity of minimising the kinetic energy of the 
steam as discharged from the last stage. At a 
29-in. vacuum the specific volume of this steam may 
exceed 600 cub. ft. per lb., and if this leaves with a 
velocity of say 600 ft. per second, the kinetic energy 
carried away by each pound passed will be 7-2 
B.Th.U.. This represents work which might have 
been usefully expended in driving round the rotor. 

The loss varies as the square of the residual 
velocity and in the past has in some cases, admittedly 
exceptional, amounted to nearly 10 per cent. of the 
total thermodynamic head. It is the necessity of 
reducing residual velocities which has led to the 
general adoption, for large outputs, of the double 
flow low pressure turbine, which was a characteristic 
feature of the famous plant supplied by Messrs. 
Parsons to Elberfeld in 1900. In some recent 
installations a triple-flow exhaust has been provided. 

Where progressive feed heating is adopted, 
about 20 per cent. of the total steam is withdrawn 
from the turbine before the last stage is reached. 
This implies that the steam way required at this 
stage is correspondingly less than would otherwise 
be necessary, and the gross output obtainable 
with a turbine designed to run at 3,000 r.p.m., 
whilst making effective use of a 29-in. vacuum is 
materially increased. As recently as 1919. Mr. 
J. P. Johnson of the American Westinghouse Com- 
pany, published a diagram which indicated that 
the maximum economical rating for these con- 
ditions was 10,000 kw. To-day this figure has by 
various expedients been raised to at least 25,000 kw. 

High superheats improve efficiencies, but, taken 
per se, would tend to reduce outputs owing to the 
associated increase in the volume of the exhaust 
steam. This tendency has, however, been counter- 
acted both by improvements in turbine design 
and by the adoption of higher initial pressures. 
So far, turbines seem to have stood up well 
under high temperature conditions. The standard 
case is that of the Langerbrugge Station, where a 
pressure of 750 lb. per square inch is used with a 
steam temperature of 850 deg. F., a figure which 
has on occasion been exceeded. In a _ recent 
issue of the transactions of the Am. Soc. Mech. Eng., 
Mr. George Orrok describes a visit to this station, 
during which he saw the turbine with the magnesia 
cover removed. The machine, he stated, ‘‘ seemed 
to be red hot, it was impossible to get within 
8 ft. of the turbine, and yet it had been running 
successfully at that temperature (850 deg. F.) 
for two years.” 

SAFETY OF LIFE AT SEA. 

Last week the International Conference on 
Safety of Life at Sea, which had been sitting in 
London since April 16, adopted unanimously a 
Convention intended to take the place of the 
existing Convention of 1914, from July 1. 
The governments represented at the Conference, 
in addition to the United Kingdom, Canada, 
Australia, the Irish Free State, and India, were 
Belgium, Denmark, Finland, France, Germany, 
Italy, Japan, the Netherlands, Norway, Spain, 
Sweden, the Union of Soviet Republics, and the 
United States, and the Convention carries out the 
views at which its committees arrived. For practical | 
purposes it may, subject to ratification, be taken | 
to represent the decision of the entire maritime | 


world. On many points, indeed, relating to ocean- | 


as 





going passenger ships an international standard | more motor life-boats on vessels carrying a large | 
had been agreed at the 1914 Conference, but, as | number of boats, and the certified inclusion among | 


Vice-Admiral Sir Herbert Richmond pointed out, | 
the standards of that year had not been ratified by | 
all the signatory powers and had never been applied | 
internationally. Since 1914 marked advances have | 
been made both in the types and the methods of con- | 
struction of passenger ships, and all maritime powers | 


have gained much additional experience. The con- | 


clusion of this Convention is accordingly an important | sengers. Yet unless they are carried under the davits | 
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incident in maritime history, and we hope in a 
subsequent issue to give some account of the 
provisions it will standardise. Meanwhile in 
recording the gratifying unanimity at which the 
Conference has arrived, it may be of interest to 
give a short outline of the Convention. 

In the important questions relating to the 
structure of ships, and in particular in regard to 
the methods by which the flow of water can be 
controlled or retarded after the hull has been 
penetrated, the Convention has adhered with 
little modification to the standards of subdivision 
suggested for passenger vessels by the 1914 
Conference, and has relaxed to some extent the 
requirements for vessels carrying from 12 to 50 
passengers. By such adjustments it has been 
able to apply its specifications of the number and 
spacing of bulkheads to all sea-going ships which 
in the course of international voyages are more 
than 20 miles from the nearest coast, a provision 
substantially more comprehensive than was possible 
in 1914. In the light of the considerations regarding 
the stability of ocean-going passenger ships, to which 
Professor William Hovgaard drew attention in 
our issues of April 19 and 26, it seems questionable 
on the information at present before us whether it 
has been found possible to take adequate account 
of the nature of the sub-divisions as well as of their 
number and spacing. It must be admitted, 
however, that of the several classes of question 
which called for the consideration of the Conference 
those relating to the construction of hulls have 
perhaps least to gain from international agreement. 
The circumstances which Professor Hovgaard 
described in his temperate and forcible articles will 
doubtless receive from naval architects the attention 
they deserve, and it will be surprising if the modi- 
fications of practice to which they should lead do 
not follow spontaneously from the mere weight of 
enlightened professional information. Another 
requirement of the Conference on the same subject, 
carrying out a recommendation also made in Prof. 
Hovgaard’s paper, should, however, be of con- 
siderable use. It is a general practice to take 
particulars of a ship’s stability before she is placed 
on service, and the Convention now makes it 
obligatory for such information to be obtained 
in regard to all new passenger vessels, and to be 
supplied to the master of the ship for his guidance. 
Provided, as Professor Hovgaard premises, that 
officers of merchant ships have been so trained at 
nautical schools in the theory of buoyancy and 
stability as to understand their practical meaning, 
the necessary possession of such data must be of the 
utmost value in conditions of emergency. 

The requirements of the Convention in respect 
to life-saving apparatus, though by the weight of its 
authority they promote the use of the best measures, 
are no less significant in drawing attention by 
implication to the room that still remains for 
mechanical improvement in their design. A vessel 
that founders in smooth weather slowly and on a 
level keel gives its life-saving apparatus the oppor- 
tunity of showing all it can do. Experience since 
the last Conference has, however, confirmed previous 
knowledge in emphasising the conviction that in the 
absence of these conditions which clearly cannot be 
counted on, the apparently simplest contrivances may 
fail to work. The Convention reaffirms the obliga- 
tion of providing sufficient boats, of distributing 
them to the utmost possible extent over the length of 
the ship, of supplementing them by a supply of 
light buoyant apparatus for those whom time has 
prevented from reaching a boat, and of sub- 
stituting approved rafts only for boats carried 
normally inboard and not for those carried under 
the davits. It prescribes the general character of 
the boats and of the arrangements to be made to 
ensure their effective use, the provision of one or 


the crew of a sufficient number of men trained in 
all operations connected with launching the boats, 
the use of oars, and the practical handling of the 
boats themselves. The types of lifeboat adopted 
under the 1914 Convention proved themselves 
completely suitable for use as heavy sea-going craft, 
capable of carrying considerable numbers of pas- 
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themselves, there is doubt of their getting away 


from the ship in time, and when the ship has sunk 
rapidly and in particular has taken a heavy list, 
the boats carried under the 1914 Convention else- 
where than under the davits have seriously impeded 
the clearance of the passengers in such boats as 
could be used. Whether any improvement in the 
design of boats or apparatus for handling can be 
made effective in the face of the difficulties to which 
their use may be exposed, the Conference has at 
least done some good in codifying the best recom- 
mendations to be derived from experience with the 
boats and apparatus as yet available. 

The direction in which most has been done to add 
to the means of safety at sea is by radiotelegraphy. 
Of the existing total of 11,000 merchant steam 
ships and motor ships of 1,600 tons and upwards, 
10,000 are equipped with a wireless installation, and 
subject to the liberty to each administration to 
postpone the application of the rule so far as it 
relates to ships below 2,000 tons, all ships engaged 
in international voyages except cargo ships of less 
than 1,600 tons, must under the Convention 
carry an efficient installation and a qualified 
operator. The Convention makes provision more- 
over for the maintenance of a constant watch within 
prescribed hours where an automatic alarm is not 
installed, so as to give the utmost protection against 
the risk of calls of distress being lost. This indeed is 
a class of work in which nothing can replace inter- 
national agreement, and an analogous character 
attaches to the provisions of the Convention in 
regard to safety of navigation, such as reporting 
dangers, collecting and distributing meteorological 
information, and the like. 

These are some of the more important results 
derived from the Conference.’ It will be felt that 
its success is a matter on which all maritime coun- 
tries are to be congratulated. 








NOTE. 
Tue Kirna’s BrrtupAy Honours List. 


Tue official list of honours conferred by H.M. the 
King on the occasion of his sixty-fourth birthday 
contains the names of many engineers and gentlemen 
in scientific and other cailings more or less closely 
connected with the engineering profession, and we 
would like to offer our sincere congratulations 
to all those whose names appear therein. The list 
as a whole is longer than usual, and the range 
covered is perhaps wider than has been the case 
for some years past. A baronetcy has been con- 
ferred upon Sir Arthur Balfour, K.B.E., Chairman 
of the Committee on Industry and Trade, and knight- 
hoods upon Professor H. C. H. Carpenter, F.R.S.. 
of the Royal School of Mines, Imperial College of 
Science and Technology ; upon Mr. R. T. Nugent, 
Director of the Federation of British Industries ; 
upon Mr. S. C. Stuart-Williams, Chairman, Calcutta 
Port Commissioners ; and upon Mr. C. V. Raman, 
Professor of Physics, Calcutta University. Sir 
John Cadman, K.C.M.G., the distinguished minin: 
engineer, has been promoted to be Knight Grand 
Cross of that order, and Sir Arthur McD. Duckham, 
K.C.B., Chairman of the Economic Mission to 
Australia, has been appointed a Knight Grand Cross 
of the Order of the British Empire. The Companion- 
ship of the Order of Bath has been awarded to Mr. 
A. W. Johns, C.B.E., Deputy Director of Naval 
Construction, Admiralty, and the C.M.G. to Dr. L. 
Cockayne, F.R.S., in respect of honorary scientific 
services to the Government of the Dominion of New 
Zealand. Engineer-Captain J. J. C. Brand, Royal 
Australian Navy (retired); Mr. N. G. Bell, late 
First Commissioner, Australian Commonwealth 
Railways; Mr. P. N. H. Jones, 0.B.E., Director of 
Public Works, Bermuda; Mr. F. W. C. Dean, 
Superintendent, Royal Gun and Carriage Factories. 
Woolwich ; and Mr. N. White, Chief Engineer and 
Secretary to the Government of the Punjab. 
Irrigation Branch, have received the C.B.E. The 
lists of Officers of the Order of the British Empire 
include the names of Dr. F. Dixey, Director of 
Geological Survey, Nyasaland Protectorate; Mr. 
W. A. Pover, Executive Engineer, Ministry of 
Communications and Works, Iraq; Major T. C. 
Aveling, M.Inst.C.E., Chairman of the Birmingham 
Pension Hospitals Committee ; Mr, A, D. Erskine, 
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Officer for Light-Railway Work, Ministry of Trans- 
port; Mr. A. Tarrant, Principal District Officer, 
Survey Service, Mercantile Marine Department, 
Board of Trade ; Mr. W. M. Hayes, Survey Depart- 
ment, Egypt ; and Mr. J. C. Walker, Chief Engineer, 
Sudan Government Railways. Among those upon 
whom has been conferred the Membership of the 
Order of the British Empire are Mr. E. W. Davy, 
Assistant Director of Agriculture, Nyasaland 
Protectorate; Mr. E. 8. Curphey, Constructor, 
Department of the Director of Dockyards, Admiralty; 
Mr. T. C. Bramah, Superintendent, Cadastral 
Survey, Sudan; Mr. H. T. Denson, Locomotive 
Works Manager, Sudan Government Railways ; 
and Mr. A. T. Wood, Assistant Works ‘Manager, 
Ammunition Factory, Kirkee. Mr. J. McGlashan, 
Chief Engineer, Calcutta Port Commissioners ; 
and Mr. Measham Lea, O.B.E., late Chief Engineer, 
Karachi Municipality, have been awarded Com- 
panionships of the Order of the Indian Empire ; 
and Mr. E. W. Rees, M.B.E., Engineer, Office of 
Works; and Mr. C. W. Roberts, Chief Examiner, 
of Engineers, Mercantile Marine Department, 
Board of Trade, have received Companionships 
of the Imperial Service Order. 








THE INCORPORATED MUNICIPAL 
ELECTRICAL ASSOCIATION. 


THE thirty-fourth Annual Convention of the 
Incorporated Municipal Electrical Association was 
held at Torquay this week under the presidency of 
Mr. A. Nichols Moore, Borough Electrical and 
Tramways Engineer of Newport (Mon.). Over 
1,000 persons were registered as attending, this 
number including not only committee and engineer 
members, but visitors representative of every 
branch of the electrical industry. The character 
of the gathering, in fact, is such that it realises 
in practice, if not in theory, the conception of the 
‘all-electric’? convention, of which so much 
was heard some years ago. On this occasion a 
considerable part of the proceedings were not 
strictly speaking technical, but the Presidential 
Address and the papers presented dealt analytically 
with some of the problems, which are, at present, 
exercising the minds of those responsible for the 
conduct of municipal electricity supply under- 
takings. 

The formal proceedings opened in the Pavilion 
on Tuesday morning, June 4, when a civic welcome 
was extended to the Association by the Mayor of 
Torquay (Councillor Harry Green, J.P.), after which 
the Presidential Address was delivered by Mr. A. 
Nichols Moore. 

PRESIDENTIAL ADDRESS. 

The President began by reviewing the work of 
the Association during the past year, both as regards 
its internal affairs and its dealings with other 
hodies. 

Dealing with the work of the Electricity Com- 
missioners and the Central Electricity Board in 
the formulation of schemes for re-organising the 
electricity supply of the country on national 
lines, he said that what had been already done 
was more a matter for commendation than criticism. 
Political influences had, however, forced the pace, 
and those responsible for the schemes would 
probably have welcomed the opportunity of pro- 
ceeding more slowly, and to have tried out one or 
two schemes first, so as to ascertain whether they 
were working on the right lines. The politicians 
had dangled the bait of cheap electricity before the 
public to secure acquiescence in their major pro- 
posals, but this could not be realised, until legisla- 
tion had also been enacted for the whole system of 
distribution. The grid had, in fact been aptly 
described as a great adventure, and it was now 
becoming a definite conviction that however much 
the Act might assist in securing economic generation, 
it could not alone solve the problem of an ample 
and cheap supply throughout the country. That 
being so, in what direction must an improvement 
be sought ? 

It could, generally speaking, be shown that as 
a rule’ municipal control had resulted in the 
provision of supplies of electricity at a more 
economic rate than by private enterprise. The 
question was whether that condition would still 
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obtain, having regard to the changes now taking 
place and the necessity of greater development in 
both rural and industrial areas. Undertakings 
were now extending their areas, but in considering 
what should be done in this direction a municipality 
might not always be able to deal with the matter 
impartially owing to the intervention of local 
politics and the tendency to treat the electricity 
department, not as a business, but merely as a 
branch of the Corporation. A disinclination to 
accept ordinary commercial risks was another 
factor which gave rise to difficulties. This also 
applied to private enterprise with the result that 
because an extension into certain parts of the 
area would not produce dividends, those parts 
remained absolutely undeveloped. Another de- 
terrent effect was caused by the large number of 
undertakings now in existence. Though these 
undertakings would soon only be able to obtain a 
supply from the Central Electricity Board they 
would still remain autonomous as regards adminis- 
tration and charges, with the result that the 
benefits, which should arise from the national 
scheme of generation and transmission, would be 
limited owing to the absence of a co-ordinated 
scheme of distribution. 

To secure such a scheme many technical pro- 
blems would have to be solved, though it was 
within the bounds of practical politics. In the first 
place, however, distribution should be handled by 
bodies of increasing size controlling greatly-extended 
areas, while whole questions of electricity supply 
must also be taken out of the realm of local politics. 
What was, in fact, required was rationalisation, 
which meant the employment of all means of 
technique, and ordered plans to elevate the whole 
of industry, and to increase production, lower its 
cost and improve its quality. 

A vote of thanks to the President for his address 
was proposed by Mr. Arthur Ellis and seconded 
by Mr. Councillor J. Taylor. 


WHITLEYISM IN THE ELrctriciry SuPPLy 
INDUSTRY. 

A paper on “ Whitleyism in the Electricity Supply 
Industry from a Management Point of View ”’ was 
then presented by Alderman W. Walker, who said 
that before the adoption of the Whitley scheme 
there had been no uniformity in conditions of 
service or rates of pay. This was bad for both 
employer and employed. So great was the need 
for improvement, in fact, that during the war an 
Employers Joint Standing Committee was formed, 
which finally developed into one National Joint 
Industrial Council and 13 District Joint Industrial 
Councils, on which both the supply undertakings 
and their employees were represented. The 
National Joint Council delegated to each of the 
District Councils the important duty of negotiating 
a schedule of conditions of work and rates of 
pay for its own area and itself strove to secure some 
uniformity between the schedules for the different 
districts. A test of the value of these bodies 
was the absence of critical disputes and stoppages 
and a general improvement in the relationship 
between the management and the men. 

After reviewing the work done by these Councils, 
the author said that the most critical event since 
the introduction of Whitleyism was the General 
Strike, though it was satisfactory to find that 
the majority of the workmen and the whole of the 
staff had remained loyally at work. Owing to what 
happened, however, the employers refused to 
continue their association with the National Joint 
Council without guarantees. It was finally agreed 
that nothing in the nature of a “ lightning ” stoppage 
should take place and that undertakings might 
require an employee to sign an agreement that his 
service was in accordance with the conditions of 
the Joint Councils. Attention was also drawn to 
two features of the many claims advanced. The 
Trades Union representatives making them had, 
in nearly every case, only a small proportion of 
their members employed in the electricity supply 
industry and they had also made agreements in 
other industries embodying much lower rates of 
pay than those existing in the former. Yet their 
main efforts appeared to be concentrated on getting 
still more out of the electricity supply industry, 
instead of trying to bring the others nearer to that 
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standard. Such increases could only be effected 
at the expense of the depressed industries and 
would lead to deep resentment. The great majority of 
employers were anxious to have contented workmen, 
and were prepared to uphold reasonable conditions, 
but it was useless to deny that such far-reaching 
demands, as those instanced, were raising doubts 
as to whether the organisation was not being used 
unfairly. It was to be hoped, therefore, that careful 
consideration would be given by both sides before 
making any proposal, which would materially alter 
schedule conditions, and that its effect on other 
industries would be thoroughly investigated. 

The question whether wages and conditions of 
employment should be dealt with under national 
or district agreements required careful discussion. 
The adoption of the latter policy had led to dis- 
concerting differences between district and district. 
He thought that any claim which would sub- 
stantially alter existing conditions should be made 
to the National Joint Council, and that complete 
statistics of all wages and conditions in industry 
generally should be kept by a central organisation. 
The areas of the District Councils might also be 
altered to coincide with those of the schemes of the 
Central Electricity Board. This would have the 
effect of reducing their number from thirteen to 
eight, and would have the advantage of bringing 
all workmen within one area under the same 
conditions. Other. important questions were: 
Whether the decision of an Industrial Joint Council 
should, or should not, be made compulsory, and 
whether support should be given by the electricity 
supply industry to the Industrial Councils Bill. 
This measure, which was adoptive only, was the 
logical outcome of the Whitley scheme. It 
provided a means for overcoming the reluctance 
of a few concerns to conform to the conditions 
under which the remainder had agreed to work, 
while providing ample safeguards against tyranny. 
The other application of Whitleyism to the electricity 
supply industry was the formation of National and 
Joint District Boards to deal with matters relating 
to the technical staff. The completion of “ Con- 
ditions of Service and Schedule of Salaries”? had 
been difficult work, but was well worth while, and 
a return to the old chaotic conditions was incon- 
ceivable. The scheme also provided that power 
station engineers should be properly trained, and 
arbitration was assured on any matter the District 
Joint Boards failed to settle. The changing 
conditions brought about by the schemes of the 
Central Electricity Board meant that an alternative 
way of fixing the basic salary would have to be 
found, and both sides were now considering this 
problem separately. One feature that had been 
revealed was that there were far too large a number 
of descriptions of staff members, and one result of a 
new schedule would be, it was hoped, a reduction 
in the number of titles used. 

The discussion on this paper was opened by the 
Mayor of Newport (Councillor W. Griffiths), who 
was announced by the President as still being a 
working railwayman. He said that one matter 
for consideration, which arose from a study of 
Alderman Walker’s paper, was whether they were 
getting the best out of the conciliation system now 
in operation. In the old days a great deal of 
managerial time had been occupied in dealing with 
individual applications. The new machinery ob- 
viated this by standardising wages, and a great 
cause of dissatisfaction had also been thereby 
removed. As a result, workers generally were 
more satisfied, and their service was more efficient. 
Another benefit was that the management had 
more time in which to perfect the organisation. 
Nevertheless, demands were still being received 
which might be considered both extravagant and 
irresponsible. To prevent that, employees must 
be educated to see that more could not be got out 
of an industry than was put into it, and that the 
more they put in the more they could get out. The 
best way of ensuring this was to invite employees 
to take some share in the control of the under- 
takings. Development along these lines would, he 
felt sure, be productive of great good. 

Alderman E. Huntsman pointed out that the 
Whitley Oouncils had been inaugurated with a 
view to improving conditions and inducing better 
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feelings between employers and employed. Both 


PoWER SQUEEZING SPLIT-PATTERN MovutpIna MACHINE; MEssrs. 
THE CoLEMAN FounpRyY EQuIPMENT Company, LIMITED. 




















Councillor T. Snowden thought that if the 


these objects had been achieved in the electricity | industrial problem was to be solved, goodwill 


supply industry. 


As regards Alderman Walker’s | would have to be more manifest than it had been 


suggestion of a central organisation under the|up to the present. 


He was averse to making 


control of an expert he agreed that, in the handling | agreements compulsory, as it was better to convince 


of the problems which arose, a fund of wise counsel 


and of facts was desirable, as long as_ certain | 
If, | 
however, the appointment of an expert meant the | 


conditions were observed in its application. 


creation of suspicion he would resist the change, 
as he attached more importance to goodwill than 
to the accurate presentation of facts. The adjust- 


ment of the existing districts also had some desirable | 


features. On the other hand, Whitley Councils 
had not operated for ten years without achieving 
some local patriotism, though internally 
differences of opinion might have been considerable. 
If a new body was established, this work would 
have to be begun all over again. 


Alderman G. Croot pointed out that it was in| 


the employers’ interest that men should join 


both sides of the equity of a proposal than to 
force its adoption. There would never be real 
progress until the workmen were allowed to par- 
ticipate in the results of their service. Both 
strikes and lockouts had failed, but the trades 
unions would not give up the strike weapon until 
they were convinced that the industry as a whole 
was being run on mutual lines. 

In reply, Alderman Walker said that he agreed 


‘with Alderman Huntsman that they did not 
the | 


simply want a man to get up cases, but they did 
want some one to help the employers to obtain 
information. Alderman Sennington had rather 


‘emphasised a local dispute which he was sorry 


had occurred. In a district the undertakings had 
to be divided into groups, otherwise municipalities 


their appropriate unions, and the latter bodies| with no undertakings might obtain control over 


should be the channel of communication and not 
the shop stewards. 
the supply industry was paying higher rates of 
wages than other trades, and that applications 
for increases should be considered in the light of 
conditions in industry as a whole. The supply 
industry should not, however, use conditions in 
other trades as an argument against paying proper 
wages. Applications for wages should be met 
by reasoned argument. 

Alderman A. A. Sennington said that an attempt 
was being made in certain quarters to do away 
with the democratic conditions which were essential 
to the success of Whitleyism. Representatives 
who had been elected to District Boards or Industrial 
Councils by proper outside bodies should not be 
vetoed by those Boards or Councils. A man 
should not be prevented from representing a 


municipality on the employers’ side of the Council | 


simply because he was a member of a trades union. 


| electricity supply or alternatively those with large 
It had been argued that) 


undertakings might secure the upper hand. Mr. 
Snowden had not understood what was meant by 
compulsion. The proposed Act was entirely 
adoptive, and, if adopted, its greatest use would be 
to force the hands of the very small minority, 
who would not do the right thing and thereby 
caused trouble. 

In the afternoon an official visit was paid to an 
exhibition of electric cookers, water-heaters, re- 
frigerators and other appliances of interest to 


electricity supply authorities, which had _ been | 


arranged in the Old Torbay Hospital. At this 
exhibition, which was formally opened by the Mayor 
of Torquay, some 37 firms were represented, and we 


hope to refer to the equipment of more engineering | 


interest in a later issue. 
In the evening a reception was held by the Mayor 
and Mayoress of Torquay at the Town Hall. 


(To be continued.) 
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THE INTERNATIONAL FOUNDRY 
TRADES EXHIBITION. 


Ir will have been apparent to anyone who has 
watched the development of the machine tool as 
recorded in these columns, that almost every fresh 
example illustrates one of two characteristically 
modern features—sometimes, indeed, both of them. 
These features are the evolution of design in the 
direction of increased production of finished work, 
and a greater degree of accuracy in that work. 
Clearly, the first of these, as regards the machine 
tool dealing with castings, is somewhat negatived 
if the supply of rough material cannot keep pace 
with it, but it is not so obvious that it is also inter- 
fered with if there is a want of uniformity either in 
the size or the quality of that material. The 
makers of foundry machinery and appliances have, 
however, realised the last point, and a large propor- 
tion of the apparatus now to be seen at the Inter- 
national Foundry Trades Exhibition does definitely 
show a tendency towards greater precision and 
improved quality in castings, as well as providing 
for an increased rate of production. 

This exhibition, which was opened on Wednesday, 
June 5, and will close on Saturday, June 15, is 
being held in the Royal Agricultural Hall, N.1, 
and has been arranged to coincide with the third 
International Foundry Congress and the twenty- 
sixth Annual Convention of the Institute of British 
Foundrymen. The International Congress com- 
mences on June 11 and concludes, as regards the 
business side of its activities, with an official visit 
to the exhibition on the afternoon of June 13. 
Of the sixteen papers presented at the Congress, 
seven are contributed by delegates representing 
foundry interests in the United States, Poland, 
France, Belgium, Holland, Germany, and Czecho- 
| Slovakia. 
| It must be admitted that the exhibition is so 
|far true to its title that a considerable number of 
|non-British firms have displays of their own, quite 
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well as its commercial aspect. Im- 
provements in practice were freely 
communicated, not only in countries, 
but between countries. Later, at the 
official luncheon, in response to the 
toast of “‘ Our Principal Guest,” Sir 
Fortescue pointed out what an oppor- 
tunity for the practice of effective 
salesmanship was afforded by the 
exhibition. The vendor was not tied 
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apart from those exhibits to be seen on the stands 
of the British firms representing foreign manufac- 
turers. In addition, the Gilbey Hall is set apart 
for what is virtually a small exhibition in itself of 
machine tools from abroad. This is assembled 
under the auspices of the Machinery (Machine 
Tool and Woodworking) Importers’ Association, 
of Great Britain, London, We are, however, 
more concerned at the moment with the foundry 
exhibits, which, on over 100 stands, cover every 
activity of the industry, and have, we submit, a 
distinct educative value to the trade, quite apart 
from the commercial aspect. This educative value 
is substantially reinforced by the excellent non- 
commercial displays, which have been contributed 
by the research associations, the National Physical 
Laboratory, and University and other laboratories. 
A special branch of this section is the foundry- 
education exhibit, which has been arranged to 
indicate the work being done in various countries in 
connection with the training of foundry apprentices. 
Great Britain contributes a large portion of these 
exhibits, but the Ecole Supérieure de Fonderie, 
Paris ; the Giesserei Institut, Aachen ; the Ameri- 
can Foundrymen’s Association ; and the Association 
Technique de Fonderie de Belgique, are all repre- 
sented. Generally speaking, the exhibition marks a 
distinct advance in every way on that of 1926, also 
held at Islington. 

The Exhibition was formally opened, at midday 
on Wednesday, by Sir J. Fortescue Flannery, who, 
in the course of a brief survey of its scope, remarked 
that the exhibits represented, in one aspect, the 
decay of the mischievous old tradition that machinery 
for increasing production was inimical to labour. 
The men in the foundry, nowadays, recognised more 
readily, he thought, that the more machinery enabled 
them to increase production, the more chances there 
were of increased trade. He complimented the 
Council on their attitude to scientific research as a 
necessary factor in the advance of practice, and he 
expressed his admiration of the manner in which the 
foundry industry maintained international com- 
munication, both as regarded its scierftific side, as 





by the limitations of a catalogue, but 
had the actual products available for 
demonstration. For that reason alone, 
i.e., in the cultivation of salesmanship, 
exhibitions justified themselves. 

Sir Robert A. Hadfield, in proposing ‘‘ Success +o 
the Exhibition,” referred to the honour done 
to metallurgists in the knighthood recently con- 
ferred on Sir Henry C. H. Carpenter, and made a 
happy allusion to the political eminence accorded 
to Mr. Arthur Henderson, who, he said, was in his 
younger days a very skilful moulder. He thought 
Great Britain still occupied a not inconsiderable 
position in the foundry world, some 10 million to 
12 million tons of castings of all kinds being pro- 
duced by this country annually. He considered 
the Exhibition showed how the Research Depart- 
ments were doing their best to help practical work 
by indicating how science could be applied to it, and 
would like to congratulate the Cast-Iron Research 
Association on the splendid work it was doing in 
this direction. The Institute of British Foundry- 
men also deserved great credit for the manner in 
which it was exchanging information with confréres 
abroad, and Dr. W. Rosenhain was to be compli- 
mented on the excellent display on the non- 
commercial side. 

Mr. S. H. Russel, President of the Institute of 
British Foundrymen, in supporting Sir Robert 
Hadfield, made an appeal to those in charge of the 
scientific exhibits to take particular pains with 
workmen who might visit their stand. Many of 
these men were eager to learn, but were deterred 
by a want of acquaintance with the terms and 
methods used. Some elementary explanation of 
the exhibits would have great educational value. 
Mr. H. Winterton, President of the Foundry 
Trades’ Equipment and Supplies Association, 
Limited, and Mr. E. H. Jones, Chairman of the 
Machinery Importers’ Association of Great Britain, 
replied to this toast. The latter, in referring to 


the exhibition of imported machine tools, pointed | 
out that, while it was in. some sense unfortunate | 
that any machine tools should have to be purchased | 
from abroad, yet it must be realised that it was) 


important to the trade of the country that the best 
tools for the work in hand should be used, and in 
some cases those tools were not produced at home. 
He instanced a case of a particular industry, new 








Messrs. PNEULEC MACHINE CoMPANY, LIMITED. 


to this country since the war, in which the purchase 
of imported tools had enabled the firms concerned 
to meet foreign competition successfully, and 
appealed for unprejudiced inspection of the auxiliary 
exhibition. 2 

Turning now to the exhibits, without dealing 
with these in any particular order we may take 
first the power squeezing split pattern moulding 
machine shown in Fig. 1, page 730, and exhibited on 
the stand of Messrs. The Coleman Foundry Equip- 
ment Company, Limited, 1, Lancaster-place, 
Strand, W.C.2. This type of machine is particularly 
suitable for making moulds from symmetrical pat- 
terns, i.e., those that can be split through the centre, 
or it is equally well adapted for flat pattern work. 
At the same time it should be understood that any 
pattern that can be divided on a level plane may 
be moulded on it. The cylinder, which is of large 
diameter, is cast integrally with a base provided 
with bearings at each end for the swivelling yoke. 
The cross-bar of the yoke is constructed of two 
channel bars bolted back-to-back, and is capable 
of adjustment to suit different depths of flasks by 
the notches to be seen in the side bars. The example 
shown has a cylinder 13-in. in diameter, with a 
straight pattern draw of 4} in. This pattern is 
manufactured in 7 sizes to take square moulding 
boxes up to 16 in., and rectangular boxes up to 14 in. 
by 20 in., and it is thus suitable for handling small- 
and medium-sized duplicate work. Its design 
admits of a high production rate and accurate 
pattern withdrawal. The machine requires about 
2 cub. ft. of free air per mould, at a pressure of 
80 lb. per square inch, and with this supply the 
cylinder provides ample power to squeeze the sand 
in any flask up to its capacity to the proper density. 
The steady pressure exerted ensures uniformity 
in the sand density, and possible loss of castings 
due to swelling or blowing of the moulds is reduced 
toa minimum. A gas heater is fitted for warming the 
pattern plates when necessary. A plain jar squeezer 
machine designed on lines very similar to the power 
squeezing split pattern machine is also exhibited. 

A moulding machine, not hitherto available, is 
the Coleman runner bush machine shown in Fig. 2, 
page 730. It is designed for making runner bushes 
and riser cups for inserting into moulds before pour- 
ing the metal, and, in so far as it simplifies the 
process of preparing moulds in the foundry it may 
be claimed to be a production machine. Its construc- 
tion will be evident from the figure and comment 
on its features is scarcely necessary, while, as 
regards output, it may be said that it is possible 
for a small boy to turn out round bush moulds at 
the rate of eleven or twelve per minute, and rectan- 
gular bushes at the rate of seven to eight per minute. 
| The bushes are placed on the table, filled with sand 
| and held down by the swivelling arm. The rounded 
| plunger is then forced in from below. 
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The Coleman Prosama sand-thrower, which is l of lift is 8 in., and the depth of ram 7 in. The table 


3. 


employed at the exhibition filling sand-hoppers for 
feeding two moulding machines, is remarkable 
from its capacity for throwing the sand upwards 
as high as 25 to 30 ft. This enables the machine 
to deliver the conditioned sand to overhead hoppers 
or bins fitted with gates at the bottom so that 
flasks may be filled direct. Such a_ property 
increases the field of usefulness of the machine ; 
thus it may be employed in delivering sand to belt 
conveyors, unloading from wagons, &e. It is of 
the portable electrically-driven type, and contains 
revolving impellers which operate to some extent 


jis 1 ft. 10 in. by 1 ft. 8 in., and standard moulding 
boxes of 14 in. by 11 in., or 16 in. by 14 in. can be 
used. The maximum pressure on a mould is 5 tons. 

Messrs. Pneulec Machine Company, Limited, 
Mafeking-road, Smethwick, are showing a handy 
foundry appliance in the electric swing-grinder 
| illustrated in Fig. 4, page 731. It is admitted that 
| a good deal of time is occupied in conveying rough 
castings to the grinders or other dressing machines, 
some of which may be saved by taking the wheel to 
the work. This'method also tends to improved work 
| as the dresser has no weight to hold up to the wheel, 





as fans. This blast effect, combined with the | while it is claimed that it results in doubling the 
centrifugal action of the rotating impellers, gives | life of a grinding wheel, when doing the same class of 
the sand the high velocity necessary to carry it to | work as on astationarygrinder. It will be clear from 
the height stated. | the figure that the machine is slung from a crane or 
Of the numerous appliances on the stand of|runway and consists of a long casting carrying 
Messrs. The Britannia Foundry Company, Limited, | the wheel at one end and an electric motor at the 
Coventry, we select for illustration this week, the | other, the weights and lengths being so arranged 
machine shown in Fig. 3, page 731. This is the | as to give full control to the operator. The motor 
‘ Coventry ” head-rammed hand-operated moulding | is 2 h.p. and is totally enclosed, for alternating- or 
machine. The base casting carries a central column | direct-current. The starter is arranged at the wheel 
of large diameter, flanked by lugs for the hinges | end of{the machine within easy reach of the operator. 
of the swivelling yoke, which is constructed of |The driving shaft runs in ball bearings, and any 
H-section bars. The crossbar is a deep casting of | size of wheel up to 15 in. in diameter by 2 in. wide 
box section and is adjusted as to height by means} may be used. The wheel guard is provided with 
of pins engaging with holes in the centre web of the }handgrips for the operator, and may be turned 
sidebars. It carries a ram which is operated, | through an angle of 180 deg., so enabling vertical 
through gearing, by the la:ge capstan handwheel | and angled surfaces, as well as horizontal, to be 
at the right of the figure. It is claimed that this | dressed. The machine can be supplied on a sup- 
device enables a man, without undue exertion, to | porting pillar if desired. 
ram any mould as hard as may be required, and this! A Pneulee Royer sand mixing machine is also 
with a squeezing motion, so that the virtual result | being demonstrated on this stand. The principle 





is that obtained by a power machine, with the addi-| on which this machine operates is that of feeding | 
tional advantage that the operator can easily|the sand on to an inclined belt, covered with | 
gauge the necessary amount of pressure. The | closely pitched steel teeth, moving at a surface speed | 
heads are made of steel. The central column | of 900 ft. per minute. The bottom surface of the | 
carries the lifting gear. This is operated by the | sand layer is raked by the teeth into granular | 
ratchet lever at the left of the figure, and by reason | form, the grains accumulating in the pockets | 
of the large bearing surface of the sleeve on the | formed by the teeth at the upper end only, where | 
column, the motion is true and parallel, steadiness | they are discharged in a stream by centrifugal | 


being also ensured by the form of gear adopted. | force. The introduction of a rapidly moving series | 
Moulds can not only be lifted off the pattern, but | of pockets entraining air into the sand results in the 
also moulding boxes off the table pins. The height | thorough aeration of the latter, while the raking 
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action of the teeth in comb’ng the sand, grain 
from grain, conduces to effective blending. Any 
pieces of scrap, nails, gravel, &c., in the sand, do 
not lodge in the pockets between the teeth, partly 
as a result of the high speed and partly due to the 
pitch, but gravitate to the lower end of the machine 
where they are discharged automatically. In view 
of the comments made on international interchange 
above, it is interesting to note that this firm has 
acquired the rights of two American firms for 
this country, viz., Messrs, Bartlet-Snow Company 
and Messrs. Herman Pneumatic Machine Company. 

Of the exhibits on the stand, Messrs. Macnab 
and Company, 150, Holborn, E.C.1, who represent 
three firms, we note three machines made by Messrs. 
The Midland Sand Blast and Foundry Supplies 
Company, Limited, Castle Lane, Warwick. Two of 
these machines are, from their bulk, represented by 
models, but the actual structures are illustrated in 
Figs. 5 to 8 above and opposite. The sand blast 
tumbling barrel machine, of Figs. 5 and 6, is a new 
design. It consists of a barrel carried on roller 
wheels which are driven from above by chains and 
sprockets, the barrel being thus slowly rotated. A 
rocking nozzle discharges sand into the barrel at 
either side, no rubber piping being used. This move- 
ment, which secures adequate spraying of the sand 
over the contents of the barrel, is effected by cranks 
on a secondary shaft above the barrel. This shaft 
is driven by a chain from the main drivingTshaft. 
The spent sand falls through the perforated peri- 
pheral surface of the barrel into a sump below it, 
from which it is lifted by a mechanically driven 
bucket elevator and returned to the sand pressure 
tank. Here it is effectually sifted and is then 
directed again to the nozzles. The operation of 
cleaning the castings is automatic, and the circula- 
tion of the sand continuous. 

The rotary table sand blast machine illustrated 
in Figs. 7 and 8, is, like the tumbling barrel machine, 
constructed so as to dispense with india-rubber hose. 
A large horizontal circular table is slowly rotated 
underneath the sand spraying nozzles. One half of 
the table is outside the sand-blasting chamber 
thus making possible the removal of the cleaned 
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castings and their replacement by fresh ones, a 
portable door above the table being employed to | 
screen the operator. 

The sand pressure tank, it will be seen, is 
mounted directly above the table. This arrange- 
ment reduces the length of feed piping to a minimum 
whilst the disposition of the nozzles ensures a 
complete and uniform distribution of the sand 
over the table surface in the chamber. The nozzles 
are kept moving to effect this, and are adjustable 
while the machine is running. In this machine 
also, the spent sand, after falling through the 
table grating, is returned to the pressure tank by a 
mechanically driven bucket elevator, and, after being 
sifted, is again passed to the nozzles. The operation 
is therefore continuous, the work of the operator 
being limited to removing cleaned castings and 
replacing them by fresh ones. A belt drive is 
provided for, and all moving parts likely to be 
affected by the sand blast, such as the bevel gears 
for driving the table, its step bearing and so forth, 
are effectively protected from dust. 

The third exhibit by this firm we do not illustrate. 
It is portable moulding-sand sieving and mixing 
machine constructed on a new principle for which 
is claimed a very thorough aeration and mixing 
of the sand with the minimum of friction, and, 
in consequence, with a very low power consumption. 
The machine is mounted on a steel framework 
provided at the front with two wheels, and at the 
back with a pair of supports and two handles, 
the whole structure somewhat resembling a wheel- 
barrow. 

The space between the wheels is occupied by 
an electric motor which is totally enclosed, and 
is geared to a bladed mixing drum situated below 
a shaking sieve. The sand from the drum is dis- 
charged through a double grid, arranged at a 
slight angle to the vertical, at the side of the machine, 
and may be thrown, approximately, up to a distance 
of 10 ft. Coarse impurities are separated and 
diverted at the sieve, while iron fragments, pins, 
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THE INSTITUTION OF GAS 
ENGINEERS. 


Tue Institution of Gas Engineers is concluding 
to-day its annual meeting, which opened on Tues- 
day this week in London. The technical sessions 
were held in the rooms of the Institution of Civil 
Engineers, under the presidency of Mr. John Terrace, 
M.Inst. C.E., chief engineer to the South Suburban 
Gas Company, of London. The social functions 
included a luncheon on Tuesday, and a reception 
by the President and a ball the same evening, 
both at the Holborn Restaurant. The business 
transactions and discussions of papers and reports, 
in the mornings and afternoons of the first two 
days, terminated on Thursday morning, and left 
that afternoon free for a visit to the works 
of the South Suburban Gas Company, at Lower 
Sydenham. For to-day, Friday, a river excursion 
to Hampton Court has been arranged, and this 
evening, a party of members of the Institution and 
of the British Commercial Gas Association will 
proceed to Berlin for the meetings of the Deutsche 
Verein fiir Gas- und Wasserfachminner, and the 
German Gas and Water Exhibition arranged by 
this association. Members taking part in this ex- 
cursion are expected to return about June 14. Last 
year, at Cardiff, the President, Mr. H. D. Madden, 
had announced that the Institution had petitioned 
for a Royal Charter, and that in this connection, 
new rules for the qualification, training and educa- 
tion of members had been laid down. 


PRESIDENTIAL ADDRESS. 


That important milestone in their history, 
marked by the granting of a Charter, Mr. Terrace 
remarked in his address, was a fitting occasion 
for a brief review of their past work. The 
origin of the Institution went back to a pre- 
liminary meeting of the British Association of Gas 
Engineers held at Manchester in December, 1863. 
The name was“changed into the Gas Institute in 
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jin 1903 the two bodies amalgamated to form the 
| present Institution. 
| Industries 


The Society of British Gas 
was founded in 1905. The British 
Commercial Gas Association dated from 1911 ; 
the National Gas Council from 1916. Research, 
urged in 1904 by Dr. Carpenter, in the first instance 
for the study of the hygienic effects of gas lighting, 
was, in 1907, organised in co-operation with the 
University of Leeds, where a Professorship of Coal, 
Gas and Fuel Industries was instituted; the 
Sir Corbet Woodall and the William Cartwright 
Holmes scholarships were endowed in 1913 and 
1929, and a General Research Committee was 
appointed in 1928. The Education Scheme, much 
discussed since 1919, had of late favoured tuition 
under the supervision of district education com- 
mittees in conjunction with the Board of Education. 
To the surprise of the Education Committee, how 
ever, the South-Eastern District Committee pro- 
nounced, last March, the scheme to be unworkable, 
and suggested that the Institution should constitute 
itself as an examining body, leaving it to the 
students to seek their own facilities for obtaining 
the necessary education. 

Briefly reviewing modern technical developments, 
Mr. Terrace mentioned that a complete experi- 
mental gasification plant of coke of high ash con- 
tent was in operation at Mill Hill. Much was being 
written about long-distance transmission of coke- 
oven gas in Germany, but at present more of this 
gas was purchased and distributed over here than 
in Germany. Low-temperature carbonisation plants 
had recently been installed by the Gas Light and 
Coke Company and the South Metropolitan Gas 
Company. At the Sydenham works of his company 
unscreened coke from stock and large coke from 
other screening plants were fed by truck to an 
underground four-roll breaker of the cutter type, 
capable of breaking 220 tons per hour to pass through 
a 1}-in. square mesh ; the coke was then elevated to 
reciprocating screens, and the large lumps were 
immediately returned through a secondary breaker 
to’ the boot of the elevator; but little breeze was 








| 1882; in 1891, some dissenting members founded 


&c.,, are arrested near the discharge opening. 
'the Incorporated Institution of Gas Engineers, but 


(Z'o be continued.) produced. A considerable number of waterless 





holders of the M.A.N. type, having a capacity 
of “8,000,000 cub. ft., had been erected during the 
past year in Great Britain, and one holder of 
the Klénne type was in course of erection. Carbon 
dioxide, cyanogen and oxygen, and the whole of 
the naphthalene were now removed from the gas 
before distribution ; the further removal of water 
vapour, which was now being undertaken, had 
several advantages. As regards public service and 
roadways, Mr. Terrace advocated the proposal 
of his old chief, Mr. A. E. Broadberry, of Tottenham, 
to place the supply mains of gas, water and elec- 
tricity under the footpath, leaving the larger pipes, 
not necessitating frequent access, in the roadway. 
Although that arrangement required supply mains 
on each side of the road, the expense of these 
double mains and of their short service pipes 
was little higher than that of a single main with 
long service connections, since the making good 
of the road and footpaths had to be paid for. In the 
country, Mr. Terrace would put down a 4-in. or 
6-in. main in one footpath, adding a second main 
in the other footpath as the street developed, and 
a feeder main in the road. The lighting load was 
still the mainstay of the undertaking, and it was 
perhaps unfortunate that the profitable cooking and 
heating load had diverted attention from lighting. 
In conclusion, Mr. Terrace expressed the regret 
of the Council that Mr. Walter T. Dunn, Secretary 
of the Institution since 1896, had been obliged to 
retire owing to ill-health. The presentation of a 
testimonial to Mr. Dunn, to mark the appreciation 
of his long and faithful services, took place on 
Thursday morning. Mr. James W. Campbell, M.Sc., 
is his successor. 


Tue Epvucation SCHEME. 


After passing the report of the Council, the meeting 
adopted the report of the Gas Education Committee 
presented by Mr. Goodenough. The scheme, he 
stated, had been in operation for six years. Con- 
siderable progress had been made last year, the 
number of Internal Candidates had increased to 
239, that of External Candidates was 108, and the 
entries for the Minor Grouped Courses had risen to 
930, so that altogether 1,277 students had been 
examined under the scheme. The scheme dis- 
tinguished between gas engineering, gas supply, 
gas supply practice and gas fitting, of ordinary and 
higher grades; entries under the subject of gas 
supply were disappointing. The Committee pro- 
posed to amend the scheme in various ways, in the 
interests both of the students and the gas industry. 
No diplomas could be of value unless based upon 
something more than the ability of the candidate 
to answer questions. They had now 10 district 
committees, 34 centres for approved major courses, 
and also 34 centres having approved minor grouped 
courses in gas-works practice. But the Committee 
did not overlook the difficulties of the students in 
remote districts, and were willing to facilitate their 
studies as much as they could. Mr. Terrace asked 
members to give expression to their doubts or 
objections, so that a new syllabus could be drawn 
up. There was little response. Mr. Lees (Hexham) 
urged that there should be an authority to certify 
a student as isolated, so as to entitle him to 
examination facilities. 


THE New GASWORKS AT OXFORD. 


Un Tuesday afternoon Mr. W. Eames Caton, 
M.Inst.C.E., engineer of the Oxford Gas Light and 
Coke Company, described the construction of the 
new works, which he had designed and have now 
been in operation for 24 yeas. The company, he 
said, dated from 1818; the zas consumption had 
more than doubled since 1907, and after the war the 
increase had been particularly notable in power gas, 
the demand for which had trebled since 1914. A car- 
buretted water-gas plant, installed in 1919, brought 
the daily output up to 3,000,000 cub. ft. A 2,000,000 
cub. ft. gas-holder in a steel tank was erected in 
1923, and the building of the new works, opposite 
the old works on the Thames, with which they 
were connected by two bridges, was started in 
1924. The capital expended per million cub. ft. 
of gas sold to-day was 4941., against 695/. in 1916. 
The new works were laid out for an ultimate 
capacity of 4,000,000 cub. ft. of coal gas per 
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24 hours, and the same amount of carburetted 
water-gas. The new house would consist of 
three benches of horizontal retorts, [two of eight 
settings of retorts, one of ten settings, worked 
on a two-shift basis with four-hour intervals, and 
controlled by three superintendents (of eight 
hours’ duty) without foremen or leading hands. 
The power plant was centralised as much as 
possible, and the buildings were made to harmonise 
with the stonework of the colleges. As stone 
was out of the question, a concrete was made up 
of two parts of pan ash, three parts of firebrick 
refuse, and one part of cement moulded into 
blocks of 18 in. by 9 in. by 44 in. 

The site being exposed to flooding, the level 
of the ground was raised 4 ft. The foundations 
rested on ferro-concrete piles, 12 in. or 14 in. sq. 
by 12 ft. or 30 ft. long, driven by the British Steel 
Piling Company. The boiler foundations consisted 
of a ferro-concrete raft. The selection of horizontal 
retorts was partly by request of the city authorities 
in order to keep all buildings low. Each retort, 
24 in. by 17 in. by 22 ft., carbonised 30 cwt. or 
32 cwt. of low-grade coal in 24 hours; there was 
a Klénne regenerator. The rotary tippler could 
reverse a standard coal wagon containing 20 tons 
of coal within less than 2 minutes. The retorts were 
charged and discharged by De Brouwer machines. 
In coke handling, four retorts were dealt with at 
the time. The quenching steam was drawn off 
by a Sturtevant suction duct. The coke trucks 
had rectangular bodies, tapering from 4} ft. by 
5 ft. at the top to 1} ft. by 24 ft., with double-leaf 
bottom doors and lever-operating gear mounted 
on the chassis; operation was by three buttons 
for forward and backward motion and stop. The 
35 h.p. haulage electric motor running at 800 r.p.m. 
drove by means of a 5-ft. diameter rope wheel at 
15 r.p.m. All screening, breaking, and loading 
into wagons, was by telpher plant, which was less 
expensive than a scheme embodying cross conveyors 
and elevators. The pan ash separator was of the 
retriever type, separating clinker from fuel particles 
by swirling water. 

The use of steam was, apart from the rotary 
scrubber outside the pump house, confined to the 
power house, in which steam was raised for genera- 
ting electricity and for driving the two single-bladed 
Bryan-Donkin exhausters, pumps, and scrubbers. 
All the other machinery was electric. The Lan- 
cashire boilers were fired with coke breeze in Simoon 
pressure furnaces. The boiler house, inside the 
power house, communicated with the exhauster and 
generator house. In the basement of this building 
all the exhaust steam was collected in a 10-in. main 
and raised in a Holden and Brooke exhaust steam 
heater to 140 deg. F. The water was taken from 
the river, and the boiler water was softened in a 
non-synthetic Permutit plant. The wet purification 
plant, at present for 2 million cub. ft. of gas per day, 
consisted of a Livesey washer and a Whessoe rotary 
scrubber, 8 ft. diameter, 25 ft. long, in two sections. 
The dry purification consisted of a line of five 
boxes, each 35 ft. by 30 ft., and 6 ft. deep, with three 
tiers of grids, and was fitted with Walker duplex 
valves for upward and downward working and for- 
ward or backward rotation. In the governor house, 
the make of gas (from both the works) communicated 
with a 36-in. trunk main, connected through worm 
and rack valves with all the main inlets to the three 
gas holders, the outlets of which were similarly 
connected with a 36-in. main to the three district 
governors ; the two trunk mains were looped by 
a safety by-pass governor. The three station 
governors, 18 in. in diameter, were made by Messrs. 
Parkinson and Cowan. 

The paper concluded with many tables giving a 
full detailed account of the cost of post-war erection 
of the complete new works at a total expenditure 
of 105,1161. The cost of labour and the thermal 
balance of 18 months’ working were also given, but 
the maintenance costs, which should be low, could 
not yet be estimated. In December, 1928, steam 
cost 83d. per 1,000 lb., and the unit of electricity 
0-73d. The gas purification cost amounted to 
about 0-05 per therm. 

It was found impossible to keep the gas close to 
the value of 485 B.Th.U. with the retorts charged 
to their maximum capacity of 36 cwt. per 24 hours, 
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while keeping out the oxygen. The charges were 
therefore reduced to 32 cwt. and 30 cwt., and a 
satisfactory gas of the above quality was obtained 
after admitting 3 per cent. or 34 per cent. of air 
to assist purification ; the oxygen content at no 
time exceeded 0-8 per cent. But there was no 
dilution of the gas with water gas. With both 
works operating as nearly as possible under similar 
conditions, the gas composition was in per cent. : 
carbon dioxide, 2:9; oxygen, 0-6; unsaturated 
hydrocarbons, 2-6; carbon monoxide, 7-1; meth- 
ane, 24-6; hydrogen, 49-3; and nitrogen, 12-9. 


(To be continued.) 








THE AMIRIA PUMPING STATION 
OF THE CAIRO MAIN DRAINAGE 
SYSTEM. 


THE city of Cairo had practically no drainage system 
in 1906, when Mr. C. Carkeet James was appointed from 
Bombay to formulate a suitable scheme on compre- 
hensive lines. The scheme adopted was described by 
Mr. Carkeet James in a paper read before the Institu- 
tion of Civil Engineers in 1916, having been put in 
operation in 1915. The city was divided into 65 areas, 
in each of which the pneumatic ejector system was 
installed, forcing storm water and sewage through 
cast-iron pipes to a gravity main collector extending 
north-east from a suburb known as Pont Ghamra to 
a main pumping station, Kafr-el-Gamus. The main 
collector is 14 km. in length, and from Kafr-el-Gamus 
the sewage is pumped to a farm 12 km. farther out, 
at Gebel-el-Asfar. Since the date of the completion of 
this scheme the population of Cairo has increased 
considerably, having been only about 658,000 in 1907, 
whereas in 1927 it was 1,060,597. In planning the 
original scheme it was estimated that the population 
would be 960,000 in 1932, a figure which, it will be 
seen, has already been exceeded. 

As a result of the heavy duty thus imposed upon the 
sewage system, and of further taxing the system’s 
capacity by deciding that it should deal with seepage 
water as an anti-malarial measure, it was decided 
some time ago to embark upon certain new works. 
During the years of service it had been found that the 
original main collector had suffered very severely 
from corrosion from chemical action and internal 
repairs had become essential. In view of all factors, 
it was decided to duplicate the rising main to Khanka, 
close to Kafr-el-Asfar, provide additional collector 
capacity, and to carry out internal repairs of the 
original collector. It was also decided to increase the 
pumping capacity. 

The new pumping plant is situated at Amiria, about 
9-5 km. from Cairo, in a north-easterly direction. The 
whole of the machinery was supplied by Messrs. 
W. H. Allen, Sons and Company, Limited, of Bedford, 
Messrs. Sayer and Colley acting as their representatives 
on the work. The main plant consists of four units. 
Three of these are identical, being five-cylinder Diesel 
engines direct-coupled to four-stage Conqueror centri- 
fugal pumps. ‘The fourth is a smaller set consisting of 
a three-cylinder engine with single-stage high-speed 
centrifugal. Separate pumps are provided for circu- 
lation water, filtered water for staff quarters, &c., 
and generating units have also been supplied to furnish 
current for lighting and for power for workshops, &c. 

The main engines develop continuously 550 brake 
horse-power at 240 r.p.m. The pumps are fitted with 
cast-steel impellers, which are of the unshrouded type, 
running between renewable and adjustable side plates 
of cast steel. The smaller set is of 330 brake horse- 
power capacity at 240 r.p.m. The cylinders are of the 
same size for all sets, thus reducing the spares required. 
In the small set the pump is driven through double- 
helical gearing, speeding the pump up from 240 r.p.m. 
to 1,175 r.p.m. 

For the circulation water, supplies are drawn from 
the Ismailiah Canal, some distance away, by two 
4-in. centrifugals on the canal bank, electrically driven. 
One pump suffices to supply the required amount of 
water, which is led to a settling tank in order to clear 
it of the silt which it carries at certain seasons. After 
use in the engine jackets the water is cooled in an 
open-type cooling tower, and is led back to the engine 
rooms to be re-handled by the motor-driven circulating 
pumps. The priming of the main pumps is effected by 
a motor-driven single-stage horizontal vacuum pump. 
The auxiliary plant comprises three units each of a 
50 brake horse-power, single-cylinder, vertical oil 
engine at 275 r.p.m. coupled direct to a 31-km. direct- 
current generator, both engines and generators being 
of Messrs. Allen’s make. At the official tests, we 
understand, the guarantees were easily attained. 

The new pumping station was officially opened on 
April 25 by H.M. King Fuad of Egypt, in the presence 
of a large assemblage. 
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THE BEHAVIOUR OF STIFFENED THIN 
PLATING UNDER WATER PRESSURE.* 


By S. A. Hopass. 


In 1923, Professor T. B. Abell read a papert before 
the Institution giving the preliminary results of some 
experiments which he had conducted at Liverpool 
University to determine the behaviour of a ship’s 
plate, locally reinforced by stiffeners, when subjected 
to water pressure. Accordingly, the present report 
may be considered as a continuation of Professor 
Abell’s experiments. ; 

The test apparatus, shown in Figs. } and 2, was 
designed to represent a panel of plating defined by two 
consecutive frames, and, say, the centre girder and 
adjoining side girder of a double bottom, in so far as it is 
affected by normal fluid pressure only. That is to say, 
it was assumed to be free from all stresses due-to loading 
of the structure of the ship as a whole, or stresses due to 
the longitudinal and transverse distribution of buoyancy 
and weight of the ship. The test structure was made 
on a scale which approximates to a panel of bottom 


ordinary hand hammer, the holes being drilled and 
rosebitted. The stiffeners were not bracketed at their 
ends, but the webs were shaped off at an angle of 
30 deg. The faying surfaces of the flanges were 
skimmed in a milling machine so as to improve the 
surface of contact. No packing of any kind was used, 
and the stiffeners terminated } in. inside the boundary 
of the cover-plates. 

In the first test made by Professor T. B. Abell one 
stiffener only was fitted centrally, and in the second 
test,three stiffeners were fitted, dividing the plate into 
four square panels. Pressure was applied by means 
of a standpipe and measured by means of a mercury 
column having water and mercury in the arms of the 
U tube. Pressures calculated from the indications of 
the mercury column were checked by actual measure- 
ments of height of water in the standpipe. 

After the whole of the structure was assembled 
and bolted up, two V-shaped grooves were planed in 
the upper surface of one of the cover strips parallel 
to one of the longer edges of the panel. A heavy stiff 
cast-iron bridge was used as a base for measuring 
deflections. This was provided with three legs, two 





Fig.1. TEST STRUCTURE. 
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Fig. 2.METHOD oF ATTACHMENT OF STIFFENERS TO TEST PLATE. 
COMPARISON BETWEEN SOLTED AND WELDED STIFFENERS. 
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plating. The plate tested was 8 ft. by 2 ft. in the 
clear and nominally 0-40 in. in thickness. It was not 
specially rolled, but was an ordinary good ship plate 
straightened to make it reasonably plane. The 
structure consisted of two such plates separated by a 
casting 6 in. in thickness, carefully planed on its upper 
and lower surfaces. Cover-plates, } in. thick, were 
fitted around the periphery, and the whole secured to 
the casting by two rows of bolts. Those in the outer 
row were ¢ in. “ through ”’ bolts, fitted to plate, cover- 
plate, and casting, and driven home by means of a| 
wooden mallet; the inner bolts were 1-in. tap bolts, 
with the plain shank turned down so that they did not | 
constrain the plate against end tension in its plane. 
To secure watertightness between the plate and the 
casting a narrow strip of electrician’s tape was worked 
outside the outer row of bolts. No other packing or 
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having conical ends sliding in 
the grooves and one a spherical 
end resting on the opposite 
cover-plate. The legs were ar- 
ranged so that the bridge was 
parallel to the short side of the 
panel when the conical pins were 
inserted in the grooves. The 
bridge could be placed in any 
position desired by sliding it in 
the grooves and could be located 
by scales clamped, one on each 
side of the structure, to bolts of 
the upper cover-plates. The 
upper surface of the bridge was 
very carefully machined; one 
one side was a V groove, whilst 
the other was carefully milled to 
give a plane flat surface. A 
traveller carrying the micrometer 
gauge could be moved to any 
position on the bridge, and could 
be accurately located by an indi- 
cator placed over a scale secured 
to the top of the bridge. The co- 
ordinates of the position of the deflection indicator could 
then be accurately determined. The deflection indicator 
consisted of a dial micrometer with a dial divided into 
one hundred parts, each indicating 0-001 in. The 
pointer was fitted with a vernier which enabled 
readings of 0-0001 in. to be recorded. As stated in 
his reply to the discussion on his 1923 paper, Professor 
Abell was then conducting experiments on the plate 
with three bolted stiffeners in order to determine the 
stresses in the plate at the ends of the central stiffener 
under a 71-ft. head. 

It was at this stage that the author commenced his 
research work. The method of taking observations, 


ting 
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|and analysing the results was substantially the same 


as that adopted by Professor Abell, except as stated 
hereafter. For measuring the deflection of the plate, 
the dial micrometer was replaced by a screw micro- 





paint was used. 

In order to secure satisfactory measurements of | 
deflection the stiffeners were fitted on the inner side | 
of the plate, leaving, except'for the bolt heads, a free 
surface, whose deflection could be measured. The | 
stiffeners were secured by fitted bolts driven in by an | 


| 


* Paper read before the Institution of Naval Architects | 
on Thursday, March 21, 1929. Abridged. 
t See ENGINEERING, vol. exv, page 445, (1923) 


meter, reading to 000 in. A steel rod, } in. diameter, 


with a hardened steel point resting on the plate, was 
constrained by spring guides to move vertically. At 
the upper end of this rod was a small glass disc on 
which a horizontal line was etched. This line was 
focussed by means of an eyepiece, which could be 
raised or lowered by means of the micrometer screw. 
In order to obtain a deflection reading the horizontal 
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line was first focussed before the pressure was applied. 
When the pressure was on the plate the eyepiece was 
raised until the line came back to the same place on 
the scale inside the eyepiece as before. The number of 
turns and parts of a turn of the micrometer screw 
gave the deflection of the plate. The pitch of the 


. hs 
micrometer screw was 59 is and there were two 


hundred divisions on the micrometer screw head, so 


1 ie 
50 x 200 = 10,000 in. deflec- 
By interpolation it was practicable to read to 
50000 18+ This instrument had been designed by 


Professor Abell, and had already been in use when the 
author commenced work on his experiments, which 
were as follows :— 

(1) The stresses existing around the centre of the 
plate with three 4-in. by 3-in. bolted stiffeners were 
investigated, in order to obtain the bending stresses in 
the plating, due to the clamping effect of the bolts con- 
necting the central stiffener to the plating, under a 
71-ft. head. 

(2) In order to determine the degree of fixity of the 
method of clamping at the edges, another unstiffened 
test plate, 8 ft. by 2 ft. by 0-40 in., was fitted to the 
casting and tested under a head of 30 ft. 

(3) This plate was then stiffened by three 4 in. by 
3 in. angle-bar stiffeners similar to the bolted stiffeners, 
but they were electrically welded to the plate. The 
stresses at the end of a short diameter and around the 
centre of the plate were determined under a head of 
71 ft. 

Deflections (y) were plotted to abscisse parallel (z), 
and at right angles (x) to the long side of the plate. 
The origin of co-ordinates was in the centre of the 8-ft. 
by 2-ft. panel. Curves of y to base x and y to base z 
were obtained, and were geometrically faired. — 

Differentiation of the Faired Curves.—To find the 
stresses at any point in the plate, it was necessary to 
determine the principal radii of curvature at that 


that one division represented 
tion. 


point. This involved evaluating the differentials 
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and Bessel’s method of differentiation by central differ- 
ences was used throughout the work to obtain these 
differentials. The method of determining the principal 
stresses is given here for reference. 

Consideration of the Curvature of the Plate under 
Stress—The datum plane is taken as that midway 
between the plate surfaces. Let y = f (x,z) be the 
equation to the plate surface, then if the surface be 
flat, that is, if the curvature be small, the differential 
equation of the projection on the plane y = 0 of the 
indicatrix of the surface at (x, z, y) reduces to 
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an equation giving the directions of the principal axes 
at (x, z, y), or expressed in terms of the radii of principal 








curvature, 
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Then the principal stresses due to bending can be 


calculated from the formule :— 


_ ET ( 1 =) 
Pr ™ 2 (02 — 1) \p2 * 
cET 1 o 

m= sh a tal 


where T = thickness of plate, + = Poisson’s ratio, and 


E = Young’s modulus. 

(1) Bolted Stiffeners.—The original test plate with 
three 4-in. by 3-in. bolted stiffeners was used, and it 
was attempted to obtain the values of the stresses 
existing in the plate along the central stiffener. The 
comparatively flexible plate was held down to the rigid 
stiffener by means of the connecting bolts, and the 
tension in these bolts caused a concentration of bending 
stress in the plate around them. Deflections were 
observed in the vicinity of the centre of the plate 
for a head of 71 ft. for a large number of (2, z) values, 
and deflection curves were plotted in the usual way. 
Typical curves of deflection are shown in Figs. 4 and 
5, page 736. It was not possible, of course, to obtain 
deflection for the portions of plate under the nuts of the 
bolts, but readings were taken as close to the nuts as 
possible, and curves faired through the spots and then 
cross-faired. The clamping effect of the bolts is very 
apparent from the deflection curves. The test plate 
was carefully checked at frequent intervals to deter- 
mine if any permanent set had occurred. In all cases 
after the pressure was removed, the plate resumed 
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its original form, and in no case was any permanent 
set observed. The bending stresses are a maximum in 
the vicinity of the bolts connecting the stiffener to 
the plate, but it is noted that the stresses around 
one bolt are much higher than those around the 
other. 

From the results of tensile tests upon two specimens 
from the mild-steel plate used in the experiments, it 
was found that the elastic limit was of the order of 
16 tons per square inch, and the yield point about 
20 tons per square inch. It would therefore appear 
that the maximum bending stress (19-40 tons per square 
inch) is greater than the elastic limit, although no 
permanent set was obtained. This maximum stress 
is, however, quite local, and the stresses rapidly 
become smaller in all directions from the point of 
maximum stress. The elastic limit as derived from a 
tensile test of the material is not necessarily the elastic 
limit under complex stress, such as we have in these 
experiments. 

Considering the maximum stresses obtained, that 
is, 11-80 tons per square inch and 19-40 tons per 
square inch, both compression in the upper surface of 
the plate :— 

I. By St. Venant— 
11°80 


| ot #s == 19°40 — : ao 16 tons per square inch. 


II. By Guest— 
Pp, = 19°40 tons per square inch. 


lll. By Haigh— 


2 pip 
py? + po — —*4*? = 19-40 tons per square inch. 
o 
Hence the resultant maximum stress, from the 


elastic limit point of view, is probably greater than 
the elastic limit of 16 tons per square inch, but less 
than the yield point of 20 tons per square inch. 

(2) Unstiffened Plate—TIn order to determine the 
degree of fixity of the method of clamping the test 
plates at their edges, the plate with bolted 4-in. by 
3-in. stiffeners was removed from the casting, and an 
unstiffened plate of 0-40 in. thickness was fitted in its 
place. This plate was tested under a head of 30 ft. 
Deflections were measured along one of the long edges, 
and also along the long diameter. As regards the deflec- 
tion curves along the edge of the plate, Professor Abell, 
in his paper in 1923, uniformly terminated the curve of 
deflection y, to base x, so that y = 0 at } in. under the 
cover-plate. This method, however, was abandoned, 
and he subsequently adopted the method of obtaining 
the slope of the cover-plate under pressure (the 
deflection of the cover-plate being easily measurable), 
and drawing in the deflection curve tangential to the 
slope of the cover-plate. The author has used this 
method for terminating the deflection curves at the 
edges of the test plates. The maximum deflection of 
the unstiffened plate does not occur at the centre of 
the plate, but at a point 18 in. from the centre along 


the long diameter. The maximum stresses occur at 
either x = — 12-0 in. or x = — 12-2 in,, that is, at 


a short distance only inside the edge of the cover-plate. 
The slopes of the test plate at the edge are given in the 
paper, and they show the degree of fixity of the method 
of clamping. 

(3) Plate with Welded Angle-Bar Stiffeners.—The 
unstiffened test plate was next removed from the 
casting and sent to the Quasi-Are Company, London, 
in order that three 4-in. by 3-in. angle stiffeners 
should be electrically welded to it. These stiffeners 
were exactly similar to the bolted stiffeners used on 
the first test-plate, and were attached to the test- 
plate in exactly similar positions relative to the 8-ft. by 
2-ft. panel as were the bolted stiffeners. The stiffeners 
in this case did not have their faying surfaces skimmed 
in a milling machine. The plate was first laid flat on 
trestles, and after being placed in correct position 
each stiffener was lightly tacked on, small shores 
being used to hold each angle-bar in position during 
this process. The plate was then stood on edge with 
the short sides almost vertical, and the remainder 
of the welding was carried out, special electrodes 
used for overhead work being used. Care was taken 
to avoid any excessive heating of one part, the operator 
moving from stiffener to stiffener in order to distribute 
the heat as much as possible. 'The method of welding 
is shown in Fig. 2, and for comparison the method of 
bolting the stiffeners is shown on the same diagram. 
The new test plate was brought back to Liverpool, and 
after being bolted on to the casting was tested under a 
head of 71 ft. As the experiments continued, great 
care was taken to determine whether any permanent 
set occurred in the plate, but no sign of any permanent 
set was observed. Deflections of this plate were 
observed along one of the long edges, and along the 
central stiffener. Typical curves of deflection are 
given in Figs. 8, 9 and 10, and it will be noticed that 
whereas for the bolted stiffeners the minimum deflec- 
tion at the middle of the stiffener occurred almost 
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over one“of the axes of inertia of the central stiffener, 
in the present case the minimum deflection occurs 
at a point about $ in. outside the stiffener. 

The stresses obtained show that there is no concentra- 
tion of bending stress in the plate due to the method 
of attachment of the stiffeners, as there is with bolted 
stiffeners, whilst the deflection of the plate is also less 
than with bolted stiffeners. The maximum stresses 
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inch and 10-74 tons per square inch under a head of 
30 ft., and, assuming the stresses proportional to{the 
load, this would mean stresses of the magnitude of 
7:53 tons per square inch, and 25-42 tons per square 
inch under a head of 71 ft., so that the 4-in. by 3-in. 
welded stiffeners reduced these stresses to 3-05 tons 
per square inch and 9-34 tons per square inch respec- 
tively. 
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obtained were 3-17 tons per square inch, and 12-20 
tons per square inch, as compared with 11-80 and 
19-40 tons per square inch for the plate with bolted 
stiffeners. The maximum stresses at the edge of the 
plate occurred at either x = — 12-0 in. or z = 
12-2 in., that is, at a short distance inside the edge 
of the cover plate. The maximum stresses at the edge 
of the plate were 3-05 tons per square inch and 9-34 tons 
per square inch. For the unstiffened plate, the maxi- 
mum stresses at the edge were 3-18 tons per square 
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Fig. 10 PLATE STIFFENED WITH 41N.x3/N. ANGLE BAR WELDED STIFFENERS. 
CURVES OF DEFLECTION CORRESPONDING TOA HEAD OF 7(FT. 
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In conclusion, I should like to acknowledge the help 
given by the Quasi-Arc Company, who provided the 
test material, and also the work done by the Surveyors 
of Lloyd’s Register in supervising the survey of the 
material used and the preparation of the test pieces 
My best thanks are due to Professor Abell for his 
help and encouragement during the progress of the 
work, and to the staff of the Engineering Laboratory 
at Liverpool University for help in preparing the 





apparatus, 
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History of the Spectacle Makers’ Company” was pre- 
sented by T. H. Court and Professor Moritz Von Rohr. 

The paper stated that the date of the Charter of the 
Company was 1629, and the governing body originally 
consisted of twelve officers, a number which had 
proved sufficient up till the present time. The authors 
had had access to the minute books and records of the 
Company. As, however, the books were burnt in the 
great fire of 1666, information before that date was very 
scanty. They had compiled a chronological list of 
some 452 freemen, with the names of the masters to 
whom they were bound and of their own apprentices 
and other information. The list also contained details 
of 33 of the more important opticians who were not 
freemen. Many interesting details were given of the 
contributions, fees and rules of the company, and of 
the social status of the apprentices. In the first half 
the average on Sundays. At Stonyhurst, where fac-| of the Seventeenth Century, the handicraft consisted 
tories did not predominate, the rainfall on Sundays | of grinding lenses on stationary iron tools and polishing 
and week-days was more nearly alike than at Rochdale. | them, probably with tin oxide, and mounting them in 
(2) A continuous record of rainfall hour by hour showed | horn rims. The principal duty of Master and Wardens 
that there were more hours of rain during the working | was to ensure equality of competition amongst the 
hours of the day on week-days than on Sundays. Also} brethren, but they were authorised by their laws to 
on week-days the rainy hours were more in the day-| search workshops and penalise bad work by heavy 
time than in the night, the reverse of which occurred | fines. It was unlawful, for instance, to sell frames or 
on Sundays, and at Stonyhurst on all days, as was) glasses alone and to grind plano-spherical lenses. The 
generally the case at western stations. (3) The rate | first spectacle shop seems to have been opened by 
at which rain fell was decidedly greater on week-days |John Marshall in 1675. This was an important 
than on Sundays. It was small on Sundays and in- | development, and led to an improvement in the status 


THE ROYAL METEOROLOGICAL 
SOCIETY. 


At the usual monthly meeting of the Royal Mete- 
orological Society, held on May 15, in the Society’s 
Rooms, South Kensington, Sir Richard Gregory. 
president, being in the Chair, a paper entitled ‘‘ The 
Influence of Smoke and Hot Gases from Factory 
Chimneys on Rainfall,” was read by Dr. J. Reginald 
Ashworth. The author stated that in a manufacturing 
town such as Rochdale the combustion of large quanti- 
ties of coal must produce an upward current of hot air 
which was probably sufficient to influence the rainfall. 
This effect was not likely to be a large one but it seemed 
to be a real one from the following considerations. 
(1) The average rainfall on week-days over the long 
period of 30 years was found to be 6 per cent. more than 





creased until mid-week, after which it slightly dimin- | of the spectacle maker, who became an optical instru- | 


ished. This variation of the rate at which rain fell ment maker, came into contact with the leading spirits 
agreed very closely with the fluctuation of smoke | of the Royal Society, became instructed in theoretical 
emission as tested by the average number of soot} optics and mechanics, and acquired great skill in his 





THE CONSTRUCTION OF THE “GRID ”’ 
TRANSMISSION SYSTEM IN GREAT 
BRITAIN.* 

By JounstonE Wricut and C. W. MarsHatt, B.Se- 

(Concluded from page 661.) 


Scottish Sub-stations.—The Scottish sub-stations are 
illustrated by drawings of the H.D.B. type stations 
at Dalmarnock and by a standard three-switch station 
lay-out. These are shown respectively in Figs. 27 to 
32, above and on the next page. The principal units 
in the sub-station equipment, namely, main circuit- 
breakers, transformers and isolating switches, are 
shown in outline in Figs. 33 to 38, Fig. 33 being the 
main circuit-breaker, Figs. 34 and 35 a 15,000-kv-a. 
single phase transformer, and Figs. 36 to 38 an 
isolating and earthing switch. 

It should be noted that the bushings on the trans- 
formers are of the condenser type. On the circuit- 
breakers they are of the oil-filled type. All the bushings 
and post insulators are fitted with protective arcing 
horns. The 20,000-kv-a. and 30,000-kv-a. trans- 
formers are provided with parallel-winding tap- 
changing gear, while the others have mid-point auto- 
transformer regulators. The principal technical data 
| regarding the transformers are given in Table III. In 
| connecting up the grid transformers to the ‘bus -bars 
| of authorised undertakings, the lower-voltage switches 
have been chosen to line up with the existing switch- 
|gear. The rupturing capacity of these lower-voltage 
| switches is chosen in accordance with the requirements 
of each station as determined by the maximum possible 








particles deposited from the air each day of the week. | 


The fact that there was any difference at all pointed 
to the influence of human agencies, of which the only 
reasonable one was the emission of smoke and hot 
gases in large quantities into the air. The alternative 
to this that there was a natural 7-day period in rain- 
fall, which accidentally had its minimum on Sundays, 
was too unlikely to be seriously considered. 








THE OPTICAL SOCIETY. 


AT a meeting of the Optical Society held on May 9, 
at the Imperial College of Science and Technology, 
South Kensington, with Dr. R. S. Clay, past president, 


in the chair, a paper entitled “Contributions to the! read ‘“ county.” 





handicraft. A list was given of a number of shop| short-circuit power. The metering equipment includes 
signs, and a description of the shop prints or advertise- | kilowatt-hour meters and wattless component meters 
ments, which are valuable historical documents. The | connected to each supply circuit. Where the maximum 
paper contained a new document relating to the | demand of a number of circuits has to be determined, 

revocation of John Dollond’s patent for achromatic | this is done by means of special summation meters. 
glasses, and concluded with a comparison of the| Costs.—The work of construction is now sufficiently 
history of the Spectacle Makers’ Company of Niirnberg, | far advanced to allow of some preliminary information 
with that of London. | being given regarding actual costs. The overhead- 
| line constructional costs for Scotland are shown in 
z | Table IV. Wayleave and Board management charges 
INSTITUTE ne acennnits: Mente Se |are not included in the figures quoted. The cost of 

Tr n ou 4“. | . . . . ° . . 
so pee mallee oF dn Snetieie ok ‘Transport, | the river crossings is not included in this tabulation. 
which was published on page 617, ante. The word | — 
“country ” in the first line of this report should have | 














* Paper read before the Institution of Electrical 
Engineers on Thursday, January 24, 1929. Abridged. 
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The constructional work for these cost 33,000/. Piling 
and foundations for the crossing towers cost 12,000I. 
The total distance accounted for by the crossings and 
approaches is 1-53 miles, giving an average cost per mile 
of thisispecial work of almost 35,000]. On the normal 
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Costs of some of the standard tower types are given 
separately in Table V. These may be of value in 
compiling estimates of the cost of making detours. 
The transformer contract amounted to 286,7891. for a 
total capacity of 695,000 kv-a. The average price 


TaBLeE III.—TecunicaL Data REGARDING GRID TRANSFORMERS (FOR SCOTLAND). 

















Capacity, kv.-a. . 10,000 15,000 
Constitution of bank ..| 3-phase 3-phase 
unit unit 
Magnetising current in primary, amps. 2-1 2:7 
Fixed losses (kw.) at normal sas (a) 33 57 
normal ratio half seated (b) 33 47 
Load losses, kw. (a) 108 135 
(db) 27 34 
Efficiency, per cent. (a) 98-60 98-74 
(b) 98-81 98-93 
Regulation, per cent. :— 
Power factor = 1°0 a) 1-53 1-36 
= » = O'Slagging.. (bd) 6°85 ‘78 
Impedance :— 
Normal .. 9-5 9-6 
10 per cent. high } 10°25 10-4 | 
10 per cent. low 10-15 10-1 | 
Reactance :— | 
Normal .. 9-46 9°56 
10 per cent. high } 10-22 | 10-35 
10 per cent. low ; 10-1 | 10-05 | 
Dimensions :— | 
(1) Height, ft. .. ne ae ne 16°25 | | 
(2) Breadth, ft. on a : | 13-0 | 
(3) Length, ft. .. : 26-0 
YH 10-75 | 
Dimensions arranged for transport \(2) 8-75 | 
J | 18-25 


J (3) 
Weight of core and windings, tons oe 
Weight of oil, tons »-| 22-8 
Weight of complete transforme r, ‘tors :.| 
Weight of complete transformer arra* etd 

for transport, tons ° 

Input to pump motor, kw. 
Input to blower motor, kw. 








run of the lines the percentages of the total costs 
(arranged in descending order of magnitude) for the 
chief constructional parts are :— 


Per cent. 
Towers ‘ee oe eres . 48-7 
Line conductors ... =s oes 29:9 
Insulators ... sa za 11-1 
Earth conductors ... cus mas ee 5-2 
‘ 5+1 


Special works 


All these prices include erection. 

















20,000 30,000 45,000 60,000 75,000 

3-phase 3-phase 3 single 3 single 3 single 
unit unit phase units phase units | phase units 

per bank per bank per bank 

3°3-4°4 4-75-6-25 8 10 12 
90 127 47 53 61 
78 111 43 49 56 

138 166 96 126 130 
34-5 41-5 24 31°5 37°5 
98-87 99-03 | 99-05 99-10 99-16 
98-89 98-99 99-11 99-19 99-25 
1-19 1-06 belt 1-1 1:07 
6-85 6-74 6-6 6 6°6 
10 10 9°5 9°5 9°5 
10-4 10-4 8:5 8-4 8-4 
10 10 11-0 11-0 11-0 
10 10 9-5 9°5 9°5 
10-4 10-4 8-5 8-5 8-5 
10 10 11-0 11-0 11-0 
18-6 21°25 22-1 22°5 22-9 
18°75 19-3 15-0 15°6 15-6 
20-25 21-5 13-1 12-10 13-3 
11°58 11-6 13°8 14 14-4 
8-75 8-8 7:5 7-11 7-11 
13-75 15-1 8-4 8-1 8-6 
35 48 21-2 22-9 27:5 
21 24 11-8 12-2 13-1 
77°5 95°5 51-6 41-1 50:1 
65 80 34 35°5 40-5 
4°5 5 2-4 2-4 3°5 
7°5 11 3-2 3-2 3-7 

per kilovolt-ampere was 0-413/., the range from 


10,000 kv-a. to 60,000 kv-a. being 0-71. per kilovolt- 
ampere to 0-26l. per kilovolt-ampere. The switchgear 
equipment for 13 substations cost 316,420]. The 
prices of the standard three-switch substations’ equip- 
ment ranges from 17,0001. to 24,0001. per station. The 
L3 type and D.B. type substations cost 33,000]. and 
47,000/., respectively, in the Scottish scheme. The 
foundation costs for these stations vary considerably 





with local conditions, but they may be assumed to be 
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of the order of 4,000/. to 5,000/. per substation. The 
lower-voltage switchgear used for connecting the grid 
supply to the ’bus-bars of the undertaking varies in 
voltage and rupturing capacity. The cost of a standard 
equipment of the lowest rupturing capacity used is 

















Taste IV. 

Single- Double - 

Part. circuit circuit 

Lines. Lines. 

£ £ 
Line conductors 89,072 25,961 
Earth conductors . 17,304 2,574 
Insulators .. 27,762 14,832 
Towers ‘ 135,623 51,971 
Special w orks 16,443 3,286 
aa | 

Total ..  ..  .. «| £286,204 | £98,624 





Cost per mile | £1,438 | £3,400* 





* The double-circuit lines in Scotland pass through particularly 
difficult districts, so that the costs are high relatively to the 
single-circuit lines. 

















TABLE V. 
, Angle of Single Double 
Type of Tower. Divergence.| Circuit. Circuit. 
Deg. £ #8 age 3 
Straight line <2 95 O 172 14 
Small angle .. <10 127 11 —_ 
Medium angle :— 
Single circuit -|>10. — Ra 9 ong 7 
Double circuit ‘ 153 2 256 7 
Large angle and strain ‘> 30 60 206 0 423 10 
approximately ~ 8,000/. These figures give the costs 


of the essential components of the Scottish section of 
the grid. 








Propos—ED NIAGARA RIvER BripGe.—The Niagara 
Parks Commission is to make application to the Canadian 
Parliament for an Act granting authority to construct 
a highway traffic bridge over the Niagara River. The 

roposed bridge would involve an expenditure of from 
6,000,000 dols. to 7,000,000 dols., and its construction 
would employ 1,000 men for a period of two years. 
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THE CONSTRUCTION OF THE GRID TRANSMISSION SYSTEM IN GREAT BRITAIN. 





a 








(186.S.) 












‘ 


ane ani anaes aan ening eens uate nes 
eat eects wating Anca 


(W867) L, 


British STANDARD SPECIFICATION FOR CEILING 
Rosrs.—A revised edition of the 1914 issue of the 
British Standard Specification for Two- and Three-Plate 
Ceiling Roses, designated No. 67/1929, has just been 
published by the British Engineering Standards Associa- 
tion. In the new publication the designs of the roses 
have been simplified and, in addition, provision is made 
for semi-recessed roses, all types being suitable for use 
in circuits in which the voltage does not exceed 250 volts, 












(For Description, see opposite Page.) 


4 De = 









n 
Vi Fig.38 





b-4.3" 
“ENGINEERING” 





and the current does not exceed 5 amperes. The speci- 
fication lays down the materials and dimensions of the 
component parts, and details are given of a suitable gauge 
to ensure that the holes for the fixing screws are so placed 
that a British Standard ceiling rose can be mounted on 
a British standard conduit-box. Copies of the new 
specification may be obtained from the B.E.S.A. Publi- 
cations Department, 28, Victoria-street, London, 8.W.1, 
price 28, 2d., post free. 





THE SCHIESS-DEFRIES HIGH-SPEED 
LATHE. 


THE development by the metallurgists of steel alloys 
capable to being employed for tools cutting at very 
high speeds postulates the production of machines 
capable of using such tools effectively, and in our 
account of the machinery exhibits at the Leipzig 
Fair of 1928,* we gave a brief description of a 
high-speed lathe intended to make use of alloy steel 
tools to such purpose. Since that account was written,, 
however, we have had an opportunity of seeing 
this high-speed machine actually at work on several 
different materials in the workshops of Messrs. Alfred 
Herbert, Limited, Coventry, who are the agents in 
this country for the makers, Messrs. Schiess-Defries 
A.-G. Disseldorf. We are accordingly able to give a 
more adequate description of this interesting lathe, and 
to illustrate it by the further photographs reproduced 
in Figs. 1 to 4, on pages 740 and 741, which were 
specially taken for the purpose. 

The drive is naturally of prime importance in a large 
machine cutting at high rates, for, in addition to the 
increased stresses on the rapidly moving parts, distant 
control is essential. Hence the direct electric drive is 
adopted, that is, direct in so far as the motor shaft is 
coupled to the first gear-shaft, the reduction ratio being 
3to1. The motor, of 35 h.p., is of the variable-speed 
shunt type, running at 385 r.p.m. to 1,155 r.p.m., and is, 
as will be seen from Fig. 1, carried on what amounts to 
a prolongation of the lathe bed. The base for the control 
gear is embodied in this casting, the gear being well 
shown in the figure in which the casing is, of course, 
removed. The gear box is remarkable for its simplicity 
of outline, and the whole of the gear is submerged in 
oil, the spindles being fitted with radial roller bearings. 
The main spindle speed can be varied from 20 r.p.m. 
to 600 r.p.m., in three ranges, the change from one 
range to another being made by the handwheel seen 
about the centre of the gear-box. An ammeter is 
placed on the end of the gear-box, near the face plate, * 








* See ENGINEERING, vol. cxxv, page 283. 





- 


so as to inform the operator of the power being taken 
by,any particular cut. The instrument in this position | 
is visible from the saddle, on which there is a tacho- | 
meter showing the speed of the main spindle. The 
plate, seen near the handwheel in Fig. 1, is engraved 
with the cutting speed in feet per minute corresponding 
with different diameters of work, so that a reference to it 
from the tachometer reading, and the caliper dimen- 
sion of the work, will enable the rate at which the cut 

is proceeding to be readily determined. 

The construction of the bed is well shown in Fig. 2, | 
annexed. It is made to requirements as regards length, | 
the example we inspected, accommodating a length 
between centres of 15 ft. The height of the centres | 
is 15} in. above ways of the bed, which are wide and | 
flat. The tail-stock, to the right of Fig. 2, is traversed | 
by a rachet-operated pinion, which gears with a rack at | 
the front of the bed. The centre is adjusted by a large | 
handwheel at the back, and is locked in position by a 
lever at the front. This actually locks a sleeve which | 
contains the centre proper, as the latter rotates on ball 
bearings instead of being fixed as is usual. The bearings 
are designed to permit of any longitudinal expansion of 
the work during cutting. The saddle and apron are seen 
occupying the centre of Fig. 2. There are two tool posts, 
thatjat the back of the saddle being intended to carry | 
a tool making a roughing cut slightly in advance of 
the finishing cut made by the tool in the front post. 
The latter is square and is made to swivel so that any 
one of the four tools can be used as desired. It is pro- 
vided with a longitudinal hand-setting movement. 
This is absent from the back tool post. Both tool posts 
have a hand-setting transverse movement operated 
independently from the front of the saddle, and are 
fitted with finely divided scales and pointers on the 
operating spindles. 

The saddle is traversed manually by the handwheel 
at the extreme left. Beyond this wheel is seen the 
3-h.p. motor provided for rapid traverse, which takes 
place at the rate of 40 ft. per minute. Above the hand- 
wheel are two push-buttons, marked ‘ right” and 
* left,’ which control the traverse. As long as one 
of these is pressed the saddle moves in the desired 
direction, the operator of course moving with the | 
eaddie. Another panel with three buttons is placed 
at the right hand of the apron. These control the 
main motor and are used for regulating the spindle 
speed. Two of them increase or decrease the speed in 
the particular range previously set by the handwheel 
on the gear-box; the third is a stop button. The 
tachometer is seen below this panel, and to the right of 
it are seen two knurled knobs for regulating the feed 
speeds. In the centre of the apron are three levers, that 
below the tachometer determining the direction of the 
feed motion, that is to right or left when cutting, or in 
or out when surfacing. The lever in line with the tacho- | 
meter engages either the longitudinal or surfacing | 
motion according to its position, and the one nearest | 
the handwheel engages either the hand or rapid travers- | 
ing motions of the saddle as desired. All these levers | 
are interlocked. 

The feed speed regulation is best seen in Fig. 3, 
page 741. The motion is taken from a keyed shaft 
running the full length of the bed, and supported, as 
necesary, by the hinged bottom bearing at the right 
of Fig. 3. This is normally carried on a_ bracket 
underneath it, which is kept in place by a strong spring. 
A depressor bar, with ramped ends, is attached to the 
saddle, and pushes in the bracket on the approach of 
the saddle. The bearing then drops out of the way, 
and is returned by the spring when the saddle has 
passed. The feeds are engaged, either surfacing or 
cutting as determined by the lever previously men- 
tioned, by the lever seen at the end of the apron in 
Fig. 3. The knurled knobs move the change gears 
on being rotated, the lower ends of their spindles being 
provided with pinions engaging with racks. These 
racks also carry pointers which indicate the position 
of the gears on the flat engraved surface of the tubular 
projections shielding them. Six rates of feed, varying 
from 6 cuts to 85 cuts per inch, are provided. A scale 
with an adjustable vernier is let into the side of the 
bed above the rack in order to facilitate setting. 

Adjustable stops for automatic throw-out are fitted 
on the front of the bed. Th» switchgear in connection 
therewith is situated on the saddle below the back tool 
post, and is seen in Fig. 4, page 741. This figure also 
shows the method of picking up the current for the 
saddle traversing motor, the protective casing being 
removed. The sloping perforated sheets seen in the 
bottom left-hand corner of the figure, are for the 
purpose of throwing the chips to the space at the back 
of the machine, as they fall, when broken up by the 
tool, into the space between the ways of the bed. 

On the occasion of our visit, the lathe was being 
tested with a tool tipped with Widia metal. This is 
an alloy recently developed by Messrs. Fried. Krupp, 
A.-G., Essen, and handled in this country by Messrs. 
A.C.Wickman, Limited, Charterhouse Works, Coventry. | 
It is applied in the form of tips, which are brazed to 
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ordinary steel shanks, and requires no tempering or 
annealing. It needs, however, special grinding wheels 
for sharpening it. It is not intended for taking 
heavier cuts than are possible with high-speed steel, 
but, with the same rate of feed, it is stated that cutting 
speeds can be greatly increased, and the life between 
grindings considerably lengthened. Tests at the 
Leipzig Fair showed that a shaft, 13 in. in diameter, 
slotted on both sides to interrupt the cut, and of 45-ton 
tensile mild steel, and 200 Brinell, could be turned 
at a speed of 260 ft. per minute on a cut of 0-47 in., 
with a feed of 0:04in. On reducing the cut to 0-314 in. 
with a feed of 0-015 in. the cutting speed could be 
increased to 560 ft. per minute. At the time of our 
visit to Coventry, cast-iron and 45-ton tensile steel of 
different diameters were being turned at very high 
speeds, and the machine ran with a noticeable 
freedom from vibration. 








THe AmericaN Bacxite INpustry.—According to a 
statement issued recently by the United States Bureau of 
Mines, 375,426 tons of bauxite were produced in that 
country during 1928, and 350,111 tons were imported. 








THE SADDLE. 


THE AMERICAN INSTITUTE OF 
MINING AND METALLURGICAL 
ENGINEERS. 

Tue American Institute of Mining and Metallurgical 
Engineers, considered at its February meeting, held at 
New York, a variety of papers, a brief account of 
some of which we give below. 

Tue GEOLOGY oF Dam Sires AND OF HyDRAULIC 
PLANTS. 

Two papers were presented on this subject. In 
the first, on the use of geological data in connection 
with hydraulic projects, Mr. Gerard H. Matthes, of 
New York City, pointed out that recent dam failures 
and other calamities had shown that the execution 
of big hydraulic projects had not always and every- 
where been based upon sufficient geological data. Dam 
disasters generally received due investigation, but the 
cases of narrowly averted failure and of dam sites, which 
proved worthless after stripping, were frequently kept 
quiet because the owners did not desire publicity. The 
old-time practice involved a few rows of diamond-drill 
holes sunk across a site, supplemented by trenching, and 
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Fia. 3. APRON AND FEED CONTROLS. 


by:test pits at the abutments and tests of the founda-| Barquito, is connected by a metre-gauge railway 
tion materials, all frequently carried out at the lowest | to the mines and the reduction plant, situated in 
possible costs, or merely by accepting the drillman’s|the Province of Atacama, at an elevation of 10,000 
interpretation of underground conditions. But the | ft. near mountains rising to 16,000 ft. The railway, 
first preliminary geological study should, if favourable, | owned by the Company and the State, consists mostly of 
be followed by a detailed geological survey, an enquiry | tunnels. The copper ores occur over an area found in an 
into ground water levels and flows, by water-pressure | intrusion of quartz-diorite porphyry through sedi- 
testing and by proper core borings, not hurried through | mentary strata, about 2 km. by 1 km. and consist of 
in arbitrary time schedule at so much per linear foot. | oxides and sulphides ; the sulphides, which predominate, 
The nature of the sedimentation in reservoirs and the | are fortunately sharply separated from the oxides above 
chemical action of the water, especially on grouts them by a thin blanket of leached porphyry. 

injected under air pressure into foundations, required| After drilling 168 holes down to depths of 388 m. 
further investigations. In some cases there was a | (1,270 ft.) ; a concrete-lined adit was driven under the 
danger of rocks having been weakened by weathering, | known ore at an elevation of 2,974 m. (9,754 ft.), 
although apparently intact. |2 miles in length, for mining the sulphides in the 

The other paper, on the Geology of Dam Sites, | first instance on the caving or block-caving system, 
by Mr. Chester K. Wentworth, of the Department | which was first adopted by the Ohio Copper Com- 
of Geology, Washington University, was based on| pany of Utah. An intermediate haulage level was 
an examination, in the years 1927 and 1928, of 150| connected by ore passes with the underground bins, 
dam sites in the Tennessee and the Cuberland River | at level 3,184 m. The Mining of the oxide, which 
basins. Mr. Wentworth had conducted his inquiry | in some spots has no capping, was commenced in 
partly on the schedules of the Handbook for Field|1925. There are haulage or loading drifts, 30 m. 
Geologists by C. W. Hayes. Recognising that the | apart, and grizzly drifts, 12 m. higher upand 15 m. apart, 
final decision would rarely and only in cases of | undercutting drifts, and two shafts, at 42 deg. to the 
alternative projects rest with the geologist, he advo- | vertical, to each grizzly. The working in the sulphide 
cated the closest co-operation of the geologist and | layers is on similar lines, but the grizzlies and drifts 
engineer. His statement that the private owner of an/| there required timbering or lining with masonry or 
extensive estate might dispense with certain precautions | reinforced concrete to prevent crushing in. The haulage 
in building a dam, the future of which would not injure cars, drawn by trolley or accumulator locomotives, are 
other people, seems to involve a good deal of risk.}dumped by means of tackle which raises one 
Mr. Wentworth estimated the safe-bearing capacity | side of the car as the train passes through the station. 
of rocks and soils as ranging from 200 short tons/Six new underground storage bins, now under 
per square foot for thick layers of hard native rock, | construction, are polygonal, 10 m. in diameter, 16-5 m. 
to 20 tons for rock equal to best or 10 tons for that | high, and covered by a strong dome. The area 
equal to poor masonry, to 6 tons and less for clays and| under the bin is first excavated and lined with 
sands and up to 1 ton for quick sands. The strength| concrete; the concrete floor is then laid, and a 
of stratified rock was greater for normal stresses ring of timber is placed on that and carried to the 
than for other stresses. Since the resultant of the|top of the bin, the space inside being temporarily 
weight of a dam and the horizontal water pressure is | filled with broken material; afterwards the concrete 
inclined downstream, beds dipping at a moderate angle | walls are poured. The bins are filled through two or 
(10 to 30 deg.) upstream offered the most effectual| three chutes provided with apron-type steel gates, 
resistance to the combined stresses. Beds dipping at | controlled by counterweights. 
high angles should lie parallel with the axis of the dam, 
and not parallel with the channel of the stream. Failure | 
be to sliding was more common than inability of the | 

oundation to bear the weight of the dam; there was|.... jo; ' ; ifficultie , 
also rotational stress about the toe of the dam as a pivot. | alain ge a pe nse erg 8 _ rand 
In er weg ye general problem it should not be | jonger apply. Dealing with these problems, Mr. R. W. 

verlooked that the creation of a reservoir altered the | Waterfill, of the Carrier Engineering Corporation, 
ground water level and the conditions of erosion and | Newark, N.Y., pointed out that the chief sources of 
pag irae of be district. Reference was made to | heat in a mine were the wall surfaces, the men, explo- 

1e destruction of the St. Francis dam, with which we | sives, the machinery, and particularly the cooling of 
dealt on pages 417, 452, 547, 580 and 644 of our issues of | the rock as it was opened up, the rock temperature 
April 6 and 13, and May 4, 11 and 25, 1928 Pvasite wg mh Th . 

Pp ? yt ? : | increasing with the depth. The comfort of the worker 
| depended upon the effective temperature, which varied 
with evaporation, radiation, and convection. At about 
100 deg. F. still air and air in rapid circulation had 


Arr Conpitionrne IN DEEP MINES. 
With the increasing depth to which rich ore mines 


UNDERGROUND CONSTRUCTION OF THE ANDES COPPER 
Mining Company, PoTRERiLLos, CHILE. 


Interesting particulars about the underground con- 
struction in Chilean copper mines were given by 
Mr. I. L. Greninger. The Potrerillos mines of the 
Andes Company, are situated on the western slope of 
the Andes, 147 km. from the port of the company at | 





air circulation became detrimental. The heat loss by 
radiation and convection was then very small, and the 
men felt cooler when clothed than when stripped, 
because the clothing increased the evaporation. The 














nearly the same cooling effect ; at higher temperature | 





Fie. 4. ExrotricAL GEAR FOR AUTOMATIC THROW-OUT. 


air below could be cooled by circulating cooler air 
through the mines. But that air took up heat as it 
descended, so that refrigeration had to be applied, 
and then the same difficulty arose in another way. 
Cooling plants required large surfaces, for which space 
was difficult to find below ground, where, moreover, 
cold water for cooling was not available. Further, 
equipment working with noxious vapours could not be 
tolerated down below. But when the plant was put 
upon the surface, the cold air sent down heated up on 
its way and took up moisture more readily. The 
cooling system should remove the heat from the down- 
cast air just before it entered the working level, and 
discharge this heat outside the mine. The system which 
Mr. Waterfill described accomplished this in four steps. 
The heat was removed from the entering air by cold 
water; this water was recooled by refrigeration, which 
transferred the heat to another water circuit, and this 
circuit disposed of its heat to the up-cast air. The air 
could be cooled and dehumidified by indirect contact 
with a cold surface (a bunker coil) or by direct contact 
with a cold-water spray, or by combinations of the two. 
One of their recent refrigerating units was of the centri- 
fugal compression type. The multi-stage compressor 
was mounted on the top of the tubular cooler. A 
refrigerant pump, to draw the refrigerant from the 
bottom of the cooler and to shower it over the tubes, 
and a purge pump, for maintaining the system, opera- 
ting at pressures below atmospheric, free of air, formed 
accessory parts of the unit which had no valves at all, 
except a float trap for returning the liquid condensate 
from the condenser to the cooler. The refrigerant used 
was called carrene, CH, Cl, [dichloromethane ; CH Cl, is 
chloroform, C Cl, carbon tetrachloride], an incombus- 
tible liquid of density 1-33, not dangerous to man, 
boiling at 105 deg. F. at normal barometer. It was 
drawn from an open container by a vacuum pump iato 
the apparatus, in which it would be at a lower pressure 
than the air around; at a depth of 5,000 ft. the 
barometric pressure would be 35in. The dimensions of 
the air-conditioning room at that level would be 
24 ft. by 40 ft. by 12 ft. high. Various modifications of 
the apparatus were indicated, but an actual plant was 
not described. 


OPERATION OF THE PNEUMATIC TABLE. 


In their experimental inquiry into the Elements 
of Operation of the Pneumatic Table, Messrs. A. F. 
Taggart and R. Lechmere-Oertel, of Columbia Uni- 
versity, New York, made use of a table fitted with a 
deck 20 in. by 12 in., consisting of nainsook (a kind 
of muslin) supported on slats which registered with the 
rifles on the deck. The cotton threads of the nain- 
sook were 0-13 mm. in diameter and left apertures of 
0-17 mm.; the 12 riffles were wooden strips, ¥% in. wide 
and fin. high, laid parallel with the feed side of the table. 
The deck was carried on a frame enclosed at the edges 
by canvas connecting the deck with the stationary 
air chamber, the air currents from which were deflected 
diagonally so as to strike the feed corner of the deck. 
The feed, at the rate of about 8 lb. per minute, was 
through a bumping tray; the deck was supported on 
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four rocking arms, and could be inclined both longitu- 
dinally and transversely. A series of experiments was 
made with soft coal mixed with slate and gangue, being 
ground rather more finely than the materials would be 
in coal washing. 

In most of the experimental runs one factor was 
varied, keeping the others constant. The rate of air 
feed, regulated by controlling the blower inlet, ranged 
from 115 cub. ft. to 375 cub. ft. per square foot of table 
per minute ; the air pressure was not mentioned in the 
report presented to the Institute. The shaking of the 
table alone would make the coarse mineral settle first, 
and above it the coarse coal, the fine particles afterwards 
filling the interstices. The rising air currents kept 
the fine coal afloat, and the combined effect, with 


air supply sufficient to maintain easy bed flow, was | 


that alternate layers of coarse and fine slate covered 
the deck. For the treatment of coarser coal the length 
of stroke, which was 4 in. at first, should be slightly 
increased (to $ in.); the speed should be high for short 
strokes. The longitudinal slope had little influence on 
the stratification, but affected the direction and extent 
of the travel of the bed as a whole. Increased trans- 
verse slope hardly altered the efficiency of separa- 
tion. The fine coal accumulated at the top of the bed ; 
but grain size was important, and as slate fragments 
are more flaky than the roughly cubical lumps of coal, 
the pneumatic method of cleaning may not come up 
to expectations. Messrs. Taggart and Oertel recom- 
mended higher table speeds, shorter strokes, and greater 
rocker-arm angularity than they had found in plants 
visited. They laid considerable stress on the differ- 
ences between the wet table and the pneumatic table, 
which were often compared to the detriment of the 
latter. 





tion, but might also put an abnormal back-pressure 
on the oil sands in the lower portion of the well. The 
whole problem required further investigation, however, 
and a good packer had yet to be invented. In general, 
production through a restricted small number of wells 
seemed best for the ultimate oil yield. 


New DEVELOPMENTS 1n Acip-ReEsistanT ALLOYS. 

Tue paper by Mr. Burnham E. Field, of the Union 
Carbide and Carbon Research Laboratories, Inc., New 
York, described promising laboratory tests, at pre- 
sent being made by several chemical companies under 
commercial conditions, of two new classes of alloys. 
The first, nickel-molybdenum alloys, had been investi- 
gated in Germany, and by S. W. Parr, whose illium 
alloy was, however, too expensive, while two American 
patents have recently been taken by A. W. Clement. 


Mr. Field found that nickel-molybdenum alloys, | ¢ 


containing more than 15 per cent. of Mo, were little 
attacked by 10 per cent. hydrochloric acid, even at 
70 deg. C.; as these alloys were rather expensive, 
however, the point was to ascertain in how far the 
molybdenum could be replaced by iron. It was 
believed that the iron should not make up more than 
10 per cent. of the alloy, but Mr. Field discovered 
that the corrosion curve had secondary maxima 
at 5 per cent. and 10 per cent. of iron. Corrosion was 
less pronounced in sulphuric than in hydrochloric 
acid, and it only became serious with 25 per 
cent. of iron. The corrodibility varied with the 
strength of the acid and its temperature, but not in a 
simple way; chlorine, unless dry, and mixtures of 
acids and oxidising salts attacked the alloys badly, 


| whilst salt sprays, alkalis, hydrogen sulphide and 
On the wet table there was no segregation | sulphurous acid had little effect. Particularly as 


by weight of the heavy material, and the segregation | regards diluted hydrochloric acid, the Ni-Mo alloys 
as to size was, in the case of the lighter material, the | proved far superior to any others. Considering cost, 


opposite in the two cases. , On the wet table the trans- 
verse tilt and the wash water supply were the most 


| corrodibility and workability 
| alloy, with 20 per cent. each of Mo and Fe, seemed to 


together, the nickel 


important controllable factors; the upward pressure | be the best. Forgings of the alloy had a density of 8-5, 


of the air was lacking. It might be considered that 


(a Brinell hardness of 207,a melting point of 1,300 deg. C., 


the pneumatic table has its parallel in the hydraulic | #0 electric conductivity of 1-4 per cent. of that of 
classifier (see ENGINEERING, vol. cxxvi, page 807), | a and shrank in sand castings by about } in. per 


rather than in the wet table. 


Errect oF SHUTTING-IN OFFSET WELLS. 


oot. It was readily machinable and could be rolled 
hot and cold; in welding, oxidation must carefully 


|be avoided. Carbon (up to 0-2 per cent.) made the 


Mr. C. M. Nickerson, of the United States Navy | alloy harder, and managanese (up to 3 per cent.) more 
Department, dealt, in a paper on the Effect on Producing | Workable, whilst more than 0-5 per cent. of silicon 


Wells of Shutting-in the Offset Wells, with the practice 
of the oil industry of shutting in certain wells in order 
to reduce the flood of oil in times of over-production, 
against which operators had at present to struggle. 
Mr. Nickerson had confined his observations to Cali- 
fornia fields, and more especially to the San Joaquin 
Valley. When the casing-head or the tubing were 
closed, or pumping was stopped, oil production ceased, 
but there might be undesirable effects on the ultimate 
oil recovery, and in particular wide fluctuations in 
the gas and petrol recovery. For the purpose of his 
study of these effects, Mr. Nickerson divided the 
producing wells of California into three groups. 


in the flush period of their lives gave much wet gas. 
In the second group the fluid level was just above, or 
only a little below, the top of the perforations, and 
the production of gas and petrol was still substantial, 
the gas being the main factor forcing the oil to the well. 
The wells of the third group were in the last period of 
commercial production, which mainly depended then 
upon the force of gravity and the encroaching edge 
water. 

In California, the oil was generally found in loose 
unconsolidated sands or sandy shales. When the field 
was past its flush stage, the upper portions would 
contain chiefly wet gas, and the lower portions oil. 
Shutting-in wells in the flush period increased the 
drainage area, and also the volume, but either left the 
gas/oil ratio unchanged or decreased it. For wells in the 
pumping stage, but still yielding considerable amounts 
of gas, shutting-in led to the production of more 
oil, gas and petrol from adjoining wells, and to an 
increase of the gas/oil ratio with decreased efficiency of 
production. When graviiy became the main driving 
force, shutting-in had little effect. The great increase 
in the gas production from the wells of the second 
group was due to the migration of the gas to the 
producing well, the gas by-passing the oil on its way 
and carrying little additional oil with it. 

The ultimate result was a serious decrease in the 
recovery of oi] from the shut-in wells and from the 
whole field. Accurate daily determinations of the oil, 
gas, and petrol production from individual wells 
would give warning of the need of remedial action. 
The use of mud fluid in the shut-in well would tend to 
prevent vertical migration of the gas from one stratum 
to another through the well. By setting a packer 
below the top of the perforations, horizontal migration 
of the oil could be prevented, because the pressure 
could be maintained on the upper portion of the zone. 
Back-pressure might stop excess of gas produc- 


The | 
wells of the first group had a high fluid level, and | 





Magnesium counteracted 


had the opposite effect. 
The 


the detrimental effect of any sulphur present. 
structure was fine-grained. 

The other alloy contained nickel, silicon, aluminium 
and copper. Alloyed with either silicon or aluminium 
alone, nickel became brittle in acid-resisting proportion. 
Metallographic studies suggested ternary alloys; the per- 
centage of Al and Cu together should not exceed 12 per 
cent., and a nickel alloy with 10 per cent. of Si, 1-5 or 
2 of Al and 3 of Cu was recommended, though this alloy 
is not workable and not easily machined. The density 
is 7-8, the Brinell hardness 364, the melting point 
1,160 deg. C.; the coefficient of expansion, electric 
conductivity and shrinkage are about the same as 
those of the molybdenum alloy. The resistance to 
hydrochloric acid was found not quite so high, but the 
alloy withstood boiling sulphuric acid better than 
the Ni-Mo alloy, and acetic and phosphoric acids 
equally well. The addition of copper improved the 
rather coarse grains. The difficulty of machining, 
which had to be effected by grinding or with the aid of 
tungsten-carbide tools, was a drawback. 


Corrosion oF NICKEL AND Monet Metau By MILK, 

Among the metallurgical subjects discussed was an 
unusual one relating to the handling of milk. In 
America nickel has of late been much used as a material 
for tanks, piping and other apparatus employed in the 
milk trade, and as Monel metal (about 67 per cent. of 
nickel and 27 per cent. of copper) is made directly 
from the ores, Monel metal was tried as a substitute 
for nickel. Laboratory and field tests, described by 
Messrs. R. J. McKay, O. B. J. Fraser and H. E. Searle, 
of the International Nickel Company, New York, in a 
paper on this subject, were, however, considered to 
be more in favour of solid nickel than of Monel metal. 
Cow’s milk undergoes profound alteration when pre- 
served owing to the bacteria, pre-existent in it or 
added for the manufacture of buttermilk, sour milk, 
cheeses, &c. The principal chemical change is the 
conversion of lactose (milk sugar) into lactic acid. 
The authors found that sweet milk, and the products 
mentioned, dissolved nickel, especially when agitated 
(special aeration tests were not made) and at the higher 
temperatures, but in too small an amount ito be 
injurious to health. There may be some doubt on 
this point. Monel metal proved less soluble than 


nickel, but in one case an oily taste of the milk 
was noticed when the milk was passed unpasteurised 
into Monel pails, and certain catalytic effects of the 
copper in Monel metal on bacteria were suspected. 
Nickel itself did not affect the taste of milk. An inter- 
esting point is that the corrosion of nickel and Molen 





metal by milk did not appear to be electrolytic. Some 
times a slight darkening of the metal was noticed and 
ascribed to a nickel sulphide film ; the albumen in milk 
and gelatin also dissolve the metals. 








CATALOGUES. 

Pumps.—The A.C.E.C. Company, of Belgium, have 
sent us, from their London office, at 56 Victoria-street, 
8.W.1, a new catalogue of electrically-driven centrifugal 
pumps. The separate parts are illustrated, and some 
examples of vertical-shaft pumps are included. 

Drilling Machines.—We have received from Messrs. 

Campbell and Isherwood, Limited, Bootle, Lancs, a 
catalogue of small drilling machines with electric motors. 
Several patterns of the hand-pressure type, with trigger 
switch, are shown, and the bench type, and one mounted 
on a hand truck with a flexible shaft, are also dealt with. 
Illustrations are given, with full particulars of capacities, 
c. 
Protective Devices for Workmen.—An interesting 
catalogue of safety goggles, helmets and respirators is 
to hand from Messrs. 7 and R. Fleming, Limited, 146, 
Clerkenwell-road, London, E.C.1. The variety of designs 
shows that efforts have been made to provide the degree 
of protection required under various conditions without 
causing discomfort to the workmen. Prices are stated 
for single pairs and quantities. 

Tramway Cars.—A scheme of standard dimensions 
and standard parts for electric tramway cars has been 
suggested by Mr. George Frey, of Messrs. The J. G. Brill 
Company, Philadelphia, U.S.A., whose London office is at 
Aldwych House, Aldwych, W.C.2, in a paper which has 
been reprinted by the Company. It contains drawings and 
tables of dimensions for eight types of car, including an 
articulated type, with 89 seats on one floor. 

Rotary Converters.—Messrs. The Harland Engineering 
Company, Limited, Alloa, Scotland, have sent us a 
catalogue of rotary converters, which they make in sizes 
ranging from 50 kw. to 2,000 kw. Notes are given on the 
advantages of the rotary converter, as compared with 
the motor generator. The separate parts are illustrated 
and explained, and there are illustrations of a number of 
plants supplied for service at home and abroad. ~ 

Driving Chains.—Messrs. The Coventry Chain Company, 
Limited, Spon-end, Coventry, have issued two new 
catalogues, one of which is a list of standard roller 
chains held in stock, covering horse-powers from 7 to 75. 
The other is a list of special chains, including such types 
as the inverted tooth, heavy roller, compound roller 
block, laminated block, &c. Wheels, gear cases, repair 
tools, spare parts, &c., are available for all types. 

Belts.—Messrs. James Hendry, Limited, 252, Main- 
street, Bridgeton, Glasgow, have issued a pamphlet 
describing the construction of their laminated-leather 
belting, and illustrating many difficult drives to which 
it has been successfully applied. The method of con- 
struction allows an endless belt to be made up of uniform 
flexibility, and of any required thickness. Alteration of 
length may be effected by any careful person without 
special skill. 

Road Rollers.—Messrs. Marshall, Sons and Company, 
Limited, Gainsborough, have issued a catalogue of their 
‘* Universal ’’ steam road roller, which is universal in 
the sense that it will do the work of both the three-wheel 
and two-wheel tandem types. The rear wheels, or 
rollers, are on half axles, and are easily adjustable to 
any inclination required to produce a cambered road 
surface. The details of boilers and engines are fully 
described. 

General Engineering.—Messrs. Sir W. G. Armstrong, 
Whitworth and Company, Limited, Kinnaird House, 
Pall Mall East, London, S.W.1, have issued a general 
catalogue of their principal products, with illustrations 
and a brief description of each. The text is in French, 
English and Spanish, in parallel columns. The main 
products are ships, locomotives, heavy machine tools, 
cranes, pneumatic tools, heavy castings and forgings. 
Some excellent illustrations of the shipyards and work- 
shops are included. 

Ex tors.—M Ruston and Hornsby, Limited, 
Lincoln, have issued a new catalogue of mechanical 
shovels, containing numerous illustrations of the 
various types of these machines at work. The machines 
are generally made for full circle action, mounted on 
road or rail wheels or on caterpillars as required, and 
are equipped with a variety of shovels, scoops, buckets 
&c., of capacities ranging from } cubi¢ yard to 10 cubic 
yards. The choice of motive power includes steam, 
oil and petrol engines, and electric motors. 

Mechanical Stokers.—An excellent description of the 
Triumph stokers and furnaces is given in a new catalogue 
issued by the makers, Messrs. Triumph Stoker, Limited, 
85, Kirkstall-road, Leeds. The stoker is made in forced- 
draught and natural-draught types, and can also be used 
for burning low-grade fuels by hand firing with the 
mechanical feed omitted. The trough bars, feed gear, 
shovels, driving gear, &c., are illustrated and described in 
detail, and there are several views of large installations, 
including coal and ash conveyors, supplied by the 
company. 

Electrical Machines.—Messrs. The Westinghouse Elec- 
tric and Manufacturing Company, East Pittsburg Pa., 
U.S.A., have sent us a batch of new and revised catalogues 
dealing with low-speed synchronous motors, induction 
motors with sealed-sleeve bearings, fan-cooled enclosed 
motors, paper-making machine drives, carbon brushes 
for traction motors, controllers, resistors, stokers for 
billet-heating furnaces, switchgear and general fittings. 
We have also received a copy of the Westinghouse Inter- 
national magazine, describing many machines and other 
products of the company, 
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IRRIGATION WORKS IN THE BOMBAY 
DECCAN AND THE BHANDARDARA 
DAM AND BHATGAR DAMS.—III, 

By E. Copztanp SNELGROVE, F.R.G.S., M.Soc.C.E. 

(France), M.I.Struct.E. 
Tue Nira River irrigation scheme comprises : 

(1) the Bhatgar or Lloyd Dam, which impounds 





The old dam at Bhatgar was built during the 
11 years 1881-92 in lime-mortar masonry, and 
stored 5,313,000,000 cub. ft. of water, with a depth 
of 83 ft. In 1910, a project for raising the Bhatgar 
Dam by 60 ft. was submitted and sanctioned. Ac- 
cordingly, the Lake Whiting District was formed on 
November 8, 1912, for the purpose of proceeding 
with the work, but the chief engineer entrusted with 





of the new masonry on top of the old dam would 
have crushed the latter ; the old dam was founded 
in some portions on red rock, in others on shallow 
layers of rock, below which red rock was known to 
exist. The foundations were satisfactory for the old 
structure, but it:was not considered safe to build 
the new works on this material. The red rock is an 
inferior coarse-grained trap rock whose red colour 






























THE :'LLOYD DAM. YY/ 
a Lo; Nf 
se \G ZB Y 
Z |Z REFERENCE. 
Ph». Caossine” Existing Roads ———= 
CS eee 
Railways .... a 
J Z F , = y EE: B= Oe Ly \ Ve I 7 a ta = 
go A) Py - / , 8 >) ro \ 
yas A 7; é | Ay Ma “25 
Vike \ i f ) } =e'l oe Na \ F S s me oD } \ f s 
Materials 5B \ SL HH IS Rn Ll lla $) (itm 8 ag 
¢. ‘ LL gps _L — - ~. My ie f 
\ ° otal Nl Ss > Cerk ii 
% 3 F ‘ POtp BD a X on Likes: ters A, 
y K a 
; ; 2a | 
4 ry oy, ee \ ‘ 
di of G p Zp 2 3 e. 
vu LAKE weir i* x... (mn a 
ro af oe” 
2 al e Ww ‘ s\ % 
Pa 
. ae 
7% 
a 
=“ ete, a 
| (436A) “ENGINEERING 




























Fie. 22. View or OLp Dam, wITH 


Lake Whiting and is built across the Yelwandi 
River, just above the confluence with the Nira 
River (see Fig. 1, page 255 ante); (2) the Vir Basin 
at the canal head, 19 miles downstream east of the 
dam ; and (3) the Nira Right-bank Canal and the 
Nira Left-bank Canal, respectively 1064 miles and 
100 miles in length. The first of these three works 
is designed to feed the Right-bank and Left-bank 
canals, and it is the only section dealt with here. 











New Dam UNDER CONSTRUCTION. 


its execution entertained grave doubts as to the 
advisability of building new masonry on to the 
old dam, and a thorough investigation was ordered 
before commencing construction, with the result that 
the chief engineer’s doubts were confirmed. The 
principal reasons which induced the chief engineer 
to abandon the 1910 proposals may be briefly 
stated as follows:—If the dam had been raised 





is probably due to the action of air and water on 
the oxide of iron init. It occurs in pockets and 
layers at considerable depths below solid layers of 
trap rock, where the atmosphere appears to have 
found access through fissures. This red rock becomes 
very slippery when wet. 

A considerable danger would have been faced if 
blasting had been undertaken for the removal of 
this rock at the down-stream toe when the old dam 
was fully stressed under the 120-ft. head of water. 
Again, the 1910 project proposed the removal of a 
portion of the old dam in order to insert additional 
sluices at RL.285, and the under-sluices at RL.242 
were also to be used. These latter sluices were 
only designed for a head of 83 ft., and there was no 
provision for strengthening them for the proposed 
increased head of 143 ft. The masonry at the 
gates was also weak, so that they would have 
had to have been entirely remodelled. Such an 
operation at this level, or even at RL.285, would 
have been extremely hazardous if loss of storage 
was to be avoided, as the water in the tank could 
not be allowed to fall below 40 ft. on the gauge. 
The water level is only allowed to fall to 40 ft. 
fur a few days in each year previous to the 
coming of the monsoon ; for this reason extensive 
works would have been necessary to exclude water 
during construction. The sluices at RL.242 could 
not have been replaced without emptying the tank, 
a measure which would have endangered the irriga- 
tion of the areas on the existing canals. 

The advantages urged in support of a separate 
dam were: In the first place, a gravity section 
could be adopted founded entirely on a solid rock 
foundation ; secondly, the separate dam would 
probably be cheaper than a raised dam; _ thirdly, 
the separate dam would have more to recommend 
it in appearance and there would be a saving of 
315 ft. in length ; and finally, though the saving in 


it is probable that with an empty tank the weight | cost might be in doubt, the greater security during 





744 


operations and in the finished work was well worth 


striving to attain. 


Commencing at the north end of the old dam, the 
new dam runs in a straight line across the Yelwandi 
Valley as may be seen in Figs. 21 and 22, on page 
743, and Fig. 31, on page 758, on the down-stream 
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works at this stage in order to show clearly the| level is 190 ft., with a maximum width at the base 
relation between the two dams. The details of| of 124 ft. 
equipment and arrangement will be referred to| 143 ft. The Bhandardara Dam just fell short, of 
more fully later. being the world’s highest dam (the Pacoima 

The new Bhatgar Dam was formally opened by| Arch Dam, U.S.A., described in ENGINEERING, 
| His Excellency the Right Hon. Sir Leslie Orme| page 70 ante, claims this honour), but the new 


Fig. 23. ELEVATION OF DAM. 
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side, to a chainage of 3,060-67. Here it bends in| 
a south-westerly direction on a radius of 300 ft. | 
and cuts the Old Dam at chainage 3,250. From | 
here to chainage 4,000 the new dam runs through | 
the bed of the old tank and joins the south bank | 
just by the upstream side of the old south bank | 
terminal. 

The waste weirs, the positions of which are indi- 
cated in Figs. 21 and 23, are arranged as follows :— | 
There are 21 roiling gates, between chainages 3,519 | 
and 3,794, discharging into the cushion formed by | 
the part of the old dam downstream of the new | 
wall. The water escapes from this basin through | 
21 old waste weir openings and flows down to the | 
old south waste-weir channel. There -are also 15 | 
rolling gates and 45 automatic gates between chain- | 
ages 4,512 and 5,305. The whole of the old dam is 
submerged to a depth of 60 ft. except for the} 
portion outside the new wall now used as the | 
cushion described above. 

Where the new dam cuts the line of the old | 
dam a small arched dam was built joining the new | 
and old walls prior to the breaking of the old wall. 
This prevented loss of water and facilitated con- 
struction. This temporary expedient is shown in 
Fig. 24, and can be just distinguished in Fig. 21. 
A small sluice is inserted at this point to drain 
the water cushion formed by the part of the old 
dam outside the new wall. 

It has been necessary to mention this part of the 








Fie. 24. INTERSECTION OF NEW AND OLD Dams. 
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Wilson, Governor of Bombay, on October 27, 1928. | Bhatgar Dam contains by far the largest volume of 
The scheme was conceived by Messrs. Arthur Hill | masonry of any dam yet built ; 21,500,000 cub. ft. 
and H. F. Beale; the dam was designed by Mr. | is the amount of this grand total—a volume which 
C. B. Pooley, C.LE., and carried out by him and | exceeds that in the Assuan Dam by 3,500,000 cub. ft. 
Mr. R. T. Harrison. |The water impounded by this large wall, and called 

The main dimensions of the works may be briefly| Lake Whiting, has an area of 14-7 sq. miles, a 
summarised as follows :—The length of the dam perimeter of 46 miles, a maximum length at full 
is 5,333 ft.; the height above the lowest foundation supply level of 17 miles, and the great volume at 





The lowest sluices are under a head of 
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this level of 24,198,000,000 cub. ft., or 151,237,500,000 
gallons. 

Work was commenced on the dam in the year 
1912, and such annual programmes were arranged 
that the wall progressed pari passu with the extend- 
ing of the canal system, which latter could not 
advance so quickly as might the work on the wall 
had this been unrestrained. The work accomplished 
in the several years is shown in Fig. 25. Figs. 22, 
30 and 31 show various stages of construction. 
Fig. 30 shows the excavation work proceeding in 
front of the old dam, in January, 1914. Fig. 22 is 
a view of the new work with the old dam behind 
it, this view having been taken in 1918-19. Fig. 31 
is a similar view at a later stage, this having been 
taken in December 1922. 

The unbridged condition of the Nira and Gunjavni 
Rivers left Bhatgar for some time inaccessible during 
the monsoon months, but there is now a low level 



































waste weir gates (Fig. 23). From chainage 3,252? 
where the ramp ends the road surface continues level 
at 396 R.L. A crane track is provided along the 
waste weir portion for the gates crane consequently 
the upstream parapet is replaced in this section by 
iron stanchions and chains to allow the free operation 
of the crane. As the dam is only 19 ft. thick at full 
supply level, the masonry is corbelled out 18 in. on 
the upstream side and 2 ft. on the downstream side, 
as shown in Fig. 26. The upstream parapet is 2 ft. 
thick, and this and the corbels have been designed 
with a view to checking wave action. Architect- 
ural relief has been achieved on the downstream 
face by the provision of brackets at 13 ft. 3 in. 
centres. 

A buttress standing at the North end, and an en- 
trance gateway with chowkidars’ and signallers’ 
quarters at the south end provide definite abutments 
where the dam meets the ground. Towers mark 
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bridge over the Nira River which is available except 
for a short period at high flood, and also a bridge 
over the Gunjavni River has been constructed near 
Kasurdi to connect the dam with the main Poona- 
Bangalore Road. This road is carried over the dam 
and proceeds to Bhor three miles beyond Bhatgar. 
The Northern Terminal of the dam is connected to 
a narrow spur by the means of a concrete cut off 
trench which is carried down to the solid rock in 
order to staunch the spur. The top of the spur 
is levelled to provide a platform 200 ft. by 31 ft. 6 in. 
wide for the accommodation of vehicles. This 
platform is bounded on the upstream side by a 
parapet in line with the parapet wall over the dam, 
and on the downstream side by a retaining wall 
and parapet which join the North end of the dam 
by a buttress 26 ft. in width. The road over the 
dam and waste weir is 16 ft. 6 in. in width clear 
between parapets, as may be seen in Fig. 26. 

The full supply level in the lake is 385 R.L. and 
the road surface over the dam is 4 ft. 6 in. above full 
supply level. Solid flanking parapets 3 ft. 6 in. 
high run the whole length of either side. The road 
over the dam runs level at R.L. 389-5 for a chainage 
of 3,060-67 ; at this point a ramp 192 ft. long ona 
gradient of 1 in 29-55 is provided to meet the 
increase in height required by the presence of the 


the ends of the curved portion, throughout which 
ornamental bracketing has been omitted. The 
straight section from the North end up to the chain- 
age 3,041 is divided into five bays by four minor 
towers. The panels so formed are not precisely 
equal, but are arranged to bring out the main 
features, and to fit the engineering requirements in 
connection with the operation of the sluices. At 
the South end, the straight portion is divided into 
three panels by two minor towers at chainages 
3,812 and 4,494. The first panel contains 21 rolling 
gates for the waste weir and the last panel contains 
15 rolling gates and 45 automatic gates. At 
chainage 5,322 there is a minor tower which serves 
| the double purpose of providing an operation stand 
| for the automatic gates and for giving the appearance 
| of strength where the dam terminates. The desire 
'has been to convey a sense of magnitude and 
| dignity, but unnecessary ornamentation is absent. 
| A major tower consists of a simple gateway tower 
with a level parapet. 

| The foundations were examined very thoroughly 
before any masonry was laid. A rotary core drill 
was used to a depth of 15 ft. to prove the rock at all 
points under the foot of the wall, and the surface 
of the rock was chisel-dressed until every portion 
would ring true to a blow by a 20-Ib. hammer. After 














excavating all unsound rock irrespective of colour, 


the dam was founded generally 3 ft. to 5 ft. in solid 
trap. At places where the red rock is underlying 
layers of solid trap of over 15 ft. in thickness, the 
solid rock was not excavated, but usually a 
key was provided in the foundations on the 
upstream side. In the river bed between chainages 
2,100 to 2,400, the rock was not so hard and did 
not give a clear sound to the hammer; it was, 
however, found to be solid and homogeneous for 
20 ft. below foundation according to borings, so 
that founding was allowed to proceed on this. 
Between chainages 220 and 2,300 it was decided 
not to excavate a solid layer of trap averaging 10 ft. 
in thickness, below which there was a thin layer 
of hard red rock. A small leak was subsequently 
found at this place between the red and black rocks, 
and, as the whole of the material could not then be 
excavated, a cut off trench was sunk on the upstream 
side to prevent the possibility of upward pressure, as 
for instance shown in Fig. 26. There is also a drain 
in the masonry at this point to test the efficiency 
of the cut off trench and to obviate the development 
of pressure. A large amount of pumping was neces- 
sitated owing to the close proximity of the lake, 
which was nowhere more distant than 240 ft. 

The character of the rocksis shown in the accom- 
panying table of tests made on 2-in. cubes :— 




















Pressure in 
Rock. Ibs. per Remarks. 
sq. in. 
| 
Red rock from river bed 1,960 
” % Pe ,800 (|Liable to disintegrate 
» ” * Bo contracts and expands, 
Blue rock from river bed .. 6,720 
Block rock (chainage 1,100) _ 8,675 Guitable for foundation. 
” ” 9 -»| 15,120 
Soft blue rock with iron 
and quartz from river bed 2,240 \|Soft but suitable for 
” ” ” 3,080 f| founding. 
(To be continued.) 





HEAT TRANSFER FROM STEAM 
TO METAL. 


It was Osborne Reynolds who first drew attention 
to the important part played by any entrained air 
in hindering the transfer of heat from steam to a 
surface-condenser tube. Most of those who have 
experimented on the condensation of vapours, 
however, have attempted to determine overall 
global coefficients for the transfer of heat from 
vapour to cooling agent, and have paid very little 
attention to the fact that, on the vapour side, the 
resistance to heat flow might vary througha 
preposterously large range owing to variations in 
the percentage of air entrained in the vapour. 
Such global figures, accordingly, throw little light on 
the phenomenon of condensation, for elucidating 
which, the various resistances overcome by the 
current of heat flowing from vapour to condensing 
water should be individually measured. This 
seems to have been recognised first by Oallendar 
and Nicolson, who, about the year 1898, measured the 
transfer of heat from air-free steam to a platinum 
tube, the temperature of which was measured electri- 
cally. With a temperature difference of 20 deg. C., 
the heat flow amounted to about 8 calories per 
square centimetre per second, corresponding to a 
resistance, in O.G.S. units, of 2-5. Later on, further 
experiments, directed to the same end, were made 
at the Royal Technical College, Glasgow, by Mr. 
G. O. Webster, who described his observations in a 
paper published in Vol. LVII of the Transactions 
of the Institution of Engineers and Shipbuilders in 
Scotland. Recently the matter has been studied 
experimentally at, the University of Michigan, Ann 
Arbor, by Mr. D. F. Othmer, now of the Eastman 
Kodak Company, Rochester, N.Y. His results are 
described in a paper presented last September at a 
meeting of the American Chemical Society. Previous 
experimenters have condensed the steam in a tube 
through which a steady current of water was passed. 
Under such conditions, the temperature of the tube 
cannot be constant from end to end. An ingenious 
method of overcoming this drawback has been used 
by Mr. Othmer. The steam was generated in a 
boiler heated in part by gas and in part by an electric 
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is | | 5 
heater, an arrangement which facilitated tempera- | taut between two stakes, and after it hasJ been 
ture control. The steam space was traversed by a seisenesidal SURVEYING Pere eS. kept in this position for a considerable length of 
horizontal condensing tube of copper, 3 in. in| or information regarding the instruments used | time it is stretched again. When this process has 

in the laying out of the great constructional works | been repeated several times, the rope is rubbed with 


diameter, which was only partially filled with the day e gre wo 
cooling water. As the steam condensed, this cool- | of antiquity we are mainly indebted to the writings |a mixture of beeswax and resin. It is better, 
ing water evaporated under constant pressure, and| of Hero of Alexandria and of Marcus Vitruvius | however, instead to suspend it vertically for a 


the steam thus generated was condensed in an/Pollio, both of whom lived in the first century | long time with a sufficient heavy weight attached 
auxiliary condenser, which drained back into the|B.C., and to Sextus Julius Frontinus, the famous to it.” * 
main cooling tube. ‘The inner surface of this| writer on Roman aqueducts, who died about | Another instrument for making linear measure- 
was thus kept at a uniform temperature from|4.D. 106. Euclid, Archimedes, Eratosthenes, | menst was the ‘‘ Hodometer ” or “‘ road measurer,” 
end to end. The wall temperature of the cooling | Apollonius and other great mathematicians of the which could be used in the same way as our taxi- 
tube was measured by thermo-couples. Efficient | first Alexandrian School had long since passed away, | meter, or could be adapted for measuring the dis- 
means were, of course, adopted to minimise un-| but they had left behind them the classical works | tance travelled by a boat through the water. 
recorded heat losses. In the course of the experi-|in geometry and astronomy containing those | Hodometers sometimes had toothed gearing, some- 
ments it was found impossible to maintain gas- | fundamental discoveries on which practical survey- | times worm gearing, while one illustration in Mr. 
free conditions in the boiler, save by permitting a,ing is based. How successfully the principles | Stone’s pamphlet recalls the early engine counter 
steady escape of steam. Apparently there was| were applied can be seen by the roads, canals, | constructed by Watt. 

some reaction between the hot water and the boiler | sewers, tunnels, harbours, reservoirs and aqueducts,| None of the early instruments is more interesting 
wall, in spite of the fact that this was nickel-plated | the remains of which to-day testify to the accuracy, | than the Groma, for measuring and _laying-off 
all over. A special manometer was devised, by perfection and grandeur of the work of the civil | horizontal angles, the introduction of which is 
which the air or gas content of the steam was engineers of those times. Yet long before Hero generally credited to the Etruscans who, however, 
determined. It was found that very small quanti-|and Vitruvius, there had been great constructors. may have had it from the Greeks. Frequently 
ties of air had a very marked effect on the rate of |In Egypt, in 3700 B.c., there existed a “ Superin- | mentioned by Roman writers, no detailed des- 








heat transmission, which was attributed to a con- | tendent of Works” who had charge of the construc- 


centration of the air round the cooling tube, as 
found’ by previous experimenters, and this view 
was confirmed by the fact that readings of the 
manometer made during a run proved very erratic. 
Hence, the partial pressures of the air used in 
reducing observations were those measured under 
steady conditions at the end and beginning of a 
run. The coefficient of heat transfer was found to 
be halved on adding 4 per cent. of air to air -free 
steam. With large amounts of air there was a diffi- 
culty in determining the steam temperature, erratic 
readings being obtained. 

On the basis of his results, Mr. Othmer suggests 
the following equations for the rate of heat transfer 
from steam to metal : 


log f = log AT (1:213—0°00242T) 
+{ 


log AT 

3439" 
where f denotes the heat transfer in B.Th.U. per 
hour, per square foot of surface per degree (Fahr.) 
of temperature difference, whilst 4 T denotes the 
temperature difference between the steam and wall 
of the tube, and T is the steam temperature on 
the Fahrenheit scale. The coefficient C represents 
the percentage of air present, and is, therefore, zero 
for air-free steam. It will be seen that, according 
to this formula, the heat transfer is not independent 
of the actual steam temperature, a fact which Mr, 
Othmer suggests is mainly due to the variation in 
the viscosity of the film of water which always forms 
on the surface of a condensing tube. The range of 
steam temperatures was from 99°99 deg. C. to 
11504 deg. C. 

It may, perhaps, be suggested that the effect of a 
given percentage of air may vary considerably 
with the internal conditions. Where there is a 
rapid current of steam over condensing tubes, the 
blanketing effect of the air appears, from other 
experiments, to be markedly diminished. 
Othmer notes this probability in the concluding 
paragraph of his paper. 


as } flog (C + 0°505) — 1°551—-0-009T] 





THE INSTITUTION OF PROFESSIONAL CIVIL SERVANTS.— 


Mr. | 


tion of public edifices and roads, and the Pyramids 
stand as a monument to the ingenuity and skill 
of long-forgotten designers. The Great Pyramid 
is estimated to have a mass of over 6,000,000 tons 
of stone. Its base is 764 ft. square, yet in the four 
sides there is only a mean error of ;‘; in. in length 
and 12 seconds in angle from a perfect square. How 
this accuracy was obtained we do not know, and 
we have to wait until much later times for the 
description of instruments from which our own have 
been developed. 

An account of the ancient field instruments used 
by the Greeks and Romans was given by Mr. R. C.S. 
Walters in a paper to the Newcomen Society in 
1921, and last year Mr. E. N. Stone added further 
to our knowledge by his interesting pamphlet on 
‘Roman Surveying Instruments,” published by 
the University of Washington Press, Seattle. This 
pamphlet forms a part of Vol. 4 of the University 
of Washington Publications in Language and 
Literature. Mr. Noble has been at some pains to 
go to the original authorities Hero, Vitruvius and 
Frontinus, and deals in turn with instruments for 
determining the true meridian, for linear measure- 
ment, for measuring horizontal and vertical angles, 
and with levelling instruments. Roman surveyors 
depended on the sun to give them their true bearing, 
and the two devices, the sundial and the gnomon, 
both of which are generally credited to Anaximander, 
who lived in the sixth century B.C., were in common 
use. It is Vitruvius who gives full directions as 
to the method to be employed in constructing 
them and setting them up, and who calls attention 
to the fact that a dial can be accurately set only 
by taking the equinoctial shadow. By the dial, 
the four or eight principal points of the compass 
could be determined, and from these the architect 
could lay out the streets and alleys so that “ the 
disagreeable force of the winds will be shut off 
from the dwellings and blocks.” One of the most 
interesting buildings still standing in Athens, and 
illustrating this determination of the eight points 
|of the compass, is the Tower of the Winds of 
| Andronicus Cyrrhestes. It is octagonal in form, 





Founded in 1919, the main objects of the Institution | and bears figures representing the characteristics 
of Professional Civil Servants are the advancement of of the winds to which they were inscribed. The 
efficiency in the Civil Service and the maintenance and | building was surveyed by Stuart and Revett; 


improvement of the position and status of professional, f & ; shat 
scientific and technical civil servants. ‘The annual | Delambre speaks of it = the most curious existing 
report of the Council of the Institution for the year 1928 | monument of the practical gnomonics of antiquity,’ 


shows that, whereas the membership on January 1,} and. in a sense, it may be regarded as the oldest 
9 “ember : vas 5,$ | . Doane ate ; 
1928, was 4,294, that on December 31 last was 5,308, | meteorological station in the world. 


an increase of 1,014, or over 23 per cent. These figures | 

indicate that the Institution is an active one and that) For measuring length the Pertica and Decempeda 
its influence within the Civil Service is steadily growing. were used, the Pertica being a rod with ends pro- 
The number and variety of questions brought to the | ae 1 f 1 Th er ; 
Institution for consideration by the constituent bodies | tected by metal ferrules. ese rods were ten, 
during the year covered by the report, have exhibited | twelve, fifteen or even seventeen Roman feet in 


@ marked expansion, as compared ‘with the previous | Jength, and the seventeen-foot Pertica may have 
twelve months, and the Institution has continued to | haem thn origin of the English rod, pole on perch 





vy A its part in the negotiations undertaken, on behalf of the arithmetical tables. Many Roman writers 
make mention of the Decempeda, or ten-foot rod, 
and Cicero refers to a certain Lucius Antonius, as 
a most accurate “ decempedator’”’ (ten-foot pole 
man) or surveyor of both public and private lands. 
But while the pole in conjunction with plumb 
bobs was used on slopes, ropes were used in open 
country. “The rope,” says Hero, “is stretched 


vil Servants, through the National Whitley Council. 
As was the case in former years, a number of lectures were 
arranged by the Institution, among which may be cited, 
“* Salvaging the Fleet at Scapa Flow,”’ by Mr. G. Atkinson. 
The annual dinner was held on November 29, 1928, at 
the Connaught Rooms and was a highly successful 
function. Full information regarding the Institution 


and its activities may be obtained from the Chairman 
of the Council, Institution of Professional Civil Servants, 
69, Victoria-street, London, S.W.1. 





cription of it is found in ancient literature, and 
until recently students had to be content with 
the rude representation found on the tombstone 
of a mensor or surveyor, L. Aebutius Faustus, 
which is now preserved in the Municipal Museum 
at Ivrea, North Italy. But in 1912, during excava- 
tions at Pompeii, a Groma was unearthed. It 
consists of a cross with arms of equal length, four 
plummets suspended by cords from the extremities 
of the arms, a short swinging arm with a bronze 
spindle projecting upwards for carrying the cross, 
and a Jacob’s staff some 6 ft. long on the top of 
which is fixed this swinging arm. Hero and 
Frontinus give directions for its use and the pre- 
cautions necessary ; Hero insisting on the need for 
protecting the plumb bobs from being deflected by 
the wind. A reproduction of the Groma from Pom- 
peii is to be seen in the collection of geodetical and 
surveying instruments at the Science Museum. A 
second instrument for measuring angles, both 
horizontal and vertical, was the Dioptra which was 
of Greek origin. Mr. Stone gives Hero’s three 
methods of determining the positions and horizontal 
distance between two visible (and accessible) points 
with the Dioptra, and compares them with the 
trigonometrical method used by a modern surveyor 
equipped with a transit. Another instrument for 
measuring vertical angles was the Lychnia. 

For levelling, the ancients used instruments 
depending either on the principle that a line per- 
pendicular to a vertical line is horizontal, or on 
the principle that the surface of a liquid in repose 
|is horizontal. Carpenters’ and masons’ squares 
were made in several styles and, in conjunction 
with plumb lines, were used for short sights. The 
Libella was practically identical with the miner’s 
triangle, while the Chorobates consisted of a straight 
|edge about 20 ft. long with a groove in it. At the 
extremities of the straight edge were short braced 
legs at right angles, and plumb lines. Vitruvius 
particularly recommended the use of the Chorobates 
in levelling. In the ordinary way he would depend 
on the plumb lines and the marks on the instru- 
ment, but “if the wind interferes and because of 
the constant motion of the lines it is impossible to 
get an exact adjustment, then let the straight edge 
have a groove in its upper surface, 5 ft. long, a digit 
—— and a digit and a half deep. Let water be 
poured into this groove; if the water touches the 





>| upper edges of the groove uniformly, it will be 


known that the straight edge is level.” 

Of the degree of accuracy attained by Roman 
surveyors and architects abundant evidence is 
furnished by the existing roads, bridges, aqueducts, 
amphitheatres and other buildings. At the con- 
clusion of his review, Mr. Stone refers to an article 
in Nature, November 30, 1911, where this aspect of 
their work was dealt with. On one part of the 
frontier of the Roman Empire, in Southern Germany, 
a portion of the boundary line 29 km. in length 
over rough ground is so straight that on re-measure- 
ment with modern instruments the mean error of a 
point on the boundary was found to be +2 metres. 
Such precision, however, was not always attained, 
as is shown by a report dated a.p. 152 quoted 
by Mr. Walters. A tunnel for water supply was 
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to be bored through the mountain near Salda, 
Algeria. The engineer, Nonius Datus, hydraulic 
engineer of the Third Legion, carried out the survey- 
ing and levelling, marked the axis of the tunnel across 
the ridge, drew plans and sections of the whole 
work, handed the plans to Petronius Celer, the 
Governor of Mauretania, and, summoning the con- 
tractors, saw the work started. Alas! for all his 
hopes. ‘‘ After four years’ absence,” he wrote, 
“expecting every day to hear the good tidings of 
the arrival of the water at Salde, I arrive; the 
contractor and his assistants had made blunder upon 
blunder. In each section of the tunnel they had 
diverged from the straight line, each towards the 
right, and had I waited a little longer before coming, 
Saldz would have possessed two tunnels instead of 
one!” 

Nonius Datus therefore re-surveyed the work and 
put in a transverse tunnel connecting the two 
which in their alignment had so unfortunately gone 
astray. 


THE P. AND O. TURBO-ELECTRIC 
LINER “VICEROY OF INDIA.” 


(Continued from page 721. 
PROPELLING MACHINERY. 


In this article we shall deal with the main propelling 
machinery, which forms the great novelty on the new 
P. and O. liner, Viceroy of India. This consists of 
two separate turbo-alternators, complete with con- 
densing plant and auxiliaries. These sets supply current 
to two slow-speed synchronous motors, which are 
coupled direct to the twin propeller shafts. Contactor- 
operated switchgear is fitted between the alternators 
and the motors for control purposes, as shown diagram- 
matically in Fig. 49, page 748, and enables the required 
speed changes and reversals to be easily effected. The 
steamJturbines and the whole of the main electrical 
generating and propelling equipment, the lay-out of 
which will be clear from Figs. 29 to 35, on Plate LX, 
and page 718 in our last issue, were manufactured by 
Messrs. The British Thomson-Houston Company, 
Limited, of Rugby. 

The two three-phase turbo-alternators have a rated 
output of 9,000 kw. at 2,720 volts, when running at 
2,690 r.p.m., while their maximum output rating is 
6,536 kw. at a speed of 3,110 r._pm. At the latter 
speed they supply current at a pressure of 3,150 volts. 














Their maximum frequency is 52. The turbine portion 
of these sets, of which we give a longitudinal section 
in Fig. 42, Plate LXI, is of the standard B.T.-H. 
design. It is made up of eighteen stages and is sup- 
plied with steam at a pressure of 350 lb. per square inch 
and a temperature of 700 deg. F. As already mentioned, 
steam is extracted at three points for use in connection 
with the closed system of feed-water heating, which 
we described last week. 

An interesting feature of the turbine design is the 
incorporation in its thrust bearing of gear for adjusting 
the axial clearance of the rotor. This consists of a 
sleeve, which is attached to the thrust ring and is 
provided with an external screw thread over the 
greater part of itslength. The sleeve also carries a worm 
wheel. The worm with which this worm wheel engages 
is fitted with an external square-end to take a key, 
so that, when it is turned, the turbine rotor is moved 
axially in the desired direction. The actual clearance 
can be read off on a micrometer gauge, which is placed 
at the forward end of the turbine shaft. 

The speed of the turbine, which in turn determines 
the propeller speed, is directly under the control of 
the engineers, and is effected by means of three levers 
placed below the centre control panel on the starting 
platform. This platform is illustrated in Fig. 50, page 
749, while a closer view of the levers is given in Fig. 48, 
page 748. One of these levers operates the mechanism 
which alters the turbine speed from its maximum of 
3,110 r.p.m. down to about 700 r.p.m., while a second is 
used to obtain speeds down to 110 r.p.m. These two 
levers are interlocked so that when speed is being 
reduced, it is impossible to move the second until the 
first has been thrown over to a position corresponding 
to a speed of 700r.p.m. Similarly, when speed is being 
increased, No. 1 lever cannot be moved until No. 2 
lever has been placed in the position corresponding to 
that speed. The third lever is employed for reversing. 

For speeds between 3,110 r.p.m. and 700 r.p.m. 
the operation of No. 1 lever causes a corresponding 
alteration in the position of a centrifugal governor, 
and thus in the speed of the turbine, though for any 
setting of this lever the turbine speed remains con- 
stant within the limits of the governor characteristics. 
This governor operates the admission valves through 
a servo-motor, which derives its power from the 
lubricating-oil pumps. The flow of oil to and from 
the servo-motor is regulated by a pilot valve, which, 
in turn, is actuated by the centrifugal governor through 
a number of levers. 

Automatic devices are fitted to prevent more than the 
maximum power being applied to the propelling motors 
when the latter are each being supplied separately 





from one turbo-alternator, as is the case at the higher 
cruising speeds. These devices automatically close a 
certain proportion of the steam-admission valves when 
the turbine speed exceeds 2,690 r.p.m., and thus, it 
is claimed, completely eliminate any accidental or 
premeditated overloading. 

The range of speed control with which we have 
just been dealing is effected by moving No. 1 lever 
through the first half of its arc of travel. During the 
second half of this arc, the high-speed governor remains 
set so that the turbine speed is maintained constant 
at 700 r.p.m., the movement of the lever then operat- 
ing a camshaft which opens and closes contactors for 
regulating the motor and alternator fields. The first of 
these fields is supplied direct from the ship’s direct- 
current ’bus-bars, while the latter is connected to a 
separate exciter which is driven by a motor from 
the same ’bus-bars. When this lever reaches the 
end of its arc of travel, both sets of contactors are 
opened, and the fields are switched off,'so that the 
lever can be used for stopping and starting the motors. 
Complete control of the propeller speed between stop 
and full speed can therefore be obtained simply by 
manipulating the high-speed lever No. 1. 

As regards starting, the turbo-alternators, a section 
through one of which is given in Fig. 46, and a view 
in Fig. 43, Plate LXI, are run up to 700 r.p.m., and 
No. 1 lever is moved from its stop position on 
to the first notch. This closes and over-excites 
the alternator field, so that the propeller motor 
starts as an induction motor. When the latter 
has reached approximately synchronous speed, as 
indicated by the speedometers, the lever is moved 
on to the second notch. This switches on the motor 
field, causing the motor to fall into synchronism with 
the alternator. The field of the latter is then reduced 
to normal. During these operations, the speed of the 
turbine remains constant at 700 r.p.m. Synchronism 
having been thus effected, the speed can be controlled 
by moving either of the levers, as already explained. 

When stopping the propellers, the reverse operation 
takes place, 1.e., first the motor and then the alternator 
fields are switched off, so that the former comes to 
rest when the latter ceases to generate. The turbine 
runs continuously and is not shut down until the 
signal “ Finished with Engines” is received from the 
bridge. 

The control of the turbine at speeds below 700 r.p.m. 
is effected by an hydraulically-operated float governor, 
which, as already indicated, is controlled by No. 2 
lever through a needle valve. This float governor 
is connected through levers to the pilot valve, men- 
tioned above, and the amount of oil flowing to and 
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from the servo-motor is thus determined in accordance PORT GENERATOR 


with the demands of the governor. In this way, it is 
possible to operate the turbine with the steam-admis- 
sion valves almost entirely shut, and thus to obtain a 
very low propelling-motor speed. This is an advantage 
when mancuvring or when steering through such 
narrow waters as the Suez Canal. This lever can only 
be moved from its highest position when No. 1 lever 
is either at its half-way position or in some position 
between that and the lower end of its travel. 

The direction of rotation of the propeller is altered by 
moving the reversing lever (No. 3), the connections 
of t#o of the three phases in the circuit between 
the alternators and the motors being changed by 
special contactors, as shown diagrammatically in 
Fig. 49. These contactors are operated by the re- 
versing lever through bell cranks, links and a cam- 
shaft, the latter rotating them into the ahead or 
astern positions. There are five reversing contactors 
for each motor, one of which closes whatever the 
direction of rotation may be, while of the other 
two close when the motor is to go ahead and the other 
two when it is to go astern. ll these contactors 
are fully interlocked, so that the ahead and astern 
pairs cannot be closed at the same time. Further, 
no two contactors can close unless the third is also 
closed, so that single phase operation is prevented. 

The turbo-alternators always rotate in the same 
direction, and, when both are in use, each with its | 
motor forms a separate unit, so that the speed and 
direction of rotation of each propeller may be | 
varied separately. When one turbo-alternator is used | 
for driving both the motors, the latter must be run at | 
the same speed, though not necessarily in the same | 
direction. The electrical connections employed under | 
these conditions are also shown in Fig. 49, from which it | 
will be seen that there are three triple-pole isolating | 
switches, one machine switch for each alternator, and a | 
tie switch. Torun the two motors from one alternator | 
the tie switch and the appropriate alternator switch must | placed in the centre of the control platform. The front 
be closed by the handwheels visible in Fig. 50. These | of these cubicles is also visible in Fig. 50. The reversing 
handwheels are interlocked, so that not more than two of | contactors are illustrated in Fig. 47. On the upper 
the switches can be closed at once. It may also be added | part of each wing panel, visible in Fig. 50, are mounted 
that, while each alternator is normally supplied from its | the necessary instruments for measuring the current 
own exciter, change-over gear is fitted so that cross- | and voltage in the three phases, while on an adjacent 
connections can be effected and the necessary flexibility | desk is fixed a pyrometer and kilowatt-meter, together 
thus obtained. | with an ahead and astern indicator, and a loud-speaking 

The contactors for operating the control gear in the | telephone. Below this desk are the wheels for control- 
manner just described are contained in a cubicle which is | ling the excitation of the propeller motors and the 
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starters for the circulating-water pumps. The speedo- 
meters, steam-pressure gauges, vacuum gauges and @ 
standard barometer are arranged on the centre panel, 
while below them are the levers for starting, reversing 
and controlling the main motors, as shown in Fig. 48. 
In addition, there is a direct-current switch panel, on 
which are mounted the field switches for both the alter- 
nators and the motors, while temperature-alarm equip- 
ment, for giving audible and visible warning of excessive 
temperature rise in any of the machines, is also provided. 
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The control gear itself is also contained in a cubicle, 
at the forward end of which are the isolators and main 
‘switches. ‘These switches, as already mentioned, are 
of the triple-pole type, and are operated by hand 











MAIN SWITCHBOARD. 


wheels. As stated, the isolators enable either of the 
alternators to be connected to its appropriate motor, 
or, alternatively, allow either of the alternators to be 
connected to both motors. The switchboard, from 
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which the main and auxiliary electrical equipment is 
controlled, is illustrated in Fig. 51. 

A very complete system of interlocking is provided, 
the characteristics of which will be indicated by 
describing the various operations which it performs. 
A mechanical interlock is fitted on the lever gear to 
prevent live switching. This ensures that the reversing 
contactors shall not be operated unless the fields are 
switched off. Interlocks are also fitted to prevent the 
doors of the cubicles or the isolators from being opened 
unless everything is dead, or the equipment from being 
run unless the field switches are correctlyclosed. Finally, 
there is an interlock to ensure that the alternators 
are not paralleled. All these devices are of simple 
construction, and they are all exposed so that the 
operator can see exactly what is happening. 

The main propeller motors are of the salient-pole 
synchronous type, and are coupled direct to the pro- 
peller shaft at the after end of the engine room. This 
design has the desirable feature of making it possible 
to use a comparatively large air gap without reducing 
the efficiency. Each motor is capable of developing 
8,500 shaft horse-power continuously when running at 
109 r.p.m. and when supplied with three-phase current 
at 3,150 volts. In designing these motors, special atten- 
tion was paid to the propeller characteristics, while the 
electrical system was so arranged that the character- 
istics of each machine harmonise. It may be noted 
that the combination of alternator and motor give what 
is virtually a speed-reduction gear between the prime 
mover and the propeller with a ratio of 28:1. 

As will be seen, from Fig. 44, Plate LXI, the motors 
are of the end-shield bearing type, so that a robust 
self-contained unit, which is very suitable for marine 
work, is obtained. This robustness is assisted by the 
use of salient poles. The stator frames are of cast- 
iron, while the rotor spiders, end shields, bearing housings 
and bearing bushes are all of cast-steel. The bearings 
are lined with white metal and are spherically seated 
in their housings. Lubrication is mainly effected 
by oil rings, but, in addition, an auxiliary pump in the 
housing supplies oil to pockets in the top of each bear- 
ing bush. Special precautions have been taken to 
prevent the leakage of oil from the bearing housings 
along the shaft to the interior of the motors. 

A completely enclosed system of ventilation is em- 
ployed both on the alternators and the motors, two 
independent electrically-driven' fans being used for 
forcing air through the core, the windings and the cooler. 
Each of these fans is designed to provide sufficient 
cooling air for its motor, the other being used as a stand- 
by. The change-over from one fan to the other is 
effected by operating dampers in the connecting trunk- 
ing. The stators of both alternators and motors are fitted 
with thermo-couples embedded in the windings, so that 
the temperature can be read off on indicators mounted 
on the control board. Direct-reading thermometers 
are also provided in the air circuits on both the inlet 
and outlet sides, thus permitting an efficient control 
of the ventilating system to be maintained. 

The machines were specially designed to meet the 
load variations experienced with this type of drive, and 
have the necessary margin of stability to meet these 
variations without falling out of synchronism. A 
photograph of one of the auxiliary turbo-generators, 
details of which have already been given, is reproduced 
in Fig. 45,Plate LXI. 


(To be continued.) 








THe Iratran Moror-Car Inpustry.—According to 
the Monthly Review of Central Europeissued by the Anglo- 
International Bank, Limited, 24, Lombard-street, London, 
E.C.3, the exports of the Italian motor-car industry 
declined last year. Whereas, in 1927, 34,000 cars, valued 
at 710,000,000 lire, were exported, the corresponding 
— for 1928 were 28,500 cars valued at 510,000,000 
ire. 





SHort-WaAvrE WIRELESS EQUIPMENT FOR THE SPANISH 
CoLonies.—Some time ago, the Spanish Government 
decided to establish a direct wireless service between 
Madrid and the Spanish Colony Fernando Poo, in 
Equatorial Africa. The principal Spanish and foreign 
wireless companies competed for the work and the speci- 
fication of Messrs. Marconi’s Wireless Telegraph Company, 
Limited, for the supply of a short-wave transmit- 
ting and receiving station was approved and its tender 
accepted. In addition, an order was given to the 
Marconi Company for the supply of a modern medium- 
wave valve transmitter and receiver to replace the 
existing medium-wave spark station installed in the 
Spanish Colony, which is used for working to ships and 
neighbouring colonies, but can no longer be regarded 
as sufficiently up-to-date. Preliminary investigations 
at Fernando Poo had shown that short-wave signals 
from Europe were received with regularity and accuracy, 
and the Marconi Company put forward the use of this 
method of transmission for the proposed service. The 
short-wave transmitting and receiving gear has now 
been installed at Fernando Poo, and it is anticipated 
that the new station will shortly be in regular operation 
with Madrid. Tests recently carried out with Madrid 
have given excellent results. 
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THE INTERNATIONAL FOUNDRY 
TRADES EXHIBITION. 
(Continued from page 733.) 

A neEw type of jolt and squeeze moulding machine, | 
operated by compressed air, is to be seen on the | 
stand of Messrs. The Universal System of Machine | 
Moulding and Machinery Company, Limited, 13-15, 
Wilson-street, E.C.2. It has been designed for use | 
in connection with snap flasks, and, as the two parts | 
of the mould are finished at one operation, the | 
flask can be withdrawn, after completing a mould, | 
for further use, and pouring can be effected into the | 
block of sand without the use of a moulding box. | 
The machine, being of the combined jolt and squeeze | 
type, moulds are very evenly rammed. The table | 
is 23} in. by 17 in., which permits a flask of up to | 
193 in. by 13} in. to be used, with, however, a | 
limiting area of 230sq.in. The air pressure required | 
is between 80 lb. and 90 lb. per square inch. The 
machine consists of a vertical cylinder, with a| 
flange for the holding-down bolts and a socket | 
carrying a back column. The top of the column is | 
provided with an arm swivelling in a horizontal | 
plane and carrying the top plate, the height of | 
which is regulated by a screw. The control consists | 
of a handle at the right hand of the machine and | 
a pair of knee-operated levers in front. Of these, | 
that on the right governs the jclting operation, and | 
that on the left operates the vibrator. 

The machine is used in the following manner: | 
The snap flasks should be of wood with triangular | tilts them over on the edge of the table to reverse 
pins. The pattern plate, with the same pin centres | them, holding the board in place meanwhile. On 
as the boxes and fitted in the lugs with sliding| returning the boxes to the table, the bottom box 
bushes, is placed between the top and bottom boxes. | is now resting on the board and the top box is 
The first process, however, is made with the work | upwards in its correct position. Sand is added as 
upside down—that is, with the top box underneath | before, the boxes jolted, and another board placed 
and the bottom box on top. The bottom box is/on the top box. The whole is then squeezed against 
then filled with sand and given a series of jolts.|the top plate. To draw the pattern, the vibrator is 
More sand is added and strickled, and a wooden | first applied, the top box lifted off, the pattern 
bottom board, not less than one-quarter the height | plate removed, and the top box replaced. The 
of the box in thickness, is placed on top. The | removal of the snap flasks and top board completes 
operator then draws the boxes towards him and | the operation, and the block of sand is then ready 
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for pouring. The speed of the jolts and the height 
of the rise of the table can be regulated in a very 
simple manner to suit the particular work being 
done. 

Another of the latest type of the Machine Moulding 
Company’s machines is one developed for the 
production of very flat and shallow castings, such 
as those used for stove plates and so forth. This 
machine makes use of the down-sand frame, a 
device much employed in Continental foundries, 
and illustrated and described in ENGINEERING, 
vol. cxxi, page 720. The main features of the new 
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machine are generally similar to that just referred 
to. It is hydraulically operated, the pressure on 
the boxes being applied by a ram underneath the 
table and sunk in the ground. The stroke of the 
piston is, in this case, naturally much less, in view 
of the fact that only shallow work is handled ; 
thus, in the six sizes of standard machine it is only 
34 in. in the smallest and 4} in. in the largest. Flat 
shallow work normally requires moulding boxes 
with a grid of bars at the back to support the sand, 
and it is necessary with the older types of machine 
to hand-tuck the sand underneath all the bars. 
With the down-sand frame, however, the sand ‘is 
rammed solidly underneath the bars without any 
hand work, and the speed of pattern drawing is 
greatly increased, these two factors contributing to 
a much larger rate of production. The down-sand 
frame is, at the commencement of the operation, 
above the joint line of the boxes, and the box rests 
upon it. After the sand is filled in, pressure is 
applied to the ram, and the pattern is pushed into 
the sand. The exhaust stroke then withdraws the 
pattern from the moulding box, which is left 
suspended on the downmsand frame, withdrawal 
being thus very rapid. The down-sand frame is 
adjustable relative to the face of the box, so that 
any required degree of compression can be obtained 
in the sand. The five machines shown are arranged 
underneath asand conveyor with individual hoppers, 
from which sand can be drawn directly into the 
moulding box. A roller-type conveyor takes the 
filled boxes to a bin where the sand is knocked out. 
From this bin it is delivered by a bucket elevator, 
through a disintegrator, to the hoppers again. 
The object of this lay-out is to demonstrate the 
possibilities in the way of continuous casting 
afforded by the firm’s appliances. 

Of foundry processes the exhibition contains 
numerous examples of sand-blast cleaning. Those 
shown on the stand of Messrs. T. Fearnley Allen and 
Son, 51, Norwich Union Chambers, Birmingham, are 
in operation, and include machines displayed by 
Messrs. Alfred Gutmann Actiengesellschaft fiir 
Maschinenbau, Ottensen, Hamburg, for which 
firm Messrs. Allen are the British Agents. A large 
rotary-table machine is shown in Fig. 9, on the 
opposite page, and a small rotary-barrel machine in 
Fig. 10. The general features of the large machine 
require no detailed description. It has a table, 88 in. 
in diameter, driven at its periphery through a toothed 
ring protected from the action of the sand blast, and 
is fitted with a built-on direct-pressure sand-blast 
apparatus. There are double protective curtains of 
rubber in narrow sections, and observation windows 
in the chamber. 

The earlier sliding and oscillating nozzle motions 
have been replaced, in this machine, by a rotating 
motion, and the nozzles have been given a varying 
speed by means of elliptical gears. This is necessary, 
as the paths of the nozzles meet that of the table 





sometimes tangentially and sometimes radially, and a 
varying nozzle speed is adopted to ensure that within 
a given time the same quantity of sand under the 
same pressure is delivered per unit of surface. 
This evenness of distribution conduces to increased 
output, machines of this type reaching up to as 
high as 45 cwt. of castings cleaned per hour, accord- 
ing to the class of work handled. The machine 
works quite automatically, including the sand 
supply. The castings are, of course, placed on, or 
removed from, the table by hand. A_ bucket 
elevator is provided for the return of the used sand, 
which is passed through a dust separator in order 
that the nozzles shall only be supplied with effective 
material. The necessary piping is of steel, reinforced 
at the bends. A recent development in the sand- 
blast chamber is a simple cleaning device by which 
the outlet passage, if blocked, can be freed from any 
foreign matter introduced with a new supply of 
sand. The machine is suitable for a working air 
pressure of 60 lb. per square inch. 

The small machine, shown in use in Fig. 10, 
also works with direct pressure. As this system 
fully utilises the compressed air, the rotating 
barrel is enclosed in an air-tight casing, which is 
situated above the sand-blast apparatus proper. 
The barrel rotates horizontally, and is of rhomboid 
cross section, with diameters 24 in. by 20 in., the 
walls being of the usual perforated pattern. The 
used sand falls directly into the hopper of the 
pressure chamber. The rhomboid shape is adopted 
to ensure a proper turning over of the castings. 
Fixed nozzles discharging through the trunnions are 
employed. The castings, &c., are introduced by the 
upper door. The lower door closes a chute through 
which the barrel can be emptied into a truck or 
other receptacle. It will be realised from the 
figure that this small machine is a very compact 
arrangement, but an independent dust separator 
is usually fitted to clean the used air. The machine 
is intended for dealing with small case-hardened 
parts, &c., as well as with castings, while a slight 
increase of pressure makes it effective in removing 
the scale formed on drop forgings. 

A new apparatus shown by Messrs. August’s 
Muffle Furnaces, Limited, King’s Cross, Halifax, 
is a small size of the Simpson intensive sand mixer 
manufactured by this firm. This is a replica of 
the large machine, but is designed for use on a 
laboratory bench, so that sand mixtures may be 
tried out accurately on a small scale, a proceeding 
which saves time as the correct conditions can then be 
duplicated in the full-size sand mixer in the foundry. 
It would appear that this small mixer would also 
be useful in experimental and research work on other 
materials, such as cements, &c. A large machine 
having a capacity of 10 tons per hour, with a 
bucket loader and an aerator, is also shown. Other 
exhibits illustrate the core and mould-drying 
methods of the firm. The August mould drier is 
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one,of the appliances shown. This is a, portable 
machine, using ordinary gas-coke as fuel, for heating 
a stream of air supplied by a motor-driven fan. 
It is provided with lifting lugs, so that it may be 
transported to any large mould, but is also used for 
heating core ovens. Such an application is illus- 
trated in Fig. 11, where the drier is seen at the 
right hand. This shows two of a,battery of three 
August rack and transveyor type core stoves. 
Underground flues are used for both the inlet and 
outlet of the hot air, as in the larger stoves. An 
example of a portable drawer-type core stove is also 
exhibited, in which the drawers are withdrawn by 
means of an overhead ball-bearing gear, thus bring- 
ing the operation within the capacity of girls or 
youths. 

The largest single foundry appliance in the 
exhibition is undoubtedly that of Messrs. Badische 
Maschinenfabrik und Eisengiesserei, Durlach, Ger- 
many, a firm for which Messrs. J. A. Smeeton 
Limited, 15, Victoria-street, S.W.1, act as sole selling 
agents in this country. This appliance is a pneumatic 
sand-throwing moulding machine, of which Fig. 12, 
on this page, illustrates the general construction. 
The actual example shown, which is demonstrated 
at work on the stand, is, however, fitted with a 
bucket elevator, a distintegrating sand sifter, and 
an electro-magnetic separator, but these do not 
appear in the figure. The dumped sand, having 
been suitably moistened beforehand and allowed 
to soak thoroughly, is loaded from the foundry floor 
directly into the bucket elevator. It is then lifted 
to the sifter and magnetic separator on the top of 
the machine, in which the lumps of sand are broken 
up, sifted and aerated, and freed from all particles 
of intermixed iron. The machine is therefore 
independent of any mixing plant, and can be installed 
where desired in the foundry. The prepared sand 
is discharged into the hopper seen in the figure, and 
is thence passed into the pressure chamber, which 
has a capacity of 2 cub. yards, through a conical 
valve opened at intervals to pass a charge. A 
slowly-rotating distributing disc, driven through 
worm and bevel gearing by a separate motor, is 
fitted at the bottom of the chamber. 

The sand is automatically removed from the disc 
by an adjustable scoop, actuated by compressed 
air, and is passed to a mixing chamber underneath 
it. Here it meets with a powerful current of air, 
which is, however, under control, and is driven along 
a hose to the distributing nozzle. The hose is sup- 
ported by a radial swivelling arm of 35 ft. radius, 
hinged in the middle. By supporting it on portable 
stands, however, the hose can be carried to a radius 
of 150 ft., which enables the moulds in a very large 
area to be filled. It is understood that this filling is 
not merely a process of depositing the sand in place, 
to be subsequently rammed, but owing to the 
pressure of the sand jet, ramming to the required 
degree is normally accomplished automatically, 
even the top of the mould requiring no further 
attention. In the case of wide cross ties, or strongly 
undercut patterns, however, preliminary or finish 
ramming cannot always be avoided. The dis- 
charge nozzle separates the air from the sand in 
the process of filling, so that the sand enters the 
box in a uniformly compact stream. The com- 
pressed-air supply and the distributing disc motor 
are controlled from the end of the radial arm, by a 
device operated by compressed air, but when the 
hose is extended to a considerable distance, separate 
electrical controls for the air supply and motor are 
necessary. The rate of sand discharge is from 2 cub. 
ft. to 4 cub. ft. of sand per minute. The air pressure 
and consumption depend upon the quantity of sand, 
its condition, the degree of compactness required 
in the mould, and the rate of production. On an 
average, the volume of free air consumed is about 
280 cub. ft. per minute with the standard length 
of hose, and the pressure required is about 30 lb. 
per square inch. When the machine is working at 
150 ft. radius, and the sand is in good condition, 
the pressure must be raised to about 45 lb. per square 
inch. It is stated that there is no appreciable 
wear on the piping and hose, and that the nozzles 
have a life of about a fortnight, when they can 
be replaced at a small cost. 

Another interesting machine on this stand 
is a rotary-drum sand-blast machine, specially 
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designed for the removal of hard scale from small 
case-hardened articles, twist-drills, tools, &c., as 
well as the sand from small castings. The sand- 
blast nozzles are housed in the trunnions of the 
drum and a novel method of driving is adopted. 
The drum rotates at a speed of only one revolution 
per minute, to avoid damage to light or brittle 
work, and is fitted on its periphery with a¥pair of 
toothed rings. Pawls, actuated by eccentrics on a 
pulley-driven shaft, engage with the rings, and 
the resultant jerky motion imparted to the drum 
ensures the contents being effectually turned over. 
The dust is removed at the trunnions by the suction 
of a small fan. A new design of tumbler barrel 
cleaner is also noteworthy as forming a self-contained 
unit which can be installed independently of a line 
driving shaft. It is rotated by a vertical electric 
motor through worm gearing running in an oil 
bath, both motor and gearing being totally en- 
closed. The dust is ejected through one trunnion, 
and a separator is fitted at the other, through which 
the coarse sand or iron fragments are removed. 
When fitted with a reversing switch, the barrel 
can be rotated in either direction. We have not 
space to describe the large sand-preparing plant, 
or the other appliances which complete the exhibit 
on this stand, but it may be stated that all show 
evidences of original and careful design. 

The exhibit of Messrs. Sir W. G. Armstrong, 
Whitworth and Company, Limited, Newcastle- 
upon-Tyne and Gateshead, consists mainly of three 
sections, all selected from the great range of this 
firm’s manufactures as being specially relevant to 
foundry practice. Two of these sections, consisting 
of examples of A.W. refined pig iron and pneumatic 
tools, respectively, illustrate activities so well known 
as to call for little comment, though it should be 
noted that many of the latter are of quite new 
design, as, for example, some simple and effective 
sand rammers, moulders’ blow guns, &c. The wire 
binding pliers for pneumatic con.ections is a particu- 
larly ingenious little tool. As regards the third 
section, it may not be so widely known that Messrs. 
Armstrong Whitworth now produce, for Messrs. 
The Monometer Manufacturing Contpany (1918), 
Limited, the machinery and furnaces introduced 
by the latter firm. There are five examples of this 
apparatus on the stand, of which we illustrate two. 
The desirability of a self-contained crucible furnace 
which can be easily transported and a crucible 
that can be poured without lifting from the furnace 
is readily recognised, and these advantages are 
provided by the “ Monometer” tilting crucible 
furnace shown in Figs. 13 and 14, on this page. 
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The crucible employed is of graphite, of standard 
shape, and is seated upon a stool in the furnace. 
An air-atomising burner, with gravity oil feed and 
an air pressure of | lb. per square inch, is employed 
and discharges into a conical mouth-piece on the 
furnace. The flame impinges neither on the crucible 
itself nor on the furnace lining, but on the stool, 
which gives it a swirling motion with complete 
combustion. Pouring is effected from a lip formed 
in the furnace lining, and the operation itself is 
shown in Fig. 13. The oil burner does not move 
with the furnace, as will be seen in Fig. 14. A furnace 
of this type with a crucible capacity of 600 lb., when 
melting 448 lb. of 70-30 brass swarf, completed the 
melt in 55 min., with an expenditure of fuel oil of 
47-5 lb., and a loss of only 1} per cent. of metal. 
With oil at 85s. per ton, this works out to a cost of 
4-9d. per 100 lb. of metal. Gas can, of course, 
be used as fuel, if preferred to oil, the air pressure 
in this case being 3 lb. per square inch, and ferrous 
metals can be melted. This type of furnace can 
be fitted with a temperature controller which, by 
virtue of its micrometer adjustment, permits of 
very fine temperature regulation, a matter of great 
importance when alloys having volatile constituents 
are being melted. A modification of this furnace 
is shown in Fig. 15. The general construction is the 
same as above described, but the furnace, in this 
case, is placed in a pit or trench, and the crucible 
is removed by tongs and poured by hand into the 
moulds in the ordinary manner. 

The third example is a ladling furnace for alumin- 
ium designed for either gas or oil firing. The pot 
is of tantalum iron alloy and has a considerably 
longer life than one of graphite. The burner 
discharges into the furnace tangentially and the 
flame does not impinge on the pot, a method 
which ensures even heating. The inert gases are 
brought over the surface of the metal to prevent 
oxidation, and the ladling opening is covered by 
a sliding door. This furnace is claimed to be 
specially suitable for gravity or chill casting work 
of every description. A larger pattern suitable for 
melting Duralumin or aluminium in large quan- 
tities is also exhibited. This is a tilting iron 
crucible furnace mounted in a manner generally 
similar to that shown in Fig. 13, but retaining the 
features peculiar to the ladling aluminium furnace. 
It is, naturally, of the pouring type, and though 
the example on the stand is of only 500 Ib. capac- 
ity, the furnace is made to handle up to 1,000 lb. 
As regards the life of the crucible, we understand that 
67,000 lb. of aluminium has been melted without 
change of crucible. 


(1432.8) 





The oil consumption is approxi- | 
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mately }-gallon per 100 lb. of aluminium melted. 
A pressure-casting plant is also to be seen on Messrs. 
Armstrong Whitworth’s stand, but as we have 
described this on a previous occasion, it is only 
necessary on this occasion to mention that it may 
be inspected at the exhibition. 

In last week’s issue we described a hand-operated 
moulding machine on the stand of Messrs. The 
Britannia Foundry Company, Limited, Coventry, 
and a second example of this firm’s manufactures 
is now given in the “ Coventry ” oil-sand mixing 
machine, which is illustrated in Fig. 16, on the oppo- 
site page. This shows the machine in a partly tilted 
position for emptying. Its normal mixing position 
is, of course, horizontal, and the method of mounting 
permits the mixing chamber to be tilted over com- 
pletely, so that, if the machine is mounted on the 
edge of a low bench or stand, it can be completely 
emptied by gravity into a wheelbarrow or storage 
bin beneath it. The method of mixing employed 
is clear from the figure. The double paddles re- 
volve not only in opposite directions, but at differ- 
ent speeds, which ensures a very thorough mixing ; 
indeed, it is stated, that semi-solid oils can be 
used, direct with the sand, without any preliminary 
thinning or heating. The paddle-shaft bearings 
are of ample length and are fitted with stuffing 
boxes to keep the sand from finding its way into 
them. The gears are machine-cut, and are of 
strong form, while the whole machine would appear 
to be substantial enough for the most exacting 
foundry conditions. 

Some of the exhibits in the machine-tool section may 
now be briefly considered. One of the largest stands 
is that of Messrs. The Selson Engineering Company, 
Limited, 26-28, Charles-street, Hatton-garden, E.C.1, 
on which is a wide range of grinding, boring and dril- 
ling, milling, gear-cutting and other machines. Of 
particular interest to the foundryman is a friction 
saw, for cutting risers up to 6} in. in diameter, 
and driven by a 60-h.p. motor. From the machine 
tools proper we select for illustration the Fox 
Superflex machine, shown in Fig. 17. This machine 
is designed for use in straightening, broaching, 
push-fit assembly, bush burnishing and other 
operations in which a steady pressure is required. 
The general construction of the machine is well seen 
in the figure, where it is shown engaged in the 
straightening of a motor car engine crankshaft. 
Power is transmitted from an ordinary driving 
pulley to a band-brake drum controlled by a foot 
lever. Between the drive and the brake drum is 
gearing of the planetary type, which rotates the main 
gears actuating the ram through a rack and pinion. 
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The machine is controlled by the pressure applied | 
to the brake drum, which will slip under the brake | 
band giving the yielding pressure to the ram. The 
operator can thus produce any pressure from 1 Ib. | 
to the maximum capacity of the machine which, | 
according to its size, is between }-ton and 20 tons. | 
The ram does not rotate and is advanced to the work | 
at a rate of from 75 in. to 200 in. per minute. | 
Withdrawal from the work takes place immediately | 
pressure is taken off the pedal, and the ram isreturned 
by a spring at a higher speed, being finally brought | 
to rest by a cushioning device. This cushioning 
movement is regulated by the hand wheel seen in 
front of the machine, so that the ram can be stopped | 
at any desired point above half stroke. The horse- | 
power required is from } to 16, for the capa- | 
cities stated above. 

The Collet and Engelhard horizontal boring 

machine, shown on this stand, should also be 
mentioned. The boring spindle is carried in a slide 
on a vertical column, having a horizontal traverse | 
of 8 ft. 4 in. on the bed plate. The latter is made | 
with two large inverted-vee ways and one flat way, 
while the column has one inverted-vee and one flat. 
The vertical travel of the spindle head is 60 in., and | 
its total horizontal feed traverse is also 60 in., though | 
the feed at one setting is 40 in. Milling feeds are | 
provided along the bed plate in both directions, | 
and, similarly, on the column. The spindle has | 
drilling feeds horizontally. There are also rapid | 
traverse motions with adjustable stops. The 
machine is notable in having eight milling feeds | 
per spindle revolution and, in addition, eight feeds | 
per motor revolution, so that the range obtained | 
covers all the operations usually carried out on a | 
horizontal boring machine. A fine adjustment | 
by hand is provided, and a quick return for the | 
spindle. These controls are brought to the front | 
of the column, so that the spindle can be adjusted | 
correctly. Twenty spindle speeds are provided, | 
and changes are obtained immediately by conven- 
iently situated levers. The stopping and starting | 
lever is placed underneath the carriage near the | 
spindle head. Power is supplied by a motor which | 
is mounted at the foot of the column towards the 
rear. 
The spindle, which is 4} in. in diameter, is | 
fitted with a faceplate, 263 in. in diameter, on which | 
cutters can be mounted. This faceplate is adjust- | 
able along the spindle. This is a convenient arrange- 


Pir CrucisLe Furnace; Messrs. THE M@NOMETER 
MANUFACTURING ComMPANY, LIMITED. 






























Fia. 17. STRAIGHTENING, BROACHING AND 
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ment when fixing a bulky job on the bedplate in| moisture meter for instantly determining the mois- 
front of the machine. The milling cutters can be | ture content of foundry sand whether in heaps or 


adjusted to take the necessary cut by altering the | on the floor. 


The instrument consists of an alum- 


faceplate, instead of having to move the work into | inium tube about 3 ft. in length, and about 1} in. 


the precise position. 


'in diameter. 


It is fitted, on the top, with a meter 


An interesting foundry instrument is being shown | having an indicating dial, with a handle below it. 
by Messrs. The R. W. McIlvaine Company, of Chicago, | The end of the tube is slowly pressed into the sand 
through their London-agent, Mr. Sydney,G. Evans, | the moisture of which is to be ascertained, when 


22, Laurence Pountney-lane, E.C.4. 


This is a| the needle will swing over immediately and give a 


Fie. 16. Sanp-Mrxtna MACHINE ; 
Britannia Founpry Company, Limirep. 


|} ences in moisture content. 
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positive reading. Removal from the sand is followed 
by a return of the needle to zero. The procedure 
to be followed is that of probing the heap in three 


|or four places successively and noting the result. 


The instrument is very sensitive to small differences, 
and the variations in moisture indicated will show 
at once any defect in mixing or cutting. There is 
no difficulty in reading to 0°25 per cent., the scale 
being clearly marked. It should be understood, 
however, that a reading of, say, six on the meter, 
does not necessarily mean an absolute moisture 
content of 6 per cent., as an actual 6 per cent. of 
moisture in one sand might give a different reading 
from the same degree of moisture in sand of 
another type. The readings then, are relative, but 
for each particular sand the values represent the 
actual proportion of moisture present in any portion 
of that sand. 

The principle underlying the operation of the 
moisture meter is that of utilising the variations in 
the electrical conductivity according to the differ- 
The wetter the sand, the 
more current will flow through it, and, the instru- 
ment, being electrically operated, the higher will 
be the meter reading. The current is furnished 
by small dry cells having an effective life, in the 
instrument, of from four to six months. A plunger 
is fitted at the bottom of the tube, and is pushed 
up by the sand as the instrument is pressed into 
it, thus making an electrical contact. Further 
pressure of the normal degree will not affect the 
reading, but too heavy a pressure will automati- 
cally break the contact and the pointer will return 
to zero. When this occurs, a new test must be 
commenced. This device is embodied to eliminate 
the possibility of a ‘‘ climbing” reading, by a too 
energetic handling. An instrument of the cabinet 
type, and one of the recorder type, are also made 
for permanent installation on a sand mill or con- 
veyor belt. 

A useful instrument, known as the Pyroversum 
pyrometer, is shown by Messrs. Viozone, Limited, 
19, Cursitor-street, E.C.4. This, however, was de- 
scribed in ENGINEERING on page 436 ante. 

It may be remembered that at the last Foundry 
Exhibition (see ENGINEERING, vol. cxxi, page 753) 
Messrs. The Denbigh Engineering Company, 
Limited, Tipton, Staffordshire, exhibited a hand- 
actuated jolt-ramming machine, so well balanced 
as to require a very small effort in jolting. This 
firm is now exhibiting several improved forms of 
this machine, all the moving parts of which have 
been designed so as to reduce friction to practically 
negligible limits; thus, ball-bearing rollers are inserted 
to provide a free oscillating movement to the 
machine table. A ratchet mechanism has also been 
introduced for stripping the mould from the pattern 
plate. The first two sizes of this machine may, 
if desired, be made in a portable form. This 
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reduces the amount of box carrying to a minimum, 
and a time-saving system of moulding is rendered 
possible by the fact that no connecting pipes or 
foundations are required. This system, which is 
adopted in the firm’s own foundry, consists of stack- 
ing boxes, in lots of 12 pairs, with intervals between 
the stacks wide enough to accommodate the boxes 
in them when laid out for casting. The operator 
moves the machine to the first stack of boxes, 
by the side of which a heap of sand has been put, 
and, as the moulds are made, he places them 
immediately behind him. When the stack is finished, 
he moves to the next, the amount of movement and 
carrying being thus comparatively small. Thesame 
routine is followed in opening the boxes. 


(To be continued.) 








HELE-SHAW BEACHAM AIR MOTORS. 


THE Hele-Shaw Beacham air compressors, manu- 
factured by Messrs. Holman Brothers, Limited, of 
Camborne, are noteworthy for their efficiency and 
compact design, and the same features characterise 
a new range of air-driven motors, which are being 
placed on the market by the same firm. The object 
of introducing these motors is to meet the demand for 
a power unit when compressed air only is available, or 
where its use is preferred forreasons of safety or simplicity 
in operation, or for its value in assisting ventilation. The 
design has been the subject of tests extending over three 
years, and it is claimed that a machine has been pro- 
duced which will run up to 3,000 r.p.m., is very flexible, 
and is controlled by a single lever. In addition, the 
mechanism is totally enclosed, and no lubricating pump 
is required. 

As will be clear from Figs. 1 and 2, on this page, 
which show longitudinal and transverse sections through 
the motor, it consists of three cylinders formed in one 
casting integral with the output shaft. The latter 
rotates on ball and roller bearings about a central valve, 
in which the inlet and exhaust air passages are formed. 
The gudgeon pins are carried on roller bearings in float- 
ing annular rings, which are eccentric with respect to 
the valve. When the cylinders rotate, therefore, the 
pistons move relatively to the cylinders, and the same 
cycle of operations occurs as in the normal type of 
ay yen machine. The floating rings are carried 
by bearings mounted on fixed eccentrics, which 
form part of the casing, as shown in Fig. 1. As the 
floating rings rotate with the cylinders, there is 
only a slight relative motion between the rollers 
carrying the gudgeon pins and the race. This motion is 
akin to that of the small end of a connecting rod, and 
these bearings may be made of small diameter, and yet 
withstand large loads at high rotational speeds of the 
oylinders. 

The di tic drawings reproduced in Figs. 3 
to 7, illustrate the method of obtaining forward and 
reverse running. Figs. 3 and 5 show cross sections 
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of the valve and cylinders, and of the valve chest 
and valve, respectively, when the valve is set for 
clockwise rotation of the motor viewed from the air 
inlet end. Air enters the valve chest from the air 
main through the filter A, shown in Fig. 5, and passes 
into the, valve\by the ports B and C in the valve 
chest, and D and E in the valve. The air flows along 
the valve inlet passage and enters the cylinder L, 
shown in Fig. 3, by a port cut in the cylinder head. 
The air pressure acting on the piston causes the 
gudgeon-pin roller bearings to press against the 
annular track of the floating ring, and, as a tangent to 
this track is not at right angles to the direction of 
pressure, except at the beginning and end of the 
stroke, the piston is moved along it, and so carries 
the cylinders round. When the piston has moved 





about three-quarters of its outward stroke, the air 
| pressure is cut off and the air allowed to expand. 
| Just before the end of the stroke, the port in the 
| eylinder head opens into the exhaust port K, Fig. 3, 
in the valve, so that the air in the cylinders is released 
{to atmosphere. This phase is shown in the cylinder 


(isis) Clearance RS. SerokeVOUUne-r—srernesnne 


M, Fig. 3. After the completion of about 0-8 of 
the exhaust stroke, the exhaust port is closed, and the 
air remaining in the cylinders is compressed into 
the clearance spaces in the dished pistons and cylinder 
port. In this manner, the clearance space is filled 
with compressed air at a pressure approximately equal 
to that of the inlet air, so that when the cylinder port 
opens into the air-inlet port in the valve, there is no 
loss of air to fill the clearance space. The advantage 
of this compression lies in the resulting heating of 
the air, as the mean temperature of the air in the 
cylinders before expansion is higher than it would be 
if there were no compression. For this reason, an 
earlier cut-off is permissible with the same outlet-air 
temperature. 

To obtain a reversal of the direction of rotation, the 
central valve is turned from the position shown in 
Figs. 3 and 5 to that shown in Figs. 4 and 6, in which 
ports C and G are open and B is closed. Due to 
the new position of the ports, the cylinders will 
revolve in an opposite direction, with exactly the same 
timing of a alan, and compression. When 
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Fig.8. 8%*2%6'AIR MOTOR. 
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Fig. 11. 


the valve is half-way between the forward and reverse 
positions, as shown in Fig. 7, the ports D and E in 
the valve are closed by the valve chest, so that no 
air can enter the cylinders, and the motor therefore 
stops. To avoid a sudden stoppage, which would 
subject the mechanism to shocks, sufficient clearance 
space is allowed in the valve and cylinders to enable 
the motor to revolve until the rotational energy of 
the working parts is absorbed by friction and air 
compression. Should very rapid stoppage be desired at 
any time, this may be effected by pushing the control 
lever for a short period into the position for reverse 
running, thus causing the motor to work temporarily 
as a@compressor. In this manner, the energy is quickly 
absorbed, and the motor stops. Even with continual 
reversals, the passages are so proportioned that no 
pressure higher than that of the air inlet can exist in 
either the valve or the cylinder. The valve is operated 
by a quadrant and pinion motion, as shown in Fig. 11. 
The quadrant is made with a larger pitch circle than 
the pinion, the “control lever moving through about 
half the {angle of the valve, that is, about 60 degrees, 
from ithe forward to the reverse position of running. 





Worm Horst Driven By 45 H.P. Arr Motor. 
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All the revolving parts are lubricated by splash, 
and the central valve is supplied with oil by leakage 
past the pistons. The quantity of oil in the casing is 
shown by an oil-level gauge, which is marked with 
maximum and minimum oil levels. 

An inspection of the cross section will show that, as 
the cylinder block is carried on a bearing at each end, 
a small clearance can be left between the valve and the 
cylinder, the small bearing on the end of the valve 
centreing the latter. There is thus no mechanical 
contact between the two parts to cause wear, and air 
leakage cannot increase with usage. The exhaust pass- 
age is accessible right up to the cylinders, without 
removing any part of the mechanism. Should any 
freezing occur, owing to an ‘unusually cold air-inlet 
temperature, accompanied by a large water content 
in compressed air and long periods of running, 
this passage is thus easy to clear. In cases where the 
motor is coupled to a winding drum, an air-brake 
effect can be obtained, when unwinding, by placing 
the control lever in partial reverse, and it is found, in 
practice, that heavy loads ‘can be lowered with| the 
greatest ease by the use of this lever, although no air is 





used in ing the motor. Under these conditions, 
since the motor acts as a compressor, air is supplied to 
the air main from atmosphere. The employment of ball 
or roller bearings throughout results in a high mech- 
anical efficiency, and this, combined with the early 
cut-off obtainable, results in a high overall efficiency, 
which, owing to the special features of the valve already 
described, does not decrease with 7 

It will be noticed that the length of the stroke with 
regard to the piston diameter is very short. The length 
of the equivalent connecting rod is the distance between 
the centre of the gudgeon pin and the centre of the 
floating-ring annular track. The crank-connecting rod 
ratio, in the model shown, is roughly 7:1, whilst an 
average value of the same ratio for a reciprocating 
engine is 4:1. The side thrusts on the pistons are 
therefore considerably less in the former case. e 
product of the piston speed and piston side thrust are 
correspondingly low. This product, throughout the 
cycle, is shown in the curves reproduced in Fig. 9, for a 
twelve-cylinder aero engine, a four-cylinder 3 in. by 5 in. 
automobile engine, and a Hele-Shaw Beacham three- 
cylinder air motor. The speed in all cases is taken 
at 1,800 r.p.m. The curves serve to bring out the 
very low value of the product in the case of the air 
motor. 

In Fig. 8 is shown the starting and running torque 
curves of the 45-h.p. motor. It will be noticed that 
the starting-torque curve has, in every position, a 
higher value than the running-torque curve. Thus, 
the motor will always start under full-load in any 
position. The falling-off in torque with increased 
speed of the motor is shown clearly in Fig. 10, which 
also includes brake horse power-speed curves at air 
pressures from 50 Ib. to 80 Ib. per square inch, and the 
actual air consumptions for continuous running of the 
motor at a speed of 1,000 r.p.m. The values of con- 
sumption are given in cubic feet of free air for the 
brake horse-power developed. 

In Fig. 11 is shown a 45-h.p. motor connected to 
a worm-driven hoist. The illustration serves to bring 
out the absence of pipes or accessories. The air motor 
can be replaced by an electric motor on the same 
bedplate, should it be desired to run the hoist by 
electricity instead of by air. We understand that there 
are seven of these sets, fitted with 45-h.p. motors, 
operating successfully underground in South Africa, 
whilst there are also 10 hoists of a similar type using 
20-h.p. air motors. 

The motors are manufactured in sizes developing 
from 5 h.p. to 75 h.p. In addition to their use in 
haulage work, owing to the wide speed range charac- 
teristic, they can be adapted to drive centrifugal pumps 
at the most economical speed for the particular head 
against which they are pumping. Their high speed also 
enables them to run a fan efficiently. 








THE LATE MR. J. SHEPHERD. 


WE regret to record the death of Mr. Joseph Shep- 
herd, which occurred at Bexley, Kent, on Tuesday, 
May 28, at the age of 61. Mr. Shepherd came of a 
family which had long been associated with the Society 
of Friends, and received his early education under the 
auspices of that body. He began his career as an 
engineer by attending courses at Owens College, 
Manchester, from 1884 to 1887, after which he studied 
at the City and Guilds (Engineering) College, London, 
for another year. At the conclusion of this portion of 
his training, he joined the firm of Messrs. Blakey and 
Emmott to obtain practical experience, and, in 1890, 
was appointed engineer and manager of Messrs. William 
Harvie and Company, electrical engineers, of Glasgow. 
After remaining with this concern for two years, he 
embarked in practice as a consulting engineer with Mr. 
Watney, but, before very long, resumed his connection 
with manufacturing, when he was appointed works 
manager to Messrs. Mavor and Coulson, Limited, 
of Glasgow. He occupied this position for some six 
years, and during that period had a good deal to do 
with the design and lay-out of new shops for the manu- 
facture of electrical plant. 

In 1901, he was appointed electrical engineer to 
The Edison and Swan United Electric Light Com- 
pany, his particular duty being to take charge of the 
company’s works at Ponders End. At that time, of 
course, the erection of electric power stations in all 
parts of the country was being energetically pushed 
forward and the company were receiving their share 
of the contracts for the necessary equipment. Mr. 
Shepherd himself was largely responsible for the plant 
installed by the firm in ag. ts at Motherwell, 
Birkenhead, Aberdeen, Blackburn, Altrincham, Edin- 
burgh, Manchester, Stepney and Battersea. 

Contemporaneously with this work, considerable 
attention was being paid to the extension and electrifi- 
cation of the horse-drawn tramways in many cities, and 
the purchase by ‘the London County Council of the 
privately-owned undertakings in the metropolis, both 
north and: south of the river, opened a new chapter in 





the history of London’s transport. Mr. Shepherd was 
appointed assistant electrical engineer to the London 
County Council, under Mr. J. H. Rider, in 1903, in which 
position he was engaged in the design and construction 
of the generating, transmission and transforming plant 
for operating the tramways. This plant included the 
large power station at Greenwich, as well as twenty- 
five substations and some 500 miles of high-tension 
and low-tension mains. With the increasing demand 
for traffic facilities this system was naturally extended 
from time to time, and, in 1910, Mr. Shepherd was 
appointed electrical engineer, under the general 
manager, of the tramways department, and became 
responsible for the operation of all the generating and 
transmission plant of the undertaking. 

He retired from this position in 1915 and went to 
Russia to represent the electrical interests of the British 
Government. He wasin that country when the revolu- 
tion broke out. In later years he took an interest in 
local government and was, fora time, chairman of the 
Bexley Urban District Council. His connection with 
the operation of electrical plant naturally made him 
conversant with the weak, as well as the strong, points 
of the various designs and he wrote more than one 
paper on this subject. Perhaps the most interesting 
of these was one contributed to the Institution of 
Electrical Engineers in 1919, in which he advocated 
the direct liquid cooling of turbo-alternators, on the 
grounds that it would increase the life of the plant and 
lessen the fire risk. 

Mr. Shepherd was elected a member of the Institution 
of Civil Engineers in 1915. 








LAUNCHES AND TRIAL TRIPS. 


** Suecia,””—Single-screw passenger steamer ; Parsons’ 
marine steam turbines. ‘Trial trip, June 4. Main dimen- 
sions, 376 ft. length by 50 ft. beam. Built for the Swedish 
Lloyd Steamship Company, Gothenburg, by Messrs. 
Swan, Hunter and Wigham Richardson, Limited. 


** ARABISTAN.”’—Single-screw cargo steamer for the 
Far East trade; triple-expansion engine. Launch, 
June 6. Main dimensions, 440 ft. 3 in. by 55 ft. by 31 ft. 
Built by Messrs. John Readhead and Sons, Limited, 
South Shields, for Messrs. Frank C. Strick and Company, 
Limited, London. 

““MasunDA.”’—Single-screw, single-deck cargo steamer; 
triple-expansion engine. Launch, June 6. Main dimen- 
sions, 402 ft. by 54 ft. Din. by 31 ft. Built to the order 
of Messrs. Maclay and McIntyre, Limited, Glasgow, 


by Messrs. Alexander Stephen and Sons, Limited, 
Govan, Glasgow. 
“* LANGLEECRAG.’’—Single-screw cargo steamer ; triple 


expansion engine supplied by the North Eastern Marine 
Engineering Company, Limited, Wallsend. Deadweight 
carrying capacity, 9,000 tons on a moderate draught. 
Built by Messrs. Palmers Shipbuilding and Iron Company 
Limited, Hebburn-on-Tyne, for the Medomsley Steam 
Shipping Company, Limited, Newcastle-on-Tyne. 
“City or Drepre.”—Single-screw cargo steamer ; 
quadruple expansion engine with Bauer-Wach exhaust 
turbine. Trial trip, June 5. Main dimensions, 486 ft. 3 in. 
by 58 ft. 3in. by 34 ft. llin. Built by Messrs. William 
Gray and Company, Limited, West Hartlepool, to the 
order of Messrs. The Ellerman Lines, Limited, London. 


“ LocHNESS.”’—Twin-screw passenger and cargo steamer; 
triple-expansion engines supplied by Messrs. Cc. 
Kincaid and Company, Limited, Greenock. Launch, 
June 6. Main dimensions, 200 ft. by 34 ft. by 11 ft. 6 in. 
Built for Messrs. David MacBrayne (1928), Limited, 
Glasgow, by Messrs. Harland and Wolff, Limited, Govan, 
Glasgow. 


“THomas Hott.’’—Single-screw cargo steamer ; triple- 
expansion engines. Launch, June 6. Main dimensions, 
329 ft. 6 in. by 46 ft. 10 in. by 27 ft. 6in. Built for the 
African trade of Messrs. John Holt and Company (Liver- 
pool). Limited, by Messrs. Cammell Laird and Company, 

zimited, Birkenhead. 


“* WAVEFLOWER.’’—Steel screw trawler. Launch, June 
8. Main dimensions, 150 ft. by 24 ft. 6 in. by 14 ft. 
Built for Hull owners by Messrs. Cochrane and Sons, 
Limited, Ouse Shipbuilding Yard, Selby, Yorks. 


“BERNARD SHaAw.”—Steel screw trawler. Launch, 
June 10. Main dimensions, 140 ft. by 24 ft: by 13 ft. 9 in. 
Built for Hull owners by Messrs. Cochrane and Sons, 
Limited, Ouse Shipbuilding Yard, Selby. 

“ CaMPANA."’—Mail and passenger twin-screw steamer ; 
single-reduction geared-turbine propelling machinery. 
Launch, June 11. Main dimensions, 527 ft. length by 
67 ft. beam ; deadweight carrying capacity, 7,000 tons, 
on a moderate draught. Built by Messrs. Swan, Hunter 
and Wigham Richardson, Limited, Newcastle-on-Tyne, 
for La Société Générale de Transports Maritimes & 
Vapeur, Paris, for their Marseilles-South America service. 


“ DEEBANK."—Single-screw cargo steamer; quad- 
ruple-expansion engine. Trial trip, June 11. Main 
dimensions, 420 ft. by 56 ft. 6 in. by 36 ft. 3in. Built 


to the order of Messrs. Andrew Weir and Company, 
Bank Line, Limited, London, by Messrs. Workman 
Clark (1928), Limited, Belfast. 

** Nrmwanoa.”—Auxiliary ketch built of wood and 
copper sheathed ; semi-Diesel auxiliary motor. Launch, 
June 11. Built by Messrs. Philip and Son, Limited, 
Dartmouth, to the order of the Crown Agents for the 





Colonies for service in the Western Pacific, 


ENGINEERING 
TENDERS. 

WE have received from the Department of Overseas | 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British | 
Possessions and in foreign countries. The closing date | 
of each tender is stated below. Details may be obtained 


on application to the Department at the above address, | 
the reference number given being quoted in each case. | 


Aeroplane Hangars.—The design, supply, and erection | 
of aeroplane hangars at Calcutta (Dum Dum), Delhi, and | 
Karachi. The India Store Department, Simla; July 11. 
(Ref. No. A.X. 8063.) 


Sewage Distributors.—The supply and delivery of six | 
distributors to supply sewage to six rectangular filter | 
beds. The Stores Department, City Council of Johannes- | 
burg, South Africa; July 18. (Ref. No. A.X. 8067.) 


Grinding Machine.—The supply of one motor-driven 
grinding machine. The Victorian Government Railways 
Commissioners, Australia; June 19. (Ref. No. A.X. 
8069.) 


Slaughter House, d&c.—On page 622 ante we drew 
attention to the tender invited by the Municipality of 
La Plata, Argentina, for the construction of a slaughter 
house, cold storage, and refuse destructors. We now 
learn that the closing date has been extended from 
June 12 to July 4. (Ref. No. A.X. 8071.) 


Generating Set.—The supply and delivery of a 30-kw. 
oil engine driven generating set for the Military Engineer- 
ing Services, St. Thomas Mount, Madras. The India 
Store Department, Simla; July 8. (Ref. No. B.X, 
5364.) 


Electric Motors.—The supply and delivery, at Dock 
Road Generating Station, of three-phase electric motors. 
The City of Cape Town Electricity Department, South 
Africa; July 17. (Ref. No. B.X. 5366.) 


Hydro-Electric Plant.—The supply, delivery, and 
erection at Burrinjuck of auxiliary hydro-electric generat- 
ing plant. The New South Wales Department of Public 
Works, Australia; August 12. (Ref. No. B.X. 5365.) 


Hollow-ware Plant.—A number of manufacturers 
in Aleppo, Syria, may possibly desire to purchase a 
small plant for the production of pudding pans and 
galvanised buckets. (Ref. No. A.X. 8066.) 


Electrically-driven Hoist Blocks.—The supply of two 
two-ton electrically-driven hoist blocks. The South 
African Railways and Harbours Board, Johannesburg ; 
July 25. (Ref. No. A.X. 8072.) 

Coal-Briquetting Factory.—The supply and erection 
of a complete briquetting factory, with washing plant, 
for an output of 30 metric tons of briquettes per hour, 
The Administrative Council of State Coal Mines, Pernik, 
Sofia, Bulgaria; August 30. (Ref. No. A.X. 8078.) 

Passenger Coaches.—A firm in Barranquilla, Colombia, 


proposes to purchase two first-class passenger coaches— 
0:914-m, gauge. (Ref. No. A.X. 8089.) 








BOOKS RECEIVED. 


Diagramme und Tabellen zur Berechnung der Absorptions- 
Kdltemaschinen. By Dr.-INc. Fr. MerKet and 
Dr.-Ing. Fr. Bosnsakovic. Berlin: Julius Springer. 
[Price 12 marks. ] 

Institute for Research in Agricultural Engineering. Univer- 
sity of Oxford. Bulletin No. 3. Report of Trials 

ine Harvester-Thresher in Wiltshire, 1928. 


of the Combi 
By J. E. Newman. Oxford: Clarendon Press. 
[Price 2s. 6d. net. ] 


London: Humphrey Milford. 
Commonwealth of Australia. Second Annual Report 


of the Council for Scientific and Industrial Research for 
the Period July 1, 1927, to June 30, 1928. Melbourne : 
Council for Scientific and Industrial Research. 

United States Bureau of Labor Statistics. Bulletin No. 
482. Union Scales of Wages and Hours of Labor. 
May 15, 1928. Washington: Government Printing 
Office. [Price 35 cents, ] 

Institution of Petroleum Technologists. Standard Methods 
of Testing Petroleum and Its Products. Second edition. 
London: Offices of the Institution. [Price 7s. 6d. 


net. ] 
The A.T.M. Telegraph Engineers’ Handbook. Liverpool : 


Automatic Telephone Manufacturing Company, 
Limited. [Price 2s. 6d. net.] 
The Universal Directory of Railway Officials, 1929. 


London: The Directory Publishing Company, 
Limited. (Price 20s. net.] 


Descriptive Geometry. By HENRY HERBERT JORDAN and 


Francis Marion Porter. London: Gunn and 
Company. [Price 12s. 6d. net.] 
Electrical Engineering Laboratory Practice. By OsKxar E. 


EpIson and Ferris W. Norris. London: Gunn and 
Company. [Price 12s. 6d. net.] 

Theoretical Mechanics. An Introduction to Mathematical 
Physics. By JoserpH SwEETMAN Ames and Francis D. 
MurnaGcHan. London: Gunn and Company. [Price 
22s. 6d. net.] 

Department of Overseas Trade. The Economic Situation 
in Czechoslovakia. March, 1929. Report. By H. 
KersHaw. London: His Majesty's Stationery Office. 
[Price ls. 6d. net.] 

The Birmingham Exchange. Directory of Members, 
Subscribers and Representatives, 1929. Birmingham. 
Offices of the Exchange. [Price 2s. 6d.] 

Transactions of the Fuel Conference. World Power 
Conference, London, September 24 to October 6, 1928. 
Vol. I. The Coal Industry. Vol. Il. The Carbonisa- 
tion Industry. Vol. III. Utilisation of Fuels. Vol. 
IV. Index. London: Percy Luad, Humphries and 





Company, Limited. [Price 12/. net.] 





[JUNE 14, 1929. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Continued extreme 
scarcity of Cleveland pig is causing considerable in- 
convenience. Only six furnaces are running on Cleveland 


|iron, and the additional one to be started with work at 


the Jarrow Ironworks of Messrs. Palmers will do little to 
relieve the stringent position. Messrs. Palmers are 
also re-opening their Cleveland ironstone mine at Grinkle 
on Monday next. Orders for Cleveland pig iron can 
no longer be placed on the basis of No. 3 quality at 70s. 
Business has been put through at 1s. to 2s. above that 
level, and merchant sellers are now quoting No. 1 grade 
of iron, 758.; No. 3 g.m.b., 72s. 6d.; No. 4 foundry, 
71s. 6d.; and No. 4 forge, 71s. Local consumers of 
pig iron are once more compelled to draw supplies from 
other areas, and a few thousand tons of Northampton- 
shire iron has just been bought for consumption at 
works on Teeside. 


Hematite-—East coast hematite producers have no 
prompt parcels to offer, and were substantially sold 
well ahead, but merchants have considerable quantities, 
much of which is marketable iron, coming to hand, and 
quotations remain comparatively very low. Further 
purchases of ordinary qualities are reported at 74s., 
which is only a shilling or two above the price that is 
being realised for No. 3 Cleveland, whereas the normal 
pre-war difference was 8s. to 10s. 


Foreign Ore.—Little news is ascertainable concerning 
the foreign ore branch of the trade. With consumers 
well bought, and merchants having little ore to offer, trans- 
actions were confined within narrow limits. Nominally 
market rates remain at the equivalent of best rubio 
at 23s. c.i.f. Tees, but anything like extensive contracts 
could not be made on such terms. 


Blast-Furnace Coke.—Blast-furnace coke is in increasing 
demand, and with threatened scarcity, values show a 
marked upward tendency. Durham good average 
qualities readily realise 20s., delivered to consumers’ 
works in this district, and a trifle above that figure is 
stated to have been paid. 


Manufactured Iron and Steel.—Manufactured iron 
firms are busily employed, and report a fair amount of 
new work coming forward; semi-finished steelmakers 
are turning out a lot of work, and have substantial 
contracts that will keep their plant active for some time. 
Output of finished steel is also heavy. Demand for 
finished steel is, however, somewhat irregular. Quotations 
for all descriptions of manufactured iron and steel are 
strong. Common iron bars are 101. 15s.; best bars, 
11. 58.; double best bars, 11. 15s.; treble best bars, 
121. 5s.; iron rivets, 112. 10s.; packing (parallel), 87. ; 
packing (tapered), 101.; steel billets (soft), 67. 17s. 6d. ; 
steel billets (medium), 7/. 12s. 6d.; steel billets (hard), 
8l. 2s. 6d.; steel rivets, 111. 5s.; steel ship plates, 
8l. 12s. 6d.; steel angles, 8/. 2s. 6d.; steel joists, 
81. 2s. 6d.; heavy sections of steel rails, 87. 10s. ; black 
sheets (No. 24 gauge), 101.; and galvanised corrugated 
sheets (No. 24 gauge), 131. 15s. 








Hetrum MANUFACTURE IN THE UNITED SrTates.—A 
first consignment of helium was despatched on May 6 
last from the United States Government helium-producing 
plant near Amarillo, Texas. The consignment of the gas, 
which was sent to Langley Field, Virginia, consisted of 
200,000 cub. ft., and it was contained in a specially-built 
tank wagon owned by the Air Corps of the United States 
Army ; the pressure of the gas within the tank was 2,000 
Ib. per square inch. At the Amarillo plant, the helium 
is extracted from natural gas having a helium content of 
1-75 per cent. The natural gas is conveyed from the 
wells to the plant through a welded-steel pipe line 11 
miles long. It is there cooled to a temperature approxi- 
mating that of liquid air and all the constituents except 
helium become liquid. The helium is drawn off and the 
liquefied gases are converted to gases again by allowing 
their temperature to return to that of the atmosphere. 
A portion of the resultant gas is used as fuel to generate 
power to work the plant and the remainder is conveyed 
to Amarillo where it is used as domestic and industrial 
fuel. The process of extracting the helium is a continuous 
one and involves the utilisation of pressures as high as 
2,500 lb. per square inch. 





DEVELOPMENT PROGRAMME OF THE CANADIAN 
NationaL Rarways.—The Canadian National Rail- 
ways are seeking the sanction of the Dominion Parlia- 
ment for the issue of guarantee securities amounting to 
53,750,000 dols. in order to cover a programme of con- 
struction and improvement. Out of this total, 
35,750,000 dols. are to be expended on general additions 
and improvements on the system, while a sum of 
6,313,400 dols. is for new equipment. The provision of a 
sinking fund is also envisaged. An important item in 
the programme is the continuation of the policy of 
laying 100 Ib. rails on the main line between Halifax 
and Sussomner and, this year, new heavy rails sufficient 
for 916 track miles are to be provided. This item will 
involve the purchase of 169,000 tons of rails at @ cost, 
including rail fastenings, of 9,500,000 dols. A sum of 
2,632,000 dols. will be set aside for steel bridges and 
other structures, and a considerable amount is also to be 
spent on the construction of new hotels, or on extensions 
to existing structures. Three new steamers are to be 
built to augment the fleet in operation from Vancouver 
and Prince Rupert to Alaska, and a further vessel for 
the Prince Rupert-Charlotte Islands service. The sum 
to be expended in respect of this shipbuilding programme 
is 5,325,000 dols. 
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NOTES FROM SOUTH YORKSHIRE. NOTES FROM THE SOUTH-WEST. 


SHEFFIELD, Wednesday. 


Iron and Steel_—Though weak features are revealed, 
considerable activity exists at progressive works where 
modern plant has been installed, and _ full-time 
operations are not unknown. In raw and semi-finished 
materials the demand continues at a fair level except 
in acid steel, where weakness has resulted in a curtailment 
of output. Otherwise there is a consistent run on the 
principal basic materials. This week’s quotations are 
as follow: Hard basic-steel billets, 77. 17s. 6d.; soft 
basic-steel billets, 67. 17s. 6d.; West Coast hematites, 
88s. 6d.; East Coast hematites, 83s. 6d.; Lincolnshire 
No. 3 foundry iron, 72s. 6d.; Lincolnshire forge iron 
and Derbyshire No. 3 foundry iron, each 68s. 
Derbyshire forge iron, 64s. 6d.; iron bars, 11l. 10s. ; 
sheets, 121. ire rod quotations have advanced, 
following the recent rise in iron and steel prices. Activity 
at rolling mills and heavy forges and foundries on the 
whole is moderate, though it is much less pronounced 
than in the Lincolnshire area, where capacity is being 
increased to cope with improved order books. Good 
business is being done in electrical apparatus, motor-car 
and aeroplane steel, cold-rolled strip, and -agricultural 
steel and castings. Orders for carpenters’ and joiners’ 
tools are in hand from Australia, India and the Argentine, 
and enquiries are reported to be circulating from Brazil. 
In inland trade, competition is chiefly from the United 
States and Germany. 

South Yorkshire Coal Trade.—The improved state of 
the export market is reflected in the firm condition of 
values of best hards. Owing to shortage of supply, 
washed sorts are quoted at a higher level. Inland 
deliveries to iron and steel works are maintained at 
an even rate. Good business is being done in steel- 
making coke and patent oven coke, while firm conditions 
prevail in the market for furnace and foundry coke. 
Seasonal slackness has gripped the house-coal trade, 
where short-time working has now become general. 
Quotations :—Best branch hand-picked, 27s. to 28s. 6d. ; 
Derbyshire best brights, 20s. to 23s.; Derbyshire best 
house, 198. 6d. to 20s. 6d.; screened house coal, 17s. 6d. 
to 18s. 6d.; screened house nuts, 16s. to 17s. 6d. ; 
Yorkshire hards, 15s. 6d. to 16s. 6d.; Derbyshire 
hards, 15s. 6d. to 16s. 6d.; rough slacks, 8s. 6d. to 
9s, 6d.; nutty slacks, 6s. to 7s.; smalls, 28. to 4s. 

Hull Coal Traffic—The May returns show that exports 
have increased substantially on those of the previous 
month, The aggregate exported, namely, 184,246 tons, 
compared with 132,124 tons in April. An even more 
striking increase is indicated in exports for the five 
months. Those for January to May this year totalled 
755,000 tons, compared with 378,000 tons for the 
corresponding period of last year. France is still 
South Yorkshire’s chief customer, the next largest 
purchasers being Germany, South America, Egypt, 
Holland, and Australia. Good business was also done 
with Italy, Iceland, and Belgium. 








AUSTRALIAN ENGINEERS AND A SCHEME FOR DEFENCE, 
—At a meeting held recently, at Newcastle, New South 
Wales, members of the Institution of Engineers, Aus- 
tralia, discussed a scheme whereby scientific men could 
be mobilised at very short notice in the event of the 
outbreak of war. The scheme proposed would provide 
for the compilation of registers of all professional men. 
The qualifications of each member would be entered in 
the register, and the best manner in which the services 
of each individual could be utilised would be indicated. 
The completed lists would be handed over to the Com- 
monwealth Defence Department and would be revised 
annually. 





ContRraots.—Contracts secured recently by Messrs. 
United Water Softeners Limited, Aldwych House, 
London, W.C.2, include Lassen-Hjort plants for paper 
mills at Northfleet and West Hartlepool ; for the inttalla- 
tions at Purfleet and in Java of Messrs. Anglo American 
Oil Company, Limited ; and for the Leeds Corporation 
Water Department. Zerolit units have been supplied 
to Messrs. La Soie Art de Calais, and to Messrs. Calzificio 
Santagostino, Milan. Permutit units have been ordered 
by Messrs. J. Hayes and Sons, Limited, Camberwell ; by 
the Mexborough Borough Council, Waterworks Depart- 
ment; by Messrs. Wm. Hollins and Company, Limited, 
Mansfield ; and by Messrs. G. Garnett and' Sons, Yorks. 
Two high-pressure and three low-pressure sand filters, 
having a combined daily capacity of 1,829,000 gallons, 
have also been supplied to the Lena Goldfields, Russia.— 
Messrs. Sir W. G. Armstrong Whitworth and Company, 
Limited, have secured a contract for the construction 
of an oil-tank motorship of 8,800 tons deadweight 
carrying capacity, for Norwegian owners. The pro- 
pelling machinery will consist of six-cylinder Arm- 
strong-Sulzer, two-stroke Diesel engines.—Messrs. W. 
Crockatt and Sons, Limited, Pollokshields, Glasgow, 
have received orders for 30 of their Simplex valve- 
reseating machines from Messrs. Hugh Hogarth and 
Sons, Glasgow, and for 13 of the same machines from 
Messrs. Franco Tosi Societa Anonima, Legnano, Italy.— 
The London, Midland and Scottish Railway Company 
has placed, with Messrs. The United Steel Companies 
Limited, Sheffield, a trial order for 10,560 pressed-steel 
railway sleepers of the Sandberg heavy type, weighing 
190 Ib. each, a total of between 800 and 900 tons of 
sleepers. The London and North Eastern Railway 
Company has also placed, with Messrs. The United 
Steel Companies, a trial order for 500 tons, representing 
nearly 6,000 sleepers, each weighing 192 lb. These 
orders follow one received by the firm early in the year 
from the Southern Railway for 5,000 tons of Sandberg 
steel sleepers. 





ENGINEERING. 








Carpirr, Wednesday. 

The Coal Trade.—Shipments of coal abroad in the past 
week were increased by a further 29,000 tons to 510,670 
tons as the result of heavy clearances to Spain, Portugal, 
Argentina and Algeria. Exports to Argentina were 
raised by 31,000 tons to 72,900 tons, to Spain by 26,000 
tons to 45,650 tons, to Portugal by 10,000 tons to 24,920 
tons, and to Algeria by 13,000 tons to 21,900 tons. 
Clearances to France, however, fell by 37,000 tons to 
87,480 tons. Shipments from Cardiff were lowered from 
301,340 tons to 284,850 tons, but at Ne rt increased 
from 81,540 tons to 119,590 tons, at Swansea from 
60,610 tons to 63,890 tons, at Port Talbot from 30,760 
tons to 34,260 tons, and at Llanelly from 7,000 tons to 
8,080 tons. The general position of the coal trade 
shows little change. Large coals are in plentiful supply. 
and obtainable on the basis of the minimum schedule, 
Smalls and sized descriptions are, however, in short 
supply owing to outputs being curtailed by the lessened 
production of large. Best bunker smalls command up 
to 14s. with dry nuts up to 24s., while duffs are extremely 
scarce, bituminous washed realising as much as 17s., 
and washed ri 15s., but unwashed dry duff is obtain- 
able at lls. 6d. to 12s. 6d. Several new inquiries are 
circulating. The Brazilian Central Railways are inviting 
prices for 100,000 tons, shipment being over the four 
months commencing July. It will be recalled that, a 
couple of months back, prices were asked for 200,000 
tons, but that orders for 80,000 tons were awarded to 
Polish coal. It is regarded as significant that tenders 
are now invited from South Wales. The French Navy 
also want prices for 50,000 tons, delivery to be over 
nine months, and the Madrid, Zaragossa and Alicante 
Railway of Spain are asking for prices for 25,000 tons. 

The Coalfield Agreement.—Hopes of an early settle- 
ment of a new coalfield agreement, to take the place of 
the existing agreement, which terminates at the end of 
the year have been practically shattered. The South 
Wales coalowners invited the South Wales Miners 
Federation to meet them to consider the question of a 
new agreement so as to avoid any dislocation of the coal 
industry by late efforts to reach agreement. In a friendly 
discussion of the matter, Mr. Evan Williams, chairman 
of the owners’ side of the Conciliation Board, made it 
clear that there was no possibility of any negotiations 
for a national agreement, which Mr. Tom Richards, for 
the men, stated was the policy of the Federation, with 
the result that the meeting was adjourned for the men 
to consult their national body, and for the owners to 
consult the Mining Association. The prospect of a new 
agreement being arranged at an early date is, therefore, 
at the moment considered very remote. 


Dock Charges.—The Great Western Railway Com- 
pany have applied for powers to increase their maxi- 
mum dock charges from an addition of 60 per cent. 
on the 1913 rates to 75 per cent. This step has been 
taken in view of the fact that at the end of September 
the pre-war rates would automatically operate unless 
a new Order is obtained to charge an addition on the 
1913 rates. South Wales traders have decided to com- 
municate with the Ministry of Transport objecting to 
the proposal of the Great Western Company and claiming 
that the present charges should be reduced in view of the 
benefits of the De-rating Act and the general improve- 
ment in coal shipments. 








PERSONAL.—The Newcastle office of Messrs. Metro- 
politan-Vickers Electrical Company, Limited, is being 
moved to larger premises. On and after June 17, the 
address will be, Metro-Vick House, Northumberland- 
road, Newcastle-on-Tyne.—A large new building, com- 
prising offices and works, is now in course of construction 
for Messrs. The Pyrene Company, Limited, 9, Grosvenor- 
gardens, London, S.W.1, at the London end of the 
Great West-road at Brentford.} 





ELEectRIicIry CONSUMPTION IN 1928.—Returns recently 
rendered to the Electricity Commissioners show that 
electricity amounting to 7,602,000,000 kw.-h. was sold 
by authorised undertakers during the year ended 
December 31, 1928. This represents an increase of 
10-9 per cent. over the previous year when the quantity 
sold was 6,850,000,000 kw.-h. This percentage increase 
is less than that of 1927 over-1926, when the figure was 
19-6 per cent., though that year must be considered 
abnormal owing to effects arising from the coal strike. 
Comparative figures show that over the period of 
six years since 1922 the annual sales of electricity to 
consumers by authorised undertakers have increased at 
an average rate of about 660,000,000 kw.-h. per annum. 





Procress IN InDUstTRIAL PropuctTion.—Accordin 
to figures published recently in The Board of T 
Journal, the general industrial activity in the United 
Kingdom, during the first quarter of the present year, 
was 1-6 per cent. greater than in the fourth quarter of 
1928 and 0-8 per cent. greater than in the first quarter of 
last year. The index of production for the three quarters 
named, taking the quarterly average of 1924 as 100, was 
110-2, 108-5 and 109-3, respectively. Turning to 
particular industries, it is gratifying to find that the index 
of production of the engineering and shipbuilding 
industries was 119-0 in the March quarter of 1929, as 
against 111-5 in the previous quarter, and 117-4 in the 
first three months of 1928. The iron and steel industries 
gave an index figure of 111-5 during the first quarter of 
the present year, compared with 105-2 during the 
previous three months. Other index figures for the 
1929 March quarter were, the non-ferrous metal industry 
115-7, textiles 101-7, chemical and allied trades 108-3, 
and the leather industry, 103-2. 
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NOTICES OF MEETINGS. 





Disszt Enctne Users’ AssocraTion.—To-night» 
6 p.m., Caxton Hall, Westminster, S.W.1. ‘* Repairs 
to Diesel Engine Parts by Electro-Deposition,” by 
Mr. C. H. Faris. 

NortH or ENGLAND INSTITUTE OF MINING AND 
MecHanicat EncIneers.—Saturday, June 15, 2.30 p.m., 
Newcastle-upon-Tyne. ‘‘ Roof Control on Longwall 
Faces,” by Mr. J. F. C. Friend. ‘Diamond Boring 
Applied to Tapping Drowned Areas Underground,” 
by Mr. F. E. Smyth. ‘“ Land Drainage,” by Mr. H. C. 
Pawson. ‘‘ The Laws of Motion of Particles in a Fluid,” 
by Mr. R. G. Lunnon. “ Borings Against Workings 
likely to Contain an Accumulation of Water or other 
Liquid Matter, and a Method of Negotiating a Fault,” 
by Mr. C. H. Leeds. ‘“‘The X-Ray Analysis of Coal: 
the Radiographic Variables and their Control,” by 
Mr. C. N. Kemp. ‘“ Burnt Outcrops of the High Main 
Coal at Newcastle-upon-Tyne,”’ by Mr. R. G. Carruthers. 


INSTITUTION OF HEATING AND VENTILATING ENGI- 
NEERS.—Summer Meeting, Monday, June 17 to Wednes- 
day, June 19, Spa Hotel, Bath. Monday, June 17, 
5.30 p.m., Council Meeting. Tuesday, June 18, 10 a.m., 
“Heating Research at Watford, 1928-29,” by Dr. M. 
Fishenden. Wednesday, June 19, 9 a.m., Various 
Visits. 

Soctety or Guass TECHNOLOGY.—Tuesday, June 18, 
4.30 p.m., The University, St. Georges-square, Sheffield. 
Furnace and Glass Standards Committees Meetings. 
Wednesday, June 19, 2.30 p.m., “The Glass Industry 
of North America in 1929,” Part II, by Professor W. E. 8S. 
Turner. ‘“‘ The Influence of Boric Oxide on the Rate 
of Melting and Physical Properties of Colourless Bottle 
Glass,” by Miss V. Dimbleby, Mr. M. Parkin, Mr. F. 
Winks and Professor W. E. 8. Turner. ‘“‘ The Influence 
of Manganese Oxide on Some Properties of Glass,”’ 
by Mr. A. A. Childs, Miss V. Dimbleby, Mr. F. Winks, 
and Professor W. EF. 8S. Turner. 

Royat MetTeorotoaicaL Soctery.—Wednesday, June 
19, 5 p.m., 49, '‘Cromwell-road, South Kensington, 
8.W.7. ‘Potential Gradient and Atmospheric Pollu- 
tion: the Influence of ‘Summer Time ’,” by Dr. F. J. W 
Whipple. “Vertical Air-Currents as Measured by 
Pilot Balloons,” by Mr. A. J. Bamford. “ Studies 
on the Rhone Glacier,1927. The Relationship between 
the Average Air-Temperature and the Rate of Melting 
of the Surface of the Glacier,’’ by Dr. G. Slater. 


Royvat Sanirary  Institute.—Friday, June 21, 
8 p.m., Festival Hall, North-East Coast Exhibition, 
Newcastle-upon-Tyne. ‘ Smoke Pollution,” by Professor 
L. E. Hill. 


NOTES FROM THE NORTH. 


Guasaow, Wednesday. 


Scottish Steel Trade.—Conditions in the Scottish steel 
trade are practically unchanged this week, but producers 
are hopeful of witnessing some improvement now that 
the unsettlement caused by the election has passed. 
Drastic legislation with a tendency to interfere with 
business is not anticipated, and as the country begins 
to realise this, there is the probability that confidence 
will gradually be restored and buying will increase. 
In the meantime steel makers are far from being pressed 
for deliveries, although there is quite a fair tonnage 
of material being put through. The demand from the 
shipyards is only moderately good, and owing to the 
dearth of orders for new tonnage, the inquiry for forward 
supplies is exceedingly poor. In the black-sheet trade 
there is still a poor demand for the heavier gauges, but 
light and galvanised sheets keep moving fairly well, and 
quite a steady output is general. The following are the 
current market quotations :—Boiler plates, 107. 108. per 
ton; ship plates, 8/. 12s, 6d. per ton; sections, 8/. 2s. 6d. 
per ton; black sheets, }-in., 9/. per ton; galvanised 
corrugated sheets (No. 24 gauge), 137. 15s. per ton, all 
delivered at Glasgow stations. 


Malleable-Iron Trade.—In the West of Scotland 
malleable iron trade, a dull tone still exists. The period 
of quietness has been of long duration, and there is not 
the slightest sign of any improvement yet. Bar iron 
is in rather’moderate request, and the re-rollers of steel 
bars, while doing moderately well, are meeting with stiff 
competition. rices are steady with “Crown” bars 
called 102. 5s. per ton for home delivery and 91. 15s. per 
ton for export, and re-rolled steel bars 8/. per ton for 
home delivery and 7/. 15s. per ton for export. 


Scottish Pig-Iron Trade.—In the Scottish pig-iron 
trade a quietly steady demand prevails, but the volume 
of business is not on the heavy side. Fair deliveries 
of hematite iron are general, but foundry grades, although 
rather slow of sale, have been advanced in price. 

The current market quotations are as follow :— 
Hematite, 78s. per ton, delivered at the steel works ; 
foundry iron, No. 1, 77s. per ton, and No. 3, 748. 6d. per 
ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scot- 
tish pig-iron from Glasgow Harbour for the week ending 
Saturday last, June 8, amounted to 687 tons. Of that 
total, 673 tons went overseas and only 14 tons coast- 
wise. For the corresponding week of last year the 
figures were 256 tons overseas and 76 tons coastwise, 
making a total shipment of 332 tons. 


Shipbuilding.—Messrs. Wm. Beardmore and Company, 
Limited, have received a contract to build a twin- 
screw Diesel-engined yacht of 750 tons for British 
owners. This vessel will be of the most modern type, 
and is to the design of Messrs. G. L, Watson and Com- 
pany, naval architects, St. Vincent-street, Glasgow. 
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PHYSICS AND MECHANICS 


In the remarkable series of Gifford lectures, de- 
livered in 1896, the late James Ward suggested 
that some of his audience might live to see “a 
second intellectual reformation in which the 
mechanical ideal of modern science will be proved in 
its turn to be defective and chimerical.” This 
courageous forecast made, be it remembered, in the 
days when most physicists claimed that the ether 
of Faraday and Maxwell was the one entity of whose 
existence we could be certain and that all physical 
phenomena were due to perturbations thereof, has 
received a really astounding fulfilment in the Gifford 
lectures delivered by Professor A. S. Eddington, at 
Edinburgh University in 1927, and _ recently 
published in book form.* In these fascinating 
and suggestive, but inevitably unsatisfying, lectures 
Professor Eddington observes that “‘ nowadays we 
do not encourage the engineer to build the world 
for us out of his material, but we turn to the mathe- 
matician to build it out of his material.” Objection 
may, perhaps, not unfairly, be taken to the implied 
discouragement of the engineer, since it at least 
seems desirable that mechanism should be pushed as 
far as it will go. Lord Kelvin was, we believe, per- 
fectly correct in his contention that physics was 
intelligible only when phenomena could be repre- 
sented by a model; when this is impossible, 
phenomena may still be calculable but they 
cease to be intellible. The engineer, moreover, 
has always to convert his calculations into 
structures or machines, but the mathematician 
is under no such disability, and thus he was 
for long content to regard light as the vibration 
of an elastic solid, oblivious of the fact that a 
spherical wave front in which the vibrations were 
everywhere in phase and everywhere transverse to the 
direction of siiintasibittl is inherently unthinkable. 








*The Nature of the ” Physical World. By A. 8 
——— F.R.S. Cambridge, The University Press, 
Price:128, 6d, 


7 | import of contemporary physics. 





A material wave front of this kind could not be 
continuous over the surface of a sphere, and had the 
engineer had to deal with this matter he might quite 
possibly have foreshadowed a quantum theory of 
light. Indeed, this objection probably holds equally 
even if we replace the distortions of an elastic solid 
by electric and magnetic displacements. It seems 
physically inconceivable that any wave front thus 
constituted can be continuous over a sphere, though 
the mathematician has no difficulty in treating it as 
such, but it is only when displacements are normal to 
the wave front, instead of transverse thereto, that 
this front can be pictured as a closed surface. The 
mathematician has, in fact, the advantage that he is 
content to be logical even if unintelligible, and being 
restricted by no considerations of common sense 
is at liberty to multiply spaces as freely as were 
explanations multiplied by those at whom William 
of Occam directed his famous “razor.” Thus 
Professor Eddington notes that whilst the wave 
mechanics of Schroedinger give an astonishingly 
true representation of the properties of the hydrogen 
atom, each electron, however, requires for its repre- 
sentation on this basis, the whole of three dimen- 
sional space, so that to represent along the same 
lines the properties of an atom with two electrons, 
it is necessary to go into space of six dimensions, 
and every additional electron requires three more 
dimensions of space. 

So long as phenomena could be represented by 
means of models, it was possible for non-specialists 
to gain a fairly satisfactory idea of the trend and 
For this, in past 
years, engineers have been largely indebted to the 
lectures delivered at the Royal Institution by Sir 
J. J. Thomson. The major portion of Professor 
Eddington’s Gifford lectures is devoted to an attempt 
to render intelligible the views now held by the 
newest school of physicists. It appears that even 
the Bohr model of the atom must be abandoned, 
since although it provides an explanation of two 
quantum numbers it represents wrongly the third. 
The model therefore, though no doubt it will remain 
useful for many purposes, is, at best, incomplete, 
and apparently most physicists are convinced 
that an entirely satisfactory model is not merely 
undiscovered but is really undiscoverable. It may 
be noted, however, that Sir J. J. Thomson has 
proposed a model of the electron which it is claimed 
gives many of the results hitherto only deduced by 
means of wave mechanics. 

That nature could not be mechanical in the 
ultimate has, of course, long been held. Thus James 
Ward, in the lectures already referred to, main- 
tained that in all probability the conservation of 
energy and of momentum, were merely statistical 
laws holding good only as averages of an immense 
number of individual effects. This is the exact 
position reached some 25 or 30 years later by the 
most modern of our physicists. According to 
Professor Eddington, ‘it now seems clear that all 
these laws at the time supposed to be primary are 
in reality statistical. In the reconstructed world 
nothing is impossible though many things are 
improbable.” 

What is surprising is not that mechanics should 
break down on digging deep enough into natural 
phenomena, since this necessarily follows if will be 
free, which, Laplace notwithstanding, is a primary 
datum of consciousness, and intrinsically incapable 
of disproof. The marvel is that these classical 
generalisations fail to hold good in explorations 
of the interior of the atom made with the relatively 
gross apparatus necessarily used by the physicist. 

In attempting to render intelligible the funda- 
mentals of the new wave mechanics, Professor 
Eddington has nevertheless to fall back on mecha- 
nical analogies. He imagines a sub-ether having its 
surface covered with ripples so fine as to be 
individually beyond our ken. This sub-ether is 
supposed to be dispersive, so that the ripples of 
shortest wave-length travel the fastest. Hence the 
ripples may converge and coalesce so as to create a 
stormy area, large as compared with the individual 
ripples, but actually extremely small. This dis- 
turbed area inside the atom is in wave mechanics 
the equivalent of the electron. It turns out that 
under the field of force inside the atom these 
small stormy areas move about exactly as would 
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particles under the classical laws. On the other 
hand, however, no definite position can be attributed 
to the stormy area, since the wider this extends the 
more vaguely is it located. Hence if it be taken as 
equivalent to the particle known to classical 
mechanics, this particle can not be assigned to 
any definite position in space. The model pictured 
is thus misleading in one regard, since the 
diffuseness associated with the ripples is said to be, 
not a diffuseness of matter, but an indeterminacy of 
position. On the other hand, in the field of force 
provided by the proton it turns out that only waves 
of particular frequencies can exist, and this corre- 
sponds to the different orbits of the electrons in 
Bohr’s model. The light emitted by the atom is 
stated to correspond to beats between two sets of 
waves, so that it is the heterodyning of the sub- 
ethereal waves which produces light. As the group 
of ripples rises to higher and higher quantum 
levels, it becomes more and more recognisable as 
an electron. 

It will be seen how very much more complex 
this model is than that of Bohr, but still more 
involved are the explanations proffered by the new 
physics as to the nature of the light quantum 
and of its absorption by an atom. According to 
this, the photographic plate of the astronomer is 
not affected by a single quantum, which has 
travelled 50 billion miles from Sirius, and it has not 
been eight years on the way.j ‘‘ But when enough 
quanta are gathered together to form a quorum 
there will be found among them statistical properties 
which are the genesis of the 50 billion miles’ distance 
of Sirius, and the eight years’ journey of the light.” 
This explanation persumably conveys some mean- 
ing to the modern physicist, but we think the 
engineer may well congratulate himself that he is, 
as yet, concerned solely with aggregates consisting 
of trillions of atoms to which the classical laws of 
mechanics apply with full force. 

The same considerations necessarily affect his 
attitude to relativity, which also Professor Edding- 
ton endeavoured to make intelligible instead of 
merely calculable. It can hardly be said that his 
interesting and highly ingenious discussion is wholly 
successful, but the cause lies rather in the limitations 
of the mind than in the author’s exposition. What 
we can’t picture we cannot understand, although we 
may, of course, learn to calculate effects, regarding 
our equations merely as recipes, by which we can 
react on Nature. It is easy enough to see that if all 
observers find the same value for the velocity of 
light received from the sun, irrespective of their 
own motion in the line of sight, two who simul- 
taneously observe, say, the first contact of Venus 
with the Sun in a transit, would date back the actual 
time of the occurrence by different amounts, pro- 
vided that the one observer was passing the other 
at a very high speed at the instant the observation 
was made. Hence the two would have different 
views as to what events were really simultaneous, but 
other conclusions deduced from the doctrine of rela- 
tivity, though unassailable either logically or ex- 
perimentally, seem to be intrinsically unintelligible. 

It may be noted, moreover, that Professor Edding- 
ton, having in his interpretation of Nature, replaced 
the engineer by the mathematician, is by no means 
disposed to trust the latter unreservedly. Indeed, 
he suggests that, in the ultimate, the status of the 
mathematician’s demonstrations depends on the 
fact that a physicist now and then succeeds in 
predicting results which accord with observation. 

Almost the only concept which the modern 
physicist takes over unchanged from his prede- 
cessors is that of entropy, which Professor 
Eddington defines as the measure of the randomness 
in Nature, a process which is essentially irreversible. 
A shuffled pack of cards cannot be restored to its 
original arrangement by more shuffling, but only 
by a process of sorting, which involves the action 
of mind. Similarly, no natural process is ever 
assimilable to an unshuffling, so that every increase of 
the total randomness in Nature is never undone, and 
the whole universe is apparently vanishing into un- 
organised incoherency. Professor Eddington suggests 
that in this steady growth of entropy we have a de- 
finite measure of time. All the classical laws, save 


that represented by the second law of thermody- 
namics, work as well backwards as forwards. It is 
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impossible on their basis to distinguish between cause 
and effect, since each merely represents opposite 
sides of an equation. As Professor Eddington 
points out, they in no way discountenance the 
automatic return, to its original position and con- 
dition, of a lump of chalk broken by being flung on 
a table. Such a result would, however, correspond 
to an unshuffling, and this never occurs automatic- 


ally. Entropy always increases with time, and gives | 


to time definite positive and negative directions. 
He suggests that our subconscious estimates of time, 
which, we may note, are often remarkably exact, 
may well be due to some increase of entropy in the 
constituents of the brain. 








INDIAN RAILWAY PROGRESS. 


Ir is an evident fact that the depressing effect 
on railway balance sheets, which is brought about 
by road motor competition, is not confined to 
the undertakings of this country, but is international 
in character. This is a point worth remembering 
by those critics, who are in the habit of accusing 
British railway managements of a lack of enterprise, 
no less than by those who are willy-nilly faced with 
the complicated task of dealing with the position. 
The problem being international in character, the 
opinion may be expressed that, in part at least, the 
solution is also international, and the suggestion 
made that there is some advantage in common effort, 
though the details of the policy adopted must, of 
course, largely depend on local conditions. Mean- 
while it is only right to add that those concerned 
are making a strenuous fight, both to maintain 
existing and to regain lost traffic. 

For example, the Report by the Railway Board 
on Indian Railways for 1927-28 [Calcutta : Govern- 
ment of India Central Publication Branch, vol. i, 
8s. 6d., vol. ii, 6s.] gives an interesting summary 
of the state of affairs in that country and of the steps 
that are being taken to meet it. On nearly all the 
railways severe competition from road motors is re- 
ported, especially where the suburban traffic is heavy 
or the roads run parallel with the track. In many 
places the number of first class passengers is falling, 
owing to the increasing use of cars. On the Darjeeling 
Himalayan Railways there was a decrease of 50 per 
cent. in first class passengers, and of 25 per cent. in 
third class passengers, during 1927-28, while on the 
North Western Railway the number travelling fell 
off by 900,000. On the Great Indian Peninsula Rail- 
way it is reported that the bus services are gaining 
ground over moderate distances, and the same may 
be said of the position on the South Indian Railway. 
The steps which have been taken to counteract these 
conditions are, generally, the improvement of the 
services and the reduction of fares. Obviously it 
would be unwise to carry the latter too far. But 
much can be done with the former, as is shown by 
the fact that on two sections of the Bengal Nagpur 
Railway Sentinel-Cammel coach services have been 
introduced with such good results that the com- 
peting motor "buses have been withdrawn. The 
adoption of the same policy on the Dacca Nara- 
yanganj section of the Eastern Bengal Railway 
caused the revenue to increase from ‘Rs. 9,116 
to Rs. 10,645 per month, averaged over a period 
of six months. From the engineering point of 
view it is, however, considered that the results 
would be better if a light tank engine capable of 
hauling eight or nine four-wheel vehicles were used, 
while for the Calcutta suburbs electrification is 
regarded as the best solution. 

This flank attack, however, has not greatly 
affected the general prosperity of the Indian rail- 
ways. The favourable weather caused the year to 
be very profitable, as is shown by the fact that the 
gross earnings reached the record figure of Rs. 104 
crores, an increase of Rs. 5-75 crores compared with 
1926-27. These figures represent values amounting 
to 69°3 million and 3:8 million pounds sterling, re- 
spectively. Most of this increase was, according to 
the report, due to improved goods traffic, the receipts 
from which rose from Rs. 65 crores to Rs. 69°5 crores, 
owing to the excellent cotton crop and developments 
in the jute market. Passenger earnings rose by one 
crore, the reduction in fares resulting in an increase 
of over 18,000,000 in the number travelling. On 
the other hand, the total expenditure rose from 
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Rs. 92-6 crores in 1926-27 to Rs. 94-5 crores in 
1927-28, the largest increase being Rs. 60 lakhs 
on the Bengal Nagpur Railway. This is in part 
ascribable to the heavy repairs which had to be 
undertaken. The total capital expenditure at the 
date of the report was Rs. 822-86 crores, by far the 
greater part of which was Government capital. 
A sum.of Rs. 32-38 crores was expended during 
the year on strategic lines. 

During 1927-28 699-14 miles of railway were 
opened for traffic, compared with 420-77 miles in 
the previous year. Of this 224-55 miles were on 
the 5-ft. 6-in. gauge, 333-2 miles on the metre 
gauge, and the remainder on the 2-ft. 6-in. gauge. 
The longest of these lines was the section from 
Virudunagar to Tenkasi on the South Indian 
Railway, and from Pandharpur to Miraj on the 
Barsi Light Railway, the former being a metre gauge 
line and the latter 2-ft. 6-in. gauge. On March 31, 
1928, 3,628-76 miles of line were under construction, 
and, in addition, the construction of 1,616-38 
miles had been authorised. The greater part of 
this mileage was to be of the metre gauge. These 
figures were both largely in excess of those of the pre- 
vious year. Other important new works in hand 
included the electrification of the Calcutta and 
Madras suburban lines, the construction of the 
new Vizagapatam Harbour, the remodelling of 
the workshops at Jhansi, Jamalpur and Tatanagar, 
and the provision of training schools and accom- 
modation near Kot Lakhpat and at Jamalpur. 
Numerous yards have also been improved, notably 
at Rangoon, and train control systems introduced, 
while many bridges have been strengthened. 
During the year a new record for track renewals 


| was established, no less than 348 miles of rails 


and 737 miles of sleepers being dealt with in this 
way. In addition, 105 miles of sleepers were 
replaced by second-hand sleepers as casual re- 
newals, 

Coming to transportation, ‘passenger traffic 
during 1927-28 increased from’ 19,603,413,000 to 
20,908,343,000 passenger miles, and the goods traffic 
from 20,103,214,000 to 21,620,094,000 net ton-miles. 
At the same time the shunting miles were reduced, 
and the goods train speeds slightly improved. 
Good results also followed the efforts of the Fuel 
Economy Committee to effect savings under this 
head. One of the principal features of the year’s 
working was the opening of the electrified lines 
of the Bombay, Baroda and Central India Railway 
in the neighbourhood of Bombay on January 5, 
1928. The passengers carried by this means on the 
Great Indian Peninsula Railway increased from 
4,844,244 in 1925-26 to 27,360,690 in 1927-28, 
and the operation has in general been satisfactory. 
The new standard of travel instituted in November, 
1926, by the establishment of a weekly service 
between Bombay and Calcutta in connection with 
the English mail steamers was so successful that 
it has led to the introduction of similar services 
between Bombay and the North of India, via Delhi, 
and between Bombay and Peshawar. The broad- 
gauge wagon pool also continued to work satis- 
factorily, the number of wagons loaded during the 
busy season from December 1, 1927, to May 31, 
1928, being 2,382,376, or 193,564 in excess of the 
number in 1926-27. 

Out of the eight new types of broad gauge and 
metre-gauge standard locomotives, reference to 
which was made in the report for 1926-27,* two of 
the former and one of the latter were placed in 
service during the year with satisfactory results, 
while the designs of the remaining five types were 
completed. Progress was also made with the 
design of standard broad and metre-gauge wagons 
and coaching underframes. Pattern broad-gauge 
wagons of three types and a pattern 68 ft. broad- 
gauge underframe were received and the designs for 
the other types are well advanced. Three further 
types of broad-gauge wagons, a broad-gauge four- 
wheeled coaching underframe and one metre-gauge 
wagon were decided on, and orders were placed for 
the necessary pattern vehicles for these types, 
together with pattern vehicles for the original 
2-ft. 6-in. gauge standard types. Several other 


| designs for various classes of vehicle were also 





* See ENGINEERING, Vol. oxxvi, page 48 (1928). 
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approved. Much useful work was done on the use 
of indigenous timbers for sleepers and carriage 
building, but some years must elapse before definite 
conclusions can be reached about the suitability of 
the various species being examined. As it is, 
few of the sleepers used are of imported timber. 

During the year under review, the total number of 
employees increased from 772.563 to 800,102, of 
whom only 5,110 were Europeans, while the 
percentage of Indians filling gazetted posts rose from 
29-26 to 31-82 per cent. On the other hand, there 
was a slight drop in the percentage of Indians 
appointed, mainly owing to the fact that fewer 
entries took place in the Transportation and 
the Commercial Branches. As regards training, 
approval was given to the erection of a Railway Staff 
College at Dehra Dun. This will deal with trans- 
portation and commercial work and with certain 
allied subjects connected with these aspects of 
railway operation. The adoption of the recommen- 
dations made by the State Railways Workshop 
Committee, presided over by Sir Vincent Raven, 
though resulting in economies, also brought about 
a reduction in the labour force with consequent 
unrest, especially at Khargpur, where it was pro- 
posed to dispense with the services of some 1,700 
men. This policy was resented, the men adopting 
a course of passive resistance, so that the shops had 
to be closed, until assurances of willingness to work 
were received. This did not occur for nearly two 
months. Two independent officers were appointed 
to enquire into charges of victimisation, with the 
result that 23 workmen, who had been discharged, 
were reinstated and in other cases increased com- 
pensation was given. Two further officers were also 
appointed to consider the whole question, especially 
with a view to formulating terms upon which 
voluntary resignations could be secured. 

The report shows that much thought is being 
given to providing increased amenities for the 
travelling public, both in the way of accommodation 
at the stations and by running extra trains on special 
occasions. The rolling stock is also being improved. 
During the year serious damage by floods was caused 
on the Bombay, Baroda and Central India Railway 
and on the Bengal Nagpur Railway, communication 
on one section of the latter being interrupted for 
nearly two months. The number of fatal accidents 
(3,070) and the number of injuries (6,265) were both 
rather greater than in the year before, but the total 
number of accidents showed a decrease of 616 
compared with 1926-27, in spite of an increase of 
8-9 million in the train-miles. Running over 
cattle accounts for 42 per cent. of these troubles. 
The most serious accident was due to the derailment 
of a mail train on the Burma Railways, the engine 
crew and 23 passengers being killed outright, 
while 14 more subsequently died in hospital. 
Good use is being made of demonstration trains on 
the Eastern Bengal and North Western Railways, 
with the idea of educating the rural community in 
modern productive methods. 








THE INCORPORATED MUNICIPAL 
ELECTRICAL ASSOCIATION. 
(Continued from page 730). 

THE annual convention of the Incorporated 
Municipal Electrical Association was continued 
at Torquay on Wednesday, June 5, when a paper 
entitled ‘“‘ Some Notes on Recent High Court Cases 
and Current Legal Problems, in connection with 
the Generation and Supply of Electricity’ was 
presented by Mr. James H. Rothwell. In this 
the author gave an account of the more important 
recent legal decisions, which he had had to 
consider, since his appointment as an honorary 
solicitor to the Association a year ago. 


LzG@aL PROBLEMS OF ELECTRICITY SUPPLY. 


The first case dealt with was that of Farnworth ». 
the Manchester Corporation, in which the plaintiff 
sought an injunction to restrain the defendant from 
working the Barton power station, so as to emit 
sulphurous fumes and to cause damage to his 
property. The Corporation admitted the nuisance, 
but argued that the Act authorising the power 
station did not incorporate the usual clause, which 
provides that a corporation is not to be exonerated 


agreed with this view and gave judgment accord- 
ingly. The Court of Appeal, by a majority of two to 
one, reversed the decision, Lord Justice Scrutton 
being of the opinion that the “nuisance” clause 
was incorporated in the Act. The case was being 
taken to the House of Lords ; and the only conclu- 
sion that could be reached at this stage was 
that to resist an injunction for damages for such a 
nuisance it must be proved that it was the inevitable 
result of operating a generating station that it should 
damage adjoining agricultural land by sulphur 
deposits, notwithstanding that all reasonable 
precautions against that damage had been explored 
and the necessary remedies adopted. The operation 
of the injunction had been suspended for a year to 
enable the defendants to terminate or mitigate 
the nuisance. Whatever might be the result of 
the final appeal, the liability of undertakings should 
be more precisely defined. 

The next case referred to was that of the Attorney- 
General v. the London and Home Counties Joint 
Electricity Authority. The scheme constituting 
the latter body did not transfer to them any of the 
usual powers of local authorities to take over 
electrical undertakings. A bill was therefore pro- 
moted for this purpose, against which action 
four electrical undertakings applied for an injunc- 
tion. Mr. Justice Astbury came to the conclusion 
that the Joint Electricity Authority had no power 
to employ its funds for the promotion of the Bill 
in question. This case clearly pointed to the neces- 
sity for such an ad hoc authority having powers to 
promote Bills to secure its complete functioning 
for all the purposes for which it was set up. Other- 
wise, when it was found that any obligations or 
activities, which were legitimately within its pro- 
vince, were not conferred by its existing powers, 
Parliamentary authority had to be sought or the 
scheme establishing it amended. These were the 
only remedies the Authority now had. 

Thirdly, the author dealt with the case of G. Scam- 
mell and Nephew, Limited v. Atlee and others, in 
which the plaintiffs brought an action for damages, 
conspiracy and breach of contract against seven 
members of the Stepney Borough Council, owing 
to the electricity supply being cut off from their 
premises during the general strike in May, 1926. 
The plaintiffs succeeded in the court of first 
instance, but the defendants successfully appealed. 
The point of general interest in this case was that 
where a defendant, whether he was an individual 
member or an official of a local authority, pleaded 
the six months limitation imposed by the Public 
Authorities’ Protection Act, 1893, as the period 
within which an action must be brought, the plain- 
tiff could defeat that plea by proving that the 
defendant was not really intending to act in pur- 
suance of his statutory authority, but was using 
his authority from some improper motive or for 
a purpose outside statutory justification. On the 
facts of the case the Court of Appeal held that there 
was no evidence that the members of the Council 
were not intending to carry out their statutory 
duties, when they determined to maintain a supply 
of light by sacrificing a supply of half the power. 

Finally, the case of Caerphilly Urban District 
Council v. Griffin was mentioned. This was fully 
dealt with on page 19 of our issue of January 6, 1928, 
but it may be stated that the defendant was 
supplying certain consumers in the plaintiff's 
area from a private generating station, and an 
injuction to prevent him so doing was sought. 
The Court held that electricity supply was not the 
defendant’s primary business, and dismissed the 
case. The author said that, even with this limita- 
tion, electrical undertakings had a greater monopoly 
than gas and water undertakings. The main pro- 
tection possessed by the latter was that an un- 
authorised undertaker could not open the highway 
to lay mains, even with the consent of the road 
authority. This protection was also available to 
electrical undertakings, when private persons spread 
their competitive activities too far under the cloak 
of electricity supply not being their primary business. 

Dealing with some current legal problems, the 
author referred to the financial liability, which 
undertakings incurred when they changed their 
system of supply. If they chose to do this for 
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their own purposes, the interests of the consumers 
must be adequately safeguarded, but the form of 
consent to the alteration given by the Commissioners 
might be improved. The expense involved in 
replacing direct-current by alternating-current 
wireless apparatus was altogether disproportionate 
to the amount received in revenue from that appara- 
tus. There was also the possibility that persons 
might seek to gain financial advantage from the 
change. A clause might therefore be inserted in 
agreements with new consumers, requiring notice 
to be given before any fresh apparatus, other than 
lamps, was connected to the supply. A further 
proviso might be that a consumer should not be 
entitled to claim the alteration of, or compensation 
for, any apparatus, installed after notice of intention 
to apply for consent to a change of system had been 
given, if it was determined that that apparatus 
was not necessary or was installed with a view to 
obtaining compensation. 

As regards hire-purchase, it would be an advantage 
if the Association’s model agreement on this subject 
were universally adopted, so that when difficulties 
arose, information relating to them would be avail- 
able for all undertakings. 

Dealing with Section 12 of the Electricity (Supply) 
Act of 1926*, the author said that this did not affect 
agreements entered into before the passing of the 
Act, unless they contained a provision for making 
a variation of charges. With regard to later con- 
tracts, where there was a clause as to variation 
of prices, the section would apply where the bulk 
supplier took energy directly or indirectly from the 
Board. Where there was no such clause, under- 
takings must wait until Section 12 came into force, 
before they could demand any alteration. As to 
future contracts, the parties could arrange their 
own terms, but should consider the model clauses 
that had been settled, having in view the early 
operation of Section 12. 

As regards liability for money stolen from a pre- 
payment meter, the only decided case related to 
a gas meter. There was no negligence on the part 
of the consumer, and the Court held that he was 
not liable to pay again. The liability with regard 
to damage would probably be the same, in the 
absence in both cases of any special agreement 
between the undertaking and the consumer. 

A proposal had been made to vote money out of 
the funds of an electricity undertaking for the relief 
of rates before the completion of the financial year, 
where the reserve fund was not up to the limit 
required by the 1926 Act. Such a grant, however, 
was not made out of a “ net surplus,” as the latter 
could not be ascertained until the end of the financial 
year. If, at that time, the reserve fund did not 
amount to more than one-twentieth of the aggregate 
capital expenditure, any net surplus must go to that 
fund. 

The discussion was opened by Councillor H. K. 
Beale, who said that the Manchester case was of the 
greatest importance to all electricity supply under- 
takings, since the power stations that were now 
being erected undoubtedly constituted a serious 
potential nuisance. At Birmingham, 60,0001. had 
already been spent in attempting to remedy the 
dust and grit problems, but though the trouble 
had been practically overcome with stoker-fired 
furnaces, there was still considerable emission from 
those in which pulverised fuel was used. If no 
remedy could be found, he feared that restric- 
tions would be placed on the size of our power 
stations or their operation subjected to condi- 
tions, which would seriously increase the price 
at which electricity could be supplied. It was 
therefore the duty of both engineers and chemists 
to find a solution of this problem, especially as 
public opinion, which had made itself evident 
with regard to Battersea, was by no means confined 
to that one case. Even though there might now 
be complete legal immunity against actions for 
nuisance, it was not safe to rely upon a continuance 
of that immunity. For, as had been shown in the 





* This section lays down that where an undertaking 
takes a supply of electricity, either directly or indirectly, 
from the Central Electricity Board, the price charged by 
it for a supply in bulk to another undertaking shall be.on 
the same terms as those on which it is received from the 
Board. This is to ensure that the benefits of the Board’s 
prices shall be passed on.—Eb. E. 
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case of damage caused to growing crops and hedges 
by sparks from locomotives, a statutory undertaking 
might be held responsible for nuisance, even though 
it had taken every reasonable precaution to prevent 
its commission. 

The provision that after March, 1930, no money 
should be appropriated for rate relief, until a reserve 
fund equal to 5 per cent. of the capital had been 
built up, was useful, but he believed that a way 
could be found round this obstacle by those who 
wished to benefit next year’s rates. It was laid 
down that no payment was to be made after March 
31, 1930, and that such payment must come from 
the surplus available on that date. But there did 
not seem to be anything to prevent an authority esti- 
mating what that surplus would be, and making some 
appropriation in aid of the rates in advance of the 
end of the financial year. He had, however, no 
intention of advising Birmingham to circumvent the 
provisions of the Act in that way. 

Mr. O. T. Morgan pointed out that the liability 
for a nuisance could be brought home to an under- 
taking either by damages or injunctions. While 
it was unlikely that a public utility would have 
an injunction granted against it, it might well be 
that the damages would be so large, and be levied 
so often, that the ultimate effect would be the 
same. As regards the author’s point about the 
replacement of consumers’ apparatus on a change 
of system, he thought that the limiting date should 
be that on which the Electricity Committee decided 
to ask the Council to authorise an application to the 
Electricity Commissioners. This would prevent 
illegitimate use being made of knowledge of the 
Council’s intentions. 

Mr. F. W. Purse, after calling attention to the 
immense amount of legal work performed by the 
Association on behalf of its members, referred to 
the case of the London and Home Counties’ Joint 
Electricity Authority. In the area of this body 
there were some 80 local authorities, possessing 
purchase rights maturing at various times over 
privately-owned undertakings. The Bill sought 
power to transfer these rights to the Joint Authority, 
and the companies held that this was ultra vires. 
Such transfer could, however, be made at any time 
by agreement. It was of interest also to learn 
that if a highway authority gave permission to 
an unauthorised undertaking to open a road, that 
authority could be proceeded against. The ques- 
tion of special protective clauses in private Bills 
was important, as there were many apparently 
trivial details such as the clear definition of the 
area of supply, and the power to erect sub-stations, 
the omission of which might seriously prejudice 
the operation of an undertaking. Generally the 
legal situation was so uncertain that it was vital 
that corporations promoting Bills should include 
clauses, which would definitely permit them to do 
what was desired. It was important, too, that 
local authorities should have power to safeguard 
the public by obtaining sanction for by-laws 
covering installation work. These by-laws should 
be made applicable not only to premises supplied, 
but to those to which it was proposed a supply 
should be given. Otherwise an installation would 
have to be connected before it could be cut off for 
failure to comply with the by-laws. It was very 
desirable that some of the special protective clauses 
should be standardised. 

Mr. W. M. Selvey suggested the codification of 
all existing legislation in a simple form. Dealing 
with the Manchester case he said that the quantity, 
rather than the composition, of the material emitted 
seemed to have been regarded ss the cause of the 
nuisance by those adjudicating. The problem was 
thus confined to large stations, and required careful 
consideration from that point of view. The time 
and expense devoted to this matter were already 
very large, though this did not mean that an 
economic solution had yet been found. He hoped, 
however, that the major part of the problem would 
be solved at an early date. 

Mr. R. A. Reay-Nadin agreed with the author’s 
remarks on rate relief, while Councillor J. P. Couston 
thought that an undertaking was responsible for 
the money that had been placed in a slot meter. 
He did not think that an agreement such as that 
suggested by Mr. Rothwell was good in law. 





The author, in a brief reply, commended Mr. 
Morgan’s proposal regarding notice of change of 


system. 
(To be continued.) 








THE INSTITUTION OF GAS 
ENGINEERS. 


(Continued from page 734.) 


THE programme of the meeting of the Institution 
of Gas Engineers was rearranged, one paper being 
taken on the afternoon of Tuesday, June 4, and 
also on Wednesday morning. The committee 
reports, except one, were disposed of on Wednesday 
afternoon. 


THe INCIDENT OF THE PEAK Loap. 


The incident of the peak load, which Mr. F. G. 
Gorman, A.M.Inst.C.E., deputy engineer to the 
South Suburban Gas Company, discussed in his 
paper, concerned the various problems in manu- 
facture and distribution that have grown in im- 
portance with the popularity of gas fires, cookers 
and other heating appliances. The peaks in the 
gas demand, Mr. Gorman remarked, were accentu- 
ated by the vagaries of the English climate. The 
large peak loads expected for last Christmas 
vanished with a warm spell, and in March severe 
cold set in when milder days were anticipated. 
To meet such sudden fluctuations in the gas demand, 
manufacturing plant had to be made more and more 
elastic, and new systems of distribution and storage 
had to be devised. The Wildlake distant pressure 
control could increase the peak pressure at the 
governors according to the demand, but the pressure 
peaks on the governors exceeded the capacity of the 
holders. Boosters could then be resorted to, but 
it was impracticable to have mains from the station 
governors of sizes sufficient to meet the peak loads 
with little variation in pressure, and the public 
accepted a slightly lower pressure more readily than 
pressure fluctuations. 

In the Crystal Palace district, those difficulties 
had become pressing six years ago, and Mr. Gorman 
showed how to determine the relative economies of 
larger mains and of low and high-pressure distribu- 
tion by the formule of Pole and of Cox, and their 
simplification by Lacey, respecting the flow of gases. 
The South Suburban Company maintained a maxi- 
mum pressure of 5 in. at the outlet of the station 
governors, the distant control point working at 3-in. 
pressure. Decentralisation of pressure and volume 
control had been considered. Centralised storage only 
served to equalise the load on production sources, 
whilst distributed storage would equalise delivery 
both from sources and from the entire transmission 
network. His company had decentralised the 
distribution over an area of 175 square miles ; 
three of the seven districts manufactured gas, and 
the chief manufacturing centre at Sydenham 
pumped gas into the holders at Bromley, and a 
high-pressure main linked up all the centres. This 
was necessary for a residential area comprising large 
open spaces which were rapidly being transformed 
into estates. In such cases it might be less econo- 
mical to lay an additional main than to install 
a gas-holder. In America, the Horton spheres had 
been developed, in which gas was stored under pres- 
sure and thence passed through governors into 
supply mains. The horizontal egg-ended static tank, 
also used for storing gas under pressure, was a 
third method ; in America the tanks were made up 
to 10 ft. in diameter and over 62 ft. long. Such 
tanks, Mr. Gorman showed, were cheaper in capital 
outlay than ordinary holders at all ranges, and 
cheaper than Horton spheres below 175,000 cub. ft. 
capacity; but when the cost of compression was 
added, the comparison depended upon the period the 
compressors were working. Aesthetically the tanks 
were superior to any other holders. They had had 
one such station working at Crayford for a year, 
chiefly intended as an ancillary to the low-pressure 
main. This station comprised four static holders, 
which were cylinders 30 ft. long and 9 ft. in dia- 
meter, in which the gas was compressed to 60 lb. per 
square inch, and could supply 25,000 cub. ft. of gas 
for the Sunday cooking load. The ideal distribution 
system would give every consumer a gasholder of 
sufficient capacity for the maximum demand, to be 





replenished afterwards. This was impracticable, but 
a large number of small holders approached ideal 
conditions more nearly than a small number of large 
holders. On the group-governor system of the South 
Suburban Gas Company, small groups of consumers 
(of approximately 600 houses) were now controlled 
by governors interposed between the feeder mains 
(kept at station governor pressure) and the supply 
mains (with district-governed pressure). The average 
annual consumption per consumer was 170 therms, 
and the charge for interest on capital for grouping, 
including governors, was 1/25 penny per therm. The 
pressure variation did not exceed } in., day and 
night, irrespective of peak loads. 

The President, Mr. Terrace, having directed 
attention to the importance of the points raised by 
Mr. Gorman, and to his tables and charts, Mr. 
Stephen Lacey, of the Gas Light and Coke Company, 
commented upon the formule, and took exception to 
Mr. Gorman’s method of expressing holder storages 
in therms instead of in cubic feet. His own company 
could store 115 million cub. ft. of gas, and their 
maximum daily output was 240 million cub. ft. He 
had no experience of static holders, but thought 
that they would chiefly be economical for initially 
high pressures of 50 1b. or more. For group-govern- 
ing, they were now experimenting with a governor 
designed by Messrs. George Kent. 

Mr. B. R. Parkinson welcomed automatic control 
by static holders. The Wildlake governors (also in 
use at Sydenham) were stationed at the works, and 
controlled the pressure at the district governors 
4 miles away. Mr. H. C. Smith enquired about 
the Wildlake system. He remarked that when the 
pressure dropped, an electrical circuit was broken, 
and the water load was automatically increased at 
the station, but asked if the pressure could also be 
reduced by these means. Mr. G. M. Gill thought 
that high-pressure holders were coming into general 
use; Mr. B. Brown had introduced them at Santos. 
Mr. J. Leather remarked that he had patented 
governors of the Peebles type thirty years ago. 
Mr. R. E. Gibson said that in Liverpool they de- 
centralised, having six distribution centres with 24 
governors and district gasholders and no district 
governors, which he regarded with suspicion. Mr. 
W. M. Carr mentioned that at Stretford, Man- 
chester, they had introduced a two-part tariff for 
industrial users only, to fill up the period of low 
demand. Mr. Gorman, in his reply, admitted that 
one could not calculate pressure in therms, but they 
had to make a certain number of therms per hour. 
Their static holders only formed a small part of 
the plant ; they were charged by a rotary compres- 
sor up to 60 lb. during the slack period, and the 
pressure was reduced, for the low-pressure mains, 
through ordinary range governors, in the first step 
down to 26 lb. They had had only two or three 
breakdowns, of the electric control on the Wild- 
lake system in seven years, and these were not 
serious. 


Propucts OF COMBUSTION FROM TYPICAL GaAs 
APPLIANCES. 

In presenting the three reports from the Joint 
Research Committee, Professor J. W. Cobb, of Leeds, 
expressed regret at having to announce the resigna- 
tions of several committee members, including 
Professor Smithells, whom Mr. Thomas Hardie 
had succceeded as chairman, Mr. J. Bond, Dr. A. 
Parker (now Assistant Director of Water Pollution 
Research under the Department of Scientific and 
Industrial Research), and Mr. H. Kerr. The 
2ist report dealt with the CO production from gas 
appliances, and gave the CO concentration in parts 
per 10,000 of gas burnt; the CO concentration in 
the theoretical dry gaseous products of combustion 
(i.e., CO, + nitrogen, without air excess) would be 
about one-quarter of that figure, and the actual con- 
centration in the effluent gas smaller still. In geysers, 
the CO production varied greatly, from 417 parts to 
1 part; it could be kept low by restricting the gas 
rate. 

Smothered and ragged flames, and excessive 
gas pressures and air velocities should be avoided, 
and the baffler should be placed as close as possible 
to the ceiling, so as to secure a long flue pipe below 
the baffler. In asurface-combustion griller, in which 
the gas-air mixture was forced through a diaphragm 
of refractory material, 1} in. thick, the CO production 
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was usually less than 1 part per 10,000, especially 
when there was no flame visible on the surface, 
but only a flame near theinlet. A domestic griller 
with iron frets required very careful adjustment of 
the relative positions of burner and frets to keep the 
CO down. Without the grill frets, the CO percent- 
age was insignificant, and it was so, in general, when 
no solid substances were immersed in the flame. In 
boiling burners, fitted with hot plates, and in drilled 
burners and disc burners (in which a disc screwed 
into the burner causes the gas to issue horizontally 
through a slot), much of the CO was evidently due 
to the bearers for the pan; when the pan was 
supported only at three points, lower CO values 
were obtained. The disc burners proved more 
efficient than the drilled burners, but much depended 
upon the design of the hotplate. The research work 
was done by Messrs. J. W. Wood, who gave par- 
ticulars, and G. B. Howarth. 

Dr. H. Hartley supported Mr. Wood as to the 
importance of constructive detail, and mentioned 
that the difficulty of the manufacturer was to adapt 
his designs to the various uses and practices to 
which the appliance was afterwards put. 


IgnITION TEMPERATURE, REACTIVITIES AND 
STRUCTURE oF COKE. 


In the 22nd report Dr. A. Parker and Messrs. 
H. Kerr and C. B. Marson described further studies 
in carbonisation and the influence of various 
factors on ignition temperature, reactivities and 
structure of coke. Most of the coke-samples were 
prepared in the Corbet Woodall gas plant at the 
University of Leeds, but some commercial cokes 
were also studied. The ignition temperature, deter- 
mined in a tubular electric furnace in a current of 
oxygen on dried and graded samples, was found to 
decrease with the temperature at which the coke 
had been carbonised, e.g., from 420 deg. C. with a 
retort temperature of 915 deg. to 240 deg. with a 
retort temperature of 344 deg., that is, inversely 
as the volatile matter retained. This, however, 
only held for coke uniformly carbonised all through, 
but not when the centre of the charge had been 
insufficiently carbonised. Additions to coal of iron 
oxide lowered the ignition temperature, provided 
these additions had been made at retort tempera- 
tures of 900 deg. or 815 deg. As regards the 
re-activity of the coke towards the carbon dioxide 
and steam (in the generation of water gas), simple 
relations could not be established, and there was 
little parallelity between ignition temperature and 
reactivity. In general, cokes made at 915 deg. 
were more reactive than cokes produced at 980 deg. 
The addition of sodium carbonate to the coal 
before carbonisation increased the reactivity much 
more than the addition of iron oxide, but the latter 
addition yielded more tar. High-temperature com- 
mercial cokes varied considerably in their reactivity. 
The physical structure, as studied by macro- and 
micro-examination, did not explain these influences. 

Mr. Terrace thanked Dr. Parker for his research 
work which had extended over ten years, but 
regretted that there was no time for discussion. 
It may, perhaps, be pointed out that the addition 
of up to 2 per cent. of soda, &c., to the coal before 
retorting is advocated to settle the part played by 
ashes in the coal for research. The minerals would, 
of course, destroy the ordinary retorts, but they 
have not done any harm to the Cronite research 
retort which has been used for years. Equally 
resistant but cheaper alloys may be discovered. 
The reactivity of coke is undoubtedly increased by 
minerals added after carbonisation. 


CARBONISATION, TEMPERATURE, SIZE OF COAL AND 
BLENDING wITH INoRGANIC COMPOUNDS. 


The 23rd report, based upon experiments made 
by Mr. H. Kerr and Dr. C. B. Marson concerned 
the influence of these factors on a Nottingham 
coal of moderate coking properties, and on a highly- 
coking Durham gas coal, carbonised at 925 deg. and 
815 deg. C. The size of the coal had no influence on 
the ultimate yields of gas, coke and therms, when 
the three size-grades were carbonised at the same 
temperatures. At 920 deg., the tar yield was 
higher, and the gas evolution was more rapid for 

grades than for small and mixed grades. 
At 815 deg., the rate of gas evolution was much 








slower (only half in the first hour), and the difference 
in grade was of little influence. The influences of 
additions of sodium or calcium carbonate and of 
iron oxide were similar to those previously observed 
in the case of the Nottingham coal, except as 
regards ammoniacal liquor. The Nottingham coal 
gave less ammonia and the Durham coal more, after 
the addition of the minerals, but the carbonisation 
temperature was of importance in this respect. 


(Zo be continued.) 








NOTES. 
Srconp PLENARY WorRLD Power CONFERENCE. 


As is well known, active preparations have been 
in progress for some time for holding the second 
Plenary World Power Conference, in Berlin, during 
1930. These arrangements are now so well 
advanced, that it has been possible to issue a 
technical programme, which announces that this 
meeting will take place from June 16 to June 25, 
1930. The introductory gathering will assemble in 
the Reichstag building, while conference halls for 
the remaining sessions will be arranged in the 
Staats Oper Kroll, in the Tiergarten. The head- 
quarters office of the Conference will be at the 
Ingenieurhaus, Berlin, N.W.7. All these buildings 
are close together in the official quarter of Berlin, and 
are also within a short distance of the leading hotels. 
The papers, which will be considered, will be grouped 
under four main headings: Sources of Power; 
Power Production, Transmission and Storage ; 
Utilisation of Power; and General. The first 
heading will be subdivided into five sections, 
dealing with solid, liquid and gaseous fuels, water 
power, and the utilisation of solar energy, the 
earth’s heat and wind power. It is not intended 
that the papers in this class should be detailed 
reports, but rather short accounts, which can be 
worked up into collective surveys in the Conference 
office. The second heading will also be divided 
into five sections, covering steam"power plants and 
fuels, internal-combustion engine plants, water 
power plants, electric power plants, and mechanical 
transmission, with special reference to gearing, 
respectively. In the third class, the sections will 
comprise agriculture, domestic economy and in- 
dustry, transport, power utilisation in mines and 
metallurgical works, and in building work and 
factories. Under this heading, it is proposed that 
considerable attention should be devoted to novel 
methods of power utilisation, such as the produc- 
tion of manures and of iron and other metals direct 
from their ores by electrical energy. The fourth 
class will include sections dealing with the distribution 
of power, power and legislation, technical education 
problems, and co-operation. The programme is 
accompanied by a number of leaflets giving directions 
for the actual preparation of the papers and the lines 
of the treatment to be followed in dealing with the 
various subjects. These should prove of great 
utility to prospective authors, and for the sake of 
uniformity, we hope they will be closely followed. 
Papers must be submitted through the various 
national committees or national representatives, 
the address of which, in the case of Great Britain, is 
63, Lincoln’s Inn Fields, London, W.C.2. 


CONVERSAZIONE OF THE INSTITUTION OF CIVIL 
ENGINEERS. 

The annual conversazione of the Institution of 
Civil Engineers was held at Great George-street, 
Westminster, on Wednesday, June 12, when the 
guests were received by the President, Sir Brodie H. 
Henderson, and Lady Henderson. An excellent 
musical programme was provided and, in addition, 
there were some interesting engineering exhibits. A 
display of topical interest was the apparatus shown 
by Dr. C. H. Lander, for the measurement of smoke. 
This depends on the relation between the composi- 


tion of smoke and its optical density, and consists | fuln 


of two tubes through which beams of light are 
transmitted from a common source, one of these 
beams being intercepted by the smoke, near the 
top of the stack. The two beams are then measured 
by an adaptation of the Fery pyrometer, the 
density of the smoke being thus indicated by differ- 





ence. Samples of the smoke are also drawn 
through a filter consisting of staggered baffle plates, 


in which most of the solid matter is trapped, the re- 
mainder being collected in a calico bag. In this way 
the weight of impurity per ton of fuel can be deter- 
mined as a function of the smoke intensity number. 
To enable smoke observations to be made by un- 
skilled persons a number of glass slides either 
ruled in squares or embodying a carbon film, have 
been devised. These screens, which have been 
calibrated against the pyrometer, are of different 
opacity, and the smoke cloud is observed through 
them in turn, until it becomes invisible, thus giving 
a simple measure of its opacity. A model and 
series of photographs was shown by Mr. F. H. 
Trevethick, former Chief Mechanical Engineer of the 
Egyptian State Railways, to illustrate a development 
of the smoke box type of feed heater for locomotives. 
Mr. Trevethick carried ovt a great deal of experi- 
mental work on this subject while in Egypt, which 
was subsequently put on record in ENGINEERING 
and in the Proceedings of the Institution of Mechani- 
cal Engineers. The present development has been 
arrived at as a result of further experiments made 
with a view to eliminating the pulsating action of 
the blast, without affecting the vacuum obtained, 
and the design has been reduced to very compact 
form, with easily accessible parts. Mr. J. L. Hodgson 
was showing a boiler efficiency meter, which has 
been designed to indicate the steam flow, the suction 
in the combustion space, the temperature at the 
furnace outlet, and any deviation from the ratio 
of air flow required for correct combustion to the 
steam flow produced. The ratio of the air used for 
combustion to the steam produced, the steam 
flow and the furnace exit temperature are recorded. 
Dr. H. 8. Hele-Shaw and Mr. T. E. Beacham had on 
exhibition a 40-horse power air motor working at 80 lb. 
pressure and running at 2,000 r.p.m. The essential 
features of this equipment are fully described 
in an article which we publish on page 754 of this 
issue. They were also exhibiting an interesting 
variable transmission gear, in which advantage is 
taken of the rolling contact of two hard steel sur- 
faces. The employment of this material has en- 
tirely eliminated the slip. Sir R. A. Hadfield was 
exhibiting drawings of the large crushing plant, 
which is being manufactured for use in the con- 
struction of the Cauvery Meturdam in Madras. This 
consists of three complete units, each of which will 
be capable of dealing with 120 to 150 tons of rock per 
hour. Sir Charles Parsons was showing an early 
turbo-dynamo with an output of }-kw. at 9,000 
r.p.m. This is similar to the pioneer machine of 
1884, which is now in the South Kensington 
Museum. Major M. G. du-Plat-Taylor had on exhi- 
bition samples of greenheart timber from Swanage 
Pier, which had been attacked by limnoria terebrans 
and teredo. 


LETTERS TO THE EDITOR. 


AN INCANDESCENT LAMP CONTRO- 
VERSY. 
To THE Eprror or ENGINEERING. 


Sir,—The note headed ‘An Incandescent Lamp 
Controversy,” which appeared in ENGINEERING of 
May 31, 1929, expresses a hope that the question 
of priority of invention may now be allowed to rest. 
This question has, however, been raised of late, and has 
been widely canvassed, both here and in America, 
and it is not likely to be allowed to rest until the many 
conflicting statements made concerning it have either 
been satisfactorily established, or clearly proven false. 

The question is one of historic truth, and is not 
a negligible factor even from a practical point of 
view; for it is a very important element underlying 
the true interests of all engineers, technicists and 
traders. It is the ultimate basis of sound finance. 
Finance is certainly a very useful instrument of com- 
merce. The idolatry of money is, no doubt, a spurious 
form of worship, but finance, properly so called, cannot 
with impunity allow itself to be dissociated from truth- 
ess. 

Enclosed you will find a certified copy of a licence 
for the use of my patents granted to the Edison and 
Swan Company. I was myself a reluctant party to the 
Edison and Swan Company’s obtaining this licence, 
for the circumstances which led up to it form a curiously 
interesting and instructive, if rather unpleasant, page 
in the early history of the industry. The sequel was 
even more scandalous. If you will glance at this 
document, you will see that of the many patents 
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scheduled and whose validity was accepted, two,in partic- | we consider, were decidedly open to criticism. More- | irrigation works, Venturi -meters, and many types of 
ular are singled out for special mention':—First, that one | over, they compiled tables of equivalent uniform load- 
dated October, 1878, dealing with Electrical Distribu- | ings to be used in the design and condemnation of 


tion at a constant potential, with a variable load, and 
describing the gas-filled metal filament lamp. Second, 
the patent covering the “ flashing” process, which, 
according to Mr. Swinburne, was the process whereby 
the carbon lamp became practical. 


As the original document of this licence is now in| 
| provision for impact cannot be made independently 
| of fatigue considerations. 
| fined their report to what Sir Alfred states was their 


my possession, I should be glad to show it to you. 
I am, Sir, &c., 
Sr. G. L. Fox Prrr. 
Travellers’ Club, 
Pall Mall, London, S.W.1. 
June 9, 1929. 


REPORT OF THE BRIDGE STRESS 
COMMITTEE. 


To THE Eprror oF ENGINEFRING. 








Srr,—My attention has been called to a leading | 
article in your issue of May 21, containing comments | 


on the Report of the Bridge Stress Committee. As 


Chairman of the Committee I would point out that, | 


interesting though these comments are, they deal with 
a matter which lies outside the problem the Committee 
set itself to solve. 
materials, a subject the importance of which is not 
likely to be overlooked, and one that well deserves 
investigation. But the Committee’s task was different ; 
it was simply to determine what additions of stress 
are caused through the motion o. the load and the 
consequent oscillation of the bridge. This is a problem 
in dynamics, and is distinct from any question about 
the capacity of a material to resist fatigue. It would 
be unfortunate if your readers were to confuse the two 


questions, and thereby to miss the real significance of | 


the Committee’s conclusions. 
I am, &c., 
J. A. Ewrna. 
Edinburgh. 
June 10, 1929. 

[Sir Alfred Ewing appears to overlook the fact that 
it was the Committee which, as our quotations showed, 
was itself responsible for introducing the subject of 


They relate to the fatigue of | 


| bridges in which, in accordance with the views they 


advanced, all questions of frequency of loading were 
disregarded. The loads to be provided for were treated 
as equally dangerous, whether they might be expected 
to occur once in ten years or at five-minute intervals. 
This procedure seems to us unsound and, in our view, 


Had the Committee con- 


true task, our leader would have been differently 


framed.—Ed. E.] 








HEAVY ENGINEERING SHOP AT THE 
WORKS OF MESSRS. GLENFIELD 
AND KENNEDY, KILMARNOCK. 


Own Friday, June 7, Messrs. Glenfield and Kennedy, 
Limited, of Kilmarnock, officially opened a new heavy- 
engineering shop, which has been in the course of 
erection during the past fourteen months. A large 


number of engineers had accepted the invitation of the | 
firm to be present on the occasion and, as the weather 


conditions were ideal, there was nothing to mar what 
was a very enjoyable function. The guests were 
received by the deputy Chairman of the Board of 
Directors, Sir Alexander Walker, and Mr. E. Bruce 
Ball, the Managing Director, and were then conducted 
to the new shop, where the opening ceremony was 
performed. The present i 
explained, arose through the amalgamation, in 1899, 
of the Kennedy Meter Company, founded in 1852 with 
a capital of 6,500/., and the Glenfield Company, iron 
founders and hydraulic engineers, which started 
work on the present site in 1865 with a capital of 
10,0001. The present Chairman of the company, 


| Mr. J. A. Morris, who, unfortunately, was absent through 


indisposition, is the last survivor of the original 
directors. From the first, the firm of Glenfield and 


| Kennedy has been successful and has built up a world- 


wide reputation for its special class of work, which 


includes pumping plant, appliances for the control of | 
|and Kennedy. 


water for water-works, hydro-electric power plants, 





company, it should be/ construction for Leeds power station. 





| recording instruments. 


Owing to the ever increasing size of hydraulic plants 
and of the component units, the older machine shops 
were becoming congested and it was therefore decided 
to build and equip entirely new shops’with ample space 
and the largest machinery capacity ; the new engineer- 
ing shop is'the ‘first section of thezscheme. Of steel 
construction throughout, the new shop consists of three 
bays, each 240 ft. long and 60 ft. wide, served by over- 
head travelling cranes up to 30 tons capacity. The 
height of the building is 64 ft., and, as the roof is entirely 
of glass, the lighting is admirable throughout. The 
floor consists of hardwood blocks laid on concrete. 
Standard-gauge railway lines pass into the shop 
across the bays at each end, but the raw material 
enters by the railway at the west end, and progresses 
through the machines in the various bays, the com- 
pleted units passing out by the railway to the east. A 
general view of the shop, showing some of the large 
machines, is given in Fig. 1, on this page. Among 
the most notable machine tools are a vertical boring 
mill by Messrs. G. Richards and Company, capable of 
boring up to 26 ft. in diameter. This is shown in Fig. 2, 
on the opposite page. There is a vertical planer by 
Messrs. Shanks and Company, illustrated in Fig. 3, 
for machining surfaces up to 16} ft. by 12 ft., and also 
large planers by Messrs. Stirk and Company. The heavy 
lathes are by Messrs. G. and A. Harvey, with capacities 
up to 9 ft. swing in the gap and 25 ft. in length. The 
most interesting work in hand, at the time of the 
official opening, were the large condensers in course of 
These con- 
densers, parts of which are shown on the machines in 


| Figs. 2 and 3, have been designed so that the flow of 


cooling water through the tubes can be reversed. The 
shell of each condenser is 24 ft. in diameter and is 
built up of some 20 different sections. In the heavy 
foundry at the time of the visit the moulds for some 
of these sections and actual casting of one of the 
sections were to be seen. Before the new shop was 
commenced, Mr. Bruce Ball and the works manager, 
Mr. Gardner, visited many shops in the United States 
and Germany. The erection of the shop has been 
carried out entirely by the staff of Messrs. Glenfield 
One interesting minor detail incor- 


fatigue. On this head they made observations which, | hydraulic dock machinery, barrages and sluices for| porated in the design is the provision of steel bins 
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Fie. 3. VERTICAL 
in concrete pits in the floor, into which the cast-iron 
and steel cuttings from the machines can be tipped 
through gratings level with the shop floor. When the 
bins are full, they are lifted by the overhead crane and 
emptied directly into railway wagons. The shop is 
heated by 18 Stanlock steam-heating units, each 
capable of giving out 200,000 B.Th.U’s. per hour, when 
working under a steam pressure of 80 lb. Drinking 
fountains, with an inclined jet, are provided, this 
type having been originally designed for use in the 
East, so that no water which has already touched 
the mouth can fall into the issuing jet, while, 
by the action of a self-closing, non-concussive con- 
trolling valve, there is no tendency for the water to be 
projected over the edge of the basin on to the floor. 


26-FT. 











Bortna MILu. 








PLANING MACHINE. 


The sanitary arrangements have all also been designed 
with care and with the object of obtaining the maximum 
degree of cleanliness, and are in marked contrast to 
those common in engineering shops a generation ago. 

After the starting up of the new shop, a tour of the 
works was made, including the heavy and light 
foundries. In the latter a number of women still re- 
tain their war-time occupations in the moulding shops, 
doing admirable work in a very businesslike manner. 
The machine shops, the hydraulic laboratory, where 
research work is carried out with scale models and flow 
tests are conducted, and the instrument-making depart- 
ment were also inspected. At the luncheon, Sir Alex- 
ander Walker emphasised the supreme importance of co- 
operation between Capital and Labour, and pointed out 
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| that the firm was well to the front in welfare work. A 

pension scheme was in operation, and the workmen had 
| some 60,000/. invested in the firm, bearing interest at 
| the rate of 7$ per cent. Such co-operation was to be 
}encouraged and in its extension lay the hope for 
| stability in industrial life. 








LABOUR NOTES. 


Under the national wages agreements, to which 
| the National Federated Electrical Association and 
| the Electrical Trades Union are parties, slight variations 
are to be made in the wage rates of some employees 
| during the four months beginning with June. The 
hourly rate for Grade A is reduced from Is. 103d. to 
| 1s. 103d., and that for Grade D from ls. 43d. to 
ls. 43d. The rate for Grade B remains at ls. 74d. 
and that for Grade C at ls. 6d. The Grade A rate 
| includes the increase of 5 per cent. on current rates 
which came into operation on the first pay day in 
May, 1929; it also includes a travelling allowance. 
No further allowances are to be paid except as provided 
by Rule 9 of the London Rules dated February, 1920. 
The revised wage rates are to have effect in the period 
covered by the second pay day in June, and to continue 
up to and include the period covered by the first pay 
day in October. 





The weekly official organ of the Trades Union 
Congress General Council mentions that on June 26 
an international industrial conference will open at 
Schloss Elman, Oberbajorn, on the German-Austrian 
border. The subject to be discussed during the week 
the conference will sit is ‘‘ Methods of Promoting 
Satisfactory Human Relations in a Scientifically- 
Organised Industry.” The meeting is being held, it 
is explained, under the auspices of the International 
Industrial Relations Association, membership of which 
is open to all connected with industry in any capacity. 
On the fourth day the question of ‘‘ Labour’s Partici- 
pation in a Scientifically-Organised Industry” will 
be considered. Austrian delegates are expected to 
take the lead in this discussion, which will cover the 
part taken in industry by trade unions, works’ councils, 
&e. Members of the conference—whose number will 
be limited to 70—will also have opportunities to visit 
factories in-Germany and Austria. 





In official circles, it is claimed to be no exaggeration 
to say that the results of the General Election repre- 
sent a triumph for Trade Unionism and the organised 
workers of the country. The need for new industrial 
legislation has been stressed, it is declared, over and 
over again by the trade unions, and the attitude of 
the Government on that point turned many against 
them. The presence of so large a number of trade- 
union members of Parliament is expected to ensure 
that early consideration is given to those questions. 





A contributor to the Railway Review, the organ of 
the National Union of Railwaymen, states that some 
concern is finding expression in certain areas at the 
effects of mechanical development in relation to 
signal box working. “It is being urged,” he says, 
“that the rapid developments in this respect are 
having a serious effect upon the position of a number of 
men. In this column we have repeatedly called 
attention to this phase of the difficulties with which 
signalmen were bound to be faced, and in so doing 
we have urged that men should turn their attention 
to it with a view to forming some idea as to the method 
of meeting the changed conditions. The application 
of the scientific mind to the problem of signalling 
arrangements is showing itself more clearly. There 
is no doubt that there will be less signal-boxes, and 
therefore a lesser number of men.” 





“Tn time,” the writer goes on to say, “ the opera- 
tions will be less, although the mental responsibility 
is likely to increase. One need not detail the various 
aspects of the new methods, except to say that evidence 
of the effect will be found on the Southern Railway. In 
the London area one has seen the number of boxes 
reduced, and incidentally the number of men made 
redundant. In connection with the latter circumstance 
men need to keep in close touch with the union, so 
that the necessary advice may be given. There are 
certain obligations on the companies, and as far as 
possible steps are taken to see that the best is secured 
for the men concerned.” 








*’ Judging from the tone of a leading article in tho 
official organ of the National Minority Movement, the 
new Government is extremely unlikely to get much 
helpjfrom that quarter. ‘In the election campaign.” 
the Worker’s editorial writer says, ‘‘ Libs., Labs. and 





Tories sponsored the cause of the ‘nation,’ the 
Pp 
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‘country,’ the ‘community,’ and it is this that the 
Labour Party will now,serve. His Majesty’s{Govern- 
ment is to go on in the same old way, and still as His 
Majesty’s Government. What, then, of the workers ? 
The Labour Party has become the strongest political 
party on the basis of promises made to the workers 
to repeal the Anti-Trade Union Act, the Blanesburgh 
Unemployment Act, and the Miners’ Eight Hours Act, 
and to resume diplomatic relations with Russia. The 
fulfilment of all these pledges will be in the interests 
of the workers, but not necessarily in the interests 
of the nation. The Labour and Trade Union leaders 
are perfectly aware of this fact, and when the interest 
of the nation is at variance with the interest of the 
workers, they will not lack excuses for serving the 
nation first. A means of compelling respect for the 
workers’ desires is therefore an immediate necessity 
of the working class. Fortunately, the nucleus of 
that means is already to hand in a firmly established 
Minority Movement. To strengthen the M.M. is the 
duty of all those who are alive to the present political 
prospects.” 





On June 3, 1929, the number of unemployed persons 
on the registers of Employment Exchanges in Great 
Britain was 1,100,100. Of these, 780,100 were wholly 
unemployed, 242,200 were temporarily stopped, and 
77,800 were persons normally in casual employment ; 
861,700 were men, 28,600 boys, 183,800 women, 
and 26,000 girls. Of 1,132,281 on the registers on 
May 27, 1929, 779,685 were wholly unemployed, 
273,469 were temporarily stopped, and 79,127 were 
persons normally in casual employment ; 886,223 were 
men, 30,357 boys, 188,534 women, and 27,167 girls. 
The number of unemployed persons on the register 
on June 4, 1928, was 1,160,049, of whom 929,016 
were men, 29,641 boys, 175,012 women, and 26,380 


girls. 





Addressing the Twelfth Session of the International 
Labour Conference at Geneva, Dr. Heinrich Brauns, 
the new president, said that the problem of rationalisa- 
tion was becoming specially urgent owing to the fact 
that the after-effects of the war must be expected for 
some time to come to depress the situation of the 
masses. Industry had endeavoured to increase its 
efficiency by means of rationalisation. The workers 
had not in all cases received their fair share of the 
results of such endeavours. either in the form of a 
general rise of wages or in that of an equivalent fall of 
prices. On the other hand, rationalisation had had 
three very unfavourable resuits for the workers. It 
had increased unemployment, especially among the 
older employees. In many cases it had, indeed, made 
the position of the older manual workers almost 
desperate. It had speeded up the pace of the work, 
and had generally increased the effort required of the 
worker at the same time as the output of the under- 
taking. Above all, it had made working processes 
more mechanical, so that the individual worker felt 
himself, even more than before, as a mere cog in the 
machine, which had no will of its own, but was set in 
motion from without. The worker performed his 
own small part of the process, which seemed meaningless 
to him, and this prevented him from taking any 
pleasure in his work. 





That was, Dr. Brauns went on to say, the most 
dangerous spiritual problem of our day. He could not 
venture to assume that in the present state of technical 
progress it would be possible to reverse the whole 
trend of industry towards large-scale mechanised 
production. Little could be done in industries of that 
character to remove the unfavourable effects which he 
had mentioned. A twofold compensation must there- 
fore be found. In the first place, the worker, as a 
member of the staff of the undertaking, must have his 
due share of influence over the undertaking, so that he 
might to some extent feel that it belonged to him, 
and that he was partly responsible for it. The attempts 
which had been made to give the workers a share in 
profits were not merely important from the economic 
point of view. 





In the second place, Dr. Brauns said, hours of work 
must be so regulated as to leave the worker time, 
strength, and inclination to play his proper part as 
father of a family, as citizen, and as a civilised human 
being. That was the underlying cause of the move- 
ment towards the general adoption of the eight-hour 
day, the principle of which was recognised ten years 
ago by the Washington Conference, and which, in 
spite of economic difficulties, was bound in the long 
run to be established.. The movement should not be 
regarded as an attempt to prevent men from working 
more than eight hours per day—that would be a 
regrettable misunderstanding. What was desired was 
to limit the utilisation of the labour of others so that 
those persons who worked in the service of others 





might also be able to live and work for themselves, 
their families, and their nation. If the reduced 
working day was not only to produce a beneficial 
effect by promoting health and joy in life, but also 
to produce lasting results from the economic point of 
view, it was necessary to supplement it. The great 
mass of workers—more than a hundred million—who 
would be free after their eight hours’ work for their 
employer, must be given an opportunity of exercising 
their activity in a way that would be useful, and at 
the same time satisfying and refreshing to themselves. 
The best opportunity was provided by the worker’s 
own home, especially if there was a little plot of land 
or garden attached to it. 





At Tuesday’sjsitting of the International Labour 
Conference at Geneva, Mr. Humbert Wolfe, the 
British Government representative, announced that 
the British Government intended to proceed with the 
ratification of the Washington Eight Hours’ Day 
Convention at the earliest possible moment. He added 
that the Government also intended to ratify the Inter- 
national Convention on Minimum Wages and the 
Seamen’s Agreement. 





The annual conference of the Miners’ Federation 
of Great Britain which is to take place at Blackpool 
in the last week of July, promises to be more than 
ordinarily interesting. Exactly how much it will ask 
of the Government it is not easy to say, but as the 
Executive Committee had a definite pledge on the 
eve of the General Election that the Eight Hours’ Day 
Act would be repealed; it may be taken for granted 
that fulfilment of the promise will be demanded. 
A reversion to national wages agreements will also, 
it is expected, be urged. Resolutions have, moreover, 
been set down for discussion calling for (1) nationalisa- 
tion of the industry, (2) repeal of the Trade Unions 
and Trade Disputes Act, and (3) deletion of the 
“ genuinely seeking work” condition from the Unem- 
ployment Insurance Act. A resolution, submitted 
by the Executive, reaffirms the view that international 
regulation of the coal trade is needed, and to this end 
“calls upon those who are responsible for the conduct 
of the British coal trade so to reorganise and remodel 
its organisation and practice as to enable it effectively 
to participate in an agreement, on equitable terms, 
with other coal-producing nations.” 





During May, the home branch membership of the 
Amalgamated Engineering Union increased from 
191,676 to 192,916, and the Colonial branch member- 
ship from 27,881 to 27,898. The number of members 
in receipt of sick benefit decreased from 5,938 to 5,494, 
and the number of members in receipt of superannua- 
tion benefit increased from 10,189 to 10,227. The total 
number of unemployed members decreased from 10,804 
to 10,793. 





The financial report of the Amalgamated Engineer- 
ing Union for the first quarter of the current year states 
that during the three months, the General Fund 
increased from 242,1801. 13s. 8d. to 260,0831. 5s. 34d., 
and the Superannuation Reservé Fund decreased from 
1,611,7151. 15s. 4d. to 1,610,7781. 11s. The decrease 
in the Superannuation Reserve Fund is officially stated 
to have been due to the fact that the interest accrued 
as from August 4 to the end of December, 1928, 
was not transferred to the General Fund until the 
March quarter of this year. The principal statutory 
benefits cost 136,448]. 15s. 4d. during the quarter, 
and arrears of contributions were reduced by 3,5571. 
to 77,8091. 12s. 5$d. ‘‘ From every aspect,” Mr. 
Smethurst, the general secretary says, “the report 
is a considerable improvement on that of the last 
quarter, and the services of all who have assisted in 
any way to bring about this desirable result are 
appreciated.” 





Industrial News, an organ of the Trades Union 
Congress General Council, points out that the Trade 
Union Movement is as well represented in the new 
Cabinet as it is in the new House of Commons. In 
the Labour Government of 1924, the writer says, the 
representatives of the trade unions proved their ability 
to undertake the work of the various State offices. 
The new Prime Minister has drawn largely on the 
resources of the Trade Union Movement in constructing 
the present Cabinet. 





The Bulletin of the International Federation of 
Trade Unions regards it as specially important that there 
should be unanimity in the attitude of Trade Unionism 
towards rationalisation. The trade unions desire, it is 
declared, to promote ordered growth, rational concen- 
tration, and the application of new methods. Rationali- 
sation means saving in capital, labour, and time. The 
right kind of rationalisation means a larger output with 
the same expenditure of capital, labour, and time. 





BOILER EXPLOSION INQUIRIES. 


In accordance with the Boiler Explosions Acts, 
1882 and 1890, inquiries have been conducted by 
Board of Trade officials into a number of explosions. 
Reports of the investigations have been published 
—— and of some of these we give brief summaries 

low. 


Explosion of a Superheater Tube in 8.8. “ King 
George V.”—In the turbine steamer King George V, 
belonging to Messrs. Turbine Steamers, Limited, 
Glasgow, steam is generated at 550 lb. pressure, and is 
superheated to 750 deg. F. Each boiler has three 
water drums, one on one side and two on the other, 
the superheater drum being placed between the 
upper and lower water drums on that side with two 
drums. The superheater element, through which 
all the products of combustion pass, consists of 184 U 
tubes of solid cold-drawn steel, 1} in. external diam. 
0-104 in. thick, arranged in four sections. On May 24, 
1928, one of the superheater tubes in the second section 
burst, and subsequent examination showed that this 
particular tube, and others in the vicinity had suffered 
from overheating. All the tubes in the row nearest 
the fire, in the second section of the superheater, had 
in places increased in diameter from 1} in. to 1¥ in. 
for lengths varying from 12 in. to 18 in. The use of 
such high pressures and temperature afloat is admittedly 
of an experimental character, and since the bursting 
of this tube, alterations, we understand, have been 
carried out to prevent the overheating. 

Explosion of the Boiler of Drifter ‘‘ Gleam of Hope.” — 
On August 14, 1928, the wooden-built drifter Gleam of 
Hope was fishing off the west coast of Scotland. The 
net had been shot at 8 p.m. the previous evening 
and the fires in the boiler banked. At 3 a.m. next 
morning, while the nets were being hauled, the boiler 
gave out, causing a serious leak in the wooden hull. 
Two hours later the vessel sank, the crew having 
meanwhile been rescued by another drifter. Owing to 
the circumstances, no evidence was forthcoming as to 
the cause of the failure, and it could only be conjec- 
tured that the bottom shell plates gave way. The 
boiler was of the ordinary single-ended, return-tube 
marine type, 8 ft. 6 in. diameter, constructed of steel 
for a working pressure of 140 lb. It was 17 years old. 
In January, 1928, the insurance of the vessel was 
transferred to Lloyd’s underwriters, who accordingly 
arranged for a survey. This survey, however, was 
of a very limited character, and though a certificate 
was given that the hull and machinery were found to 
be in “‘a perfectly seaworthy condition,” no inspection, 
of the boiler had been made. 

Explosion of the Boiler of the Drifter ‘‘ Reliance.” — 
The explosion of the boiler of the drifter Reliance on 
August 14, 1928, occurred when the vessel was about 
six miles outside Stornaway harbour. The single- 
ended, return-tube marine boiler, 24 years old, was 
being worked at about 80 1b. pressure. When preparing 
for sea the engineman told the skipper, who was hi 
father, that he believed the water gauge was showing 
false water. The skipper, however, decided to try and 
reach the fishing ground, 24 miles away, and then 
overhaul the gauge. On the way the boiler ran short 
of water, the tube plate of the port combustion chamber 
buckled about } in., and steam and water escaped 
through the tube holes. Examination showed that 
the water end of the water gauge was choked by a piece 
of rubber packing ring and that the test cocks on the 
water-gauge column were unworkable, and that it 
had been impossible to test the water gauge since the 
owner-skipper bought the boat three years previously. 
The report adds: “A most unsatisfactory feature 
of the circumstances attending this explosion was that 
an insurance company undertook insurance of the 
boiler without requiring the boiler and its mountings 
to be inspected thoroughly and regularly by a competent 
representative.” 








ENGINEERING TRAINING AND 
EDUCATION. 


Mavor and Coulson Scholarship.—The Council of 
the Institution of Mining Engineers has accepted an 
offer, made by Messrs. Mavor and Coulson, Limited, 
of Glasgow, of a sum of 3001. for a further year, for a 
post-graduate travelling scholarship, which must 
include Canada or the United States in the itinerary of 
the selected candidate. The scholarship is open to 
British subjects who are graduates in mining, student- 
members, or associates of the Institution, and who have 
had at least 12 months’ underground experience in a 
colliery. Candidates are required to submit a thesis 
on a subject of their own choice connected with under- 
ground operations in coal mining. Applications in 
respect of the award must be in the hands of the 
Secretary of the Institution of Mining Engineers, 
Cleveland House, 225, City-road, London, E.C.1, from 
whom further particulars may be obtained, before 
September 1, next. 
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WORK-SOFTENING AND A THEORY 
OF INTER-CRYSTALLINE COHESION.* 


By F. Harareaves, A.R.S.M., D.LC., F.1.C., and 
R. J. Hitts. 


In previous publications some account has been | 
given of the structure of soft eutectics, the effect of | 
mechanical strain, and the effect of working and | 
annealing on the hardness and microstructure. In| 
addition, some account of the analysis of the ball | 
hardness test on soft metals has been given. The | 
very marked softening which occurs on suitable | 
working was atiributed partly to interphase move- | 
ment—.e., the softening was considered partly to be | 
due to some change in the phase boundaries on working. | 
Experiments were described which indicated that | 
the softening was the result of work on a mixture of | 
phases, and was not a peculiarity of the eutectic 


structure. In addition, the great stabilising influence | : 


ofthe second phase on tin crystals which had suffered | 
a considerable amount of work and had been annealed 
at a comparatively high temperature, was described. | 
Up till the present discussion on the phenomenon of | 
work-softening has been barren, so far as any explana- | 
tion of it is concerned. | 

Some years ago one of the authors worked out in | 
the rough a theory of intercrystalline cohesion, and, | 
in order to obtain data, work was commenced on | 
alloys containing the maximum area of boundaries, | 
t.e., eutectics. It is now considered that sufficient | 


ENGINEERING. 
may be closely followed for a duration of loading of 
several hours, or that an appreciable departure may 
commence at periods in excess of 10 minutes. Vulcanite, 
tin and zinc-aluminium eutectic follow the law up 
to about 7 hours’ duration of loading, whilst the other 


' samples deviate mostly in the direction of too large an 


impression. 


Fig.2. EFFECT OF PROGRESSIVE AMOUNTS 
OF WORK ON THE BALL HARDNESS. 
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parable conditions. In the work to be described, in 
order to make the significance of factor s more clear, 
the ball hardness for 600 seconds duration of loading 
is given and called Bgoo. Brinell hardness refers to 
30 seconds loading. 

Effect of Work on the Ball Hardness of Some Alloys.— 
Experiments have been carried out in a similar manner 
to those already published, and some series of tests 
are given in Fig. 2. It will be noticed that a non-eutectic 
alloy is dealt with, viz., lead containing 14 per cent. 
tin. It will be recalled* that work-softening was 
considered to be due to (a) interphase movement ; 
(6) the retention, through the presence of two phases, 
of the constituents in the highly disturbed mobile 
condition. The peculiar arrangement of the phases 
in a eutectic was not considered to be the cause of 
softening, but it was ascribed to the presence of two 
phases. In order to test this idea further, a suitable 
alloy was chosen for experiment. At the eutectic 
temperature, lead holds about 16 per cent. tin in solid 
solution, and, on cooling to air temperature, all except 
3 per cent. to 5 per cent. is precipitated. An alloy, 
therefore, of lead with 14 per cent. tin was made up 
and chill-cast in a heavy steel mould. Microscopic 
examination showed the sample to consist of primary 
lead-tin solid solution with excess tin well distributed 
amongst the dendrites. No _ inter-crystalline tin 


‘| was seen. The sample was reduced 25 per cent. by 


hammering, and annealed at 170 deg. to 180 deg. C. to 
form a homogeneous solid solution. It was cooled from 
this temperature to 100 deg. C. in about 40 minutes. 





Fie. 4. A SpiasH or Zinc on Gass. 
x 200. 


evidence has been obtained to warrant the publication 
of the theory. The present work is a continuance of 
previous investigations. The effect of work and 
annealing on the ball hardness of further eutectic 
alloys is described, together with that on a recrystallised 
eutectic, and other metals and alloys. It is confirmed 
that work-softening is due to a mixture of phases 
undergoing mechanical working at a temperature 
which, roughly, is within the normal annealing range 
of the individual phases. Experiments are described 
showing, it is claimed, that the curious flow properties 
of certain zinc-aluminium-copper alloys, as described 
by Rosenhain and his colleagues, are to be included 
in the category of work-softening effects. 

Ball Hardness Testing of Soft Metals.—It has been 
shown} previously for a number of metals and alloys, 
under different conditions respecting working and 
annealing treatments, that the relation between the 
diameter of impression and duration of loading is 
given by the equation, 


d= ct’, 


where d = diameter of impression, ¢ = duration of 
loading, and s and ¢ are factors. 

It was also shown that for good work a machine of 
the gravity loading type is essential. The time of 
loading investigated varied from 5 seconds to 1,200 
seconds in different cases, and it was indicated that 
in certain cases the exponential law might not hold 
down to 5 seconds. A few tests have been carried 
out on the effect of longer periods of loading, and the 
results are given in Table I. It is seen that the law 





* Paper read before the Institute of Metals, London, 
on Wednesday, March 13, 1929. Abridged. 

+ J. Inst. Metals, vol. xxxix, page 301 (1928). See also 
ENGINEERING, vol. cxxv, page 313 (1928). 





UNETCHED. 


In view of the large number of observations taken | 
over the range 30 seconds to 600 seconds, and of the | 


close adherence of these to the exponential law, it is 
thought likely that few cases of appreciable deviation | 


Fie. 9. Cast Leap-Tin Eutectic sHowING TIN IN LEAD CONSTITUENT. 
ETCHED IN 0°5 PER CENT. SULPHURIC ACID. 


x 400. 


After this treatment the tin was found to be fairly 
uniformly distributed. 

Consideration of the Results.—The expectation 
that work-softening of the 14 per cent. tin-lead alloy 


TABLE I.—Lone-PEriop Batt Harpnsss TEsts. 
(6°35 mm. /40°3 kg./61 deg. to 65 deg. F.) 









































Material. Diameter of Impression (mm.). | Factor « 
aga aes —_ : between 
Period | | 30 seconds and 
of Leading. 30 seconds. | 600 seconds. | 50 minutes. | 60 minutes. | 6} hours. 4 hours. | 8% hours. 600 seconds. 
=a | 
A 3-062 3-586 — _ 4-341 | os 0-052 
B 2-158 2+794 — 3°143 — —_ | 3-449 0-088 
Cc 2-560 3°368 4-030 _— —_— 5-098* —_ 0-092 
D 1-662 1-771 —_ 1-921 — | _ | —_ 0-021 
E 0-887 0-934 _— _ 0-992 — — 0-017 
F 1-964 2-202 _ 2-373 = — 2-663 | 0-038 
“i Period 20 seconds. | 30 seconds. | 60 seconds. | 300 seconds. |1200 seconds.| 80 minutes. | 62 hours. | 
of Loading | | | 
G 1-74 1:77 | 1-81 1-82 1-93 | 1-99 | 2-11 | 0-027 








* This should be arger. The machine had come to the end of its stroke. 


A=Tin worked and stood in air 10 months, 

B=Tin-copper eutectic (0-9 per cent. copper). 
Reduced 83 per cent. and stood in air for nine 
months, 

C=Tin with 15 per cent. lead. Reduced 80 per cent. 
and stood in air for seven months. 


from it will be encountered over this range. Deviations 
may be looked for in the case of the soft ternary 
eutectics which have a high value for the s factor. 
For the present purpose of these researches this 
deviation is not considered a serious matter, as the 
determination of the s factor takes place under com- 


D=Slightly impure chill-cast lead (3-17 mm. ball 
and 10-05 kg. load) 

#=Zinc-aluminium eutectic. Cast. 

F=Lead-tin eutectic. Cast, aged. 

G=Vulcanite (6-35 mm./35-47 kg.). 


would take place is seen to be realised, and from this 
point it will be taken as established that one of the 
conditions leading to work-softening is the presence 





* Hargreavesand Hills. ‘“‘ Work-Softening of Eutectic 
Alloys,” J. Inst. Metals, vol. 40, page 41 (1928), 
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of more than one phase, and is not the result of any 
peculiar structural arrangement of the phases. As 
seen in Fig. 9, the lead-rich constituent of the lead-tin 
eutectic has particles of tin scattered through it, and 
the supposition made previously* that this constituent 
must soften under the influence of work, is to be 
regarded as justified. It is seen, that the eutectics 
tin-copper (0-9 per cent. copper) and tin-silver (3-5 per 
cent. silver) both undergo work-softening, but that 
the eutectic lead-silver (2-5 per cent. silver) shows 
little sign of it. The components of the last-mentioned 
alloy are pure lead and pure silver. Those of the 


tin-copper eutectic are, respectively, pure tin and the | F, 


€ solid solution containing 38 per cent. to 40 per cent. 
copper. The silver-tin eutectic consists of pure, or 
nearly pure tin, and the compound Ag,Sn. 

It has been shown previously that a number of 
eutectics of soft metals, which are known to undergo 
spontaneous annealing after work at air temperature, 
soften under the influence of work, and that the silver- 
copper eutectic does not, but hardens in the usual 
manner. Cold-worked silver does not soften appre- 
ciably at air temperature, and it is significant that the 
lead-silver alloy does not undergo work-softening. 
The small amount of the second constituent present 
(2-5 per cent.) cannot be the deciding factor, as 
consideration will show, and it is being provisionally 
assumed that the essential factor is bound up in the 
absence of spontaneous annealing in cold-worked 
silver. The alloy is seen to change little in hardness. 
The form of the curves for the s factor is fairly similar 
for the alloys tin-silver, tin-copper, and lead-tin. 
The tin-silver alloy, however, shows a curious fall 
in factor s at 10 per cent. reduction. This must be 
regarded as real, for all ball impressions were made in 
duplicate. It is the first case in which any reduction 
in factor 8 has been found on working. In the case of 
the alloys tin-silver and tin-copper, the Brinell hardness 
curves differ considerably. 

It is concluded that the conditions accompanying 
work-softening are: (a) The presence of more than 
one phase; (6) roughly, both constituents have the 
property of undergoing spontaneous annealing after 
working at air temperature. Recently Britannia metal 
of composition tin 91 per cent., antimony 7 per cent., 
copper 2 per cent., has been found to undergo marked 
reduction in Brinell hardness on working, though the 
scleroscope indicated an increase in hardness. The 
authors found by means of compression tests that 
> Brinell hardness represented the strength of the 
alloy. 

Experiments on the Working and Annealing of the 
Cadmium-Zince Eutectic.—Some results have already 
been published.* Further investigation has been 
made and microscopic examinations carried out. 
A chill-cast sample had been reduced 61 per cent. 
by hammering, allowed to stand in air, and subse- 
quently annealed at 55 deg. C. for 240 hours until 
practically no further change in hardness took place. 
The result of annealing pieces cut from this at 250 deg. C. 
is shown in Table III. Microscopic examination 


TABLE ITI.—Ball Hardness of Cadmium-Zinc Eutectic. 
(3°17 mm./10-05 kg. /60 deg. to 64 deg. F.) 


| 


Reduced 61 per 
cent. Annealed | 


After Subsequent Heating 
at 250 deg. C. hours. 











Condition. 240 hours at 
deg. C. 
55 deg. C. i. | 23. 
| 

| | Pret 
Brinell hardness | 32-8 | 36-1 27-3 
Bmp ee 16-5 | 28-5 22-2 
Factor s .. oe 0-113 | 0-074 0-034 
Sample No. | 1/1 | 4/2 1/3 
State of cadmium | No recrystall’sa- | = Almost com- 

| tion pletely re- 

| crystallised 





showed that sample number 1/1 had not recrystallised 
so far as the cadmium was concerned. The zinc 
was present in the form of particles too fine to 
determine whether any micrographic change had 
taken place. In sample No. 1/2 a little recrystallisation 
of the cadmium had taken place. No. 1/3 was heated 
until all the cadmium had recrystallised into small 
grains, except a few localities of particularly fine 
eutectic structure. 

Effect of Work on Cadmium-Zine Eutectic Samples 
1/1, 1/2, and 1/3.—The results for the experiment on 
No. 1/1 have already been published,t but are 
repeated here along with the further tests in Fig. 10. 
The behaviour of No. 1/1 is similar to that of the 
cast alloy. The behaviour of No. 1/2 is a little 
different from No. 1/1, but that of 1/3 quite different. 
No particular instability of samples 1/1 and 1/2 
was noticed, but 1/3 after 45 per cent. reduction 
commenced to harden rapidly, as shown in Table V. 
On further hammering after standing 24 hours, the 





* Hargreaves and Hills, Joc. cit. 
{| Hargreaves and Hills, loc. cit. 





hardness was again reduced. No such differences 
were noticed in the case of the worked annealed 
sample of lead-tin eutectic, in which the tin was 
completely recrystallised into small grains. 
TaBLeE V.—Hardness of Cadmium-Zine Eutectic. Sample 
No. 1/3, after 45 per cent. Reduction. 

(3-17 mm/10-05 kg. /64 deg. F.) 

l 





Period after | 10 
Hammering. | minutes. 


40 | 60 24 
minutes. | minutes. hours. 





21 | 





Brinell hardness “0 23-2 25-7 26-5 
‘actor s ++) 0-102 | 0-081 0-123 0-063 
B.600 11-3 | 14-1 14-1 18-1 
1 
Tests on Zinc-Aluminium and Zinc-Aluminium- 


Copper Alloys.—Some years ago Rosenhain, Haughton, 
and Bingham* published the results of tests on hot- 
rolled zinc-aluminium and zinc-aluminium-copper 
alloys. One alloy had a composition approaching 
that of the eutectic of zinc and aluminium, and 
another (zinc, with 4 per cent. copper and 7 per cent. 
aluminium) was regarded by the authors as the 
ternary eutectic, though this has since been shown 
not to be the case.t A number of alloys showed 
similar characteristics, such as a very large variation 
in the maximum stress and elongation, according 
to the time of loading in the tensile test. The flow 
properties under prolonged stress led the authors 
to attribute these to viscous flow, as exhibited by an 
amorphous material such as pitch. On annealing, 
the plasticity was decreased and the tensile strength 
increased. To the present authors the whole 
behaviour seemed to coincide with the phenomena 
described as work-softening. Experiments were, 
therefore, carried out on the zinc-aluminium eutectic 
(5 per cent. aluminium) and on an alloy of zinc with 
7 per cent. aluminium and 3 per cent. copper. Neither 
of these alloys in the cold is very malleable, and 
cracking commences before reduction under the 
hammer proceeds very far. Slow cooling of the alloy 
improves the malleability. Preliminary experiments 
on the zinc-aluminium eutectic indicated that the 
cast alloy showed a time effect in the ball hardness 
test, and that cold-working increased it and lowered 
the Brinell hardness. In addition there was an 
appreciable recovery in both within forty-eight hours. 

Further tests were then carried out by hammering 





at air temperature and at 200 deg. C. It is seen 
from the results which are given in Table VI. that 


TABLE VI.—Zr1nc-Atuminium Evtectic. 


(3-17 mm. /50 +25 kg./60 deg. 


flow at air temperature to take place under the ball 
hardness test. 

It is contended by the authors, that these experiments 
show that the flow phenomena described by Rosenhain 
and his colleagues are identical with those of work- 
softening. 

A Theory of Intercrystalline Cohesion.—It is proposed 
to outline a theory of intercrystalline cohesion and 
consider its application to work-softening, and also 
briefly to consider its bearing on a few of the properties 
of crystal aggregates. In an aggregate of crystals, 
the forces which cause the atoms to assume the regular 
arrangement constituting the lattice of the crystal 
must still be active at the boundaries. The problem 
is to determine the position assumed by the atoms at 
the boundary, so as to balance the atomic forces. 
Consider two lattices the unit cell of which is a simple 
cube, and consider for simplicity an atom-bearing 
plane parallel to a cube side in each. Assume that 
these are both in the same plane and that the boundary 
of the one is a cube face. Neglect for a moment all 
but the atoms in the plane we are considering. 
Consider the possible position the atoms will take up 
as the other lattice is revolved. When the second 
lattice has been twisted so that the angle between 
the lattices is approximately 36 deg. 50 min., the 
normal position of the atoms on the two lattices is 
as shown in Fig. 11. It is seen that there is mathe- 
matical coincidence of normal atomic positions on 
the two lattices at points separated by five times 
the atomic spacing. The coincidence will be repeated 
the whole length of the boundary. The atoms at 
these points are conceived to be not far removed 
from their normal position. Between these points 
of coincidence it is conceived that atoms will take 
up such positions as will balance the atomic forces. 
This will result in the formation of a definite pattern 
of atomic arrangement, which will be repeated between 
every fifth normal atomic position. 

In Fig. 12 the two lattices are shown when the 
atoms have taken up their equilibrium positions. 
It is evident that repetition of mathematical coincidence 
of points on the two lattices will occur at other angles 
of intersection of the lattices. One series of these 
angles is given by— ™ 

2n 
ne + 1? 


nm being any odd number. At positions intermediate 
between the angles given by this formula, patterns 


6° = cos-1 


Errect or Work AT Ark TEMPERATURE AND AT 200 DEG. C. 


to 63 deg. F. P/D?=5/1.) 






































Sample 3. Sample 4. 
ration Reduction per cent. Reduced 56 per cent. at 200 deg. C 
Condition. of Cast. 
cna 50. After— 
33. = Immediately. 
r 
a: hours. 2 Days. 10 Days. 
Diameter dimen W 30 0-995 0-992 | 1-071 1-025 1-026 0-990 0-987 
sion (mm.) M600 1-006 1-178 1-310 1-288 1-178 1-174 1-149 
Factors .. ein —_— 0-004 0-058 0-068 0-076 0-046 0-057 0-051 
Brinell hardness .. _— 62-5 62-8 54-0 59-0 59-0 63-0 63°5 
B.600 oe eee — 61-0 44-3 35-6 36-8 44°5 44-8 46-7 





the behaviour is precisely that described as work- 
softening. No signs of cracking were observed in 
the sample reduced at 200 deg. C., but cracking at 
the edges occurred in the sample worked at air 
temperature. Softening occurs at both temperatures, 
though it is less at the higher temperature. The 
zinc-aluminium-copper alloy showed no time factor 
in the as-cast condition, but on reducing at 200 deg. C., 
tests showed that the Brinell number increased and 
there was a very appreciable time factor. The results 
are given in Table VII. All impressions were either 
TABLE VII.—Zinc, with 7 per cent. Aluminium and 3 per 
cent. Copper. Effect of Work at 200 deg. C. 
(3°17 mm. /50°25 kg. /60 deg. to 65 deg. F. P/D2=5/1.) 





| 


1 
Reduced 48 per cent. 











| Duration | at 200 deg. C. 
Condition. | 0 Cast. 
| Loading. | 
| Seconds. Immedi- | After 7 
| | ately. Days. 
1 i 
| 
Diameter of im- | J 30 | 0-809 0-772 | 0-780 
pression (mm.) 1.600 0-805 0-858 | 0-834 
Factor ¢ oe — j Zero 0-035 | 0-022 
Brinell hardness — | 96-0 105-5 =| :103-5 
B.goo ee ° _ | 96-0 85-5 | 90-0 


fe 





in duplicate or triplicate. The important point in 
the experiment is that the effect of work is to cause 


* See J. Inst. Metals, vol. 23, page 261 (1920). 





t+ See J. Inst. Metals, vol. 34, page 125 (1925). 


will be formed which are a kind of transition from 
the particular pattern of one of these angles to that 
of the next. The points of coincidence corresponding 
to these patterns can be found from the general 
formula— 

6 2 

6° =cos aT? 
n and p being suitable integers. The essential point 
is that for each angle of intersection a definite 
pattern of arrangement of atoms exists, this pattern 
representing the lowest possible potential energy in 
the circumstances. 

In an actual aggregate having three dimensions, 
a lattice having a more complex unit cell than a 
simple cube, and any surface, plane or otherwise, 
as a possible boundary, it is conceived that conditions 
similar to the foregoing simple case will exist. For 
each relative orientation of two crystals and each 
position of the boundary a definite pattern of arrange- 
ment of atoms will exist. This pattern will be referred 
to as the “ transition zone.” In the case of eutectics 
and other bi- and multi-phase alloys, the transition 
zones will be formed between lattices possessing 
different constants, and in some cases also between 
those of differing symmetry. In either case the zones 
will in general be of greater complexity, and thus 
affect the neighbouring lattices to a greater depth 
than is the case in pure metals. The relative 
“hardness” of two lattices will also have a great 
effect on the conditions at the boundary, the lead-silver 
eutectic being an example of a mixture of components 











__ JUNE 14, 1929.] 


ENGINEERING. 


769 








of very greatly differing hardness. It would be 
expected that the silver lattice would suffer little 
distortion at the boundaries, and the transition zones 
be situated almost entirely in the lead lattice. 
Behaviour of Boundaries under Stress.—As these 
have definite structure they should possess an elastic 
limit, and plastic flow should not take place until 
this has been exceeded. It is conceived that after 
undergoing what may be termed ‘“ permanent strain,” 
the middle of the boundary has a structure which 
may be considered amorphous and have the properties 
associated with viscous undercooled liquids, such as 
glass. It is conceived, in the general case, that on 
each side of this amorphous layer a transition zone, 
of the nature already described, will exist which 
merges into the respective lattice. It is also considered 
that the greater the amount of mechanical distortion 
of the aggregate the thicker the layer of amorphous 
material produced. When this condition is reached 
the material will behave in the manner described 
by Rosenhain in connection with the amorphous 
cement theory. Also the thickness of the boundary 
would increase. In accordance with what has been 
said of the variation in complexity of boundaries 
with variation of the crystal lattice, other things 





being equal, the same amount of work on two 


Fig. 10.EFFECT OF PROGRESSIVE AMOUNTS 
OF WORK ON THE BALL HARDNESS 
P OF CADMIUM-ZINC EUTECTIC. 
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different metals might be expected to influence the 
rate of creep to different degrees. Tin breaks down 
under the influence of work rather more quickly 
than does a cadmium, but up to 30 per cent. reduction 
the rate of increase in creep is very much higher in 
the case of cadmium (hexagonal lattice) than tin 
(tetragonal). The figures are shown in Table VIII. 
TaBLeE VIII.— Values of Factor s for Tin and a Cadmium. 


(6-35 mm. /40-3 kg. /60 deg. io 63 deg. F.) 
| 











Factor s. 
Reduction 
Per cent. 
Tin. Cadmium. 
0 0-052 0-036 - 
30 0-073 0-076 











The possible existence of metal in the amorphous 
state is taken as being beyond doubt. The classical 
work of Beilby and the existence of a large volume 
of favourable opinion are the justifications. 

Effect on the Boundaries of Phase Change in the 
Crystals—When a phase change takes place in the 
crystals, if it is a true crystallographic change there 
will be corresponding changes in the boundary patterns. 
The latter will take place after, and as a result of, 
the former. It should therefore be possible to detect 
the stage in which the boundaries are in the process 
of changing their patterns, for intercrystalline move- 
ment should more readily take place, due to the atoms 
being in a mobile state. Cadmium is a metal which 
undergoes an allotropic change at about 60 deg. C., 
but this change appears to take place gradually at 
air temperature. Ball-hardness tests on a sample of 
cadmium made 3 hours after casting gave a value for 
factor s = 0-061. The same sample after working and 
annealing for a long period at 55 deg. C. until the 
hardness was constant, gave factor s = 0-036. It is 
suggested that the difference in rate of flow may be due 
in part to the changes taking place in the boundary 
patterns, as a result of the phase change. It may be | 
remarked that in the case of tin and lead, differences 








metal is in the cast state or the worked annealed 
state, but they are of a much smaller magnitude. 

According to the theory outlined, the production of 
amorphous metal at the boundaries should decrease the 
density. Gough has shown that the density of poly- 
crystalline aluminium is decreased by working, whilst 
that of a single crystal is not. It is therefore caused 
by changes in the boundaries such as would occur 
by hypothesis. 

Whether the flow of amorphous metal will be 
evident depends on the conditions of test respecting 
temperature, duration of stress, magnitude of stress, 
and the viscosity under the particular conditions of 
the test. This may be illustrated by reference to 
vulcanite (Table I, page 767), which shows a value 
0-027 for factor s and glass. The latter is known to 
undergo viscous flow, but ball hardness tests on a 
sample of window-glass, with duration of loading 
30 seconds to 20 minutes, failed to show any difference 
apart from errors of observation. Brinell hardness 
= 118, 6-35 mm./22-47 kg. (P/D? = 3} approx.). On 
attempting to carry out a long-period test the glass 
broke after about an hour’s duration of loading. 

Behaviour of Permanently Strained Boundaries 
on Annealing. (a) Pure Metals—Two actions are 
evidently possible. The transition zones on each side 


Fig.11. NORMAL ATOMIC POSITION. 
































Fig. 12. FORMATION OF TRANSITION ZONE 
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of the amorphous layer may advance and grow 
together at the expense of the amorphous layer, thus 
establishing the normal transition zone, or the amor- 
phous layer itself may recrystallise and result in 
crystal birth at the boundary. In the first case, once 
the transition zone is established it is considered that 
remanent stresses in the two lattices will in general 
result in boundary migration in the direction in which, 
by the formation of crystalline material free from 
stress (temporarily at least), the greatest amount of 
energy will be released. Crystal growth, therefore, will 
take place by a sweeping along of the transition zone, 
which is evidently a very mobile process. The greater 
the amount of work applied to the sample, the greater 
is the thickness of the amorphous layer produced. 
Consequently it would be expected that crystal 
birth at the boundaries would require the application 
of more work than would boundary migration. This 
is what was found by Carpenter and Elam, in their ex- 
periments on aluminium. 

(b) Bi-phase Alloys.—A sufficient amount of work 
on alloys of this class will result not only in the des- 
truction of the transition zone patterns, but also in 
an actual mixing of atoms belonging to the two phases. 
The possible processes of recovery from strain in this 
case are much more restricted than in uni-phase metals 
and alloys. Where the bi-phase alloy consists of two 
solid solutions of the same constituents, the easier 
movement would appear to be the re-establishment of 
the transition zone pattern. Phase boundary migration 
is out of the question, and crystal birth would demand 


are found in the value for factor s, according as the | the formation of the lattice of one of the two constituents 








which in turn would upset equilibrium conditions 
respecting total composition of the alloy and the 
resultant proportions of the two saturated solid solu- 
tions. Relief of stress in such a case, therefore, is 
much retarded. The possibilities left are boundary 
migration, where two lattices of the same constituent 
meet, and recrystallisation within the body of the 
lattice as in a single crystal. Where the alloy consists 
S two different metals almost identical considerations 
old. 

If, in the process of recovery from work, movement 
of atoms at the boundaries takes place, it shouldfbe 
possible by suitable test to detect it. It is thought 
that this has been accomplished. Reference to Table 
IX, shows that on testing hard-drawn copper im- 
mediately after heating at 100 deg. C., a large increase 
in factor s is found. After standing for three days, the 
factor is found to have dropped to its former value. 
It is considered that the latter action is the result of 
the boundary atoms assuming some metastable arrange- 
ment, and not the result of the establishment of the 
normal transition zones. 


TABLE IX.—Ball Hardness of Copper. 
(3-17 mm./100-5 kg./60 deg. F.) 


























| | Hard Drawn. 
_ 
| Duration 
Condition. of | An- | | _— 
Loading.) nealed. As prs 3 Days 
Seconds. Re- 1 hour after 
ceived. at 100 Heating. 
| deg. C. 
Diameter of im. | S 30 | 1-547 1-090 | 1-092 1-098 
pression (mm.) | (600 | 1-559 | 1-113 | 1-138 | 1-121 
Factor s Sal — | 0-0026! 0-0070' 0-0138| 0-0070 
Brinell hardness| — | 50-0 104 | 104 102 
B.ggo ee = =e ©] 49-2 99-6 95-4 8-1 





Values for diameter of impression are the average of three 
or more determinations. 

In all the previous discussion, the only assumption 
made with regard to the condition of the body of the 
individual crystal after mechanical work, is that the 
lattice remains more or less intact. 

As the potential energy of the transition zones is 
greater than that of the body of the crystal, it might 
appear at first sight that, upon etching, they should 
be dissolved preferentially, owing to difference in 
electrolytic potential. A consideration of the great 
modifications in chemical action under conditions of 
capillarity, such as would exist at the boundary, 
suggests reasons why appreciable intercrystalline 
attack may not in general occur. Hatfield* conducted 
experiments and found no preferential boundary 
attack on annealed specimens, except that under 
certain conditions there was a suggestion of it in the 
case of brass. 

Comparison of the Theory with Other Theories.—The 
only other theory which has been developed in any 
detail is the “‘ amorphous cement theory,” as expounded 
by Rosenhain. The difference, and a very essential 
one, between the present theory and that due to 
Rosenhain, is that in the unstressed condition the 
boundaries are supposed to have definite structure, 
whilst Rosenhain speaks of ‘“‘a layer of irregularly 
arranged atoms.” The present theory postulates 
the formation of such a layer as a result of what may 
loosely be termed permanent strain. When this has 
taken place very many of the considerations, which 
apply under Rosenhain’s theory, equally apply under 
the present one. Gough has recently tentatively 
suggested that crystal boundaries consist of a layer of 
very small crystals. He bases his suggestion mostly 
on the behaviour of metals under repeated stress. 
A consideration of his arguments has led to the con- 
viction that the conditions postulated in the present 
theory would be as much in harmony as his own 
suggestion. In the opinion of the authors, the most 
weighty objection to both Rosenhain’s theory and 
Gough’s suggestion is that they render it impossible to 
conceive any reasonable mechanism of boundary 
movement (crystal growth). That such movement 
very readily and rapidly occurs is well known, and 
good examples are shown by Ewing and Rosenhain 
and by Vogel. A similar case is seen in Fig. 4. This 
shows a splash of zinc on glass. Marked boundary 
movement has taken place in a few seconds under the 
influence of cooling stresses, whilst the sample was 
cooling from the melting point. The thin boundaries 
are the new ones, and the slip-lines have been caused 
by the relief of cooling stresses after boundary move- 
ment has ceased. In the proposed theory, during 
boundary migration, the boundary pattern is main- 
tained (not in general the same pattern) and moves 
along in the direction of growth, the impelling force 
being the reduction of energy consequent on the 
formation of an unstrained lattice at the expense of a 
strained one. 


* See Trans. Faraday Soc., vol. 17, page 1 (1921). 
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In the case of, say, iron and glass, where factor s 
is inappreciable, the Brinell number represents the 
magnitude of the elastic reaction from the specimen. 
With a soft metal, the Brinell number will again be 
approximately the magnitude of the elastic reaction, 
and factor s will be some measure of the rate of flow 
under the particular pressure employed. Without 
going more deeply into the matter here, it will be taken 
that the Brinell number is some measure of elastic 
hardness, and factor s some measure of the rate of 
flow or creep of the specimen. 

Application of the Theory of Transition Zones to 
Some Properties of Metals and Alloys. Creep in Metals 
and Alloys.—In the higher melting-point metals and 
alloys, a gradual yielding or creep under stress is found 
at elevated temperatures. The subject has been 
dealt with by Tapsell and Bradley, and by others. 
In the discussion on this paper, Gough showed that 
there was an exponential relation between the stress 
and time to fracture. 

In the experiments on the effect of prolonged stress 
on pure lead at air temperature by Beckinsale and 
Waterhouse,* it is likewise found that the relation 
between magnitude of stress and time to fracture is 
exponential. The time-impression tests on soft 
metals and alloys are really creep tests, and will be 
considered as such. 

It was shown} that annealed copper exhibited a 
small but definite time factor in the ball hardness 
test at air temperature. It was also found that 
cold-worked copper showed an increased time factor. 
This has recently been confirmed, and the results 
are given in Table IX, page 769. Evidence will now 
be given which indicates that creep is not directly 
related to the automatic removal of work-hardening 
effects. The same opinion has recently been expressed 
by Hanson. In Table X are shown results obtained 
on electrolytic zinc. Itis seen that the rate of softening 

TABLE X.—Hardness of Zinc. 
(6-35 mm. /40°3 kg.) 





Condition. | Bw a 20 per cent, Reduction. 
Period after -- 16 10 60 | 240 

working | hours days | days days 
Factor s --| 0-022 | 0-061 | 0-060 | 0-060 | 0-075 
Brinell No. <.| 31-1 | 52-8 52-0 | 468 | 47°3 


is}]very slow and the value for the rate of flow (factor s) 
high. The explanation offered for the principal 
cause of creep is viscous flow at the boundaries. It 
is, ,of course, realised that spontaneous annealing 
may be a factor, and probably is an important one 
in the case of such metals as lead. In the case of 
cold-worked copper Hoyt and Schermerhornt could 
detect no softening over a period of two years. Table IX 





* See ENGINEERING, vol. cxxv, page 299 (1928). 
t _ reaves, J. Inst. Metals, voi. 39, page 301 (1928). 
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shows that copper possesses a small time factor in 
the annealed state, which is considerably increased by 
working. 

Experiments on hard-drawn brass gave a Brinell 
hardness of 144 (3°17 mm./100-5 kg./60 deg. F.), 
and no time factor could be detected between 30 seconds 
and 600 seconds duration of loading. By hypothesis 
amorphous metal is present at the boundaries, but, 
as previously explained, flow is not necessarily evident 
under the conditions of testing. Hatfield carried 
out tensile tests on brass with loading time ranging 
from 15 seconds to 110 minutes, and found no difference 
in the results. Such a comparatively short duration 
of loading does not prove that viscous flow at the 
The intimate relation 
between creep and the presence of boundaries is 
illustrated by the case of tungsten filament lamps. 
According to Smithells, sagging (creep) of the filament 
does not take place if it consists of a single crystal, 
whilst, if it is polycrystalline, creep is very much reduced 
by the presence of certain non-metallic impurities 
which obstruct boundary movement. 

It is to be inferred from the theory, and from the 
experiments described on zinc and copper, that the 
work-hardening of metals is considered to involve two 
actions. There is an increase in elastic hardness and 
an actual or a potential decrease in resistance to creep. 
The phenomena described under work-softening em- 
brace in every case (except one observation on the 
tin-silver eutectic) an increase, usually comparatively 
large, in the rate of creep with the application of in- 
creasing amounts of work, A similar characteristic is 
found in the pure metals, the difference being merely 
one of magnitude. The elastic hardness (Brinell 
number) may increase at first or it may decrease from 
the beginning. The elastic hardness of the pure 
metals always increases. It seems more than likely 
that the individual components of a eutectic will 
acquire an increased elastic hardness on working. 
There is direct evidence of this in the fact that the 
silver-copper eutectic is very much hardened by 
work. Now, whether the Brinell hardness of a mixture 
of phases will increase on working or not, will depend 
on the hardness acquired by the constituents and 
on the viscosity of the amorphous metal formed, 
particularly at the phase boundaries. The actual 
results will be the algebraic sum of these. 

On working a pure soft metal, there comes a time 
when further work results in a softening action, and, 
on standing, the metal recovers its original hardness 
and creep values. It must be assumed that there are 
similar limits to the hardening capacity of the con- 
stituents of a mixture of phases. In the case of the 
free metals recrystallisation accompanies the breaking 
down of hardening capacity. From the observations 
already published and from others, it can be said that 
great reluctance to recrystallise after working is 


| shown by eutectics. The present view, therefore, is 


that above a certain value of the amount of work for 
each eutectic, the constituents are held in an intimately 
disturbed condition in which they exhibit the pro- 
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perties rather of viscous fluid than of crystalline 
materials. 

The lead-silver eutectic shows few of the usual signs 
of work-softening. In all probability the silver 
constituent will continuously increase in hardness 
up to the maximum amount of work applied. The 
hardening capacity of pure lead is very low. The Brinell 
hardness curve of the lead-silver eutectic (Fig. 2, page 
| 767) shows a rapid increase up to about 10 per cent. 
reduction.. The rate of creep shows on the whole a 
slight increase. The rather abnormal nature of the 
boundaries has already been indicated, and from this it 
will be inferred that it is to be expected that there 
will be a difference in behaviour of the boundaries 
from those involving two soft phases. 

Fatigue in Metals.—The results of McAdam on 
corrosion fatigue testing, give hints that the crystal 
boundaries probably play an important part in fatigue 
phenomena. Copper and a 21 per cent. sacha ny orl 
alloy show a difference from other alloys, in that 
fatigue tests under corrosive conditions show little 
change in the behaviour of the metal, as compared 
with tests in air. As copper shows appreciable creep 
at air temperature, particularly in the cold-worked 
state, and the harder alloys do not, it is suggested 
that the behaviour of the boundary material is in some 
manner the deciding factor. The fracture of lead under 
fatigue occurs along the boundaries and not through 
the crystals. The alteration at the boundaries of 
a 1 per cent. antimony-lead alloy has already been 
pointed out. These facts again point to the behaviour 
of the boundary material being of prime importance. 
Beckinsale and Waterhouse* showed that the addition 
of small amounts of certain other metals to lead 
considerably increased the endurance. In a previous 
publicationt one of the authors showed that the rate 
of creep of lead was much decreased by the addition 
of 0-85 per cent. tin (factor s for pure lead, 0-056 ; 
lead with 0-85 per cent. tin, 0-018). 

From other considerations, opinion is being driven 
in the same direction. Gough, as already pointed out, 
attaches great importance to boundary action, and 
Haigh attributes the state of elastic hysteresis partly 
to the influence of grain boundaries. He has in turn 
found that an intimate relation exists between elastic 
hysteresis and fatigue. In the above discussion the 
fact that single crystals are subject to fatigue has been 
ignored. So-called single crystals have been found by 
X-ray analysis to conisst not of one orientation but of 
several, which differ only to a small extent. Gough. 
in discussing fatigue, regards this point of prime im- 
portance, and his theoretical reasoning is largely based 
on it. 

Season-Cracking.—This term is applied to the 
cracking which sometimes occurs in certain cold- 
worked alloys with lapse of time. It was very com- 
pletely investigated by Moore, Beckinsale, and Mal- 
linsont, who showed that a low-temperature annealing 


* See ENGINEERING, vol. cxxv, page 299 (1928). 
+ See J. Inst. Metals, vol. 39, page 301 (1928). 
t See J. Inst, Metals, vol. 25, page 35 (1921). 
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which hardly affected the Brinell hardness would pre- s 
vent it. In the cold-worked alloy amorphous hel 100 HORSE-POWER 24-FOOT MOTOR 
is considered to be present, and, assuming this, failure : BOAT. . 
under prolonged internal stress by fracture at the | INTEREST in motor boating has increased very 
boundaries will be readily understood. From thé | noticeably in the last few years, and standardised 
tests given on brass in the present paper it is seen | designs to meet the requirements of the majority of 
that the viscosity of the amorphous metal must be | USeTS are gradually being evolved. Messrs. J. W. 
high, hence the considerable time required for the | Brooke and Company, Limited, Adrian Works, 
action. | Lowestoft, have taken a leading part in this develop- 
It is well known that in certain cases annealing at a|™ment, and it may be recalled that they exhibited 
low temperature after the cold-working of a metal,|® Standard 18-ft. runabout at the last Shipping, 
results in a preliminary increase in Brinell hardness. | Engineering and Machinery Exhibition, held at 
It is suggested that the action is one of healing of the | Olympia two years ago. This vessel, known as 
boundaries in that the normal transition zones are|® Seacar, introduced a new feature in motor-boat 
re-formed at the expense of the amorphous metal. | design, in that the controls were arranged to simu- 
It is submitted that the presence of amorphous metal | late motor-car practice, and this feature has been 
at the boundaries coupled with the presence of locally | tetained in the larger and more powerful runabout 
very variable internal stresses, which must of necessity | Which we illustrate in Figs. 1 to 3 on the opposite 
exist in a stressed aggregate, and the existence of | page. The latter vessel is of a type for which the 
elastic hysteresis, are sufficient to explain this phe- | demand has been mainly met in the past by American 
nomenon. Rosenhain and Ewen, and Rosenhain and | builders, and it is therefore interesting to note that, in 
Humfrey, made careful experiments on the subject of | the International Races for the Atlantis Trophy, held 
high-temperature fracture of metals under stress, and | off Southampton in August last, the first place was 
found that under a small stress the metals and alloys | taken by one of these boats, the result being particu- 
tested broke a few degrees below their melting point, | larly satisfactory in that it was the only boat entered 
the course of the fracture being intercrystalline. The | of British construction. 
results were considered by them to support the amor-| The vessel is 24 ft. long, with a beam of 6 ft. and a 
phous cement theory. Such behaviour is equally in| draught of 2 ft. The engine is a six-cylinder model, 
harmony with the present theory. | developing 100 horse-power. A speed of 30 miles per 
| hour can be attained, and the vessel is of sturdy con- 
| struction with a view to rendering it suitable for sea 
|eruising. Dealing first with the hull, it will be seen 


Exhibitions, Limited, 43, Aldwych, London, W.C.2, in| from the figures that the profile is orthodox, with a 
association with the Bradford Engineering Society, is to | straight stem and transom stern. Asshown in Fig. 3, 
take place at Olympia Hall, Bradford, from November 6|the boat is of the vee-bottom type. Double skin 
to 16 next. Although the bulk of the space available | planking is employed for the transom and under-water 
will be taken up by firms who are members of the local | rtion of the hull. The latter is carvel built in 
Society, a limited number of stands will be available | P° ee foe Reale dl S eteiiie 

for other firms, and intending exhibitors should com- mahogany, the inner skin being diagonal planking. 
municate with Messrs. Westminster Exhibitions, Limited, |The usual woods are employed for the remaining 
at the address given above. | portions of the hull, the decks and covering boards 








_ Braprorp ENGINEERING ExHIBITION.—An engineer- 
ing exhibition, organised by Messrs. Westminster 


| being of mahogany carried on oak deck beams. All 
| the fixing screws are dowelled to avoid bleeding” by 
salt-water action. The vessel is constructed with the 
keel uppermost, the engine bearers, which, as shown in 
| Figs. 1 and 2, run the full length of the hull, being 
| fitted before the timbers. It is claimed that this 
| method of construction lowers the production costs, 
and results in greater stiffness of the hull. The hatches 
|and their framing, sub-dividing the forward and aft 
| cockpits, are arranged so that they may be simply de- 
' tached, leaving a clear space for withdrawing the engine, 
| As shown in the figures, the engine is completely 
| hatched in. It is stated that the arrangement of the 
| hatching overcomes any tendency to deck resonance, 
| and results in very quiet running. The construction 
|of the engines manufactured by Messrs. Brooke is 
well known, and a description of the six-cylinder 
| 100 horse-power model, introduced about two years ago, 
| was given on page 392 of vol. cxxiv of ENGINEERING. 
| It is, therefore, not necessary to describe the engine 
fitted to the 24-ft. runabout in detail. It will be 
recalled that silent-chain drive is employed for the 
valve mechanism, magneto and pump, Careful 
attention has been paid to quiet running throughout 
the design. The water from the cylinder jackets is 
passed through the exhaust pipe and silencer, The 
carburettors are supplied by twin autopulse pumps 
from a 25-gallon tank housed under the after deck, the 
pumps coming into operation as soon as the engine is 
started up. The engine is provided with an electric 
starter, the necessary current being obtained from a 
12-volt. battery, which also serves for the navigation 
lamp. 

The carburettor controls are connected to a pedal, and 
also to a hand lever in the centre of the steering wheel. 
The reversing lever, which can be seen in Fig. 1, is 
mounted on the centre line of the boat in the forward 
cockpit, and is connected to the reverse gear box 
by the link motion shown in Fig. 2._ The controls are 
thus arranged in positions corresponding to those on a 
car, and the comparison is rendered more complete by 
the position of the tiller wheel and the provision of a 
facia board carrying the switches for the starting motor, 
horn, and navigation lamp, together with the instru- 
ments. The tiller wheel is coupled to the rudder by 
means of high-tensile steel cables, running in copper 
tubing behind the panelling. The rudder quadrant is 
housed under the deck, as shown in Fig. 1, It is 
thus impossible to foul any part of the steering 
mechanism by ropes or loose tackle. The ignition 
control is also brought to a lever on the tiller wheel, 
the wires for both this and the throttle control again 
being enclosed in copper tubing. The forward cockpit 
provides accommodation for four persons and the aft 
cockpit for three. Both the cockpits are upholstered, 
and car type hoods, with side curtains, can be supplied. 
There is a windscreen on the forward cockpit, and the 
equipment includes oil and petrol gauges, a clock, and a 
revolution counter. There is space under the decks 
for the usual equipment, that under the forward deck 
being provided with a lock-up hatch. The boats 
can be supplied in either varnish or two-colour finish. 
The deck fittings are of polished non-corrosive white 
metal, and all under-water fittings are of bronze. 

No reference has been made to Figs. 4 and 5, which 
illustrate runabouts under construction in Messrs. 
Brooke’s yard. The first figure shows an 18-ft. run- 
about in the frames, and the second is a general view 
of a section of the runabout bay with 20-ft. four-seater 
standard craft under construction. In connection 
with these vessels, it may be mentioned that the firm 
turn out a large number of standard models, the range 
including a 16-ft. two-seater sports model, and a 
30-ft. twin-screw sea-going cruiser, in addition to those 
already mentioned. Special boats of larger size are 
frequently constructed to customer’s requirements, 
and among recent orders may be mentioned a 35-ft. 
cabin cruiser for Thames service, and two 55-ft. twin- 
screw cruisers, fitted with two 100-h.p. engines. We 
may add that the Royal Air Force have recently 
acquired Brooke Seacars for use in connection with 
the forthcoming Schneider Cup races, the boats being 
standard in all respects. The boats were run from 
Felixstowe to Calshot under their own power in two 
days, and it is stated that no trouble of any sort was 
experienced on the journey. It is interesting to recall, 
when considering these activities, that Messrs. Brooke 
at one time carried on an extensive business in 
steam engines for drifters, and, as early as 1903, intro- 
duced the Brooke motor-car, a three-cylinder model 
with a chain-type of change-speed gear. The first 
motor launch was built about 1904, and although the 
firm continued to manufacture motor vehicles for 
several years, this branch of their activities was 
subsequently abandoned, and the whole of their equip- 
ment was devoted to motor-boat and engine building. 
Numerous extensions to the works have been necessary 
to meet the steady growth in the demand for the firm’s 
products, the present size being indicated by the fact 
that about 200 workmen are employed. 
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NOTES ON NEW BOOKS. 


Tue fundamental importance of Sir J. J. Thomson’s 
treatise on the Conduction of Electricity through Gases, 
was immediately recognised when the work first 
appeared in 1903, and it rapidly acquired an inter- 
national reputation. A second edition appeared in 
1906, and a third was in process of preparation at 
the outbreak of the war. The heavy duties then 
undertaken by the author made it impossible for him 
to proceed with the revision. In the meantime, new 
material has accumulated to such an extent that, for 
this third edition, the book has been expanded into 
two volumes, of which the first, priced at 25s. net, has 
just been issued by the Cambridge University Press. 
In the preparation of this, Sir J. J. Thomson has secured 
as co-author the services of his son, Professor G. P. 
Thomson, whose co-operation has, in fact, rendered the 
revision possible. Both the descriptive and mathe- 
matical portions of the text leave little to be desired. 
The Master of Trinity has, in fact, long been recognised 
as a master of exposition. The volume opens with a 
description of the minute conductivity displayed by 
normal air. In the next chapter, the properties of con- 
ducting gases are discussed, the mathematical theory 
being developed at length in a succeeding chapter. 
The cathode-ray researches, by which Sir Joseph estab- 
lished the true nature of these rays, are described, but 
the further researches of his son, which have disclosed 
the fact that a wave system is associated with the 
electron, will be dealt with in the second volume. 
Positive-ray analysis finds a place in this. The con- 
cluding chapters deal with ionisation as produced by 
incandescent solids, flames, and by the action of light. 
Very full references are given to original papers and 
there is an adequate index. 





Nearly half of Professor A..J. Sutton Pippard’s Strain 
Energy Methods of Stress Analysis. [London: Long- 
mans, Green and Company, Limited ; price 14s. net] is 
devoted to examples, and as these are properly worked 
out, partly in detail, and are not merely puzzles, the 
reader will find this second part of the volume very 
useful, The direct, lucid language of the first part, with 
its four chapters on general principles, on general 
problems relating to strain energy, on beams, curved 
members and stiff-jointed frames, and on the direct 
design of redundant frame works, will not appeal less to 
students and engineers engaged in structural work, and 
the only possible regret one can have is that the book 
does not contain more than 146 pages. Dr. Pippard is 
professor of civil engineering at the University of Bristol. 
He writes for students to whom books like Castig- 
liano’s Théorie de UV Equilibre des Systémes Hlastiques 
are too detailed and difficult, even in its English trans- 
lation. He presumes a knowledge of methods of stress 
analysis as applied to just-stiff frames, and he starts 
with skeleton frameworks, but introduces Southwell’s 
tension coefficients, explained by Mr. Southwell on 
page 165 of our 109th volume, in the first chapter. 
Most of his examples are taken from papers of his 
own, published in the Reports and Memoranda, and in 
periodicals. In his last example, stresses in a flywheel, 
he follows Castigliano’s theorem in the complete treat- 
ment of the problem. That is to say, he does not 
simplify the problem, as is often done, by regarding the 
arms and rim of the flywheel as unconnected; he 
arrives at the same results as Professor Longbottom. 


Both Professor Longbottom and Professor Pippard have | 


presented papers on the stresses in uniformly-rotating 
tlywheels to the Institution of Mechanical Engineers 
in recent years, 

In the course of the first Spiers’ Memorial Lecture, 
noticed on page 687 of our issue of November 30 last, 
Sir Oliver Lodge remarked that modern physics fre- 
quently forced us to change our views. The chemists 
have been acutely conscious of this. They had scarcely 
accepted the idea of sodium ions, floating harmlessly 
about in an aqueous salt solution or in water, which 
sodium metal would at once decompose, when they 
were told that all the differences between the most 
active and the inert elements were merely questions 
of the outer electrons, and that the tremendous chemi- 
cal reactions were, so to speak, superficial, and did 
not affect the atomic nucleus at a‘l. The simple indi- 
visible atom of the past was given the structure of a 
planetary system of protons and electrons, and then 
the unit electron itself was endowed with a spin and 
a possible structure. 
been trying hard to explain his reactions on the elec- 
tronic theory of the physicist, has been informed that 
the electron may only be a dummy, like the ether and 
rays of light. Yet he cannot dismiss all these theories 
as idle speculations, since they have helped to advance 
pure and applied science to an unprecendented degree. 
The old views, as Sir Oliver said on the occasion 
mentioned, were not false, but incomplete and in need 
of amendment. Even if a new amendment should 


make something like a fundamental change, the litera- 


Finally, the chemist, who has | 


| 





ture of recent decades will be unintelligible on any but 
electronic lines, and that will remain so for the present. 
Books like Matter, Electricity, Energy, by Professor 
Walter Gerlach, of Tiibingen, translated by Dr. Francis 


| J. Fuchs, of Brooklyn, New York [London : Chapman 


and Hall; price 30s. net] will therefore retain their 
value, provided they present, as this volume does, the 
principles of modern atomistics and the results of 
atomistic investigations clearly, with the aid of 
very little mathematics, and from a broad, general 
standpoint, which accentuates the correlation of the 
manifold phenomena. The volume, of 427 pages, is a 
translation of the second edition of Professor Gerlach’s 
book, published in 1926. It does not, of course, 
refer to wave mechanics; neither does it mention the 
fabulous density of the dark companion of Sirius, esti- 
mates of which have risen to 60,000 in the few years 
of observation, though there is a chapter on macro- 
cosms. Relativity is not discussed, neither is the 
strange significance of odd and even atomic numbers. 
The several chapters, each more or less complete in 
itself, form in spite of this a very instructive and com- 
prehensive review of modern atomistic theories and 
their experimental basis, rendered more intelligible 
by frequent cross references, and the difficulties of the 
modern theories are not concealed. 





The Hydrographical Department of the Italian 
Ministry of Public Works has recently issued the 
first number of a publication intended to record the 
results of the extensive and careful research being 
made with a view to ascertain the hydraulic resources 
available in the whole country. This publication is to 
deal exclusively with the hydraulic resources for 
power production. The first issue contains 140 pages 
of subject-matter, with numerous maps, plans and 
diagrams on the work of the Department in the Rome 
Section, Umbria and Latium. It is entitled Risorse 
Idrauliche per Forza Motrice, Fascicolo 1, Bacini con 
Foce al Litorale del Lazio, Sezione Idrografica di 
Roma. A preface by the President of Section ITI of the 
Chief Council of Public Works explains the manner in 
which the research work has been carried out for the 
particular section and how it is being proceeded with. 
The provinces dealt with are divided up into districts, 
and these are subdivided into zones. In each of 
the latter the river basins are entered into in detail, 
their geological, hydrological and other character- 
istic features being given. The particulars include 
also data on the hydraulic power plants already in 
operation, on those in course of construction, and 
on the further plant the construction of which has been 
deemed advisable ; for some of the latter, the necessary 
concessions have already been granted. The figures 
quoted are interesting in that they indicate both the 
extent to which the water power available is already 
turned to account, and the latent water power for 
future utilisation. In this connection, it may be stated 
that the existing plants and those in course of 
construction in the Umbria and Latium provinces 
have a nominal power of 276,482 h.p.; this could 
be increased to 776,300 h.p. by building further 
plants to utilise the water power still available in 
these provinces. The publication is issued by 
the Ministero dei Lavori Pubblici, Rome. The price 
of the present first number is 35 lire. It is most 
carefully printed, and the maps and plans are excellent. 





A publication entitled Recueil de Constantes de 
V Office Central de Chauffe covers exclusively industrial 


| heating from both the theoretical and the practical 


standpoints. The data and research figures it contains 
are those arrived at and collected in the course of 
many years’ experience by Mr. Ch. de la Condamine. 
They have been issued under the auspices of the French 
journal, Chaleur et Industrie, the publication being 
of the size of that well-known journal, and containing 
175 pages of information of value to all engineers. 
In sending us a copy of this work, the editor states 
that, like many other practical men who are called 
upon to solve the various intricate thermal problems 
which arise in all works, Mr. de la Condamine often 
found difficulty in tracing readily, if at all, amongst 
numerous text-books, reliable information in a form 
immediately applicable to work in hand. He therefore 
decided to compile as complete a series of data and 
formule on the subject as possible. The present 
volume is the result; it has been revised by other 
French scientists. The principal questions dealt with 
are specific heat and what the author calls chaleur 
d’ echauffement, particularly in regard to gases. Chaleur 
d’echauffement is defined as being the heat which must 
be imparted to a gaseous mass in order to raise its 
temperature from ft, deg. to ¢, deg., the pressure 
remaining constant. Analyses of industrial gases, 
from the richest down to the products of combustion, 
are also given, together with data on the sampling of 
fuels, fuel analyses, and methods of calculation applic- 
able to smoke resulting from combustion. Coal 





grading and testing, and its combustion by hand firing 
and with mechanical stoking, form the subjects of 
several chapters. Boilers and all their various acces- 
sory plant, chimneys, and the control of steam-raising 
plant, are also entered into in detail. The book is 
carefully got up and will serve its purpose. Its price 
is 30 francs, and it can be obtained from the French 
journal above named, the address of which is 5, rue 
Michel-Ange, Paris. 





To most of us a wave is realised as an undulation 
in some fluid. The mathematician, however, regards 
a wave merely as a solution of a certain partial 
differential equation, and is satisfied if his results 
are logically exact, even if they may be physically 
incomprehensible. The extraordinary success with 
which the peculiarities of the hydrogen spectrum were 
accounted for by the new “‘ wave mechanics,” raised, 
however, the hope that we had in this something 
more than a mere mathematical dodge, but although 
experiment has proved that a wave system is associated 
with an electron, the further development of the 
theory seems to indicate that it may have no more 
connection with reality than has the representation 
of unity by a Fourier’s series. Nevertheless, taking, 
on this head, even the gloomiest view possible, those 
responsible for originating and developing the theory 
have undoubtedly forged an extremely powerful 
mathematical tool, which no physicist interested in 
atomic structures can afford to neglect. Special thanks 
are, therefore, due to Messrs. Blackie and Sons, Limited, 
London and Glasgow, for two volumes recently 
published. Of these, one, issued at 15s. net, consists 
of Selected Papers on Wave Mechanics, by the Duc de 
Broglie (the founder of the theory), and by M. Léon 
Brillouin. The other volume, issued at 25s. net, 
consists of Collected Papers on Wave Mechanics, by 
Dr. E. Schroedinger, who has shown such extra- 
ordinary skill and ingenuity in developing and 
extending the method. The first of the two books 
has been translated by Miss W. M. Deans, B.Sc., 
B.A., of Newnham, and the same lady has been 
jointly responsible, with Mr. J. F. Shearer, M.A., 
Glasgow, for the translation of the Dr. Schroedinger’s 


papers. 





The entropy diagram has been for long in common 
use for steam, especially in connection with turbines, 
but the position is otherwise when internal-combustion 
engines are under consideration. That this can with 
advantage be changed, is shown in Professor Ostertag’s 
Die Entropie-Diagramme der Verbr gsmotoren 
(Berlin: Julius Springer; price 4-50 marks), of which 
a second and enlarged edition has been issued. The 
book is characterised throughout by conciseness and 
clarity, and should prove distinctly useful. After a 
restatement of some fundamental factors in combustion, 
with calculations for typical fuels, the construction of 
the entropy diagram is explained and its use demon- 
strated. Diagrams are given for the theoretical Otto 
and Diesel cycles (combustion at constant volume and 
at constant pressure, respectively) with the correspond- 
ing familiar PV diagrams. These show the ease with 
which the entropy diagrams are drawn and information 
obtained which, without the use of them, would involve 
considerable calculation. Other cycles, including 
several of those proposed for gas turbines, are also 
dealt with, the author not merely giving the diagrams 
for the latter, but discussing in some detail the methods 
of reducing the work required for the compression of the 
charge—this, as is well known, constituting one of the 
serious difficulties which confront the designer. In 
conclusion, several special problems are considered, 
such as supercharging reciprocating engines, using 
exhaust-gas turbines, and the use of steam to transmit 
power from a Diesel engine-driven compressor on a 
locomotive. 











Etectriciry SuppLy tv CaNnapDA.—dAccording to @ 
preliminary report issued by the Transportation Branch, 
Dominion Bureau of Statistics, Department of Trade 
and Commerce, the consumption of electricity in Canada 
is steadily growing. In 1927, the output was 14,549,099,000 
kw.-hr., or 2,455,654,000 kw.-hr. in excess of the pre- 
vious year, the plant load factor reaching the figure of 
49-1 per cent., compared with 45-1 per cent. in 1926. 
The total pole-line mileage was 33,573, an increase of 
3,878 miles, or 13 per cent., over 1926, and the number 
of consumers rose from 1,337,562 to 1,415,329. Practi- 
cally the whole amount (98-6 per cent.) of the electricity 
consumed was generated in hydro-electric stations, the 
plant capacity of which was 4,173,349 h.p., compared with 
3,769,323 h.p. in the previous year. It is unnecessary 
to go further into this matter since the position in 1928 
has already been fully dealt with in ENGINEERING (see 
page 272 ante). The population served was approxi- 
mately 5,830,000, or 61 per cent. of the total, this being 
250,000 in excess of the figure for 1926. The average 
revenue was 0-72 cent. per kilowatt-hour, a figure 
which marks a steady decrease since 1923. This is 
ascribed partly to increased consumption by the large 
consumers, 
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12-CUBIC YARD ELECTRICALLY-DRIVEN STRIPPING SHOVEL. 


CONSTRUCTED BY TH 


E BUCYRUS-ERIE COMPANY, 


SOUTH MILWAUKEE, 


WIS., U.S.A. 























Fia. 


TWELVE-CUBIC YARD ELECTRICALLY- cent. increase in output over, forinstance, an 8-cubic yard | 


| machine. 


DRIVEN STRIPPING SHOVEL. 


THE illustrations, Figs. 1 and 2 above, are repro- | 
duced from photographs of a large stripping shovel | 
built recently by the Bucyrus-Erie Company, of South | 
Milwaukee, Wis., U.S.A., who are represented in this 
country by Messrs. Bucyrus-Erie Company, Limited, | 
of 83, Kingsway, London, W.C.2. This machine | 
weighs very nearly 800 long tons, and has been con- | 
structed for stripping over-burden in connection with | 
coal-mining operations of the Enos Coal Mining | 
Company. In spite of its extra capacity it is claimed | 
that this machine has the same high operating speeds 


as much smaller machines, so that it gives fully 50 per! each side of the jib, as will be seen from Fig. 1. 


In order to secure these high speeds and good 
operating performance this machine has been provided 
with two separate hoists, and with twin slewing 
machinery, while a new type of jib support has been 
introduced, and the bucket is cast in two parts only, 
and is built up without rivets. 

The two parts of the bucket are large steel cast- 


ings, bolted together on a plane which divides the | 


front half from the rear. The former, which has to 
withstand most of the wear, can therefore be readily 
renewed. The bucket is suspended by double tackle, 
one set attached to each of the upper front corners, and 
is mounted on the ends of two arms, spread apart on 


| 





jib is of box-girder construction, and is provided with 
double suspension, carried back to a pair of A frames 
on the revolving platform. The jib is of 7 ft. by 4 ft. 
section at its upper end. The load on the jib is dis- 
tributed to deep front and side girders of the revolving 
platform. The front box girder, which supports the jib 
foot, the front legs of the A frame, and the guys, is a 
frame 4 ft. 2 in. deep by 7 ft. wide. From this, six 
other girders extend to the rear and are tied together 
by cross-frames. 

The massiveness of the main frame is well shown in 
Figs. 1 and 2, the figure of a man being just discernible 
in Fig. 1 by the side of one of the chain tracks. 

A complete chain-track unit is provided at each 
{corner of the frame, each carried on a cast-steel leg 
| strongly supported by struts. The units on one side 
| are supported independently, as shown in Fig. 2, but on 
|the other are provided with an equalising beam, at 
|each end of which is an electrically-driven jack screw. 
| The latter is run hard up when the machine is working, 
| but is slackened back when travelling. Each unit may 

be propelled at high or low speed independently. All 

| drives are electrical, and there are neither brakes 
|nor clutches. All digging motions are controlled by 
| three levers, two worked by hand and one by foot. 
|The two main motors are of 250 h.p. each, while the 
heen is worked by a 100-h.p. motor and a pair of 
ieoeagoe gears for each arm. 











British Exports or T1In-PLATe.—The exports of tin- 
plate from the United Kingdom during 1928 totalled 
532,442 tons, a figure higher than that of any year since 
1924, when the total was 555,415 tons. The exports for 
1913, it may be noted, aggregated 493,921 tons. During 
1928, the exports of the United States and Germany, 
the two other principal tin-plate producing countries, 


| were, respectively, 249,362 tons and 34,242 tons. 





CoLOMBIAN SPECIFICATION FOR Bripces.—A standard 
specification, recently issued by the Colombian Ministry 
of Public Works at Bogota, in connection with metal 
structures for bridges, has been forwarded to the Depart- 


' ment of Overseas Trade, 25, Old Queen-street, London, 
| S.W.1. 
sd | specification should apply to the Department, quoting 
The | Reference No. A.X.8045. 


British firms desirous of receiving a copy of this 
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Many specifications laid down that electrical tests 
should be made directly the insulator was removed 
from the cold bath, i.e., when its temperature was 
considerably less than that of the surrounding air. 
The result was that a film formed rapidly, and nothing 
like the dry spark-over voltage could be applied. 
The object of this test being merely to demonstrate 
that the insulator had not cracked during the thermal 
| cycle, there was no point in making it directly the 
latter had been removed from the cold bath. 

Porosity tests could be divided into two classes— 
those in which the relative porosity was determined 
by the increase in weight of the samples, as given by 
weighing after immersion in some liquid for a given 
period, and those in which the sample was immersed 
in solution of fuchsin or eosin, and then fractured to 
observe the depth to which the dye had penetrated. 
The first method gave unsatisfactory results, porosities 
differing by several hundred per cent. being obtained 
from samples taken from the same insulator. The 
dye penetration test was influenced by the way in 
which the test samples had been detached from the 
insulator, as if this were unskilfully carried out, minute 
hair cracks might give an impression of porosity 
which did not really exist. Porosity tests had a limited 
utility, as the appearance of the fractured surface 


THE TESTING OF PORCELAIN 
INSULATORS. 


In a paper on “ The Testing of Porcelain Insulators,” 
which was read before the Institution of Electrical 
Engineers on April 11, last, Mr. B. F. Goodlet said 
that the majority of porcelain insulators now pur- 
chased were tested to one of the national insulator 
specifications, which had as their basis the following 
fundamental requirements :—The mechanical strength 
of the insulator must be sufficient for the required pur- 
pose ; the puncture voltage must exceed the spark- 
over voltage under all conditions of climate and load ; 
the insulator must be completely non-porous, and 
must withstand sudden fluctuations of temperature 
over a limited range. The following basic tests corre- 
sponded to these requirements: Electrical, dry and 
wet spark-over voltage, puncture voltage ; Mechanical, 
strength, temperature cycle and porosity. 

The dry spark-over voltage test was carried out 
by mounting the insulator in a manner approximating 
as closely as possible to service conditions and then 
applying a power-frequency voltage, the amplitude of 
which was gradually increased, until the insulator 
arced over. Minor alterations in the details of the set- 
up were capable of producing appreciable differences 
and too close a coincidence of results should not, | conveyed considerably more information. 
therefore, be expected. Barometric corrections must| Of recent years, tests with impulsive and high-fre- 
be made when the insulators were to be used in moun- |; quency voltages had become more and more common, 
tainous regions, and temperature corrections when|the former being characterised by a very rapid in- 
they were to be employed in hot climates. An increase crease of the voltage to its maximum value, followed 
in the humidity raised the spark-over voltage of most | by a less rapid decrease to zero. The initiating phe- 
insulators, though the actual precipitation of moisture | nomena of the breakdown of a dielectric commenced 
on the surface reduced it, All these factors must /| at a certain critical value of the voltage, but, in order 
be taken into account before making the test. Even|that it might be completed, the voltage must be 
when conditions were maintained as constant as possible, | applied over a certain finite interval of time. If this 
deviations from the average figure of a series of tests | time of application were very short, higher voltages 
of from + 8 to — 4:2 per cent. had been noticed, | were required to complete these processes. Higher 
due to slight differences in cementing and the effect |spark-over and puncture figures were, therefore, 
of firing. usually obtained with impulsive voltages than with 

These remarks applied with even greater force to| those of power-frequency. With oscillatory voltages, 
the wet spark-over test under artificial rain, The} on the other hand, the voltage maxima succeeded 
influence of the rate of precipitation was considerable, | each other at such a rapid rate that de-ionisation and 
the voltage falling rapidly, until a rainfall of about | cooling had little time to act, the result being a 
3 mm, per minute was reached, when it became more | tendency for breakdown to occur at a lower voltage 
or less constant. The angle of rainfall was another | than at power-frequencies. As regards the performance 
disturbing factor, the voltage decreasing by anything | of insulators under impulsive voltages, the polarity 
up to 40 per cent. as the angle changed from 0 deg.| of the impulse had considerable influence on the 
to 80 deg. to the vertical. In testing insulators | results, the spark-over voltage being, in general, some 
used in the horizontal position, the angle of precipita- | 10 per cent. lower when the insulator pin was positive. 
tion in the horizontal plane was important, as was the | The results also depended on the wave front steepness, 
time the insulators had been subjected to rain previous | the more rapid the rise the higher being the spark-over 
to the spark-over test, and whether the voltage had | voltage, while, for a given rate of rise, the highest 
or had not been applied during this period. Varia-|spark-over values were attained with waves which 
tions were also introduced by differences in the re-| decayed rapidly after attaining their maximum. As 
sistivity of the water used. This should be main-|no two impulse generators were similar, it was not 
tained between 19,000 and 21,000 ohms per cubic | easy to estimate with any accuracy from tests in one 
centimetre. A very low-resistivity was objectionable, | laboratory what results would be obtained in another. 
because it arose from impurities which were liable |The same applied to results with damped oscillations. 
of themselves to influence the results. A series of |The spark-over voltage, both with impulses and with 
tests made to ascertain the reliability of the figures, | damped oscillations, was practically unaffected by 
showed a maximum deviation from the mean of + 6-6| rain and fouling of the insulator, while the puncture 
to — 4-6 per cent. voltage with impulses might be greater or less than 

Puncture tests were usually conducted under oil,| the power-frequency figure, depending upon the 
in order to eliminate the surface spark-over, but | impulse wave employed and the quality of the material. 
whether the breakdown voltage obtained in this way | As the impulse spark-over voltage was always greater 
was the true puncture voltage was open to question. | than the power-frequency figure, the ratio of puncture 
This was due to the luminous dischargeg” which | voltage to spark-over voltage was much less for 
oceurred and altered the original distribution of the | impulses than at power frequencies. Normally, 
field, taking place at a much higher voltage in oil | however, insulators which punctured on the impulse 
than in air and developing much more suddenly, | tests were in some way defective. Impulse and high- 
They were also more concentrated, and damaged the | frequency tests should always be followed by a test 
insulator. The effect was that the puncture voltages | at power-frequency, as, in the former test, punctures 
recorded were erratic, and depended both on the might easily escape observation. 
quality of the oil used and the size of the tank, The} Operating statistics indicated that the percentage 
maximum variations frora the mean noted were | of electrical failures on insulators subjected to heavy 
+ 8-8 and — 15-1 per cent. It should also be | mechanical loads was much greater than on lightly- 
mentioned that puncture tests on a complete insulator, | loaded units. It had also been observed that insu- 
rather than on its components, could not be interpreted | lators which had been heavily loaded often showed 
intelligently. |a much lower puncture voltage than when in the 

Coming to mechanical tests, specifications called for | original state. It was, therefore, of importance to 
a tensile test on suspension and strain insulators, | determine the relation between the puncture voltage 
and a bending or cantilever test on pin-type insulators. | and the mechanical load. There was more than one 
Switchgear insulators were often subjected to torsion | method of doing this, that corresponding most closely 
tests. Such tests were carried out in ordinary testing to practical conditions consisting in maintaining the 
machines. The temperature-cycle test consisted in| load and voltage constant, and observing the time 
subjecting the insulator to suddea changes of tempera-| taken for the insulator to puncture. Experimental 
ture, and was essentially a strength test, in which | results indicated, however, that, for permanent damage 
the stresses were of thermal origin. Analysis showed | to occur, it was necessary for the load to exceed a 
that temperatures of the order of 100 deg. C. were quite | definite critical value and for the puncture voltage 
capable of causing stresses of the same order as the | to decrease continuously as the load, however small, 
breaking stress of porcelain (500 kg. per square centi- | was applied. In _ properly-constructed insulators, 
metre). The presence of internal stresses had also} however, the variation of puncture voltage with the 
to be taken into account, and their effects minimised. | load for loads below the critical value was not great, 
As regards the practical details of the test, the specitied | while the dispersion of the results showed that 
times of immersion in the hot and cold baths varied | attempts were being made to observe a value which 
considerably, but were the same for all types and|was smaller than the experimental methods could 
sizes of insulator. It appeared that a rough, but/ detect. It was, therefore, impossible to say whether 
rational, rule would be to vary the immersion time | the effect existed or not. The lower the voltage 
as the square of the linear dimensions of the insulator. | applied to an insulator, the longer the time which 
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elapsed before it punctured, but the shape of the 
time-voltage curve and the value of the limit depended 
upon the load applied. For every load there was a 
voltage which must not be exceeded if puncture: was 
not to occur, and this voltage was lower the greater 
the load applied. Conversely, for a given applied 
load, puncture would occur only if the load exceeded 
a certain value, and this load was smaller the greater 
the voltage applied. The most interesting portion of 
the puncture-voltage load curve usually lay above the 
dry spark-over voltage. A reduction of the puncture 
voltage below this figure could usually only be attained 
by subjecting the insulator to a load in excess of the 
critical value. Such tests had, therefore, to be fre- 
quently made under oil. 

As regards fog or mist tests, trouble from these causes, 
though apparent only during dry weather, was primarily 
due to the presence of a surface deposit of dirt. First 
of all, therefore, a surface film approximating to 
those found in service had to be built up. This process 
was affected by the electrical and wind conditions 
and required careful standardisation. The experi- 
mental procedure best calculated to exhibit the effect 
of such deposits was to observe the discharge and 
spark-over voltage as a function of the relative 
humidity of the air for various thicknesses of deposit. 
It was found that the combined action of a heavy 
salt film and damp atmosphere was capable of reducing 
the spark-over voltage to a figure 30 per cent. of the 
value obtained at 25 deg. C. and 70 per cent. relative 
humidity. At 95 per cent. relative humidity, the 
spark-over voltage was frequently lower than in 
actual fog or rain, and the impulse spark-over voltage 
was practically unaffected by fouling. The phenomena 
observed with substances other than salt and soot 
were very similar, though metallic fumes and cement 
dust were most deleterious, the spark-over voltage 
frequency being reduced by them to 10 per cent. of its 
nominal value. Insulators had been designed to meet 
these conditions, and many of them were quite effective 
in service. 

In conclusion, the author said that, in the selection 
of high-voltage insulators, engineers were guided 
mainly by the principles laid down in the various 
national specifications. Since numerous networks 
equipped with insulators selected on this basis were 
giving fairly satisfactory service, it was obvious that 
the governing ideas of these specifications were not 
unsound. An insulator which did not comply with 
their requirements was practically certain to be 
unsatisfactory, but the converse was not true, for 
the present specifications were a little incomplete. 
Insulator troubles were invariably due either to exces- 
sive voltages, reduced insulation strength, or mechanical 
failure. In systems with an earthed neutral, lightning 
was the only source of over-voltage requiring con- 
sideration, and, from this point of view, the impulse 
and high-frequency characteristics of the insulator 
were of the first importance. It was, therefore, argued 
that the wave form of the impulse adopted during 
testing should approach as closely as possible to the 
disturbances produced by lightning. This reasoning, 
however, assumed that all lightning discharges gave 
rise to impulses of similar wave shape in the lines, and 
that the shape of these impulses was unaffected by 
the apparatus through which they passed on their 
way to the station. A reduction in the spark-over 
voltage might be caused by such conditions as rain 
or fouling, or by damage such as fracture of the 
sheds. As the impulse and high-frequency spark-over 
voltages were unaltered by rain and fouling, surface 
conditions only became important when the magnitude 
of the reduction was so great that the normal operating 
voltage could start trouble. As this could only be 
effected by fouling, the study of fouled insulators 
was of considerable practical importance. A reduction 
in the puncture voltage was almost invariably caused 
by mechanical trouble, while mechanical failures, 
though sometimes due to abnormal operating con- 
ditions, were far more frequentty to be traced to faulty 
design or defective manufacture. In this connection, 
the transmission of the load between the clamp and 
the porcelain required consideration. In fact, there 
were many phenomena affecting the service per- 
formance of insulators, about which the tests called 
for in the various standard specifications gave little 
information. Some alteration in these specifications, 
therefore, appeared to be desirable. 








Launcs or H.M. SuBMARINE “ PersEvs.”—The first of 
the four “‘ P’’-classsubmarines building by Messrs. Vickers- 
Armstrongs Limited, for the British Admiralty under the 
1927-8 programme, was launched at Barrow-in-Furness 
on May 22 last. It will be remembered that six “* P”’- 
class submarines have been ordered, four from Messrs. 
Vickers-Armstrongs Limited, one from Messrs. Cammell 
Laird and Company, Limited, and the remaining one from 
Chatham Dockyard. The Perseus is the first vessel of its 
class to be launched and, incidentally, is the 153rd 
submarine to have taken the water from the Barrow 
Naval Construction Works. 
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Position of Resultant a Vertical Water Pressures. 
Joint No.1. R.L.365. 
Joint No.2. R.L.345. 
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by the wind, as calculated by the Barton and Mans- 


IRRIGATION WORKS IN THE BOMBAY \ pate 
field formula, H = 1:5,/D + (2-5 —4,/D), is 


DECCAN AND THE BHANDARDARA 


AM AND BHATGA —Ill. 8-87 ft., of which two-thirds is above H.F.L. and (0-4 x 20 x 9-8) + (4% x 9-75) | 
i. piped one-third is below H.F.L. Upon striking a vertical = =7,508 ft.-Ib. ie ) J 
By E. Copztanp Syeterove, F.R.G.S., M.Soc.C.E. | ail the wave rises to twice its height. OS | 


(France), M.I.Struct.E. 
(Concluded from page 745.) 


A typical set of data and calculations is shown 
below for joint No. 2 (the data for joint No. 1 
involved numerous small measurements of the 


19-26—9-78 = 9-48 ft. up stream of setting-out line. 


Positions of Horizontal Pressures due to Wind and Water. 
Reference line is at R.L.200-00. 





IN our last article we dealt with the new Bhatgar - 512 x 8 
dam and its relation to the old, and described the corbelling and parapets). (68 x 8 x 189) + ——5—— x 187-67 
general features of the structure. The subject of Jot No. 2 hetpinctapindinniioes 2,590 


= 187-91 ft. above 200 R.L. 


200 + 187-91 = 887-91, or 2-91 ft. above R.L.385. 
F.S.L. to Joint No.1. B.L.365 (including wind and; wave). 


(12,800 x 171-67) + (2,500 x 187-91) 


Masonry weights at 160 Ib. per cubic foot. Joint 2, R.L.845. 
21 + 27°8 x 99 = 485 cub. ft.; 485 x 160 = 77,600 Ib. 


Total from top to joint No. 2 = 73,504 + 77,600 = 151,104 1b. 
Water pressure on upstream face of dam (at 64 Ib. per cubic 
foot). 


Horizontal Pressures. 


the foundations was also considered. 

At the time when the foundations were in progress, 
the exact finished form of the dam was not known, 
but a section up to F.S.L. was decided upon after 15 
experimental diagrams had been drawn. The parapet 
and corbelling came under consideration later, 
and was designed in a manner that would not 
upset the stresses previously assigned to the lower | 
part of the section. The stability diagram, given in | 





15,390 
= 174-40 ft. above 200 R.L. 
174-40 = 374-40, or 9-40 ft. above 365 R.L. 
. to Joint No. 2. R.L.845 (including wind and waves). 
(51,200 x 158-38) + (2,590 x 187-91) 








F.S.L. to joint No. 1 = 64 x 20 x 





= S 2 ~ 12,800 Ib. 53,790 
= 159-75 ft. above 200 R.L. 


F.S.L. to joint No. 2 = 12,800 x 4 = 51,200 lb. 200 + 159-75 = 359-75, or 14-75 ft. above 345 R.L. 





RL. 393-00. 









Fig.33. SECTION ABOVE 365- 00, 


Fall Supply Level RL. 
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Fig. 34. 
STABILITY OF UP-STREAM PARAPET. 
On TOP OF DAM. 
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l WN 
Figs. 32 to 34, was drawn to satisfy the conditions : : | \ \S 
That the wall should be safe against overturning at | oN \\ 
any joint, that nowhere should the maximum safe ps man een we 
intensity of pressure be exceeded, and that no sliding Pt NES nt Ja Ne Se Mas 
should take place at any joint; nine joints were eee 
considered. These requirements have been met aadiiieis smash aac: cia ina 
by keeping the line of resultant pressures @Very-/ F-.8.L. to joint No.1 = rs il. aia The arm of 7 Ww “ » ans the plinth - of joint and‘the 
where within the middle third, and by providing such 415.1, to joint No.2 = 64 x 0-4 x (20 +4 — 769 up-stream eccentricity from centre of joint. 
a width of section that a maximum pressure of 2301b.| ia ana ; 2 : 
. F wave pressure, horizontal. 

per square inch on any plane at right angles to the (8-12 + 0-12) Down- Total a 
resultant thrust is not sensibly exceeded. The| Waves:—8 x ———>—— x 64 = 2,110 Ib. RL. of | Width | Wilthae | Thickness | ‘of Dam 
minimum moment of stability is 1-97 times the; Wind:—s x @o, Ib, 1b. per equare foot) x 2 (for live load effect). | Jt] “Joint. | of Dam | Dam in ‘tae in ft. at 
overturning moment, and the safe coefficient against | ,,., " Wanen a ay 110 + 480 = 2,590 Ib, — ry . ie 
sliding of 0-70 has not been approached. Total horizontal pressure s joint No.2 = 63,790 Ib. Dy 

Though the weights of 150 Ib. per cubic foot for| Total vertical pressure on joint No, 2 = 151,872 Ib. , ist “acak, | a 
masonry and 62-425 lb. per cubic foot for water Centres of Gravity. r | | : | ‘ | 27-50 | 18-75 
might p Bris to be sufficient and usual, actual “aca the tng on Pe iliniiie Citing’ 
weighings showed that silty water at Bhatgar nt No.1. R.L8 See Fig. 33. 
a hakeptheselhaneaste| © ppraies ia Wise = (G40 + 600+ 10070 + 240 + | Potion of Line of | arin ot W trom | Ubaty'an Disses 

: 70 + 1,861 + 9,404 + 18,058) = 51,643 Ib. on of Masonry ; 
weight of some of the trap rock masonry reached | 51,643 x 19-50 = 1,007,039 ft.-Ib. (W) Downstream | or Dam at Joint in | “Contre of Toure 
as much as 162 lb. per cubic foot. The diagram,| (c) = 160 x 9-75 = 1,560 ft. Ib. C.G of whe oc, | ft. (@-c) = I a 
Fig. 32, shows the two lines of resultant pressures| (9) = 709 x 29-67 = 21,036 ft.-Ib. iectati Aiea 2 )- ™ 
as deduced for two pairs of weights, namely, 150 Ib.| (m) = 160 {ao X 656 x 19-50) + Ca x29-67) } 
per cubic foot, and 62-425 and 160 Ib. per cubic foot, = 421,700 ft.-Ib. - 1°68 | 16-21 | 2-46 
and 64 lb. per cubic foot. _ 1,007,089 + 1,560 + 21,036 + 420,017 

The effect of wind and waves was added, the most 73,504 Point of Action of Wind and Water Pressure. 
severe wind being that from W.N.W. with a fetch = eS 19-72 ft. from line of reference. tw) DB. “Aan Cer Wwme: 
of 7-12 miles. The height of the wave produced | 19-72 — 19-26 = 0-46 ft. down stream of the setting-out line. C = 1-63, 
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THE NEW BHATGAR (LLOYD) DAM, 


Fig.36. SECTION AB. 


Fig.35. UP-STREAM ELE VATION 


eS 








Railing <= 
RL IIS. 




















| RL.393-0 
\ £ SON = teh TIS — eee N 
FSLgO5_§ @ { del ae 
Heeaeiiel 
378. 
373-5 9795' 
361-75 
360-75 —-—- 
349 
348-6--—- 
+ ---7784----- 
FIG 25 
SIS RS~ 
SY Nh — DSYAS 
payor ISAS ZASVAS 
= -2'0' Cement Concrete 
i | 
! ean\Foundation Lerel_ R.L.292-75 
(1136 ) 
Position of line of action of vertical water pressure upstream 
of S.0.L. (C.G. of Pv), in ft. 
D = 9-48. 
Distance between the two lines of action of W and Po for the UP STREAM ELEVATION SECTION 


joint, in ft 
(C+D) = E = 11°11. 
Total vertical water pressure in lb. per foot length, Pv = 768. 
Horizontal component of resultant per foot length in Ib. 
H = 58,790. 
Lowering effect of Pv on H at the time of action of W. 
Pv xX E-—F 
H = 0-16. 


Position of line of action of horizontal pressure (H). 
above the joint, in ft., @ = 14-75. 
Height of point of action of wind and water pressure (P) on 
the line of action of W above the joint, in ft. 
(G—E) = H = 14°5 


Downstream Eccentricity of Resultant from Centre of Joint. 
Vertical component of resultant per ft. length, in Ib. 
V = 151,872. 
Horizontal component of resultant per ft. length, in Ib. 
H = 53,790. 
Height of point of action 4 P on the line of action of W in ft. 
above the joint, H 4-50. 
Position of the point of of action of (R) resultant at the joint. 
Downstream of C.G. of W. in ft. 
Hx sf 
a =K = 5°17. 
Upstream width of dam a = 9-66 
ee 4 line of action of W downstream of S.0.L. in ft. 
c= . 


Half the thickness of dam in ft. at the joint : = 18°75. 


Distance of resultant from centre of joint ‘or downstream 
eccentricity, in ft. 
(K +a+ce—T/2)=Ef = 2-71 


Arms of W, Pv and H from Downstream Toe of Joint. 

Downstream width of dam = b = 17-84 ft. 

Position of o of action of W, downstream of S.O.L. in ft. 
=c =1- 

Ams Ww e% ao toe of dam at the joint in ft. 

—c) = = 

ee pny 5 of line of action of Pv upstream of S.0.L. in ft. = 

Arm of Pv from downstream toe of dam at the joint, in ft. 
(b+d) = L3 = 27-32 

Position of line of action of H above the R.L. of the joint in 
ft., or arm of H from downstream toe of joint g = 14-75. 


Arms of Resultant Wind and Water Pressures from 
Downstream Toe of Joint. 

Weight of masonry above joint per ft. length, in Ib. 
W = 151,104. 

Arm ‘of W from downstream toe of dam at the joint, in ft. 
I = 16-21, 

Vertical water pressure above the joint per ft. length, in Ib, 
Po}= 768. 











Fig. 39. 
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THE NEW 2BHATGAR 


Fig.43. DOWN-STREAM ELEVATION 
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Arm of Pv from downstream toe of 'dam at the joint, in ft. 
L8 = 27-32, 
Horizontal component of resultant per ft. length, in Ib. 
H = 53,790. 
Arm of H from downstream toe of dam at the joint, in ft. 
g = 14°75. 


Moment of H and Pv (combined) from downstream toe of 
dam at the joint in Ib. 
(H x g) — (Pv x L38) = PL2 = 772,421. 
Resultant wind, wave and water ppremaats at the joint, in 
Ib. per ft. length. P = Pv? + He = 53,795. 
Arm of P from downstream toe of dam 3 "the joint, in ft. = 


> = ie 


P 


Stresses for Fig. 32 at B yon lb. per cub. ft. for Joint No. 2 at 
R.L.345 only. Reservoir full 


Thickness of dam in ft. at the joint = T = 27-5. 
bat: 4 masonry above the joint, in Ib. per ft. length =W= 
Vertical component of resultant, in Ib. per ft. length (masonry), 


vertical water = W + Po = V = 151,872. 
a component of resultant, in Ib. per ft. length = H = 


bs oo wind pressures on face above joint, in lb. per ft. 


VH2 + Po2 = P = 53,795. 
Resultant of masonry and water, in Ib. per ft. length 
/ V2 + H2 = R = 161,116. 
Sec2 L, being angle of resultant with the vertical, 


Ve or 1 + tan2 L = 1-125. 
Arm of 1 from downstream toe in ft. 
= 5 + Re = 16-21. 


Arm of P from downstream toe in ft. 
= lg = 14-36. 


Stresses for Fig. * ay 160 lb. per cub. ft. for Joint No. 2 at 
.L. 345 only. Reservoir Empty. 





Distance of resultant in ft. from centre of joint, or downstream 
eccentricity Ey = 2-71. 


Distance of W in = oom centre of joint, or upstream eccen- 
tricity, E. = 2-4 


Maximum Intensity of Stress in tg per Square Inch. Reservoir 
On upstream toe due to W on a horizontal joint 
Ww 1+6E. 
iat i ie 
On ge toe due to vertical component on a horizontal 
join 
P. hs x(1+- = 61-03 
1” 1447 ( 
On downstream toe aaa to — on a joint at right angles 
to resultant Pl sec2 L = 68-66 
Mazimum Intensity of aan’ in Lb. per Square Inch. Reservoir 
mpty. 
On ee toe due to we on a horizontal joint 


6 E. 
i aap * 1+ T = 17-68. 
On upstream toe ‘a to vertical component on a horizontal 
joint P.. 





= 


Vv 6 Ey 
Pp iat «(1+ = 15-67 


On upstream toe due to resultant on a joint at right angles 
to the resultant P2 sec? L = 17-68. 
Factor of safety against overturning. Reservoir full. 
Wx ily 
Pxh = 3- 17 
Coefficient of friction necessary for equilibrium 


H 
tanL = — 0-354 


It will be seen in Fig. 32 that, for reservoir full, only 
at joints Nos. 4 and 5 does one line of pressures fall 
outside the middle third, and then only by an amount 
less than 6 in. This line is deduced from assuming 
masonry at 150 lb. per cubic foot and water at 
64 lb. per cubic foot. Conditions more nearly 
realised in practice would be masonry at 160 lb. 
per cubic foot and water at 64 lb. per cubic foot. 


(LLOYD) DAM, INDIA. 











RL. 225-0 
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The line of pressures based on the latter figures 
falls within the middle third everywhere unfailingly. 
For conditions with reservoir empty, the line of 
pressures runs outside the middle third at joints 5 
and 6, at R.L. 285 and R.L. 265, respectively, but 
only by an amount less than 6 in. 

Like the Bhandardara Dam, the Bhatgar Dam is 
built of rubble masonry set in lime mortar, and is 
mainly composed of trap rock from local quarries. 
The facing has been done in Kar boulder stone, 
brought by light railway and lake barges from 
various selected quarries within a radius of ten 
miles. Carts and motor lorries brought lime, 
whilst-trap rock (as at Bhandardara) was crushed to 
form sand for a mortar, which, at nine months, gave 
a compressive strength of 2,000 lb. per square inch. 

The machinery on the works was driven by 
electricity generated in a hydro-electric plant on the 
site. The power house contains four 256 kw. units, 
coupled to reaction-type double-acting Francis 
mixed-flow turbines, capable of working at the 
maximum and minimum heads which occur in the 
dam. The turbines are regulated by oil-pressure 
governors capable of shutting down a unit in case of 
an emergency in ten seconds. 

Originally, at the commencement of the new works, 
water was supplied from the old Bhatgar dam to the 
turbines, through a pipe 2 m. (6 ft. 74 ins.) in dia- 
meter. This pipe ran horizontally from the old dam 
across the foundations of the new dam, as shown in 
Fig. 42, on this page, to the power-house, situated 
100 ft. downstream of the new dam. Here the main 





feeder branches into four distributory pipes for 
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THE NEW BHATGAR (LLOYD) DAM, INDIA. 


Fig.63. LONGITUDINAL SECTION. 
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supplying the four turbines. On the completion of 
the new dam, the pipe between the old and new dams 
was removed, and the sluice valve in the latter, 
operated by a 12-in. hollow rod from the top of the 
dam, already in position, was brought into action. 
The working head varies between 161 ft. and 60 ft. 

The dam is intended to supply water for irriga- 
tion purposes, and, to this end, the bulk of the water 
is discharged from October to February, but certain 
perennial crops take a minimum discharge of 150 
cusecs, which can be equalised with the turbine con- 
sumption of 290 cusecs, in 12 hours, by a balancing 
tank at the canal-head works 19 miles down the 
river. There is also provision for increasing this 
minimum to 600 cusecs in hot weather, for which 
purpose an 8 ft. 9-in. pipe is in readiness, as shown 
in Fig. 23, page 744, ante, and Figs. 38 to 41, page 776. 
The plant supplied during construction with power 
from this power-house was : (a) Electric creeping ele- 
vators, which hoisted materials up the face of the dam 
and climbed continually higher as the wall grew ; 
these placed 1,500 cub. ft. of masonry daily. (6) 
The sand and mortar machines, which were arranged 
in four batteries of ten mortar pans and two sand 
crushers. (c) The workshops where all repairs 
were done. The savings accruing from this electri- 
fication have more than paid for the cost of the 
installations. 

As will be imagined, a considerable supply of 
water was required locally during construction for 
the work itself, and also for the construction force, 
as well as for the permanent maintenance staff 
subsequently. These requirements were provided 
for by pumping from the lake into small reservoirs 
situated on the hills at the North and South ends of 
the dam. The pumping set consisted of two 9}-in. 
by 12-in. pumps, capable of delivering 617 gallons 
per minute against a head, including friction, of | 
200 ft. One of the pumps is a stand by. The small | 
reservoirs each contain approximately one day’s 
supply. The arrangements for observing and 
recording deflection and temperature are similar to 
those used on the Bhandardara Dam, described on 
page 600 ante. At chainage 1,960, there is a vertical 
2-ft. square plumb-line shaft between a chamber 
at the top of the dam and a gallery at the bottom. 
Precautions have been taken to exclude draughts of 
air from the shaft. 

To revert to the question of outlets, Figs. 35 to 
37, page 776, show the details of the sluices be- 
tween chainage 904 and 1,046, while Figs. 26 to 29, 
page 745, ante, show the details of the 4-foot sluices. 
The wall has been strengthened at these places, and 
upward pressure has been taken into consideration. 
The position of the rolling gates is shown in Fig. 
23, page 744, ante. There are 21 of these placed 
between chainage 3,519 and 3,794. They have 
been taken from the old dam and are 10 ft. 3 in. 





wide and 8 ft. high. These gates are raised and 
lowered by a crane on top of the dam; they 
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Fig. 65. Marin Waste WEIR. 


are raised for storing water and lowered for | 
discharging water. Each gate has four fixed 
rollers which run in grooves on the side frames. 
Adjustable gunmetal strips provide wearing sur- 
faces. The height of the fall from these outlets 
is 60 ft.; the impact of the fall is broken in the 
water cushion provided by the portion of the old 
dam, as described above. The old waste weir 
had 36 openings, but only 21 of these have been left 
open ; their sills have been raised 2 ft., and by this 
means the waste discharge from the new dam is 
prevented from falling on the new masonry. The 
water passing through the old weir escapes down the 
existing channel to the Nira River. 

The remaining gates of the old dam, namely, 
15 rolling and 45 automatic gates, have been placed 
at the south end of the new dam as shown in 
Fig. 23, page 744, ante, and Figs. 45 to 47, 
Plate LXII, herewith. Details of the automatic 
gates are given in Figs. 55 to 62, Plate LXIII. They 
are similar to the rolling gates, but are operated 
by counter weights instead of by the crane. 
When the counter-weight chambers are filled with 
water, the counter-weights rise and allow the gates to 
fall (see Figs. 58, 59 and 60). The counter-weights 
consist of steel boxes filled with sand and are heavy 
enough, when suspended in air, to cause the gates | 
to close. When immersed in water, the counter- | 
weight is lighter than the gate, which then opens 
by falling under its own weight. Water enters the 
counter-weight chambers through small openings 
in the piers near F.S.L. and escapes through drain- 
ing outlets at a slightly slower rate than that at 
which it enters the chambers. 

The discharge from these gates has a fall of from 
22 ft. to 35 ft., erosion and scour from which cause 
has been met by the system of training walls and sub- 
sidiary weirs shown in Figs. 47 to 54, Plate LXII. 
Fig. 65, above, is reproduced from a photograph of 
the main waste weir, and Figs. 63 and 64 show the 
water cushion formed by the subsidiary weir, across 
the old bed of the Yelwandi River, below the outlet 
sluices and power house. 

In all such schemes as above described, it is 
necessary to make provision for the direct purchase 
or compensation for riparian rights and the sub- 








mergence of land. Most of the land in the new 


lake, up to R.L.385, lies in the Bhor State. With a 
view to avoiding subsequent disputes, the whole of 
the contour was laid out, and numbered claims were 
registered in conjunction with the Bhor State 
authorities. The total area submerged in the new 
lake is 5,034 acres, of which 160 acres are British 
and 4,868 acres belong to the Bhor State. The 
assessment for each village was obtained from the 
State records, and the compensation payable was 
fixed at 75 times the assessment. 

The author desires to acknowledge his indebted- 
ness to the Government of Bombay, who have 
supplied him most generously with the data and 
other material from which these articles have been 
prepared. 








Boarp oF TRADE PATENTS COMMITTEE.—The President 
of the Board of Trade has appointed a committee to 
inquire whether any amendments in the Patents and 
Designs Acts, or changes in the practice of the Patent 
Office, are desirable, and to report upon the matter. The 
chairman will be Sir Charles a Sargant, and the members, 
Messrs. H. Ballantyne, H. A. Gill, E. H. Hodgson, W. 8S. 
Jarratt, Fearnley Owen, J. G. Weir, James Whitehead, 
and Sir Herbert Jackson. Mr. R. W. Luce, of the 
Patent Office, 25, Southampton Buildings, Chancery Lane, 
London, W.C.2, is to be secretary. 





THE Corrosion or O1-Storace TANKS.—Although 
the problem of preventing the corrosion of steel oil tan 
and other storage equipment is not a new one in the 
petroleum industry, the increased outputs of high-sulphur 
crude oils in the Texas Panhandle and West Texas areas 
of the United States have latterly increased the diffi- 
culties to be met. The sulphur is mainly present in the 
form of hydrogen sulphide, and the percentage present, 
by volume, may vary from 0:50 to 0°65 to as much as 
10 or 12. A curious point, however, is that corrosion is 
more pronounced in the case of the lower percentages 
of hydrogen sulphide than when higher percentages 
are present. The whole question is being examined in a 
field laboratory recently established near Borger, Texas, 
by the United States Department of Commerce, in 
conjunction with a number of leading oil companies. 
One suggested method of combating this particular 
type of corrosion is the use of aluminium for the con- 
struction of tanks, which metal offers a high resistance to 
the corrosive action of sulphuretted hydrogen and high- 
sulphur crude oils. Five new tanks have accordingly 
been erected for testing purposes; three of these are 
of aluminium while the remaining two are of steel. 
The tests will extend over a period of twelve months, and 
the results will be published in due course by the United 
States Bureau of Mines. 
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SUPERSATURATION IN STEAM AND 
ITS INFLUENCE UPON SOME PROB- 
LEMS OF STEAM ENGINEERING. 

By C. F. Powe tt. 
(Concluded from page 713.) 

Calculation of the Heat Drop for Supersaturated 
Expansion.—Following Callendar, we shall make 
the following assumptions :— 

(1) That up to the point at which cloud-limit 
condensation begins, the steam remains dry and 
expands in accordance with Callendar’s equation 


total heat, H, at any lower pressure, P, is given by* 


3 
H = H, — 0-4457 P, (V, — 0-0160) [2 ~_ ()33| 
1 


—0-001648(P,-— P) . . (8) 


We can plot H against P and add the graph of H,, 
against P (from Table II or Fig. 4, page 712 ante). 

The intersection of these graphs fixes the pressure 
P,,, at which the steam reaches the Wilson line. 
The value of the first part of the integral is merely 
(H,—H,,), where H,, is the value of the total heat 
of steam at the cloud limit at P,,, and H, is the 
initial total heat of the steam. + 








for dry steam. 


(2) Afterwards, at any given pressure, the vapour 


is at the cloud-limit temperature (i.e., a little 
colder than it normally would be), but any water 
which has condensed from the vapour is at the 
normal temperature (i.c., the saturation tempera- 
ture) corresponding to the pressure.* For any 
given value of the pressure, these two temperatures, 
4, and 6,, may be found from Table II, page 713 
ante. We know that 


H=E+PV 
SH=6E+P5V+V5P, 


for any change whatsoever, whether reversible or 


irreversible. 


1:12 





2. During the second part of the expansion the 
steam becomes wet. The wet expansion may 
be regarded as taking place in accordance with the 


equation P V’,= constant, where 7 is constant over 


a small range of pressures only. This forces us: 


to adopt a step-by-step method of approximation, 
details of which are given in the appendix. 

The results of calculations made by this method, 
for steam initially dry and saturated at 165 lb. 
expanding adiabatically down to different pressures 
under supersaturated conditions, are given in 
Table III. Included in this table are the corre- 
sponding values of the heat drop if the expansion 
is assumed to take place in conditions of thermal 
equilibrium. The difference between column (b) 
and column (c) is the loss of 
heat drop due to supersatura- 
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tion and this difference is given 
in column (d). 

Flow of Steam through Noz- 
zles.—We can test the validity 
of the supersaturation theory, 
using the new data, by seeing 
how its predictions compare 
with the best experimental re- 
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maintained constant at P,, 
through a nozzle to a region 
where the pressure is P,. If 
the back pressure P, is gradu- 
ally reduced, the mass of steam 
| discharged by the nozzle per 

second increases until P, reaches 
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(e96.€) Initial Temperature of Steam 


Also, by the first law of thermodynamics, 


6Q=6E+P5V, 
hence 
5H=65Q+V56P, 


hence, in adiabatic expansion, whether reversible 
or not, 
6H=VO56P, 


Py 
; , — H,— | V.8P, 

P 2 
=the increase in total heat in passing adiabatically 
from the lower pressure P,, to the higher pressure 


be 
Pi 
V.6P 
P, 


gives the loss of total heat in expanding adiabatically 
from P, to P,. 

We require, therefore, the value of this integral. 

It can be divided into two parts :— 

(1) From P, to P,,, P,, being the pressure at 
which the cloud-limit line is reached; and (2) from 
P,, to P,, the region in which cloud-limit condensa- 
tion is taking place. 

(1) The first portion—in which the steam behaves 
as a gas in one phase obeying Callendar’s equation— 
can be calculated as follows :— 

If P,, V,, and H, are the initial values of the 
pressure (lb. per square inch) specific volume (cub. ft. 
per lb.) and total heat (per lb. in Ib. calories), the 





_ * This assumption seems to be the one most easily 
justified, although other assumptions are possible. Thus, 
the assumption that the water is at the same temperature 
as the steam produces practically no difference in the 
calculated heat drop in expansion between two pressures. 


780 
before entering Nozzle 


190 acertain value. Further reduc- 


tions in P, then produce no 
change in the discharge. The 
limiting value for the discharge can be found as 
follows :—Let P be the pressure in the steam at 
any point “a” on the axis of the nozzle and let 
the area of cross section of the nozzle, at “a”, be A. 
Tasie IIIl.—Heat Drop of Steam Initially Dry Saturated 

at 165 Lb. per Square Inch, Expanding under Adiabati 

and Frictionless Conditions down to Different Pressures, 


























(a) (0) (4) (@ 
Heat dropin | Heat drop on Loss due to 
Pressure in supersaturated ordinary supersataraté 
Ib. per square flow in theory, = pom on 
inch. calories calories Cuntignade. 
Centigrade. Centigrade. aa 
165-0 _ _— _ 
120-0 14-52 14-66 0-14 
100-0 22-48 22°84 0-36 
80-0 31-96 32-55 0-59 
64-0 41-17 42-00 0-83 
56-0 46-56 47°56 1-00 
48-0 62-67 53-86 1-19 
40-0 59-74 61-11 1-37 
32-0 68-19 69-84 1-65 
24-0 78-74 80-71 1-97 
16-0 93-01 95-47 2-46 
12-0 102-74 105-51 2°77 
8-0 115-93 119-19 3-26 
5-6 127-05 130-73 3-68 
4-0 137-15 141-19 4-04 
2-4 151-80 156-45 4-65 
1-6 162-89 168-01 5-12 
1-0 175-16 180-88 5-72 
If V is the specific volume of the steam at pressure 
P, and M the discharge in lb. per second, then 


AU 

V ’ 

where U is the velocity of the steam at “a” in 
feet per second. 


M= 








* See Callendar’s Steam Tables, page 8. 
+ Alternatively, this portion of the heat drop can be 
determined directly from the H — ¢ diagram. (See below.) 





Let the total heat per lb. of the steam when at 
rest be H,, and when in motion at “a” be H. 
Then U? = 2g J (H,—H), where g, J have their 
usual significance. 
Substituting for U we have 
M [2gJ(H,— HH) 
[era my 
Let us assume that the expansion is adiabatic 
and frictionless, and that it takes place under super- 
saturated conditions. The calculation of the 
quantity 


(9) 


2g J (Hy — H) 
v2 


for expansion down to any pressure, P, can then 
be made by the methods already described. This 
quantity is found to have a maximum value at a 
certain pressure, P!, If the back pressure P, is 
less than P', the discharge will have attained its 
limiting value and P! will be the pressure at the 
throat of the nozzle. Substituting the maximum 


value of LEA — tak) in equation (9) and replac- - 


ing A by the throat area, the limiting discharge can 
be calculated. 

The best experimental results for the limiting 
discharge of steam by nozzles, in the case where 
the steam is initially saturated or only slightly 
superheated, are those of Mellanby and Kerr.* 

They experimented with four straight nozzles. 
Two of these had tubes down the middle for pressure 
determinations, and two had not. Of the latter, 
one was long and the other short. The last of 
the four is manifestly the one in which frictional 
losses are least. The results obtained with it 
are, therefore, those most suitable for comparison 
with theory. The initial pressure of the steam 
in experiments with this nozzle, was always constant 
at 74 lb. per square inch, and the limiting discharge 
was measured for different initial temperatures of 
the steam. In Fig. 5, curve a, the experimental 
results are shown, whilst curve 6 shows the 
theoretical flow calculated when the expansion is 
supposed to take place under supersaturated 
conditions, using the new values of H,,, P,,, &c., 
given in Table IT. 

It will be seen, from Fig. 5, that the theoretical 
results are completely in accord with experiment. 
The two curves both show a kink for a superheat 
of about 15 deg. C. to 20 deg. C. At this value, the 
steam just reaches the cloud limit at the throat of 
the nozzle, and for higher superheats the discharge 
may be calculated from the formule which apply 
for dry steam. The difference between the two 
curves at a given temperature gives the drop in 
discharge due to friction and imperfections in the 
flow generally, and this loss increases steadily with 
the superheat. 

The line « 8 y in Fig. 5 (partially dotted) gives the 
theoretical curve based on the assumption of expan- 
sion in thermal equilibrium ; 8 8 7, partially dotted, 
is the curve for supersaturated expansion assuming 
that the supersaturation at the cloud limit is 
eight at all temperatures. 

Flow through a Turbine.—The agreement between 
theory and experiment in nozzle discharge enables 
us to apply the supersaturation theory to flow 
through a turbine with some confidence. In general, 
the expansion does not take place so rapidly as it 
does in a single nozzle but, at worst, the calculation 
will give an estimate of the maximum loss which 
can arise from this source. There is, however, 
some evidence, both theoretical and practical, 
which points to the conclusion that the behaviour 
of the steam is accurately described by the assump- 
tion we have made in the calculation of heat drop 
in supersaturated expansion. Thus Callendar con- 
cluded from his analysis of the pressure distribution 
in the turbines of the S.S. Mauretania that the 
supersaturation at high temperatures was consider- 
ably less than eight. He considered that the state of 
steam at the cloud limit would best be represented 
on the H, log P diagram by a line coincident with 
the 3 per cent. wetness line. This may be compared 
with the writer’s new curve, Fig. 4, page 712, 
ante. The agreement is thought to be satisfactory 
when the nature of the evidence at Prof. Callendar’s 





* Mellanby and Kerr. Proc. Inst. Mech. Eng. June, 
1922, page 855. 
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disposal is considered, but it is significant that the 


loss due to supersaturation was over-estimated. 

The method of calculation of heat drop described 
in this paper, and in the appendix, is obviously 
somewhat arduous. A t simplification arises, 
however. In Fig. 6, the loss of heat drop due to 
supersaturation, 6 H, of steam expanding from dry- 
saturated conditions at 165 lb. per square inch 
down to a pressure, P, has been plotted against P, 
the pressure being plotted logarithmically. The 
values are taken from Table III, page 779, column d. 
It will be seen that the points lie very accurately 
on a straight line. In this case 5 H, can, therefore, 
be represented by a formula 


6H = K logy Pee 
where P,, is the pressure at which the cloud-limit 
condition is reached during the expansion, and 
a, K are constants. Similar results are obtained 
using different values of the initial pressure of the 
steam, although the constants K and « vary with 
the pressure at which the cloud-limit line is reached. 
Values of K and « corresponding to different 
values of P,, are given in Table IV. The rule for 
finding the adiabatic heat drop in steam expanding 
between two given pressures, taking supersaturation 
into account, may, therefore, be expressed as fol- 
lows :— 

“Find the heat drop of the steam, 4H), in 
expanding in thermal equilibrium between the 
initial pressure, P, and the final pressure P, by 
the ordinary methods. Find from the H, ¢ diagram 
the pressure P,, at which the steam crosses the 
cloud-limit line. Then the true heat drop, A H, 
the maximum that can be obtained from the 
steam even under ideal conditions of flow, is given 
by the equation 


AH = AH, —Klogy (+a 


a (10) 


(11) 


where the values of K, «, corresponding to P,,, 
are found in Table IV. 

Values of the entropy at the cloud limit, ¢,,, 
thermodynamically consistent with V,,, P,,, defined 
by the equation (7), have not yet been calculated. 
In H — g diagrams, however, the lines of constant 
pressure for superheated steam are sometimes con- 
tinued by dotted lines into the wet,region.* When 
this is the case, it is a simple matter to plot the 
cloud-limit line on the H — g diagram from the 
values of H,,, P,, given in Table III. While 
the steam is dry the adiabatic frictionless expansion 
is a change at constant entropy, and the pressure 
at which the cloud-limit line is reached is readily 


TanLe IV.—Values for K and « for Finding the Heat Drop 
between Two Pressures for Supersaturated Flow. 
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found from the H — ¢ diagram. It is given by the | 
pressure at the point of intersection of the cloud- | 
limit line with the line of constant entropy through 
the point representing the initial state of the steam. 
The writer believes that attempts have been | 
made to decrease the losses due to supersaturation 
by introducing electrified particles into the steam. 
Wilson’s results showed that, at ) deg. C., these par- 
ticles required a much smaller supersaturation, in 
order that condensation might take place on them, | 
than that required for associated molecules. The | 





new experiments have shown, however, that this | 5° that 


difference in the supersaturation is very much | 
reduced at higher temperatures, so.that, even if | 
the practical difficulties could be overcome, the 
advantages to be gained by introducing an adequate 
supply of electrified particles are very small. 





* See, for example, Steam Chart based on Callendar’s 
Tables and Formule, by H. M. Martin. ENGINEERING, 
vol. cvi, page 1. (1918.) 





In conclusion, it may be mentioned that experi- 
mental work described in the above paper was 
carried out while the author was a student under the 
Department of Scientific and Industrial Research. 





' APPENDIX. 


(Taz CALOULATION oF Heat Drop IN SuPER- 
SATURATED EXPANSIONS. 


In the paper, the method of finding the pressure 
P,, at which the cloud limit is reached was ex- 
plained, together with the determination of the 
drop in total heat of the steam in expanding from 
the initial pressure, P,, to the pressure at which 
cloud-limit conditions are reached, P,,. While the 
steam remains dry, the adiabatic frictionless expan- 
sion is a change at constant entropy. When 
condensation sets in, this is not the case, for the 
vapour is at one temperature and the water at 
another. With the supersaturation theory, as here 
presented, there is, however, no sudden change in 
entropy when the cloud limit is reached. The 
condensation takes place gradually as the expan- 
sion proceeds, the mixture becoming gradually 
wetter, just as on the ordinary theory. 

In order to calculate the drop in total heat 
when condensation has started, the following method 
may be used: We want to find the drop in total 
heat in adiabatic expansion from the pressure, 
P,,, to the final pressure P,, i.e., to determine the 


integral, 
Pes 
| V ad2. 





STEAM INITIALLY ORY 
SATURATED AT I6SLB. PER SQ.IN. __| 
EXPANDING WITHOUT FRICTION 
& ADIABATICALLY DOWN TO 
“SI DIFFERENT PRESSURES: 


Fig.6. 
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The wet expansion takes place in accordance 
with an equation of the form :— 


P VY = constant, 


where 7 may be assumed to be constant over a 
small range of pressure only. This fact forces us 
to use a step-by-step method of calculation, such 
that, within each step of pressure, is sensibly con- 

stant. 
Let the pressure at the end of successive steps be 
ys Ta» Ty « + Tn where ™m= Poe 


The heat drop in the first step from P,, to 7, 





equals 
Pgs 
V.6P, 
my 


where P V’ = constant. 
This leads to the well-known formula for the heat 


drop 


v, being the volume of the mixture at 1,. 


We can get rid of the coefficient rene from 


1 
the fact that 


Pss Vss! ety | 0,7, 


whence 
log Pes 
ID i ie eg 
ol log Pes - Vos’ 
ta Ue | 
1 Pes 
og 4 
AH, = ae [Pss Vss — 7%]. (12) 
7% 


This gives us one equation between 4 H, and »,, 


since all the quantities except these two are known. 


We can get another equation between AH, and 


v, a8 follows :—If H,' is the actual total heat per 





| lignite mines, 
| during the year under review, was 1,016 kg. (2,235 lIb.), 





pound at m,, and qg the dryness fraction of the 
mixture, then 
Hy’ = q Hest + (1 — q) he, 


vy = q Ves’ + (1 — @) v5", 
where H,,! is the total heat of 1 lb. of steam at the 
cloud limit at 7,; V,,! the specific volume of steam 
at the cloud limit at 7,; h,! the total heat of 1 Ib. 
of water at the saturation temperature correspond- 
ing to m,; and v,! the corresponding specific volume 
of 1 lb. of water. 


and 





Eliminating g, we get 
H,! —_ hs? ay vl — vgt 
Hyg! — hg! Voss! — vg" 
Now putting H) = H,, — aH, 





ae 
snot + geramg| (BoM) 


Ves! — vs" 
is Hyg" pa hg | 4 me 
where the accented quantities are taken at m, 
and the unaccented quantities at P,, from Table 
II, or Fig. 4, and from the Steam Tables. Plotting 
v, against A H,, the intersection of the graphs of 
(12) and (13) gives the value of AH, required. 
v, and A H, can then be found accurately by trial. 
Alternatively, the determination of A H, can be 
made as follows :— 


(13) 


P, P 

ax, - | “v.ap—[ "oe, 
_ ous Le | P 
Since y does not differ very much from unity, 


we can make an approximation to A H, by writing 
88 


[9 
Ty Wy P 


This approximation is then used in equation 
(13) to determine v,, and this value of v, is substi- 
tuted in equation (12) to give an accurate estimate 
of AH,. A single calculation by this method gives 
a sufficiently accurate value of A H, for all practical 
purposes, provided the steps of pressure are small. 
This calculation must be repeated for the next 
step, and so on. The steps are sufficiently close if 
the lower pressure is not less than half of the 


dP 


PY — Pos Ves Ps Voss. loge Pos. 
ig mr 


upper. For instance, if P,, = 50 lb. per square 
inch and P, = 1 lb. per square inch, the stages 
might be :— 


50 to 25, 25 to 16, 16 to 8, 8 to 4, 4 to 2, and 2 to 1. 


This calculation gives the drop in total heat 
while the steam is wet, and if the quantity (H, — 
H,,) is added, we get the whole heat drop over the 
entire range of expansion. Calculations on these 
lines yield the empirical rules for practical purposes 
which have already been given. 

Throughout this paper it has been assumed, 
following Callendar, that during the wet expansion 
the vapour is at one temperature and the water 
which has separated is at another. This assump- 
tion has the disadvantage that the state of the 
working substance cannot then be represented on 
the simple T— diagram. It has been found 
that if it is assumed that the water is at the same 
temperature as the vapour, the drop in total heat 
of the working substance in expanding between 
two given pressures differs very little from that 
deduced from the more complicated assumptions. 
On this new assumption, expansion under super- 
saturated conditions is exactly similar to expansion 
under saturated conditions, the supersaturation line 
taking the place of the ordinary saturation line. 
This simple theory will be discussed in more detail 
in a later paper. 








CZECHOSLOVAKIAN Coat INDUSTRY.—The output of 
coal from the Czechoslovakian collieries during 1928, 
totalled 15,171,403 tons. The production of lignite, 
in the same year, aggregated 20,709,558 tons. The 
number of workers employed was 94,420, of whom 
56,811 were engaged in the coal mines, and 37,609 in the 
The output of coal, per miner, per shift, 


compared with 760 kg. (1,672 Ib.) in 1913. On the 
other hand, the corresponding figures for lignite were 
2,029 kg. (4,464 lb.) last year, and 2,188 kg. (4,814 lb.) 
in 1913. Coal, to the extent of 11-17 per cent. of the 
gross output, was exported during 1928. In the case of 
lignite, exports were equivalent to 14-58 per cent. of 
the production. Imports into Czechoslovakia, during 
the same 12 months, comprised, coal, 2,423,927 tons; 
lignite, 67,264 tons; and anthracite, 15,665 tons. 
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THE INSTITUTION OF GAS 
ENGINEERS. 


(Concluded from page 763.) 


THE remaining reports and papers taken at the 
meeting of the Institution of Gas Engineers on the 
afternoon of Wednesday, June 5, are summarised 
below. 


Faorors INFLUENCING THE Reactivity or CoKE, 


A report bearing the above title, by Mr. F. J. 
Dent and Professor Cobb, emphasised the fact 
that, apart from the ash, the coal consisted of two 
groups of constituents, the one fusible and the other 
infusible. The former would melt during the carboni- 
sation, spread on the surface, decompose with loss 
of vapours, and bind the other constituents into a 
coherent coke. The binder, i.e., the decomposed 
fusible portion, was itself unreactive and, above 900 
deg. C., formed a graphite carbon on the surfaces, 
not only on the outside of the lump of coke, but 
on the surfaces of all the cells and pores. The 
film of graphite carbon would not form on charcoal. 
In a caking coal and its coke, the binder forma- 
tion took place mainly on the external surface, 
which could be removed by gasification if the pre- 
vious heating had not been prolonged. The surface 
atoms of carbon were less firmly bound than the 
internal atoms, and were first attacked in the re- 
actions. There was an affinity between the sodium 
carbonate in soda coke (coke impregnated with 
minerals or mixed with minerals) and such coke 
tended to graphitise at temperatures above 900 
deg. These structural characteristics were not 
revealed by Réntgen-ray examination and by some 
chemical tests, but they had been studied since 
1923, chiefly in Germany. The report reviewed this 
literature and described the new experiments, made 
at temperatures up to 1,000 deg. C., which first 
brought out the graphitic nature of the film. 


DispPosaL oF Liquor EFFLUENTS FROM GaAs 
Works. 


The third report of the Liquor Effluents Research 
Sub-Committee was presented by its chairman, 
Mr. C. F. Botley, of Hastings, and particulars of the 
researches conducted were given by Dr. A. C. 
Monkhouse. On the suggestion of the Alkali 
Inspector, they had experimented on the reduction 
of the higher tar acids by the removal of the heavier 
tar at a temperature above the dew point of the 
gas before condensation of the liquor commenced, 
and on the separate storage of tar and liquor. 
Their tar extractor, installed in the hot foul main 
before the retort-house governor, consisted of a 
main in which a finely-divided spray of liquor 
impinged upon the gas stream. This reduced the 
higher tar acids, but some liquor condensed with 
them, unless the seal ports, &c., were lagged and 
the circulating liquor was heated by a coil. In 
order to deposit more tar acids, an electrosfatic 
tar precipitator was installed by the courtesy of 
Messrs. Lodge-Cottrell, Limited, in the new setting 
of the vertical retorts at the Hinckley Gas Works. 
This precipitator consisted of 12 vertical tubes with 
insulated axial wires raised to a potential of 50,000 
volts ; the gas circulation was upward. Heating of 
the side boxes, &c. again proved necessary. So far 
as the higher acids and the dark colour were con- 
cerned, this removal was effective, but the percen- 
tage of monohydric phenols (C,H;-OH), and with 
them the total oxygen-absorption power, increased, 
because the deposited tar had previously acted as a 
solvent. The sewage percolating filter beds at the 
Foleshill Gas Works, Coventry, proved highly 
efficient, even when the sewage was mixed with 
spent liquor, including devil liquor, except during 
the severe weather. 


Economics rN AMMONIA RECOVERY. 


The first report of the Ammonia Sub-Committee, 
also presented by Mr. Botley, included a paper 
by Messrs. H.¥Hollings and S. Pexton, of the 
Gas Light and Coke Company, on Economies in 
the Recovery of Ammonia by the Indirect Process. 
The paper dealt with the economies to be realised 
by eliminating the use of extraneous water and 
steam, as far as possible, in extracting the ammonia 
from the gas, by a fractional condensation of the 





virgin liquor, by making use of the boiler feed as 
cooling water, and by other means. 


REFRACTORY MATERIALS. 


Mr. John P. Leather, chairman of the Joint 
Committee of the Institution and the Society of 
Gas Engineers on Refractory Materials, briefly 
outlined the work done by Messrs. A. J. Dale, 
F. Wheeler, H. T. S. Swallow, V. Hackney and 
S. R. Hind, embodied in papers on the Effect of 
Temperature on Heat Insulators, the After-Expan- 
sion of Silica Refractories, the Influence of Oxidising 
and Reducing Atmospheres on Refractory Materials, 
and on Hot-Patching Cements. The damage done 
to retorts by reducing gases and steam, in particular, 
it was pointed out, could be avoided by the use 
of suitable materials and furnace design. The 
Committee did not propose any change in the 
testing regulations, although retorts were worked 
at temperatures above the 1,400 deg. C. of the 
regulation tests, and although experiments proved 


| that, at higher temperatures, a permanent volume 


increase became noticeable in silica bricks which 
the ordinary tests at 1,410 deg. C. did not reveal. 
These changes also depended upon the specific 
gravity of the material, but further density tests 
were not proposed at present. The reactions are too 
complex for summarising. Hot-patching cements 
should contain at least 50 per cent. of grog, and 
silica cements as much as 7 per cent. of powdered 
bottle glass. A novel and promising method for 
applying the cement was to fill a small iron tube 
with the cement and back it by a small cartridge, 
which, fired by the heat of the retort, ejected the 
cement into the retort or the joints. 


Gas PURIFICATION AT BIRMINGHAM. 


In his Notes on Purification, Mr. George O. 
Pearson, of the Windsor Street Gas Works, Bir- 
mingham, gave detailed information on the design 
and working of the purifiers. The boxes used in 
the works reconstruction in 1879 were 40 ft. 
by 32 ft. by 6 ft. deep; in 1891, longer boxes 
(66 ft.) were adopted, and in 1903 new boxes, 
charged with iron oxide, instead of lime, were 
employed. Trouble then arose because the gas 
by-passed, and much of the oxide remained unused. 
The length of the boxes was reduced, and they were 
arranged in twé primaries and four secondaries, 
and later in four primaries and two secondaries, 
the oxide finally forming one layer, 3 ft. 9 in. deep, 
in boxes 36 ft. square, fitted with open-spaced 
grids and holding 100 tons of oxide. A little air 
was admitted to the gas, which flowed downward 
at the inlet to the purifiers, for revivification in 
situ. The adoption of vertical retorts (since 1912) 
and the increased gas production to 10 million, 
and later to 24 million cub. ft. a day, necessitated 
five sets of new boxes, each set capable of dealing 
with 4,000,000 cub. ft., arranged in four primaries 
and two secondaries. Full constructive particulars 
of these boxes were given. A grease packing was 
caulked into steel channels fitted on the lid to 
make the joint; rubber packings proved unsatis- 
factory. The gas flow to the boxes was controlled 
by large-size U-valves with syphon overflow, freez- 
ing of the water in the ““U” being prevented by 
draining the valve in frosty weather and charging 
it with steam or hot water, or by the use of water 
from the condensers. 

The new purifier house was a reinforced-concrete 
structure, about 147 ft. by 115 ft. by 52 ft. high, con- 
sisting of ground floor, grid floor for the purifiers, 
and revivifying floor, and covered by a roof, of the 
timber Belfast lattice type, in three spans with 
a glazed skylight. The oxide was handled by two 
electric hoists running on steel joists. When further 
extensions became necessary, gas washing with 
ammonia and with soda (Koppers’ process) were 
investigated. The capital cost of the Koppers’ plant 
was only half that of the earlier plant, but the 
working expenses were in favour of the iron-oxide 
boxes, and a new oxide house was therefore con- 
structed, this time with only one floor, 288 ft. long by 
117 ft. wide, containing one unit of twenty-four 
boxes, eight boxes long and three wide, charged 
by a Goliath crane and a grab. The latter opened 
very slowly, and did not dump the oxide down in 
a solid mass. The work in the purifying shed was 


now largely mechanical, Ingersoll-Rand mechanical 
diggers being used. Trouble had, however, been 
experienced from concrete corrosion, as in the old 
house. To obviate this, all the cement and steel 
were tested at the gas works and by the Industrial 
Research Laboratories of the Gas Department. 

During the discussion of the paper, Dr. W. B. 
Davidson gave some further information concern- 
ing the liquid purification of gas by means of 
ammonia, on which he had experimented in these 
works. This had been an important problem before 
the war, when the illuminating value of the gas 
was important, and, at the Nechells Test Works, 
they had entirely purified the gas of hydrogen sul- 
phide and carbon dioxide. With vertical-retort gas, 
the removal of 1 per cent. of CO, enabled them to 
use more steam, and to produce one additional 
therm per ton. The loss of ammonia in the treat- 
ment having now become insignificant, owing to 
the low value of ammonia, the liquid purification 
method was being retried. Dr. G. W. Anderson 
(London), remarking that oxide purification still 
held its own, questioned Mr. Pearson’s figures as to 
the minima of ordinary and of active oxide required, 
and expressed the view that cement tests might 
be left to the cement works. Mr. T. Rhead, also 
of the Windsor-street Works, Birmingham, and Dr. 
E. W. Smith, further commented upon the newer 
purification methods. They pointed out that the 
American methods of burning H,S into SO,, the 
ferrox process, and the arsenic-acid process would 
not be tolerated by the British authorities, and 
did not, moreover, remove all the H,S ; for financial 
reasons also, oxide purification would have to be 
continued. Mr. Pearson mentioned, in his reply, 
that their cement tests were supplementary to the 
manufacturers’ tests, and that they had tried every 
kind of iron oxide on the market. 





INTERNATIONAL COMMISSION ON ILLUMINATION. 


The report presented by Mr. Robert Watson, of 
Doncaster, gave an account of the proceedings of the 
meeting of the International Commission on Illu- 
mination, held from September 22 to September 25, 
1928, at Saranac Inn, New YorkState, under the presi- 
dency of Mr. C. C. Paterson, when some 60 papers 
were discussed. A meeting of the Illumination 
Engineering Society, at Toronto, had followed the 
international conference. The United States, most 
European countries, and Japan were represented at 
the Conference, which devoted particular attention 
to street lighting, glare, and education in lighting. 
As regards street lighting, the British Standard 
Specification had adopted the minimum horizontal 
foot-candle values approximately at ground level. 
America measured the candles 4 ft. above ground and 
Germany 1 m. above ground. It was finally agreed 
that both the average and the minimum horizontal 
values should be stated, and that further information 
should be collected on the methods of determining 
brilliancy, glare, visibility, and other matters. The 
need for educating the public concerning lighting 
was strongly emphasised. The previous meetings of 
this commission have been held at Berlin and Paris ; 
the next meeting will be in London, in 1931, when, 
it was hoped, gas interests would be better repre- 
sented than they had been hitherto. In the mean- 
time, Mr. C. C. Paterson remains president, and Dr. 
J. W. T. Walsh honorary secretary. 








British STANDARD SPECIFICATION FOR ELECTRICITY 
Merers.—The British Engineering Standards Asso- 
ciation has recently issued a revision of the 1919 edition 
of the specification for electricity meters. The new 
publication, which is designated No. 37/1929, differs 
from its predecessor in several important respects. In 
the first place, the permissible limits of error have 
been appreciably reduced, the limits for all sizes, grades, 
and types of meters now being within the Board of Trade 
limits. In the second place differentiation has been 
made in several important respects between direct-current 
and alternating-current meters. In the 1919 edition, 
no differentiation was made as regards the majority of 
the electrical performance requirements. In the new 
specification, two grades of both alternating-current 
and direct-current types of meters are provided for; 
namely, a sub-standard grade and a commercial grade. 
Finally, the registering mechanism is now restricted 
to the pointer type, and must consist of not less than 
six pointers, except, of course, in the case of electrelytic 
and various special-purpose sub-standard meters. Copies 
of the new specification may be obtained, price 2s. 2d. 
post free, from the B.E.8.A. Publications Department, 
28, Victoria-street, London, 8.W.1. 
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latter of these substations is illustrated in Fig. 41, 
on Plate LXV. In each case outdoor static trans- 
formers are used in conjunction with rotary six- 
phase converter groups, each unit being made up 
of two converters in series. At Bedous there are 
four converters, each rated at 375 kw., 750 volts at q 
1,000 r.p.m., constructed by the Société Alsacienne. Wy 
They po started up from the alternating-current side Y iff gi Brass Washers 


lr 


, of 
Fig. 44. \ wm 
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with only one line of brushes down ; the remainder eaclccadiad a “ia 
are lowered when the machine has run up to speed. Yi Be RS 
Three-phase current is stepped down from the } y A — tee 
60,000-volt mains of the power company. SY “-—--- oes er 

The substation at Urdos, which is situated 15 km. Wf ; 

é // . 

up the valley from the French terminus of the line J ath § 
at Bedous, has to deal with the traffic on heavy f ‘ | 
gradients. In this case four Thomson-Houston + Se, S 








rotaries, each of 1,000 kw. capacity, are installed, and} «------ 435 Dia. - 
at Forges d’Abel rotaries of the same size and type 
areemployed. The 2,600-kw. converter can carry a 
200 per cent. overload for five minutes ; on the day of 
the opening of the line, one group handled two 300- 
ton trains closely following one another. 

Itis of interest to note that, on the 60,000-volt high- | 
tension side, no lightning dischargers are used, thus 
following a practice largely adopted in America of 
allowing a spill-over on the insulators in the case of | 
a heavy lighting discharge and using reinforced | 
end turns on the transformers. The converters are 
protected against short-circuit by means of rapid-|_ 
acting magnetic blow-out circuit breakers ;_ all | is used, with two conductors, each 100'sq. mm. (0-155 
the converters are arranged with boxed brush gear. | sq.in.) in cross-section, the lower acting as the contact 

At Forges D’Abel, current is taken at 6,000 volts | line, and being connected at short intervals by clips 
from the mains of the Aspe Valley Power Company, | to the upper or carrier conductor. The main suspen- 
this power coming, to a considerable extent, from a | sion cable is of stranded steel ; the normal span, in 
station that was formerly used to supply power to/| the straight, is 80 m., and this is reduced on curves 
drive the tunnel works on the French side. | to 60 m., and in some places to 40 m. The steel 

The overhead-conductor construction is of the| cables are supported by lattice posts, some made 
normal type used by the Midi Railway Company, | with four angle uprights placed square, but the bulk 
which is a modified form of that employed on| of them are of light section, designed by the 
the Pennsylvania Railroad. 
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The catenary system|Compagnie Parisienne, made up with two steel 








OVERHEAD CONSTRUCTION ON FRENCH SECTION OF LINE. 
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| 





| channels placed face to face on the taper with 


‘ | diagonal side bracing. For most of the latter type, 


| holes are drilled at several points, so that brackets, 
| insulated pull-offs, feeder suspenders, and so on, can 


| be arranged to suit the curves and general require- 


ments without having to make too many special 
supports in the workshops. A view of part of the 
overhead construction on a curve is illustrated in 
Fig. 43, on this page. 

\The contact wire and the carrier conductor remain 
in the vertical position whatever the curve may be; 
the use of a steel cable with hangers as a pull-off con- 
nected with the carrier enables the centre line of the 
rails, after allowance for rail cant, to be followed very 
closely. In the sidings sections of station yards, a 
single conductor, of 100 sq. mm. section is used, 
supported bya steel cable of 53 sq. mm. (0-082 sq. in.); 
this construction can be seen in the illustration of 
the International station yard, Fig. 39, Plate LXV. 
Vedovelli-type green porcelain insulators are used ; 
the bonds are of the flexible type, 180 sq. mm. 
in area (0-279 sq. in.). 

To deal with the heavy power demands on the 
gradients, feeder cables are employed of 300 sq. mm. 
(0-465 sq. in. section). These are suspended along- 
side the contact wires, usually under the brackets. 
In order to deal with the traffic through the Somport 
tunnel and on the 6,800 m. (4} miles) of sidings in 
Canfranc station yard, two positive feeders of 300 sq. 
mm. (0-465 sq. in.) section of copper are used; the 
suspending cable is, in this case, also of copper, 244 
sq. mm. (0-378 sq. in.) in section, acting also as a 
feeder, and thus at the same time avoiding difficulties 
from corrosion. A negative feeder, also 300 sq. mm. 
in section, passes through the Somport tunnel, 

In order to protect the insulators from the effect 
of water-drip, often laden with salts, in the Somport 
and other tunnels, the suspensions for the contact 
wire and feeders are protected by means of hoods 
made of galvanised or leaded-steel sheets. The 
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arrangement is shown in Fig. 44 on page 783. The 
overhead equipment was begun in March, 1927, and 
completed in January, 1928. The whole of this 
part of the installation was carried out by the 
Société Parisienne pour l’Industrie des Chemins 
de Fer et des Tramways Electriques, of Paris, 
including also the section lower down the valley 
from Buzy to Bedous ; this company is also erecting 
similar equipment for the Transpyrenean Railway 
via Ax-les-Thermes. The signalling on the French 
section from Bedous is on the light system, developed 
by the Cie. des Signaux et d’Enterprises Electriques, 
of Paris. 

The electric locomotives which operate on the 
French part of the line were built by Messrs. Con- 
structions Electriques de France, at their Tarbes 
works. They are designed to haul 150 tons on a 
gradient of 1 in 23-2, or 250 tons on 1 in 30, 
and have four axles with a nose-suspended geared 
motor of 350 h.p. on each. 

To complete the description of the railway, some 
account of the Spanish section from the Somport 
Tunnel to Jaca, must be given. The plan and 
profile of this section are given in the general map 
and profile forming Figs. 2 and 3, on page 542 ante. 
The total length of level track covering the 
International station from the mouth of the Som- 
port Tunnel to a short distance inside the tunnel at 
the South End is 1,340 m. The line, which is single, 
then falls for 18 km. (11 miles) at a gradient of 1 in 
50, for the first 14 km. (84 miles) keeping to the 
east side of the river on a shelf cut into the valley 
walls. It passes through two tunnels 241 m. and 
417 m. long, respectively. The line then continues 
in the open for about 1,200 m., with some heavy 
cuttings crossing a torrent with a steel bridge of 
25 m. (82 ft.) span and then, after a further length 
of heavy cutting, enters a tunnel 920 m. long, 
situated above the old village of Canfranc; at this 
point the valley begins to widen out. After a 
short stretch in the open, the line crosses the Botol 
torrent by a steel bridge of two 25-m. spans, when a 
tunnel 495 m. long is met with, followed by a series 
of short tunnels before Villanua sidings are reached. 

Below this point the line traverses a tunnel 
390 m. long and crosses the Ariaguas torrent by a 
steel bridge of 40 m. (131 ft.) span. After a further 
tunnel of 262 m., there is a stretch of about 
2-5 km. in the open, with some heavy excavation 
work, followed by a tunnel of 379m. Below this 
point, in order to avoid an excessive gradient, an 
S loop is made, the top end of which is formed by 
the Cenarbe viaduct, 357 m. (1,170 ft.) long, made 
up of masonry arches. The viaduct, which is 
curved in plan, is illustrated in Fig. 42, on Plate 
LXV. There are two tunnels close together at the 
lower end of the viaduct, one 240 m. and the other 
862 m. long. After a deep cutting and a long “ fill,” 
the River Aragon is crossed by a steel deck bridge 
of 40 m. span, which is illustrated in Fig. 38, on 
Plate LXV. After a cutting of about 500 m. 
and a short embankment, the station of Castiello 
is reached, 16 km. (10 miles) from Canfranc station. 

After a tunnel of 426 m., a series of cuttings and 
embankments are met with, the river is recrossed 
by a steel bridge with two spans of 24 m. and one of 
30 m., and, later, a torrent is crossed by a bridge 
of 30 m. span, at which point the gradient is eased 
to lin 66. A level section, 2,634 m. long, with two 
short tunnels, is then met with, and after a rise of 
1 in 200 for about 800 m., the station yard of Jaca is 
reached. In the section below Canfranc station, there 
are 19 tunnels, aggregating 5-7 km. (3-5 miles), the 
tunnels in most cases being lined with masonry. 
The section used is ample to allow for good ven- 
tilation with steam locomotives on the grade of 
1 in 50. 

Although the country was much more difficult 
to deal with, from the point of view of gradients 
and curves and rocky spurs, on the French side 
of the summit tunnel, on the Spanish side a great 
deal of the excavation work was in treacherous- 
looking schists and clays, much inclined at some 
points, necessitating heavy masonry work at a 
number of places. The good platelaying, neat 


ballasting and general appearance of the civil engi- 
neering work, and the smart appearance of the 
permanent-way men of the Norte Railway are 
striking features of the Spanish section. 





The rails used on the Spanish side are 42 kg. 
per metre (84 lb. per yard). The normal minimum 
curvature is 300 m. (328 yards), with a few cases of 
280 m. 

From Jaca, the Norte Railway Company has a 
line through Huesca to Tardienta, where the 
Madrid-Saragossa-Lerida-Barcelona line is joined. 
A cut-off line is under construction, which will 
materially reduce the distance to Saragossa and 
facilitate connection with the South of Spain. 

The civil engineering and other works on the 
French side were carried out under the superin- 
tendence of engineers of the French Department of 
Ponts et Chaussées, and on the Spanish side by 
engineers of the corresponding administration of 
the Spanish Government. The thanks of the author 
are due to the above departments and to the 
management and engineers of the Midi Railway in 
Paris and Tarbes, as well as to the management and 
engineers of the Norte Railway at Madrid, Paris 
and Saragossa, and to some of the leading con- 
tractors for the works for the courteous assistance 
given, and for the plans, photographs and informa- 
tion supplied for the preparation of the article. 








THE INTERNATIONAL FOUNDRY 
TRADES EXHIBITION. 
(Concluded from page 754.) 

Messrs. SutzeR BrotuHeErs, 31, Bedford-square, 
W.C.1, showed at the exhibition, which closed on 
the 15th inst., a Maag high-speed gear-cutting 
machine and a high-speed gear-grinding machine 
by the same makers. 

The latter machine, illustrated in Figs. 18 and 19, 
has been designed for the manufacture of motor-car, 
machine tool and similar gears requiring a high 
degree of accuracy and is automatic throughout. 
Like the gear-cutting machine, it can produce 
involute teeth of any standard or corrected form. 
The grinding discs, each driven by a separate 
motor, are saucer-shaped and cut the work on 
their outside edge. They are each inclined at an 
angle of 15 degrees to the vertical, and are, 
together, therefore equivaient in contour to one 
tooth of a rack cutter. The blanks are fed along 
the vertical plane dividing the discs. The rationale 
of the process is that of rolling the gear blank to 
be ground with a tooth of an imaginary rack cutter 
represented by the converging planes of the grind- 
ing discs. The work-holding slide is given a recipro- 
cating motion, which also sets up an oscillating, or 
partially rotary, motion of the spindle on which the 
gear blank is carried. This latter motion is im- 
parted by means of steel bands, one end of which 
is wound round a pitch block on the spindle, the 
other being attached to the bracket seen at the 
left hand of the figure, this bracket being stationary 
relative to the transverse motion of the slide. 

The saucer-like shape of the grinding discs allows 
these to be of a soft free-cutting type, and, as they 
cut on the edge alone, it is only necessary to keep 
these edges in their original planes in order to 
compensate for wear. This is accomplished by a 
very ingenious device which tests the position of 
the cutting edge every six seconds, and, according 
to the result of the test, adjusts the disc or not as 
necessary. The work-holding or generating slide 
is carried on a feed slide by which the work is 
traversed past the grinding discs. Provision is 
made for one or two roughing cuts to be taken, 
when the machine will change over automatically 
to the finishing feed. When this latter is completed 
a trip motion cuts out the driving motor and the 
machine stops. The operation of dividing—that 
is, of setting the gear blank in the position for 
cutting a fresh tooth—is mechanical and may be 
set at will to take place at either end of the gear 
blank, or at both ends. With the former, the 
face width of the gear that may be cut is 6} in., while 
with the latter it is 54 in. Alternatively, several 
narrower gears may be threaded on a mandrel and 
ground at one setting. In both cases, the diameter 
of the blank which can be handled is 8} in. Botha 
good rate of output and a high degree of accuracy 
are obtainable on this machine. 

The gear-cutting machine is shown in Fig. 20, 
page 786, and this machine will cut a wheel 14 in. 
in diameter by 4 in. width of face. The cutters 


are held in a vertical slide moving in a swivel- 
ling head to enable spiral or helical gears to be 
cut as well as spur gears. The work is held in 
a table which is given rotary and transverse 
motion during cutting, and is, of course, also pro- 
vided with longitudinal movement to accommodate 
work of different sizes. The cutter is formed like 
a short rack with seven or eight straight-sided 
teeth ground to a limit of error of + 0-0001 in. 
It is reinforced by a tough backing plate, which 
enables it to be reground and used effectively 
down to a thickness of }-in. The tips of the teeth 
can be hollow ground to provide top cutting rake, 
and the profile remains uniform throughout the whole 
depth of the cutter as the pitch line of the rack is 
a straight line. It is automatically withdrawn from 
contact with the work on the return stroke. 

The teeth of the gear are generated from the 
solid gear blank by a series of cuts taken on the 
down stroke only while the work is rotating and 
traversing, the united motions of the slide and 
work table giving the same effect as though the gear 
were rolling along a rack of similar pitch. As the 
cutter is, however, of limited length relative to the 
periphery of the work, it is necessary that the table 
should be brought back to its original position after 
the completion of 1, 2 or 3 pitches. During this 
reversal, the cutter slide is uncoupled from the 
main drive and held stationary clear of the gear 
blank. When dividing, the rotating gear of the work 
table is uncoupled, while the table slide is moved 
back one or two pitches as desired. Nine cutting 
speeds are provided by hardened and ground gears 
in the body of the machine for various cutting 
speeds to suit different materials. A wide range of 
cutting feeds is made possible by a variable lever, 
which device also permits of the feed being increased 
or decreased without stopping the machine. Pro- 
vision is made for taking up play between the table 
nut and leadscrew by means of a split nut, which 
automatically locks the table against the leadscrew 
before any cutting takes place. A theoretically 
correct involute tooth is generated, but all types of 
involute teeth can also be formed. It will be evident 
from the figure that the machine is very rigid, and 
that neither the cutter nor the work is overhung. 
It is, in consequence capable of very high rates of out- 
put and of working with a great degree of accuracy. 

As in other cases, the exhibit of Messrs. The 
United Machine Tool Company, Limited, Holborn 
Hall, Gray’s Inn-road, W.C.1, comprises more 
machines than can be dealt with in our limited 
space, but the Mueller and Montag vertical miller 
with horizontal spindle cannot well be overlooked. 
This machine is illustrated in Fig. 21, page 786. As 
will be seen, both spindles are in the same vertical 
plane. They are mounted in correct rectangular 
relation and can be used simultaneously or inde- 
pendently. Both have axial traverse. The machine 
is not only suitable for milling, but can be used for 
drilling, and the spindle bearings are so designed 
that it can be run at the high speeds’ suitable for 
accurate jig-boring. The horizontal spindle is 
limited in its traverse to prevent fouling the vertical 
spindle. The table has an automatic longitudinal 
feed, and a hand-operated cross traverse and 
vertical movement. The Mueller and Montag 
two-spindle drilling and tapping machine is also 
a new development. This is a machine with two 
horizontal spindles and has been designed to deal 
quickly with small work requiring successive drilling 
and tapping, drilling and reamering, reamering 
and tapping, &c. Further, by fitting a die-head to 
one of the spindles, outside screwing can be done in 
conjunction with any one of the above-mentioned 
operations. Any two of the operations can be 
performed successively with only one setting of the 
work. No jigs are necessary, the only variable part 
being the work-holding plate, which is normally 
simple and relatively inexpensive. The two spindles 
are arranged side by side, equidistant on either 
side of the centre line of the table parallel to their 
axes. The work holder is hinged—that is, carried 
on a horizontal bearing on the table, and can 
describe an are in a vertical plane. When one 
operation is being performed the table is lying over 
on one side, so that the hole, &c., being dealt with 
coincides with the centre of one of the spindles. 





Rotation to a similar angle on the other side brings 
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Fic. 18. Maaca Hicu-Sprrep GEAR-GRINDING MACHINE; 


Messrs. SULZER BROTHERS. 


the work in line with the second spindle, which 
completes the desired operations. 

A core-sand mixing machine was shown for the 
first time by Messrs. The Fordath Engineering 
Company, Limited, West Bromwich. This firm is 
identified with the well-known Glyso core-oil com- 
pounds, and the “ Rotoil” mixing machine has 
been designed so that full advantage may be taken 
of the properties of the compound by the com- 
plete and even coating of the individual grains of 
sand. A very strong bond is obtained, with a 
marked economy in the use of the binder. The 
machine consists essentially of a relatively deep 
fixed cylindrical pan mounted on a cylindrical base, 
in which is housed the totally-enclosed transmission 
gearing. In the upper part of the pan are fixed 
three deep mixing blades, with helical surfaces, 
which, when viewed in plan, present the appearance 
of an old-fashioned wide-tipped marine propeller. 
Underneath these are four much shallower straight- 
edged rotating blades, the clearance between the 
two sets being very small. The fixed blades have 
very hard adjustable wearing surfaces, and there 
are no projections or horizontal areas on either set 
on which the sand may lodge and so escape thorough 
mixing. 

Messrs. Black and Decker, Limited, of Slough, 











foundry, viz., cupolas. The Titan cupola and cupo- 
lette are well known, but this is the first occasion on 
which the Poumay system, as applied to it, has been 
on view to the public. This system, which is claimed 
to effect coke economies of from 20 per cent. to 
50 per cent. when applied to existing cupolas, was 
described and illustrated in ENGINEERING, vol. cxxv, 
page 744. It consists essentially of a number of 
small auxiliary tuyeres arranged helically on the 
cupola above the wind belt, the blast of each being 
regulated by a cock. The sole manufacturing 
rights for this system in the United Kingdom have 
been acquired by The Constructional Engineering 
Company. This firm are also the sales agents for 
Messrs. Hearn Foundries (Luton), Limited, for the 
distribution of the Ionides gas-flame control unit 
and tilting aluminium furnace. The first of these 
is illustrated in Fig. 25, page 787, and is designed to 
maintain a constant ratio of pressures between gas 
and air for firing industrial furnaces of all types. 
A constant and predetermined temperature can 
thus be established whatever may be the pressure 
variations on the unbalanced side of the unit. 

The apparatus contains a bell, partly immersed 
in an oil seal, connected to the double-beat gas 
valve seen at the bottom of the figure, and also 
to the larger valve at the top for the air. The 


exhibited a number of electrically-driven tools, of ; incoming gas acts upon the inside of the bell, and 


which the grinding machines were of special interest 
to foundrymen. Prominent amongst these was an 
example of the Marschke swing-frame grinder. 
This machine has a belt-driven wheel at one end, 
and the motor at the other, with an adjustable balance 
weight on the tubular frame carrying the two. The 
frame can be swung over as a whole through an 
angle of 180 degrees, and the machine is noteworthy 
as having a new type of grinding wheel for which a 
considerable reduction in grinding costs is claimed. 
This wheel is bonded with Bakelite, and may be 
used at surface speeds of up to 10,000 ft. per minute. 
A suspension rod forms part of the normal equip- 
ment, and control is effected by push-buttons for 
the motor, a locking handle for securing the wheel 
at the desired angle, and a cross handle for apply- 
ing pressure to the wheel, all three devices being 
situated on the wheel guard. 

The exhibit of Messrs. The Constructional Engi- 
neering Company, Limited, Titan Works, Birming- 
ham, occupied a unique position in that it was the 





only one which included that prime necessity of the 


the air, after passing through its valve, acts upon 
the outside. Excessive air pressure on the upper 
surface of the bell causes it to descend. This closes 
the air valve and opens the gas valve until the 
pressure at both exits is exactly the same. Excess 
gas pressure causes the bell to rise, opening the air 
valve and closing the gas valve until a balance is 
again obtained. If the gas pressure falls, the air 
pressure is reduced to correspond. The air supply 
is regulated by a ring slide similar to that of an 
ordinary Bunsen burner, and each individual 
apparatus is proportioned for the particular duty 
for which it is required. 

The tilting aluminium furnace is constructed on 
the open-hearth principle and is fired by gas, the 
supply of which is controlled in the manner just 
described. The gas and air supplies are led to the 
burners by separate pipes, having swivelling joints 
to permit the tilting of the furnace, and do not mix 
until the point of combustion is reached, thus 
eliminating the risk of back-firing. The burners are 
inclined to ensure a practically uniform distribution 








Fic. 19. Heap or Hiau-Sprep GEAR-GRINDING MACHINE ; 
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of heat over the whole surface of the metal. The 
hot gases escape through ducts in the furnace lining 
and make their exit through an opening in the 
bottom of the furnace, passing over the exterior 
surface of the lining in their course. This conduces 
to economy in gas consumption, and the hollow 
space formed by the ducts not only enables the 
furnace to remain hot for a longer time after the 
gas is turned off, but reduces external heat losses. 
Pouring is effected through a gated spout in the 
side of the furnace. In addition to the economical 
gas consumption, it is claimed that a great saving 
is effected by the elimination of crucibles. The 
furnaces can be built to any capacity required, the 
particular example shown having a capacity of 350 lb. 

Another recent development shown by the firm 
was the “‘ Kwiksteam ” vertical boiler. This is illus- 
trated in Figs. 22 and 23, on page 787, which clearly 
show its construction. ; The example exhibited was, 
however, arranged for gas-firing. The disposition of 
the heating surface in the Kwiksteam boiler cer- 
tainly appears to be conductive to rapid and 
complete circulation, and the claims of the makers 
for quick steam-raising and a high rate of evapora- 
tion are borne out by the figures from a test made 
by an oil-fired boiler having 134 sq. ft. of heating 
surface. The evaporation, at a pressure of 100 lb. 
per square inch, was 1,130 lb. of water per hour 
with an oil consumption of 110 lb. per hour. Steam 
was raised from cold water to 80 lb. pressure in 
19 minutes, the oil being cold and the boiler being 
unlagged and standing in the open. The manufac- 
turing range includes boilers between 2 ft. 6 in. and 
6 ft. 6 in. in diameter, with maximum evaporations, 
using coal as fuel, of 440 lb. and 7,300 lb. per hour 
respectively. 

Messrs. The Rapid Magnetting Machine Com- 
pany, Limited, Lombard-street, Birmingham, showed 
several new types of magnetic-separating equipment 
for use in foundries, of which we are able to illus- 
trate only one. This, shown in Fig. 24, page 787, 
is a sand-screening and separating plant, having 
a capacity of between one and two tons per hour, 
designed as a self-contained unit for small foundries. 
The used sand is shovelled into the hopper at the 
left hand of the figure, and is conveyed on an 
inclined belt to a magnetic separator of the drum 
type. This traps all the small iron in the sand and 
discharges it by the chute shown. The cleared sand 
falls on to an inclined jig-shaken tray with a sieving 
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arrangement, and any large pieces of iron, such as 
broken risers, core irons, &c., which may have passed 
the separator, are caught and retained in the lower 
end of the tray. Another new machine was a 
combined high-intensity drum and chute separator, 
designed for the separation of iron and brass swarf, 
or the removal of iron from dust or small non- 
magnetic materials. The swarf is fed into a hopper, 
capable of adjustment in delivery from a few 
pounds to a hundredweight per hour, and dis- 
charging on to a jig-shaken feed tray which distri- 
butes it evenly over the surface of the separating 
drum. This drum is formed with longitudinal ridges 
at intervals round its periphery, and contains a 
stationary group of specially-designed magnets, 
which are disposed so as to create a field in which 
the lines of force are in loops. This arrangement 
results in the iron particles turning over and over as 
the drum revolves, so that they are completely dis- 
engaged from the brass. The separated iron drops 
off the drum at the limit of the magnetic field, but 
_ the remainder of the material falls on to a five-bar 
high-intensity magnetic chute, which is also jig- 
shaken. Any!iron which has escaped the drum 
separator,is here trapped, and the resultant separa- 
tion is, to all intents ana purposes, complete. 

Some good examples of American foundry 
practice in repetition casting were shown on the 
stand of Messrs. W. H. Nicholls Company, Incor- 
porated, Richmond-hill, Long Island, New York, 
a firm for which Mr. C. B. Perkins, Wentworth 
Chambers, Pinstone-street, Sheffield, is the British 
agent. One of these machines is illustrated in Fig. 29, 
page 790. 
squeeze, and draw movements. The squeeze 
piston is 14 in. in diameter, and the jolt piston 6 in. 
in diameter, while the draw may be set at either 2 in., 
4in., or6in. The details of the draw table are not 
apparent in the figure, but a notable feature is the 
manner in which correct alignment is ensured by 
means of four ground guide bars working in oil-filled 
cylinders. The moulding box is held on the table 
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It is of the combination type, with jolt, | 
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The display of welding plant, both acetylene 
and electric, on the stand of Messrs. Allen-Liversidge, 
Limited, Victoria-Station House, Westminster, 
S.W.1, was of chief interest to those whose work 
lies in the steel foundry. It was demonstrated that 
a welding equipment can be used with safety and 
speed for cutting-off runners, risers, and heads on 
castings, especially of the harder types of metals. 

The exhibits on the stand of Messrs. J. W. Jackman 
and Company, Limited, Abbey House, Westminster, 
S.W.1, covered practically all ordinary foundry activi- 
ties. Among the new productions of the firm, a light 
roll self-delivering sand mill and mixer may be men- 
tioned. This is a single-roll machine, with a spring- 
loaded device by means of which the roll pressure can 
be varied, and having a rotating pan, 60 in. in diameter 
at the top, with a saucer-like edge. The form of the 
roll is that of a truncated cone placed with its small 
diameter away from the axis of the pan. The 
theoretical velocity of the small end of the roll 
then, by reason of its position nearer the outer edge 
of the pan, as well as by its smaller circumference 
compared with the large end, must be much higher 
than that of the large end and, in consequence, 
there is a considerable amount of slip between the 
greater part of the surfaces of the roll and pan. 
This results in a combined grinding and mixing 
action over a large area. The whole of the sand 
passes under the roll at each complete revolution of 
the pan, and it is claimed that, owing to the light 
weight of the roll, viz., 2} cwt., the sand is not 
over-milled. The machine runs on radial bearings 
and requires only 3 b.h.p. to drive it when working 
with an output of 20 cwt. per hour. Four scrapers 
are fitted to effect thorough mixing, &c., and by 
manipulation of two of these, the sand is always 
discharged at one definite point of the edge of the 
pan. 

From the moulding machines, exhibited by the firm 
we select a hand-operated press machine illustrated in 
Fig. 27, page 790. This machine has a swivelling 
presser head, so that boxes can easily be laid on 


while the pattern is drawn from it on the down | the pattern plate, or the rammed moulds removed. 


stroke, by gravity, on releasing the air from under | 
As will be seen, the general construction | 
is very substantial, and it is claimed that many jobs | 
| engagement of a fulcrum in a bracket on the front 


the piston. 


previously made on stripping plates can be made 


on drop plates in this machine with a marked | 


saving in cost and upkeep. 


Ramming is accomplished by means of the system 
of levers shown, the head being anchored to the 
frame at a point opposite the back column by the 


The machine will accommodate 
Moulds are 


of the frame. 
single or double-sided pattern plates. 


VERTICAL 
Messrs. THE Unitep MacuinE Toon Company, LIMITED. 








MILLING MacHINE wItH HoRIzONTAL SPINDLE; 


raised by means of four lifting studs, operated 
through the lever at the front of the machine. The 
positions of the pins can be varied to suit different 
sizes of moulding boxes. A half-mould can, it is 
claimed, be rammed and withdrawn in one minute 
on this machine. 

Among the sand-blast cleaning machines shown 
was that illustrated in Fig. 26, on page 790. This is 
of the cabinet type, in{which the operator is wholly 
protected as he directs the nozzle from outside through 
slits in a double curtain of rubber, and watches its 
effect through observation windows running the full 
length of the cabinet at eye level. The curtain 
forms part of the door, which is counterbalanced. 
The spent sand falls to the bottom of the cabinet 
and is carried thence by a screw conveyor and 
bucket elevator to the pressure apparatus, seen on 
the right of the figure. This apparatus has all its 
valves accessible, and the sand blasting is controlled 
by a single lever. 

On the stand of Messrs. Gustav Zimmermann’s 
Engineering Works, Diisseldorf-Rath, Germany, 
amongst several kinds of moulding machines, were 
two interesting types which may be called a pair, 
inasmuch as they were demonstrated in the 
exhibition on the drag and cope of the same mould, 
and embody the same principles. We illustrate in 
Fig. 28, page 790, the machine for moulding copes, 
the example shown in place being that of a sanitary 
tank. A feature of this machine, which is called 
the shockless jolt-squeeze stripping-plate moulding 
machine, is the complete accessibility of the table, 
which certainly facilitates the filling of the moulds. 
The top squeezing plate swings back well out of the 
way, and the arm carrying it is very stiff and also 
substantially hinged. The squeezing and jolting 
table has a cylinder with a lifting stroke of 
10 in., and a squeezing power of 11,000 lb., the 
working air pressure being 85 lb. per square inch. 
The maximum flask surface is 400 sq. in. The 
jolting operation is controlled by a single move- 
ment valve, and the jar is not communicated to 
the surroundings by reason of the adoption of a 
shock or vibration-absorbing device. The stripping 
plate is carried on four adjustable rods. 

The other machine was a combined pneumatic 
jolt-squeeze turnover moulding machine. It may 
best be described as the above-mentioned machine 
carried at the back of the column, and about its 
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Fias. 22 anp 23. “‘KwiksTeAM” VERTICAL BoILER; 
Mzssrs. THE CONSTRUCTIONAL ENGINEERING Com- 
PANY, LIMITED. 


centre on a long horizontal axis in ball and roller 
bearings. The machine may therefore be com- 
pletely turned over. The chief differences from 
the machine shown in the figure, are in the absence 
of the stripping-plate rods, and in the squeezing 
plate. This is arranged on # substantial swivelling 
arm at the top of the column, and it has a travel 
equal to the lifting stroke. The squeezing plate is 
moved by rack and pinion motion, the pinion having 
a long lever handle on its shaft. Two guide rods 
ensure correct positioning, and the rack is protected 
by a concertina sheathing. The mould is easily 
filled, as in the other machine, owing to the complete 
accessibility of the table, and after the squeezing 
plate has been brought down and locked in place, 
the machine is completely reversed, the table being 
also locked. When the squeezing plate is released, 

















Fig. 24. Sanp-ScREENING AND SEPARATING PLANT; Messrs. THE Rapip MAGNETTING 
MacHINE ComMPANy, LIMITED. 
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Fia. 25. Gas-PRESSURE BALANCER ; Messrs. THE 
CONSTRUCTIONAL ENGINEERING COMPANY, LIMITED. 


mould from the pattern. The moulder has com- 
plete control.of this withdrawal motion, and jarring 
is eliminated by the formation of an air cushion, 
which operates in a somewhat similar way to a self- 
acting door closer. It is claimed that this machine 
reduces the number of operations required on the 
more usual type of turn-over machine by seven. 
The squeezing power of the machine exhibited was 
7,700 Ib., the lifting range 12 in., andthe maximum 
flask surface 400 sq. in. 

A supply of compressed air is a necessity to 





many modern foundries, as shown by the numerous 
tools and machines pneumatically operated. It} 
was fitting, therefore, that two stands were occupied | 
by appliances for producing compressed air. These | 
formed the exhibits of Messrs. The Rotary Air Com- 
pressor Company, Limited, 12, Victoria-street, 

S.W.1, and Messrs. Reavell and Company, Limited, | 
Ranelagh Works, Ipswich. The former firm showed, | 
amongst smaller examples, a single-stage rotary air 

compressor having a capacity of 560 cub. ft. per 


it being now virtually the lifting table, it sinks by | minute and direct coupled to an electric motor. 


its own weight, and steadily withdraws the drag | 


This type of compressor, as it is suitable for all 


pressures from 5 lb. to 60 lb. per square inch, can 
be used for sand-blast machines, paint-spraying or 
enamelling, supplying air for oil-fuel burners, &c. 
When made as a two-stage machine, pressures up to 
100 lb. per square inch are attained. Messrs. 
Reavell’s largest machine was a vertical double- 
acting two-stage compressor with an intercooler. 
This machine had a capacity of 500 cub. ft. of free 
air per minute with pressures up to 120 lb. per 
square inch, and was belt driven by an electric motor 
having automatic switchgear. 

In our opening paragraphs, on page 731 anie, 
we made some allusion to the non-commercial 
technical exhibit at the Exhibition, and we now 
propose to give a fuller account of this section. We 
may remind our readers that the exhibit, as a whole, 
was intended to illustrate the scientific research 
work carried out in the laboratories of the various 
research associations, the National Physical Labora- 
tory, and the Universities, in connection with 
foundry problems. The materials and apparatus 
exhibited were divided into six main sections 
respectively entitled: melting practice, moulding 
sands, casting processes, special cast materials, 
after-treatment of metals, and research laboratory 
methods and appliances. The first section was mainly 
devoted to fuels and refractories ; samples of refrac- 
tory materials, accompanied by brief accounts of 
their properties, were shown by the Refractories 
Department of the University of Sheffield, while cut 
and polished specimens of various foundry cokes, 
and diagrams illustrating the different qualities of 
the cokes were exhibited by the Midland Coke 
Research Committee, University of Sheffield. 

Much of interest was to be found in the moulding 
sands section. Two pieces of apparatus, which 
have recently been developed, were shown by the 
British Cast-Iron Research Association. The first 
was a green-sand compression testing machine, which 
consists essentially of a spring balance upon the 
pan of which a cylindrical test-piece of the sand is 
placed. By means of a screw, pressure is gradually 
applied upon the upper surface of the specimen 
until it breaks, and the pressure required to accom- 
plish this is read off on the dial of the spring balance. 
The second piece of apparatus was the permeability 
testing machine. This consists of a vertical brass 
cylinder, at the base of which ordinary coal-gas is 
allowed to enter. A sample of moulding sand is 
placed in the cylinder, the gas is turned on and is 
subsequently automatically lit at the top of the 
cylinder when it has percolated through the sand. 
The time, in seconds, occupied by the gas to arrive 
at the top of the column is taken as the index of 
permeability. Both these tests are, of course, only 
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comparative, but they are regarded as key tests for 
moulding sands, and, moreover, they can be carried 
out in the foundry by an intelligent labourer in 
quite a short time. The compression test indicates 
the falling off in strength of a foundry sand owing 
to the burning of the clay bond by the molten 
metal. The permeability test gives an indication 
of the blocking up of the pore spaces in a foundry 
sand by silt, which effect is also caused by the 
burning of the clay bond while the sand is in 
use in the mould. 

Specimens illustrating various researches on 
brass, copper and aluminium-alloy casting, carried 
out in various centres under the auspices of the 
British Non-Ferrous Metals Research Association, 
were exhibited in the section devoted to casting 
processes. Typical defects in ingots and castings 
were shown, and the right and wrong methods of 
operating indicated. A fair amount of space was 
devoted to alloy cast irons. An interesting exhibit 
was that illustrating researches on nickel and 
nickel-chromium cast irons, conducted at the 
University of Birmingham under the guidance of 
Professor D. Hanson. The graphitisation action of 
nickel on the material was well demonstrated in a 
series of specimens and micro-photographs. A 
white iron containing no silicon becomes slightly 
mottled when 1 per cent. of nickel is added, and 
is completely grey, with the exception of the chilled 
edge, when 5 per cent. of nickel is present. Generally 
speaking, nickel eliminates the effect of chill in a 
cast iron and refines the grain and increases the 
hardness of the material. Furthermore, a cast 
iron containing both nickel and chromium is harder, 
more uniform, and also possesses greater strength 
than the normal material. A new special heat- 
resisting cast iron shown, which is being developed 
by the British Cast-Iron Research Association, is 
stated not to scale on being repeatedly heated, and 
to show only very small growth, which ceases after 
reaching 2 per cent. 

On the research and laboratory appliances stand 
was shown a Vickers projection microscope, manu- 
factured by Messrs. W. Watson and Sons, Limited, 
High Holborn, London, W.C.1. This instrument 
is a robust piece of apparatus and is of the in- 
verted type. The projection screen is arranged at 
a convenient angle, and by the side of the image 
of the micro-specimen under examination is placed 
a photo-transparency of a standard micro-specimen, 
for purposes of comparison. Among other equip- 
ment on this stand were metallurgical pyrometers of 
various types, a dilatometer, a diamond-pyramid 
hardness tester exhibited by Messrs. Vickers- 
Armstrongs, Limited, Erith, and a large X-ray plant 
for the examination of castings, shown by the 
Research Department, Woolwich. 








THE Port or Saint JonN, NEw Brounswick.—During 
the fiscal year 1928-29, the total outward-bound cargo 
handled at the Port of Saint John, New Brunswick, 
was 1,277,466 tons, an increase during the year of 205,057 
tons, and within 51,000 tons of the high record total of 
1919-20. In the year under review the number of 
vessels leaving and entering Saint John and its auxiliary 

orts of Saint Martin’s, Beaver Harbour, and Chance 

arbour, was 4,061, and the total tonnage 1,114,356. 
During the year 1927-28, the corresponding figures were 
3,753 vessels and 1,044,848 tons. 





Rartway Facriiries at MontrEAL.—The Canadian 
Minister of Railways and Canals has introduced into 
the Dominion House of Commons a resolution requesting 
the provision of 50,000,000 dols., to be spent in the con- 
struction and completion of terminal facilities and other 
railway works for the Canadian National Railways at 
Montreal. Suggestions made by Mr. Frederick Palmer, 
of London, who recently visited Montreal at the request 
of the Dominion Government, have been embodied in 
the plans. A Bill has been intreduced into the House 
authorising the Canadian National Railways to spend 
10,000,000 dols. on the project during the present year. 
A new railway station is to be built between Cathcart 
and Saint Antoine streets and the building will incorporate 
the existing Tunnel station. Bonaventure will no longer 
be utilised for passenger traffic, thus enabling facilities 
for the handling of goods to be enlarged at that point. 
When the work on the new terminals is finished, there 
will be no more level crossings on the Canadian National 
lines within the city limits, and all passenger engines 
employed will be electric. Mr. Palmer’s report, which 
was published in February last, recommended the com- 
9 unification of passenger and _ freight-handling 


acilities on the Island of Montreal, including the ter- 
minals, not only of the Canadian National Railways, 
but also of the Canadian Pacific Railway, 
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TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
Possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 


Pumping Plant.—The supply of either two or three 
pumping sets, each comprising motor, high-lift pump 
and low-lift pump mounted on a bedplate. The Borough 
Council of Hamilton, New Zealand; August 5. (Ref. 
No. A.X. 8086.) 


Electric Cranes.—The supply of electric overhead 
travelling cranes, spare motors and trolley wires. The 
Victorian Railways Commissioners, Melbourne, Australia ; 
July 24. (Ref. No. A.X. 8092.) 


Rail-Grinding Machines.—The supply of two electri- 
cally driven, hand-propelled, rail-grinding machines. The 
Melbourne and Metropolitan Tramways Board, Mel- 
bourne, Australia; July 3. (Ref. No. A.X. 8097.) 


Bridgework.—The supply and, delivery of structural 
bridgework. The South African Railways and Harbours 
Board, Johannesburg; August 1. (Ref. No. A.X. 
8094.) 

Cold Store.—The construction and equipment of a 
cold store for the fruit market at Ti The Ministry 
of Public Works, La Plata, Argentina; July 26. (Ref. 
No. A.X. 8098.) 

Boiler Tubes.—The supply of 24,700 charcoal-iron or, 
alternatively, anti-corrosive steel boiler tubes, 30,350 
steel boiler tubes, 2,550 steel boiler tubes with copper 
ends, and 2,057 steel superheater flue tubes. The South 
African Railways and Harbours Board, Johannesburg ; 
August 1. (Ref. No. A.X. 8101.) 


Crane.—The supply of one 25-ton overhead, hand 
operated travelling crane. The Electrical Department 
of the City of Port Elizabeth, South Africa; July 11. 
(Ref. No. A.X. 8104.) 


Electric Crane.—The supply of one 10-ton electrically- 
driven overhead travelling crane for the Maritzburg 
workshops. The South African Railways and Harbours 
Board, Johannesburg; August 1. (Ref. No. A.X. 8105.) 


Steam and Compressed-Air Hammers.—The supply of 
three 15-cwt. steam hammers and four compressed-air 
hammers. The South African Railways and Harbours 
Board, Johannesburg ; August 1. (Ref. No. A.X. 8103.) 


Electric Cranes.—On page 582, ante, we referred to a 
call for tenders on the part of the Port Administration, 
Valparaiso, Chile, for four electric travelling cranes of 
the portal type. We now learn that the closing date 
has been postponed from June 1 to July 1, and that 
16 cranes are now required, four for Valparaiso and 12 for 
Anzani. (Ref. No. A. 8122.) 


Coal-Handling Plant.—The supply of coal-handling 
plant for No. 2 boiler house at Yallourn Power Station 
extension. The State Electrical Commission of Victoria, 
Australia ; September 30. (Ref. No. A.X. 8116.) 








BOOKS RECEIVED. 


Electrical Transmission and Distribution. Edited by 
R. O. Kapp. Vol. VII. Instruments and Meters. 
[Price 6s. net.] Vol. VIII. Auxiliary Plant. [Price 
3s. net.] London: Sir Isaac Pitman and Sons, 
Limited. 

Mechanical Engineering. A Text-Book for a Short 
Course. By Lieut.-CoLoneL W. A. MircHELL. New 
York: John Wiley and Sons, Incorporated. London : 
Chapman and Hall, Limited. [Price 20s. net.] 

Aeronautical Research Committee. Reports and Memo- 
randa No. 1208. A Dash-Pot for Use in Spinning 
Experiments ona Model Aerofoil. By T. H. Fewster. 
[Price 4d. net.] No. 1209. Wool-Tufts. A Direct 
Method of Discriminating between Steady and Turbulent 
Airflow over the Wing Surfaces of Aircraft in Flight ; 
Applied to Explore the Region of the Effect of the Slot 
ona Bristol Fighting Wing. By F.iieut-Ligvt. J. A. G, 
Hastam. [Price net.] No. 1212. Preliminary 
Tests of the Effect on the Lift of a Wing of the Position 
of the Airscrews Relative to it. By F. B. BraDFIELD. 
[Price 9d. net.] No. 1214. Ona Method of Delaying 
the Opening of an Autoslot (Wind Tunnel Experiments). 
By F. B. Braprrevp. [Price 6d. net.] London: 
His Majesty’s Stationery Office. 

Department of Scientific and Industrial Research. 
Engineering Research. Special Report No. 14. Proper- 
ties of Materials at tgh Temperatures. 4. The 
Strength at Elevated Temperatures of Low Carbon Steels 
for Boiler Construction. By R. G. Batson and H. J. 
TAPSELL, London: His Majesty’s Stationery Office. 
[Price ls. 9d. net.] 

Department of Scientific and Industrial Research. Food 
Investigation. Special Report No. 34. The Leakage 
of Heat into Ships’ Insulated Holds. London: His 
Majesty’s Stationery Office. [Price ls. net.] 

The International Aspects of Electrical Communications in 
the Pacific Area. By Lestie BENNETT TRIBOLET. 
Baltimore: The Johns Hopkins Press. London: 
Humphrey Milford. [Price 11s. 6d. net.] 

Workshop Pructice. Vol. VII and VIII. Engine Fitting 


and Testing. Edited by E. A. ATKrINns. London: 
Sir Isaac Pitman and Sons, Limited. [Price 6s. net 
each vol.] 


Commonwealth of Australia. Council for Scientific and 
Industrial Research. Pamphlet No. 11. The Tas- 
manian Grass Grub. By Greratp F, H1tu, Melbourne : 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Continued inadequate 
production of Cleveland pig is causing more and more 
inconvenience and uneasiness, and threatens to necessi- 
tate the purchase of more iron from other areas for use 
at Tees-side foundries. Already something like 10,000 
tons of Northamptonshire iron is stated to have been 
purchased recently for consumption on Tees-side. Early 
material relief to the stringent situation seems very 
unlikely. Increased output by the rekindling of a 
furnace at Jarrow does not provide more iron for the 
market, as the additional make is disposed of for the 
next few weeks. Makers of Cleveland pig are still 
holding off the market altogether. They have no iron 
to sell until October, and they refuse to quote so far 
ahead. Second-hands have not much more iron to 
receive against purchases made some time ago, and they 
are unable to renew expiring contracts. Business is 
thus confined within narrow limits, and quotations are 
strong. No. 1 is 75s.; No. 3 g.m.b., 72s. 6d.; No. 4 
foundry, 71s. 6d. ; and No. 4 forge, 71s. 


Hematite.—Output of East Coast hematite is being 
increased, but the additional supply is not at present 
available for the market. Producers have no prompt 
parcels for disposal and are well sold ahead, but second- 
hands have still considerable saleable quantities coming 
forward against running contracts with makers, and 
while they are taking a rather firmer stand, they continue 
to accept comparatively very low figures. Whereas in pre- 
war days mixed numbers were from 8s. to 10s. above No. 3 
Cleveland, the present difference in price is only a shilling 
or two. Customers claim they can still place orders for 
ordinary qualities of hematite at 74s., but sellers are now 
asking 74s, 6d. 


Foreign Ore.—Transactions in imported ore are 
necessarily few and small, merchants having little to 
offer and consumers being well bought, but values are 
stiffening. Best rubio is 23s. 3d. c.i.f. Tees, and other 
ores are quoted in the usual proportion. 


Blast-Furnace Coke.—Values of Durham blast-furnace 
coke continue to advance. Threatened shortage of 
supply is causing considerable anxiety, as early material 
enlargement of output seems unlikely. The minimum 
quotation for good average descriptions delivered to 
works in this area has now reached 20s. 6d. 


Manufactured Iron and Steel.—Manufactured iron 
firms are busily employed, and are booking a few new 
orders. Semi-finished steel-makers have a lot of work 
on hand, and inquiries circulating promise to develop 
into business to an extent difficult to cope with. Finished 
steel production continues heavy. Values of all descrip- 
tions of material are strong. Common iron bars are 
101. 15s. ; best bars, 111. 5s.; double best bars, 111. 15s. ; 
treble best bars, 12/. 5s.; iron rivets, 11/. 10s.; packing 
(parallel), 8/.; packing (tapered), 10/.; steel billets 
(soft), 62. 17s. 6d.; steel billets (medium), 71. 12s. 6d. ; 
steel billets (hard), 8/. 2s. 6d.; steel rivets, 11. 5s. ; 
steel ship plates, 8/. 12s. 6d.; steel angles, 8/. 2s. 6d. ; 
steel joists, 8/. 2s. 6d.; heavy sections of steel rails 
8l. 10s.; black sheets (No. 24 gauge), 101. 10s.; and 
galvanised corrugated sheets (No. 24 gauge), 131. 15s. 








Contracts.—Messrs. The Stanton Ironworks Com- 
pany, Limited, near Nottingham, have succeeded in 
obtaining two important contracts for cast-iron pipes, 
chiefly of large diameters, for delivery to South America. 
The first is for some 40 miles of pipe for Montevideo 
water supply, and the second for 10 miles of pipe for 
Rosario water supply.—Messrs. Sir W. G. Armstrong 
Whitworth and Company, Limited, Newcastle-on-Tyne, 
have secured a further order for an oil-tank motorshlp 
of 8,800 tons dead weight carrying capacity, for Scandi- 
navian owners. The vessel will be furnished with 
Armstrong-Sulzer two-cycle, six-cylinder Diesel engines. 
—In order to investigate the merits of pulverised coal, 
Messrs. P. Henderson and Company, shipowners, Glasgow, 
have arranged for Messrs. Yarrow and Company, Limited, 
Scotstoun, Glasgow, to equip half of the boiler installation 
of the S.S. Amarapoora with the Yarrow system of pul- 
verised fuel, the pulverisers being of the Atritor type 
manufactured by Messrs. Alfred Herbert, Limited, 
Coventry.—Messrs. J. W. Brooke and Company, Limited, 
Adrian Works, Lowestoft, have received a contract from 
the Brazilian Government for 33 fast motor launches. 
Thirty of these will have a length of 30 ft., and a beam of 
6 ft., and the Brooke ‘“‘ Hundred ” six-cylinder motors 
fitted, will give the vessels a speed of 20 miles per hour. 
The remaining three launches are twin-screw and 44 ft. 
in length, and will be fitted with two Brooke ‘‘ Hundred ” 
six-cylinder motors, giving a speed of 18 m.p.h.—Messrs. 
Birmingham Electric Furnaces Limited, 55, George- 
street, Parade, Birmingham, have received, from Messrs. 
Morris Commercial Cars, Limited, an order for an electric 
box-type carburising furnace with Birlec four-arm charg- 
ing machine, turntable, and loading trolleys. The 
furnace has a usable hearth, 9 ft. long by 5 ft. wide, and 
a@ maximum rating of approximately 185 kw., at 440 volts, 
three-phase.—The West Midlands Joint Electricity 
Authority has just placed an order with Messrs. The 
British Thomson-Houston Company, Limited, Rugby, 
for the complete electrical generating plant required 
for the first section of the new base load power station 
under construction at Ironbridge on the river Severn. 
Included in the contract are a 50,000 kw. (67,000 h.p. 
turbo-alternator, three 21,000 kv.-a. outdoor-type trans- 
formers, 33,000-volt switchgear, and the necessary aux- 
iliary equipments, 
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NOTES FROM THE SOUTH-WEST. 
Carprrr, Wednesday. 


The Coal Trade.—The feature of the market has been 
the placing of contracts for sized and washed small coal 
for delivery during 1930. The Buenos Ayres Electricity 
Works has ordered 100,000 tons of Welsh sized coal, and 
a like quantity of German coal, while the Rosario Elec- 
tricity Works has contracted for 60,000 tons of Welsh 
sized and washed small, and the Lisbon Electricity Works 
for 40,000 tons of sized and washed small, for delivery in 
1930. The Madrid, Zaragossa and Alicante Railway of 
Spain has ordered 25,000 tons of large coal for shipment 
during the next two months, while inquiries are circulating 
from Australia for supplies, but it is considered doubtful 
whether business will result, as, so far, the shortage caused 
by the strike of New South Wales colliery workers is 
being made good by South Africa and the north country. 
Meanwhile, the general condition of the market shows no 
appreciable change. Washed duffs are in pressing 
demand and extremely scarce, with bituminous classes 
realising up to 17s., and dry up to 15s.; even at these 
figures they are difficult to secure. Small coals are also in 
short supply and strong up to 14s. for the best bunker 
classes, though, if bought in conjunction with large, 
they are obtainable at about 13s. 9d. Sized dry coals are 
also scarce, with nuts up to 25s., but bituminous nuts 
can be secured at 19s. to 20s. The shortage of sized and 
small coals is, to a large extent, due to the lessened 
production of large, caused by a quiet demand for the 
latter commodity, and a consequent reduction in the 
output and make of small and sized coals, the activity 
for which is due to the increasing use of mechanical stokers. 


Regulating Prices and Output.—The Marketing Associa- 
tion announce that they have given further consideration 
to the scheme for the regulation of output, which, it is 
proposed, shall embody the existing arrangements for the 
fixing of minimum prices. ‘Thus it is officially revealed, 
for the first time, that an effort is being made to combine 
the two schemes of output and price regulation. 


Best for Two Years.—Shipments of coal as cargo 
foreign from South Wales, in May, amounted to 2,123,883 
tons, which was 157,812 tons more than was dealt with 
in April, and the largest quantity shipped in any month 
since May, 1927, when 2,232,650 tons were cleared. 
The average f.o.b. price realised at 18s. 4d. per ton was, 
however, 14d. less than in April, but 1s. 24d. above that 
secured in January. Clearances from Cardiff were 
increased from 1,200,035 tons in April, to 1,340,855 tons, 
and at Swansea from 242,550 tons to 281,277 tons, but 
at Newport reduced from 365,259 tons to 364,474 tons, 
and at Port Talbot from 158,227 tons to 137,277 tons. 


Colliery Losses.—The reports of three important 
colliery undertakings were issued in the past week, two 
of which show substantial losses. The Amalgamated 
Anthracite Collieries, Limited, in the year 1928, sustained 
a loss of 309,461/., and carry forward a debit balance of 
270,835/., while the Ebbw Vale Steel, Iron and Coal 
Company, Limited, in the 12 months ended March 31 last, 
suffered a loss of 407,394J. and carry forward a debit 
balance of 957,6361. Locket’s Merthyr Collieries (1894), 
Limited, in the year ended February 28 last, showed a 
pany og of 4,199/., and carry forward a debit balance 
° 2 





PERSONAL.—The Institution of Production Engineers 
has acquired new headquarters in London, at 48, Rupert- 
street, W.1. Mr. Richard Hazleton has been appointed 
general secretary to the Institution.—Messrs. Submarine 
Signal Corporation are transferring their offices from 
Friars House, New Broad-street, London, E.C.2, to 
more commodious premises at 9, Victoria-street, London, 
8.W.1.—The Manchester branch office of Messrs. George 
Ellison, Perry Barr, Birmingham, has been removed, from 
78, King-street, to 1, Dickinson-street. 





British STANDARD MeEtTHopD ror ViIscosiTy.—A 
specification, designated No. 188—1929, and entitled 
“‘ British ‘Standard Method for the Determination of 
Viscosity in Absolute Units,” has just been published by 
the British Engineering Standards Association. The 
first edition of the pamphlet appeared in 1923, and the 
present revision was undertaken in the light of criticisms 
and suggestions which have since been received. The 
opportunity was taken of recasting the entire specifica- 
tion, and also of introducing data likely to be of service 
to users. These have been incorporated in several new 
appendices. The revised specification should be in the 
hands of all chemists engaged on work on viscosity. 
Copies of the pamphlet may be obtained from the 
B.E.S.A., Publications Department, 28, Victoria-street, 
London, 8.W.1, price 2s. 2d. post free. 





Fioatine Dock ror FaLKLAND IsLANDs.—It will be 
recalled that the great 50,000-ton floating dock for the 
British Admiralty Naval Base at Singapore was com- 
pleted 12 months ago by Messrs. Swan, Hunter, and 
Wigham Richardson, Limited, Wallsend-on-Tyne. The 
same firm has now built, for the Falkland Islands Com- 
pany, Limited, a floating dock with a lifting capacity of 
600 tons, which is to be stationed at Port Stanley, East 
Falkland Islands, in the South Atlantic. The dock 
will not be towed out to its destination, but will be 
dismantled and shipped in suitable sections and re-erected 
at Port Stanley. The dock has an overall length of 
180 ft., and is 61 ft. 3 in. wide outside, and 45 ft. wide 
inside the walls. The machinery installed is capable of 
lifting a ship of 9 ft. maximum draught, and of a displace- 
ment of 600 tons, within an hour. The dock is fitted with 
two pairs of mechanical side shores, and with the usual 
bilge blocks and roller fenders. Each main pump is 
driven by a semi-Diesel engine through bevel gear and 
shafting. Electric lighting is fitted throughout. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Conditions show little variation com- 
pared with a week ago. At individual works order books 
reflect a varied state of affairs. Taking the district as a 
whole a considerable volume of plant is either employed 
to moderate capacity oris lying idle. Under rationalisa- 
tion schemes efforts are being made to concentrate manu- 
facture in works possessing advantages from the transport 
standpoint, and thisis affecting employment both locally 
and elsewhere. The acid-steel position shows little 
improvement, though encouragement is drawn from the 
fact that following the example of the Southern Railway the 
L.M.S. and L. & N.E. Rly. Companies have placed contracts 
in Sheffield for steel railway sleepers. From this develop- 
ment it is assumed that experiments undertaken else- 
where with sleepers of this type have proved satisfactory. 
No further price advances are recorded in the market for 
raw and semi-finished materials. Sales to British works 
and abroad are substantial, and are accounting for heavy 
outputs. Current prices are as follow: Hard basic-steel 
billets, 77. 17s. 6d.; soft basic-steel billets, 61. 17s. 6d; 
West Coast hematites, 88s. 6d.; East Coast hematites, 
83s. 6d.; Lincolnshire No. 3 foundry iron, 72s. 6d. ; 
Lincolnshire forge iron and Derbyshire No. 3 foundry iron 
each, 68s. 6d.; Derbyshire forge iron, 64s. 6d.; bars, 
11l. 10s.; sheets, 127. Good business is being done at 
neighbouring ironworks where contracts for cast-iron 
pipes have been received from South America. Marine 
forgings, cold-worked stee!, and special tool steel fi 
among the most progressive sections. The new Cold 
Working of Steel Laboratory established at Sheffield 
University is to be opened on July 6. This is the out- 
come of a generous benefaction by the Worshipful Com- 
pany of Ironmongers, London. The laboratory is 
equipped with plant for drawing and rolling steels and for 
experimental work to assist British industry. 

South Yorkshire Coal Trade.—As is usual at this time 
of the year movement in house coal is severely restricted. 
Production has been reduced, but inferior qualities are 
stillin excess of demand, and prices are somewhat unsteady, 
As regards industrial fuel, exports are maintained at a 
high level. Collieries are disposing readily of the major 
portion of their output of best hards. Washed nuts and 
good slack are in firm demand. Coke-oven proprietors 
rank among the leading buyers. Quotations: Best 
branch hand picked, 27s. to 28s. 6d.; Derbyshire best 
brights, 20s. to 23s. ; Derbyshire best house, 19s. 6d. to 
20s. 6d.; screened house, 17s. 6d. to 18s. 6d.; screened 
house nuts, 16s. to 17s. 6d. ; Yorkshire hards, 15s. 6d. to 
16s. 6d.; Derbyshire hards, 15s. 6d. to 16s. 6d.; rough 
slacks, 8s. 6d. to 9s. 6d. ; nutty slacks, 6s. to 7s. ; smalls, 
2s. to 4s. 








THE BIRMINGHAM ExcHANGE.—We have received a 
copy of the recently-issued 1929 Directory of members, 
subscribers, and representatives of the Birmingham 
Exchange. As was the case with previous issues, the 
book contains a brief historical introduction, a list of 
bye-laws, &c., alphabetical lists of members and sub- 
scribers, and of ticket holders, and an alphabetical 
classification of professions and trades. The book is 
published by authority of the Committee, and is obtain- 
able, price 2s. 6d., from the secretary, the Birmingham 
Exchange, Birmingham. 





Etrotriciry SUPPLY IN CaLcuTTa.—A progress state- 
ment issued recently by The Calcutta Electricity Supply 
Corporation, Limited, shows that annual increases in 
units sold, houses connected, and gross revenue have 
been continuous for many years past. During 1927 
the units sold totalled 129,090,227, the houses con- 
nected 24,985, and the gross revenue 930,2911. In 
1928 the corresponding figures were 147,957,366 units, 
27,626 houses, and 955,129/. During the three months 
ended March 31, last, 38,151,824 units have been sold, 
compared with 32,504,346 during the first quarter of 
1928, representing the large increase of 5,647,478 
units. 





THe Late Mr. R. M. Witson.—We regret to note the 
death at Blackheath, on June 9 last, of Mr. Robert 
MacDonald Wilson, who was for many years engaged on 
railway construction in India, and who afterwards 
became a partner in the firm of Messrs. Wm. Muirhead, 
MacDonald Wilson and Company, Limited, public works 
contractors, 41, Parliament-street, ndon, §8.W.1. 
Mr. Wilson was born on October 28, 1866, and received 
his civil engineering training at University College, 
Bristol. He proceeded to India in 1883, at the earl 
age of 17, and immediately became engaged on wor 
connected with the construction of the Betwa Canal head 
works. Three years afterwards he was employed on the 
building of the Betwa bridge, a structure comprising 
13 spans of 150 ft., and owned by the Indian Midland 
Railway, now absorbed by the Great Indian Peninsula 
Railway. Subsequently, he was attached to the Lalitpur 
division of the railway and was engaged on the construc- 
tion of permanent way and a number of bridges. After 
a holiday in England he returned to India in 1898 and 
was appointed assistant engineer on the construction 
of the Tinnevelli line, located in the extreme south of 
India. Four years afterwards he was attached to the 
Arkonam division of the Madras Railway, now the 
and Southern Mahratta Railway. Subsequently he 
joined the engineering staff of the Bengal-Nagpur Railway 
and was posted to the Purulia division. ter returning 
to this country, Mr. Wilson became associated with 
Mr. William Muirhead, and was eventually appointed a 
agg director in the firm which bears their names. 
Mr. ilson was elected an associate member of the 
Institution of Civil Engineers on December 6, 1898, 





NOTICE OF MEETING. 





INSTITUTION OF MECHANICAL ENGINEERS.—Summer 
Meeting, Monday, June 24, to Friday, June 28. College 
of Technology, Sackville-street, Manchester. Tuesday, 
June 25, 10 am. ‘The Contribution of Manchester 
Researches to Mechanical Science,”’ by Mr. R. W. Bailey. 
At2p.m. Various visits to works. Wednesday, June 26. 
Whole-day visits to works. At 7.30 p.m. Institution 
Dinner. Midland Hotel, Manchester. Thursday, June 
27, and Friday, June 28. Whole-day excursions and 
visits to works. 








NOTES FROM THE NORTH. 
Guiascow, Wednesday. 


Scottish Steel Trade.—Rather a quiet tone prevails in 
the Scottish steel trade this week, and makers complain 
of a scarcity of specifications. The demand for ship plates 
is still of small dimensions and sections are somewhat 
quieter. Consumers do not appear to have the business 
to place and the outlook on the whole is not satisfactory. 
Inquiries are few in number and not of very large tonnage. 
In the black-sheet trade a quietly steady business is going 
through in light sheets, but the heavier sorts are dull. 
The following are the market quotations: Boiler plates, 
102. 10s. per ton; ship plates, 8/. 12s. 6d. per ton; 
sections, 8/. 2s. 6d. per ton; black sheets, }-in., 9/. per 
ton; galvanised corrugated sheets (No. 24 gauge), 
131. 15s. per ton, all delivered at Glasgow stations. 


Malleable-Iron Trade.—No change of any kind falls 
to be reported in connection with the malleable-iron 
trade of the West of Scotland. The demand is of the 
poorest description and the works are being carried on 
with much difficulty. Re-rolled steel bars are rather 
quieter again and in order to pick up business, very keen 
quotations require to be given. The current market 
prices are 10/. 5s. per ton for ‘‘ Crown” bars for home 
delivery, and 9/. 15s. per ton for export lots, and 8/. per 
ton for re-rolled steel bars for home delivery, and 71. lds. 
per ton for export lots. 


Scottish Pig-Iron Trade.—In the Scottish pig-iron trade 
there is a shade less activity this week but prices are 
being maintained at recent levels. Hematite is quieter, 
while the demand for foundry grades has not improved. 
The current market quotations are as follow :—Hema- 
tite, 78s. per ton, delivered at the steel works; foundry 
iron, No. 1, 77s. per ton, and No. 3, 74s. 6d. per ton, both 
on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
Saturday last, June 15, was again on the small side, and 
only amounted to 509 tons. Of that total 435 tons went 
overseas and 74 tons coastwise. For the corresponding 
week of last year the figures were 434 tons overseas and 
24 tons coastwise, making a total shipment of 458 tons. 








CanapIan Motor-Car_ Inpustry.—The Dominion 
Bureau of Statistics at Ottawa reports that Canada’s 
production of motor-cars during March last reached a 
new high record of 40,621 units. This output was 
20 per cent. above the previous high level established 
in the month of May, 1928, when the Canadian works 
produced 33,942 cars. Customs records showed that, 
during March, 8,091 cars were imported into Canada 
and 15,561 exported. During the first quarter of the 
present year imports totalled 12,800 cars and exports 
35,414 cars. 





Hupson AveNvE Power Station: ERRAatuM.— 
With regard to the article on the Hudson Avenue Power 
Station, which appeared on page 547 of our issue of 
May 3, we are asked to point out that, though the 
frequency of the 66th-street generating station was 
originally 624 cycles, it was changed to 60 cycles when 
the Hudson Avenue station was started up. Since that 
time 60 cycles has been used for all circuits except those 
supplied at 25 cycles from the Gold-street station. 





Directory or Rartway Orriciats.—The 1929 edi- 
tion of the Universal Directory of Railway Officials has 
recently been issued by Messrs. the Directory Publishing 
Company, Limited, 33, Tothill-street, London, S.W.1. 
As has previously been the case, the work has been 
compiled chiefly from official sources under the direction 
of the editor of The Railway Gazette. It contains com- 
plete lists of all the leading railway officials in all parts 
of the world. The body of the work is divided into 
ten main sections re tively, lettered from A to K. 
Section A is an official directory of railway institutions, 
associations, societies and unions. The remaining sec- 
tions are geographical, and embrace Great Britain ; 
the Irish Free State, Northern Ireland, and the Channel 
Islands; Europe; Asia; Africa; Australasia; North 
America; Central America; and South America. A 
personal index of railway officials is given at the end of 
the book. The fact that proofs have been submitted to, 
and corrected by, railway administrations in all parts of 
the world further enhances the value of the work. In 
addition to full particulars regarding personnel, data 
regarding track mileage, gauge, rolling stock, steamboats, 
canals, docks, and harbours owned by each railway 
are given. The volume will prove of great value to engi- 
neering firms and manufacturers of railway material, 
as it will furnish them with the address of all railway 
administrations and officials at home and abroad. The 
present issue constitutes the 35th annual edition of 
the work, and the price is 20s, net, 
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SUPERSATURATION. 

THE importance of the article by Mr. C. F. Powell, 
of which the conclusion appears on page 779 of this 
issue, lies mainly in the fact that the supersaturation 
limit has been determined by direct experiment at 
temperatures. up to 47 deg. C. Hitherto the only 
observations of equal reliability were those made 
by Mr. C. T. R. Wilson, F.R.S., in 1897, in which the 
temperature was — 16 deg. C. Stodola, it is true, 
found a value at 95 deg. C., which turned out to be 
in excellent agreement with that calculated by 
Kelvin’s theory from Mr. Wilson’s observations. 


-| His method is, however, open to the objection that 


condensation may have commenced before the, 
cloud formed at the supersaturation limit was 
dense enough to be visible. Certainly the fact that 
Mr. Powell’s values are in disagreement with 
Kelvin’s theory calls for explanation, but his 
experimental figures must, we think, be accepted. 
His procedure was substantially the same as 
Wilson’s. Dust-free but saturated air was cooled 
by a rapid expansion which was assumed to take 
place adiabatically. The conditions were such 
that this assumption must have been substantially 
correct, and indeed, any inflow of heat from the 
walls to the expanding gas would have reduced the 
disagreement with Kelvin’s formula. _ Moreover, on 
the basis of his experimental values, Mr. Powell has 
been able to give a rational and complete explanation 
of some curious results described by Mellanby and 
Kerr in their paper read at the Paris meeting of 
the Institution of Mechanical Engineers in 1922. 
In this the authors described experiments on the 
effect of superheat on the maximum discharge from 
a nozzle. The curve plotted from their observa- 
tions showed a remarkable kink at the point where, 
according to Mr. Powell’s figures, the super- 
saturation limit was just attained at the nozzle 
throat. Indeed, the whole character of the curve 
is shown to be fully accounted for. . Whilst, however, 
these particular experiments are satisfactorily 
rationalised, there is a wide discrepancy between 
the wetness loss, as actually observed in steam 
turbines, and the values calculated by. Mr. Powell on 
the basis that these are due wholly to super- 
saturation, but the discrepancy may well be due 
to the inadequacy of the premises on which his 


ities was based. He assumes, in short, that 
all that is required for such a calculation is a know- 
ledge of the true position of the Wilson line—a 
view, which, for reasons given below, we believe 
to be untenable. 

Taking dry saturated steam at 165 lb. per square 
9 | meh (absolute) and expanding it adiabatically down 
to 1 Ib. per square inch, Mr. Powell finds that, if 
supersaturation persists, the available heat will be 
but, 175-16 Centigrade heat units, whilst, if the 
expansion occurred in conditions of thermal equili- 
brium, the available heat would be 180-88 Centigrade 
heat units. Hence, in a supersaturated expansion, 
carried out in the conditions assumed by Mr. Powell, 
the effective heat drop is only 96-84 per cent. of the 
normal value. Practical experience, however, as 
embodied in the nomograph published on page 129 
of our issue of February 3, 1922, shows that the ratio 
between the two should be 93-41 per cent. The 
actual wetness loss is thus more than twice as high 
as is accounted for in Mr. Powell’s table. Hence, 
either there are other losses in addition to those 
directly due to supersaturation, or there is some 
flaw in Mr. Powell’s. procedure. The alternative 
first named is quite possible, but it is a sound rule 
in science that no new hypothesis should be intro- 
duced until a well-established one has been definitely 
shown to be inadequate. It is now, we believe, 
universally . admitted that losses due to super- 
saturation do occur, and.until it can be shown that 
this is inadequate to account for most of the wetness 
loss, alternative explanations should be kept in 
suspense. 

Mr. Powell assumes that an adiabatic expansion 
of supersaturated steam is. physically possible and 
that all the energy leaving the steam is accounted 
for by the useful work-done. This hypothesis 
seems, however, to be . definitely disproved by 
experiment. When the supersaturation limit is 
reached, condensation is extremely rapid, and the 
energy corresponding to. the latent heat is shot 
out as radiation. This traverses the surrounding 
vapour, and if it were wholly absorbed by it we 
should have thermal equilibrium fully and almost 
instantaneously established. Both liquid and vapour 
would have the same temperature, which would be 
that corresponding with the pressure. If, under 
these conditions, a further expansion were made, 
there would be no additional condensation until 
the Wilson line was again reached. Here there 
would be a second copious condensation, and a 
fresh liberation of radiation, which, if absorbed 
wholly. by the surrounding vapour, would again 
establish thermal equilibrium. If this were a true 
picture of a supersaturated expansion, condensation 
would proceed in a series of steps or stages. 
Actually Wilson’s experiments, as described in his 
classical paper of 1897, showed very definitely that 
thermal equilibrium was not immediately re- 
established when condensation occurred at the 
supersaturation limit. He found, in fact, that 
on carrying the expansion beyond this limit the 
number of droplets formed increased continuously 
and indefinitely. Hence the vapour cannot have 
been at the, equilibrium temperature, and it follows 
as a necessary corollary that much of the energy 
liberated in the act of condensation passed through 
the steam to the walls of the expansion chamber. 
Hence the total heat of the mixture at the instant 
following condensation at the Wilson line is less 
than it was the instant before condensation. This 
concept, which appears to be a necessary deduction 
from Wilson’s statements, was partially developed 
on page 536 of ENGINEERING, Vol. cxxiii (1927), 
but further reflection leads to the conclusion that this 
loss to the walls by radiation must occur throughout 
the whole of a supersaturated expansion. Hence the 
loss due to supersaturation may be materially 
higher than calculated by Mr. Powell. Of course, 
some of the energy radiated to the walls must 
ultimately get back into the steam, and this return 
may well be materially greater in a turbine in 
which conditions at any point are steady than in 
a reciprocating engine, in which the wall tempera- 
ture is at one instant that of the live steam and 
at the next that of the condenser. On this basis, 
the gain from superheat should be greater with a 
reciprocator than with a turbine, and this is actually 





found to be the case. Thus, in the most informative 





792 


ENGINEERING. 





[JUNE 21, 1929. 








paper read before the Institution of Electrical 
Engineers, in 1912, Mr. K. Baumann gave curves 
which indicated that, in the case of a turbine work- 
ing with steam supplied at a pressure of 100 Ib. per 
square inch, and with a vacuum of 26 in., the gain 
from 150 deg. superheat would be about 10} per 
cent. The superheat corrections used about the same 
date by a well-known firm of engine builders gave a 
corresponding gain of 20-4 per cent. under full 
load conditions, rising to 27} per cent. at one- 
quarter load. 

It may further be noted that, whilst the energy 
radiated away by condensing molecules is highly 
specialised, the wave length being just that most 
easily absorbed by the surrounding vapour, the 
radiation returned from the walls will be of the 
black body type, and thus much less easily absorbed. 
The difficulty with which molecules absorb radia- 
tion out of tune with them, was strikingly illustrated 
in an experiment shown at the Royal Institution 
by Tyndall in 1866. The rays of an arc lamp 
were brought to focus within the thickness of a 
slab of ice. As this melted in the neighbourhood 
of the focus, beautiful and symmetrical, six-sided 
stars were observed, the outlines of which could be 
projected on a screen. A water tank was then 
interposed between the ice and the arc light. In 
these conditions the ice remained intact, although 
the path of the rays appeared nearly as bright as 
before, and, on removing the ice, wood could be 
ignited in the focus of the rays. 

It will be obvious from what has been said above 
that little of value is to be expected from further 
experiments on supersaturation limits, which, 
taken per se, are inadequate for the calculation of 
supersaturation losses. What are now needed are 
precise measurements of the pressure and volume 
of steam during a supersaturated expansion. 
Experiments to this end were projected some time 
since, but had to be abandoned owing to the ill 
health of the investigator. In view of the failure of 
Callendar and Nicolson to make satisfactory obser- 
vations of this kind, using the experimental engine 
at the McGill University mechanical engineering 
laboratory, it would seem that the apparatus must 
be designed ad hoc, but it need not, we imagine, 
be either costly or complicated. 








THE CALIBRATION OF THE 
ASSOUAN DAM SLUICES. 

THE Ministry of Public Works, Egypt, has recently 
published a final report* on the calibration of the 
sluices of the Assouandam. The work has extended 
over a period of twenty years, with the result that 
it is now possible to obtain an automatic and 
reliable record of the discharge of the Nile at all 
stages of the river. Some measurements of the 
flow at low stages were made prior to the con- 
struction of the dam, to secure data for fixing the 
capacity of the waterway needed through the sluices. 
Many of the estimates then made were based on 
float measurements, and the results were sufficiently 
accurate for the end immediately in view. On the 
completion of the dam, however, there was a demand 
for greater precision, and a comparison between 
estimates based on the use of floats and on current 
meter readings demonstrated the great superiority 
of the latter. Some very anomalous results were, 
however, recorded in certain cases, and the matter 
was accordingly carefully studied, both theoretically 
and experimentally. It was thus shown that when 
the flow was markedly turbulent the meters tended 
to read high, and errors of as much as 20 per cent. 
were recorded in extreme cises. Further experi- 
ment proved, however, that by suitably siting 
the meters very reliable figures could be obtained 
at low Nile, although in flood conditions the 
readings still run about 5 per cent. high, as is 
proved by comparison with the discharge from the 
calibrated sluices. One difficulty, however, was 
early found to be associated with the determination 
of discharge from meter readings, viz., that each 
site required re-calibrating every year, owing to 
the changes made in the channels and sand banks 
by the annual floods. This led Sir M. Macdonald 


* The Measurement of the Discharge of the Nile through 
the Sluices of the Aswan m. Government Press 
Cairo, 1928. Price P.T. 10. 








to decide upon calibrating the sluices in the dam, 
and this work has now been brought to completion 
mainly by Messrs. H. E. Hurst and D. A. F. Watt. 
The task was facilitated by the fact that in 1905 
a water-cushion was constructed under some of the 
high-level sluices in order to protect the river bed 
from erosion. This cushion formed a tank with 
a total capacity of 22,000 cubic metres. The 
volume up to different levels was carefully 
measured, and the sluices discharging into it were 
calibrated in turn by noting the rise of level in the 
tank due to, say, a 3-minute discharge at various 
heads and sluice openings. The swirl produced in 
the tank was such that level readings could only be 
taken some two hours after shutting off the water, 
but leakage and evaporation losses were measured 
and allowed for. In this way, coefficients of dis- 
charge under all conditions were determined for 
those sluices which discharged directly into the water 
cushion. The other sluices, which did not discharge 
into this tank, were calibrated indirectly by com- 
paring levels down stream when the flow was diver- 
ted from the directly-calibrated sluices, to an 
equivalent number of the other sluices. Some 
730 current meter readings were also made in the 
sluices. 

In this way the whole of the sluices have been 
calibrated. In all, some 250 observations were 
made on the sluices discharging into the tank. 
These were supplemented by 1,130 determinations 
by other methods of measuring the river flow, 
and by about 2,500 model experiments. For these 
the law of comparison was found to be Q = nq, 
where Q denotes the full-scale discharge, n the scale 
ratio and g the discharge from the model. The 
formula found applicable to the sluices was 
c A\/29(H — F), where A denotes the area 
of the water, H the head above the sill, and c the 
coefficient of discharge. F is taken as equal to 0-8 of 
the height of the opening above the sill, unless the 
sluice is running nearly full bore. Tables of cand F 
are givenin the report. The coefficient of discharge 
c was found to range from 0-69 at one-seventh of 
the opening, up to nearly unity at full bore. 

For weir conditions—that is to say, when the 
sluice is not drowned, the formula used was Q = 


cb H’, where b denotes the width of the opening, 
and H the head above sill level. The value of c 
was found to be in this case 3-06, the discharge 
being measured in cubic meters per second and b 
and H in meters. 
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Om ENGInes AND ELEctTRIcIty SUPPLY. 


CoNTINUING our report of the meeting held in 
Torquay on the afternoon of Wednesday, June 5, 
a paper on “ The Heavy Oil Engine and its Applica- 
tion in Electricity Supply Undertakings,’’ was 
read by Mr. Geoffrey Porter. The author remarked 
that no communication on heavy-oil engines had 
been presented to the Association since 1911. 
At that time, 500-h.p. Diesel engines were in satis- 
factory use abroad, but the performance of the 
few examples in this country was not impressive. 
On the other hand, the thermal efficiency of the 
steam station was low, 5 per cent. being common 
and 7 per cent. being considered good. If, there- 
fore, our knowledge of the heavy-oil engine had been 
then what it was now, it would have played an 
important part in power-station practice. As it 
was, it was mainly employed in stations of small 
and medium capacities up to 10,000 kw. in the 
United Kingdom, and 20,000 kw. abroad, though 
the new White Star liner was to be equipped with 
some 100,000 h.p. of such engines. 

After considering the characteristics of the various 
fuels utilised in oil engines, the authors went on 
to give details of the engines themselves, including 
those of both the low and high-compression types, 
special mention being made of the opposed-piston 
engine, and of the M.A.N. 15,000-h.p. unit installed 
at Hamburg for peak-load service. Reference was 








also made to the Ricardo-Brotherhood and Mirrlees 
| high-speed engines, and to the Biichi system of 
|supercharging. As regards layout, not more than 





7 lb. of cooling water were required per kw.-hour, 
and fuel-oil storage might be safely calculated on 
a basis of 3,500 kw.-hours per ton of oil. A maxi- 
mum provision of 0-6 sq. ft. per kw.-hour was 
ample to ensure efficient working space round the 
engines, or, expressed in the reverse way, the 
capacity-density was about 1-7 kw. per square 
foot. 

As regards results, an analysis made by the 
Diesel Engine Users’ Association for 1928 showed 
that there were 38 generating stations using heavy 
oil engines in the United Kingdom. The largest 
of these had an annual output of 10,564,390 kw.-h. 
and the smallest an output of 23,313 kw.-h., the 
combined total being 47,940,648 kw.-h., generated 
under varied conditions of load factor, engine 
type, and price of fuel. The total capacity was 
32,989 kw., the average capacity per station being 
869 kw., the annual station load factor 20-7 per 
cent., the average fuel consumption 0°706 lb. per 
kilowatt-hour, and the average engine costs 0° 692d. 
per kilowatt-hour. The variations in engine costs 
were considerable, but of the 11 stations generating 
more than 1,000,000 kw.-h. per annum, two had 
a figure of less than 0-5d. per kilowatt-hour and 
eight did not exceed 0-:7d. per kilowatt-hour. 
The majority of the engines were of the air-injection 
type. One set of engines, about twenty years old, 
had the lowest average rate of fuel consumption 
(0° 665 Ib. per kilowatt-hour) in a total of 138 engines, 
so that, except on account of obsolescence, due 
to insufficient generating capacity, the question 
of depreciation from the point of view of economy 
hardly arose. The cost of repair and maintenance 
was low, and showed little tendency to increase 
with age, the average figure for 70 engines being 
0-103d. per kilowatt-hour. This type of prime 
mover had, in fact, been of great benefit to the 
undertakings concerned, owing to its freedom from 
stand-by charges, the small amount of labour 
required, and its inherent efficiency. 

Looking to the future of such undertakings, 
the present bulk-supply prices were not attractive, 
while even better results than those now obtained 
might be expected from oil engines. In general, 
rates of charge of the order of 31. per kilowatt plus 
025d. or 0-3d. per kilowatt-hour were too high to 
benefit a well-established heavy oil engine plant, 
where extensions could be effected with similar plant, 
the capital charges on a 1,000-kw. set being about 
30s. per kilowatt. On the Continent, the oil engine 
was regarded, not so much as a competitor as an 
ally of steam, to be utilised to obtain the most 
economical results. But the proportion of such 
plant used in this country was so minute that it 
could not affect the general position. A word of 
warning might not, however, be out of place. The 
large private power plant owner had been given 
aid in the form of rate reduction, while the 
rate burden of supply authorities would be in- 
creased. It would not be surprising, therefore, if 
some of the larger industrial concerns returned to 
“self” generation and thus slowed down the rate 
of demand on which the 1926 Act schemes depended. 
If that occurred, the Central Electricity Board 
might be unable to sell energy at prices low enough 
to enable the local distributor to retain his best 
consumers. 

The conclusion of foreign engineers that there 
was nothing to choose between steam and oil 
engine generation for large outputs was borne out 
by facts, but the oil engine was simpler, required a 
smaller staff, needed far less water, and was less 
obnoxious to its neighbours. The area of the 
site would be less, and it could therefore be placed 
nearer the centre of gravity of the load. The use 
of oil engines for taking the peak loads was not 
always justified on a cost basis, but they had the 
advantage of quick-starting, without any cost for 
preparation other than the standing charges. 
The advent of the pulverised-fuel boiler had much 
improved the flexibility of the steam-raising section. 
On the other hand, the turbine entirely lacked 
flexibility. In the author’s opinion, therefore, the 
heavy oil engine could not compete with high- 
efficiency base-load steam plant, either for peak 
or base loads, though each case must be investigated 
separately. With regard to substation duty, the 
position was governed by the costs of transmission 
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from the generating station, and there were un- 
doubtedly cases where the extension of a substation 
by oil engines would effect economies, quite apart 
from the greater freedom from interruption thereby 
obtained. This was important in a_ heavily 
loaded shopping or industrial centre. The oil 
engine was also admirably suited for providing an 
independent auxiliary supply in the generating 
station itself. 

The discussion was opened by Mr. A. Mellor, 
who expressed his disagreement with the statement 
that the oil engine in this country had languished 
in the shadow of the progress made by the steam 
turbine. On the contrary, he thought that the 
designers of the latter type of plant had been 
spurred on by the high overall thermal efficiency 
and low cost per kilowatt-hour which it was 
possible to obtain with the modern oil engine. 
Progress in metallurgical knowledge had consider- 
ably reduced the cost of maintenance of the fixed 
and moving parts which worked together, while, as 
the result of years of research, pistons and cylinder 
heads had been improved and liner wear in large 
cylinders had been reduced to a minimum by the 
use of correctly designed piston rings. The thermal 
and mechanical efficiency of the oil engine could be 
maintained at a higher figure over a number of 
years than those of any other prime mover, while 
the efficiency of the steam turbine decreased with 
the wear and tear on the blades and nozzles. As 
regards continuity of service, the oil engine had 
reached as high a standard as the steam installation. 
Only a few years ago, the limiting horse-power per 
cylinder was thought to be about 500, while to-day 
2,000 brake horse-power, or more, per cylinder 
was not an impossible achievement with double- 
acting or opposed-piston engines. It was generally 
agreed that the large oil engine could now be used 
efficiently for stand-by or peak-load purposes, 
though it might be a surprise to many to learn that 
in London over 10,000 brake horse-power of such 
plant was in use for these applications. In one 
oil-engine station in the West End, some 7,000 horse- 
power was installed in a space 120 ft. long by 36 ft. 
wide by 21 ft. high, leaving ample room for recondi- 
tioning and dismantling. It was not difficult to 
visualise similar, but larger, stations placed in un- 
obtrusive positions in crowded centres. Statements 
of this kind would show that the oil engine had 
many advantages over steam plant of similar size, 
and its merits should be thoroughly investigated by 
the Electricity Commissioners. He thought the oil 
engine was pre-eminent without burdening it with 
supercharging, as advocated by the author. He 
also expressed the opinion that the costs given in 
the paper were too high. 

Mr. I. V. Robinson pointed out that cheap plant 
was a necessity if peak loads were to be dealt with 
economically. In fact, the cost of such plant was 
from 10 to 15 times as important as the fuel costs, 
since the capital charges had to be spread over a 
very small number of hours of operation. It was 
not possible, however, to install a Diesel engine 
for the same cost as steam plant of equal capacity. 
The author had indicated that the cost of the high- 
speed engine was only about 60 per cent. that of the 
low-speed type. It therefore seemed as if the 
future of the internal-combustion engine depended 
upon the possibility of using high speeds. 

Mr. M. Gercke emphasised the need for close 
co-operation between the manufacturer’ of both oil 
and steam plant in the interests of economical and 
safe generation. The former could render valuable 
service to the large capital stations by dealing with 
the peak loads from local stations, by acting as 
stand-by plant, and by performing phase advancing. 
This co-operation had been effected with remarkable 
success in both Berlin and Hamburg. In the latter 





city, the use of the 15,000 h.p. set, referred to by the 
author, had saved some 5,000 tons of coal last 
winter, besides several times relieving the situation 
when the continuity of the supply was threatened 
by ice trouble in the condensers at the main station. 
Since 1926, the engine had run some 800 hours per 
annum, and in emergency it had been placed on 
load within a few minutes. Its average fuel con- 





sumption was 0-55 Ib. of gas-oil per kw.-hour, 
and the costs, under peak load conditions, had been 
entirely in conformity with the estimated figures. ' 
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The possibility of producing the oil required for 
peak-load Diesel engines in this country from coal- 
tar products should be considered. Enough coal- 
tar oil was available for this purpose without 
importing foreign oil. 

Mr. J. Christie remarked that the author had 
made out an excellent case for Diesel engines, and 
for their more extended use in dealing with peak 
loads and as spare plant. When such stations as 
Mr. Porter’s were shut down, the plant therein 
might well be used by the Central Electricity Board 
for developing the demand in outlying areas, until 
the heavy expenditure of extending the grid and its 
attendant plant was justified. 

Mr. H. W. Watts said that the Diesel engine user 
suffered under the disability of only being able to 
obtain a short period in which to repay loans, and 
the authorities had made this an excuse to with- 
hold their sanction to extension of this plant, in 
spite of the fact that its high thermal efficiency made 
it a serious competitor with the steam turbine. The 
schemes of the Central Electricity Board would 
centralise the peaks, and it was doubtful whether it 
would be economical to transmit power over long 
distances to deal with them. The question, there- 
fore, arose as to what type of plant would efficiently 
generate the power required for this purpose, as 
close as possible to the place where it would be used. 
Diesel plant was definitely suitable for this service. 
It could be installed at 111. per kilowatt, which, at 
8 per cent., meant a capital charge of ll. per kilo- 
watt per annum, as against the 4/. per kilowatt of 
maximum demand, which was a usual charge for 
bulk supply. The author’s figures for operating 
costs flattered the steam stations, as there was no 
plant in the south-east of England which had given 
such results. On the other hand, the figures given 
for oil engines could easily be attained. 

Mr. C. M. Johnston pointed out that the author 
of the paper had dealt chiefly with engines 
running at speeds below 250 r.p.m. and above 
750 r.p.m. He had rather suggested that if 250 
r.p.m. were exceeded very high speeds should be 
adopted, and he had excluded the possibility of sets 
running at some intermediate speed and specially 
designed for central station work. He (the speaker) 
had, however, obtained satisfactory results from 
two six-cylinder 600 h.p. sets running at 350 r.p.m. 
They occupied 0-5 sq. ft. per kilowatt and were of 
the four-stroke type with air injection. The 
piston speed was 900 ft. per minute. The generating 
costs at Shrewsbury last year, with these two sets 
in commission, were 0-569d. per kw.-hour., and they 
were thus enabled to sell electricity at rates which 
were among the lowest in the country. An 
advantage of the Diesel station, not mentioned by 
the author, was that it could be built right in 
the town without causing annoyance from vibration 
or exhaust gases. In the case of undertakings with 
a high short-time peak, a combination of Diesel 
engines and bulk supply would show a considerable 
saving. 

Mr. H. L. Howard said that Diesel plant would 
not give the best results unless the engineer under- 
stood the fuel question. In this country, unlike 
Germany, there was no surplus of tar oil. 


STANDARDISATION OF CHARGES. 


At the concluding meeting on Thursday morning, 
June 6, a paper on “ Standardisation of Methods of 
Charge,” was presented by Mr. E. J. Jennings, in 
which it was pointed out that some twenty methods 
of charging for electricity were in force in various 
parts of the country, a diversity which could not be 
justified by any difference in local conditions. The 
desirability of evolving some order from this state 
of affairs was apparent, especially as within the 
next few years many undertakings would become 
purchasers of electricity in bulk from the Central 
Electricity Board, who would sell to them on the 
basis of a two-part tariff. Such standardisation 
would also avoid confusing consumers who moved 
from one district to another. 

Electricity could not be measured and charged 
at the same all-round price, no matter when or for 
what purpose it was required, because, unlike any 
other commodity, it had to be made and used at 
the same moment. Hence the major proportion of 
the total cost per unit was fixed, this proportion, 





in Birmingham, in 1927-28, amounting to 78-54 
per cent. of the whole. The segregation of fixed 
from running costs having been accomplished, the 
former must be related to the different classes of 
supply. In this connection, it was both sound 
commercially and permissible legally to adopt the 
doctrine of expediency. 

It was now competent for undertakers to seek the 
Minister of Transport’s sanction to a compulsory 
two-part tariff, and all the available evidence 
indicated that the adoption of such a tariff was 
necessary to standardisation, with possibly two- 
rate meters in certain cases. The tariff adopted 
must be sufficiently elastic to encourage a policy of 
filling in the valleys in the demand curve. 

With regard to the assessment of the primary 
charge, no universal standard had yet been evolved. 
This charge should, however, be related to the size 
of the building and the type of load, commercial 
or domestic, while, in the case of industrial supplies, 
it should be on the basis of actual maximum 
demand. The difficulties of the change-over from 
the flat-rate system could be alleviated by the offer 
of alternative attractive two-part tariffs, reductions 
of charges being in future confined to the latter. 
In any tariff, every unit of output should make 
some contribution, but not necessarily the same 
percentage contribution, towards the fixed costs. 

The discussion was opened by Mr. C. G. Morley 
New, who agreed that standardisation of tariffs 
was necessary, especially in the same undertaking. 
Simplification should also be aimed at, and in 
framing domestic tariffs, no factor should be left to 
the discretion of an official. He thought that no 
compulsory two-part tariff would command support 
either from the Commissioners or from the consumers. 

Mr. Arthur Wright, who was the first president 
of the Association, said that the lay members should 
study Hopkinson’s paper, from which the author 
had quoted. Most tariff troubles were due to 
wrong nomenclature. Electricity was not a com- 
modity, but a service for which a simple charge 
should be made. It was the confusion of thought 
on this matter that had made our tariff manufac- 
turers so busy. All that was wanted was a rental 
charge, a user charge and a commercial discount ; 
to try and meet the popular cry for an average 
charge would be fatal to development. Charges 
must be simplified, but the clamour for lower prices 
mainly benefited those who could afford to pay 
more. The ideal was a general supply on an 
equitable basis to the greatest possible number of 
consumers, whose interests should be put before 
those of the shareholders. 

Mr. J. Christie said he had always advocated 
simple flat rates for both light and power. Alderman 
Walker remarked that the author, after pleading 
for simplification, had evolved a complex method. 
He himself preferred the rateable-value system, as 
the basis was fixed by authorities outside the industry, 
and the recent legislation would make it more 
equitable throughout the country. Tariffs were not 
so simple a matter as Mr. Wright had suggested, 
since special cases demanded special treatment. 

Dr. S. Z. de Ferranti said that, at the present 
stage of development, there was no option but to 
adopt a two-part tariff. The method of arriving 
at the fixed charge was not important, but it must 
be high enough to cover the standing charges and 
to make it possible to supply the metered units 
cheaply. The public were puzzled by the wide 
fluctuations in prices throughout the country, and 
he was afraid this was often due to want of com- 
mercial efficiency. 

Mr. F. M. Long said that the differences in the 
cost of distribution to different classes of consumers 
were so great that the fixed charge must also be 
different. He had found that in Norwich, while 
the average fixed cost was 101. per kilowatt, for 
power consumers it was 7]. and for lighting 12/., 
the number of kilowatt-hours supplied being about 
the same under each heading. He favoured the 
rateable-value system. 








PanaMa Arr SeRvice.—A passenger air service across 
the Isthmus of Panama has been inaugurated by Messrs. 
Pan-American Airways, Inc. A six-passenger, cabin- 
type, Fairchild aeroplane is employed, and this performs 
the journey from Cristobal to Balboa and back three 
times daily. 
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THE ‘SUMMER MEETING OF THE 
INSTITUTION OF ELECTRICAL 
ENGINEERS. 

TxE Institution of Electrical Engineers is this 
year holding its Summer Meeting in France, four 
days last week having been spent in Paris, while 
this week a journey has been made to the south- 
east of the country and the French Pyrenees. The 
meeting covers many inspections of engineering 
interest both in Paris and the south. The Paris 
visit afforded an unusual opportunity for becoming 
acquainted with the electrical supply arrangements 
of the capital and the surrounding districts ; while 
this week, by the courtesy of the Chemins de Fer 
de Paris and Orleans and the Chemins de Fer du 
Midi, a very complete inspection of the electri- 
fication work being carried out on these railways, 
and of some of the power stations supplying them, 
has been arranged. The French meeting is being 
held at the invitation of the Société Francaise des 
Electriciens, and this body made very complete 
arrangements for the comfort of their guests. 
Courtesies and facilities were also extended to the 
Institution by the electric supply authorities of the 
city in making arrangements for visits to their power 
station and in other ways. The Paris visit included 
a banquet at the Hotel Continental on the 12th 
inst., given by the Société Frangaise des Electri- 
ciens, the Compagnie Parisienne de Distribution 
d’ Electricité and the Groupement des Secteurs de 
la Région Parisienne. The official pamphlet issued 
by the Institution showed a total attendance of 133 
at the meeting, a proportion of these, however, 
attended only the Paris portion of the meeting, 
and others are taking part in the Pyrenees visit 
only. 

In addition to the inspections of the four power 
stations to which we refer below, other visits of 
technical interest were arranged in connection 
with the Paris meeting, to some of which we shall 
also refer. It will be convenient, however, to 
deal in the first instance with the power stations 
and the electricity supply arrangements of the 
city in the form of a connected account, rather 
than to attempt to give a chronological record of 
the meeting, in which matters forming essential 
parts of a whole were of necessity separated in time 
by functions with which they had no immediate 
connection. As we have said, the visit afforded an 
excellent opportunity of seeing something of the 
electrical supply arrangements of Paris and the 
surrounding districts. The whole area has shown 
a remarkable growth in consumption since the war, 
and in the outer area a complete reorganisation 
has been carried out. In 1918, the business of 
electricity supply was in the hands of a considerable 
number of unco-ordinated authorities distributing 
from eleven power stations in Paris, and the suburbs, 
but in that year an inquiry was instituted by the 
Ministry of Public Works, into the whole question 
of the electricity supply of France. One result of 
this inquiry was that the business of supply in 
Paris is now in the hands of two large companies. 
This post-war reorganisation did not affect the 
supply arrangements in the city itself to any con- 
siderable extent, as these had been modernised 
in the year 1914, when the Compagnie Parisienne 
de Distribution d’Electricité came into being. This 
company, which represents a combination by some 
six earlier authorities which supplied electricity to 
various sections of the city, has a concession extend- 
ing to the year 1950. The reorganisation following 
the inquiry of 1918 resulted in the formation of 
the Union d’Electricité which is a combination of 
the various companies which supplied in the 
suburban and outer districts. These two main 
authorities concerned respectively with the city 
and with the outer districts, operate independently 
one from the other, but interchange of bulk supplies 
takes place between them. 

The Union d’Electricité owns the well-known 
Gennevilliers power station, situated on the River 
Seine to the north-west of the city and some 
6 miles out. Its position is indicated on the 
accompanying map, which also shows the positions 
of .the other power stations, substations and 
transmission lines supplying Paris. The Genne- 


villiers station was visited by the Institution on 
Wednesday, June 12. The Compagnie Parisienne de 





Distribution d’Electricité operates the power station 
at Saint Ouen, known as the Usine Nord and the 
station at Issy-les-Moulineaux known as the Usine 
Sud-Ouest. The Saint Ouen station is situated 
in the same district as, and at no great distance from, 
Gennevilliers, while the station at Issy-les-Moulin- 
eaux is, as its alternative name indicates, situated 
to the south-west of the city. Both stations are 
on the Seine. The Sud-Ouest station is considerably 
nearer the centre of the city than the Nord station, 
and is only some 2 miles from the Eiffel Tower. 
It is interesting to note that this station, which has 
an installed capacity of 130,000 kw., and is being 
extended to a capacity of 175,000 kw., occupies 
almost exactly the same position relative to Paris 
that the much criticised Battersea station will 
occupy in relation to London. The Saint Ouen 
station was visited by the Institution on the 12th 
inst., in conjunction with the visit to Gennevilliers 
and the Issy-les-Moulineaux Station was visited 
on Saturday, June 15. 

These three stations, together with the Vitry 
Station of the Union d’Electricité, form the main 
units in the electric power and lighting supply of 
Paris and the environs, but other stations exist for 
traction supply. The most 


pany was formed. Both have been extended a 
number of times since first starting operations. The 
most modern plant at Saint Ouen, the more impor- 
tant station, consists of eight 35,000-kw. turbo- 
generator sets operating with steam at 285 lb. per 
square inch and a temperature of 650 deg. F. The 
largest boilers in the station have a capacity of 
176,000 lb. of steam per hour. The machines 
generate 2-phase current at 12,000 volts, and dis- 
tribution to the various sub-stations throughout 
Paris is carried out at this pressure. The older 
machines both in this and in the Sud-Ouest station, 
were built to operate at 41% periods, but as, since 
the war, 50 periods has been specified as standard for 
France, the machines have been speeded up to 
generate at this periodicity. This procedure has 
been necessary in order to permit of the Compagnie 
Parisienne interconnecting with the systems of the 
Union d’Electricité and with Ivry Port of the Com- 
pagnie d’Eleetricité de la Seine. The Sud-Ouest 
station contains four 12 000/15, 000-kw. sets and two 
35,000/40,000-kw. sets, and in connection with the 
latter machines a 625 lb. per square inch installa- 
tion has been carried out. The earlier machines 





operate at 200 lb. per square inch, and the new plant 





important of these is that 
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The Compagnie Paris- 
ienne de Distribution 
d’Electricité is concerned, 
as we have said, with 
distribution only inside 
the city, but its load has 
grown in a remarkable 
way, increasing by seven 
times in about thirteen 
years and reaching 300,000 
kw. in 1928. The load 
is in the main a purely 
lighting one, since although 
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suburbs, and with this the 

Compagnie Parisienne is not concerned. As the 
city is supplied from two stations only these are 
of necessity of considerable size. The Sud-Ouest 
station, as we have already mentioned, has an 
installed capacity of 130,000 kw., while the Saint 
Ouen station has a capacity amounting to the 
remarkable figure of 250,000 kw. The arrange- 
ment by which the almost purely lighting load of 
the city is dealt with by an independent company 
is hardly an ideal one, as the stations of this com- 
pany have necessarily a very poor load factor. The 
load on the network varies in a comparatively 
few hours between 17,000 kw. and 300,000 kw. 
The Compagnie Parisienne is connected up with 
the system of the Union d’Electricité by a feeder 
connecting Saint Ouen station with Gennevilliers, 
but apparently no great interchange of bulk supplies 
has taken place, as in general the installed capacity 
of the Compagnie Parisienne is sufficient for its 
needs at the moment. 

In a general article of this kind we cannot usefully 
attempt any detailed description of the power 
stations visited, but an outline account of the techni- 
cal features of the supply arrangements will be of 
interest. Dealing in the first instance with the 
Compagnie Parisienne and the distribution in the 
city, it may be said that both the Saint-Ouen and the 
Sud-Ouest stations date from 1914, when the com- 





consists of two 11,000 kw. back pressure turbines 
operating with steam at 625 lb. and 840 deg. F. and 
exhausting to the old 40,000-kw. sets. In addition 
a further 35,000-kw. unit operating at 625 lb. per 
square inch is now running. In view of what we 
have already said about the relative positions of the 
Sud-Ouest station and the new Battersea station in 
London, it is interesting to note that the new 
625 lb. pressure boiler plant is to be fired with 
pulverised fuel. The Saint-Ouen station and the 
older boiler plant at Sud-Ouest are: fitted with 
chain grate stokers and burn slack. The arrange- 
ments in this connection at Saint Ouen are unusual 
and of interest. The coal arrives in steel hopper 
wagons with side doors and is discharged into a 
large water-filled underground bunker by water 
sprays which wash the coal out of the wagons. The 
coal is recovered from the drowned bunker, or 
pit by grabs, and is deposited on a tip to drain. 
The conveyors feeding the station are supplied from 
this tip. The arrangement is worked with con- 
siderable economy of labour and has the advantage 
of keeping down any dust, the cleanliness of the 
station and the station yard at this plant, which is 
of greater capacity than that of any power station 
in this country, being remarkable. It does not 
appear, however, that the process could in any 
effective sense be said to wash the coal. 
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The distributing arrangements in the city are 
decidedly varied, the different systems being in- 
herited from the various independent authorities 
from which the Compagnie Parisienne was built up. 
The city is divided into four sections, the parts 
with which visitors to Paris are probably most 
familiar being supplied with continuous current 
and the outer districts with alternating current. The 
smallest section, which lies to the north of the centre 
and extends from about the Gare St. Lazare to the 
Gare de l’Est, and extends southward to somewhere 
near the Conservatoire des Arts et Métiers, is 
supplied with continuous current on the three-wire 
system, with 220 volts between the outer wires. 
The substations contain both synchronous and 
asynchronous motor-generator sets, of from 1,500 
to 3,000 kw. capacity. There is a second continuous- 
current area supplied on the five-wire system, with 
440 volts across the outer wires. The substations 
are equipped with generally similar plant to those 
of the three-wire area. This section covers the 
remainder of the well-known central portions of 
Paris north of the river, and extends from the forti- 
fications in the north-west to a point south of the 
Place de la Bastille. The whole of the section south 
of the Seine, and the western parts of the city from 
the Place de la Concorde to the western boundary, 
is supplied with single-phase alternating current 
at 110 volts, air-cooled transformers of a capacity 
up to 3,200 kw. being installed in the substations. 
The fourth section, covering the eastern and north- 
eastern parts of the city, is supplied with two-phase 
alternating current at 110 volts. 


(To be continued.) 








THE NATIONAL PHYSICAL 
LABORATORY. 


THE annual meeting of the General Board of the 
National Physical Laboratory was held on Tuesday, 
June 18. The number of visitors who accepted 
the invitation to view the Laboratory and to see 
the numerous demonstrations arranged, was again 
very large. The visitors were received in the 
Aerodynamics Building by Sir Ernest Rutherford, 
O.M., ea officio Chairman of the Board and President 
of the Royal Society, Sir Richard Glazebrook, 
Chairman of the Executive Committee, and Sir 
Joseph E. Petavel, Director of the Laboratory. 
The Executive Committee have this year made a 
very useful addition to the annual Report* in the 
form of a special report on the units and standards 
used in the Laboratory, this being particularly wel- 
come as there have been recent changes in the inter- 
national agreements. The report outlines the pro- 
gress made in the Imperial and international stan- 
dardisation work and the general activities of the 
Laboratory. In some departments, novel lines of 
research have, to a certain extent, suffered from 
the pressure of commercial routine work. The new 
Physics Building, now under construction, will 
relieve part of the pressure and facilitate research. 
The Tank Department, however, has no promise yet 
of the very desirable extension which would enable 
it to resume suspended research work. We should, 
perhaps, point out that the novel instruments and 
apparatus used in the Laboratory, both heavy and 
delicate, are made as well as designed in the work- 
shops of the Laboratory departments. 


ENGINEERING DEPARTMENT. 


Fluid Friction and Heat Transmission.—In the 
investigation of the friction of fluids under dynami- 
cally similar conditions, Sir Thomas Stanton, 
Superintendent of the Department, and Miss D 
Marshall make use of a rectangular channel, 12 in. 
sq. and 50 ft. long, in which air currents are main- 
tained, by means of a Sturtevant suction fan, at 
speeds of 150 ft. per second maximum over water 
6 in. in depth. The direct object is to check the 
relations between friction and pressure by measure- 
ments on the surface waves set up by the wind, | 
but the analysis of the complex wave systems | 
due to the wind and the walls and their inter- 





* The National Physical Laboratory, Report for the Year| 
1928. Published by H.M. Stationery Office for the Depart- 
ment of Scientific and Industrial Research. Price 9s. net. 


ferences is very difficult. The wave-length is 
determined photographically in the observation 
chamber of the wooden channel; a translucent 
screen is put on the glass roof of this chamber, and 
the camera, fitted with a wide-angle lens and a 
very rapid shutter, is inverted. The velocity and 
amplitude of the waves are determined with the aid 
of a system of cork floats, 3 in. long and 1 in. wide, 
attached to a vertical spindle moving in frictionless 
guides; the end of each spindle carries a pencil 
which draws curves of period and amplitude on a 
revolving drum. Solid models of wave patterns are 
to be constructed, and the pressure distribution 
over the wave surface is then to be explored ‘in a 
wind tunnel at the wind speeds used in the channel 
experiments. 

For the photographic study of the three-dimen- 





Fig. 1. 

















Fig. 4. 


sional vortex motion in the wake of a body moving 
relatively to a fluid, a vertical channel, 14 in. square, 
has been constructed with plate-glass windows front 
and back. The water comes from a tank with 3 ft. 
sides through a bell mouthpiece, and a thin axial 
stream of blue ink, 1 mm. in diameter, is obtained 
by introducing the ink from a separate tank, at the 
same level as the water tank, through a vertical 
axial tube in the channel. From this tube the ink 
escapes at the top through a narrow slit left 
between the mouth of the tube and a covering disc. 


"|The apparatus, shown with the water at rest in 


Fig. 1, permits easy temperature control (the water 
and ink must be of the same temperature) without 
the aid of cocks. Organic growths in the corners 
of the channel have to be suppressed by frequent 
cleaning. 

In the two-dimensional problem, such as the 
| eddy system thrown off from a long cylinder moving 
| perpendicularly to its axis, the eddies are discharged 
| alternately from each edge, and the whole system 

consists of two rows of oppositely-rotating vortices. 
In the three-dimensional problem, the eddy system 
| thrown off from the edge of the disc, a permanent 








Fia. 2. 





vortex ring is formed behind the disc as long as 
vd/v is below a critical value. At this critical 
value the vortex ring is shed and forms a spiral 
vortex sheet, as shown in Fig. 3. Fig. 2 shows the 
permanent vortex ring formed behind the disc with 
laminar flow. 
As regards fluid friction and heat transmission, 
air heated in a gas furnace is passed through pipe of 
rectangular cross-section, 2-65 cm. by 0-355 cm., 
which is water jacketed. The initial and final air tem- 
peratures are determined by platinum grid thermo- 
meters ; the outer wall of the water-cooled pipe is 
about 400 or 500 deg. C. cooler than the air. The 
volume of cold air entering the furnace is measured 
and the frictional resistance encountered in the pipe 
is deduced from observations on a Chattock gauge. 
The results, communicated to the Engineering 





Fie. 3. 


Co-ordinating Research Board, show that the 
difference between the heat transmitted and that 
calculated on the skin-friction relation of Reynolds 
is much smaller, in the case of approximately 
two-dimensional flow, than in that of a cylindrical 
Pipe. 

Lubrication, Grease, Doped Oils.—In response to 
many inquiries as to journal lubrication by very 
small feeds of solid grease, a special feeder, consisting 
of a small ram driven by a screw-ratchet motion and 
a double worm from an electric motor, was con- 
structed, which provides a feed ranging from 0-015 
grain to 0-062 grain of grease per minute. Pre- 
vious experiments with larger feeds (1-7 grains 
per minute) gave temperature-friction curves of 
the oil-lubricant type. With very small grease 
feeds, steady friction values were only obtained 
after long running, and the friction coefficient was 
then smaller than expected. The small amount of 
grease would appear to melt, but it may be cooled 
again and freeze, and the bearing may seize when 
the feed is increased under this condition. The 
ordinary gravity feed from the upper side of the 
shaft bearing seemed to be suitable for maintaining 
the proper temperature conditions; the starting fric- 
tion would be high, but would decrease by continual 
running as the temperature rose and the bush was 
loaded. As regards boundary friction, most lubri- 
cants, when tested by the rate of damping of 
a heavy pendulum attached to a bearing oscil- 
lating on a fixed journal, had shown, in former 
tests, a rate independent of the amplitude of swing 
(Amonton’s law), but, with some lubricants, the 
rate of damping fell off as the amplitude of swing 
decreased. In order to measure the variation of 
frictional force during the swing of the pendulum, 
the pendulum journal is now supported at the 
ends of ball bearings, and its rotational movement 
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is constrained by means of a calibrated spring, so 
that, in the initial stage, relative motion between 
the journal and bearing did not take place until 
the value of the torque exerted by the controlling 
spring reached that of the static friction between the 
surfaces when slipping took place. Fig. 4, on page 
795, was drawn by a pencil moving, at a rate propor- 
tional to the force on the spring, on a chart pulled 
in a direction at right angles to that of the pencil ata 
rate proportional to the pendulum motion. From 
the diagram, the frictional resistance between the 
sliding surfaces and the total energy of lost during a 
swing could be evaluated. There was evidence that 
the anomalous behaviour of certain lubricants was 
due, in part at any rate, to the difference between 
the static and the kinetic values of the friction. 

In Fig. 4, the horizontal width of the diagram is 
the amplitude of swing, the vertical ordinate is 
twice the frictional force, and the inclined lines 
indicate the gradual reduction, change of sign and 
gradual increase of the frictional force at the dead 
points. The journal was lubricated with castor oil 
which was then wiped off; the load was 150 lb. 


(Zo be continved.) 


ROYAL SOCIETY CONVERSAZIONE. 


Exursits of a biological character predominated 
at the second conversazione of the Royal Society, 
held on Wednesday evening. Several of the demon- 
strations of other interests have already been 
mentioned in the notice of the first conversazione, 
published in our issues of May 17, 24 and 31. There 
were no evening discourses on the present occasion. 
The apparatus for measuring the depth of water, 
exhibited by Dr. J. S. Owens, is an exceedingly 
simple device which is not affected by small sur- 


(For Description, see opposite Page.) 
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face waves, or by temperature changes, as it 
depends upon the pressure equilibrium of the air 
inside a small rubber bag (which would fit over a 
finger) and in the water into which the bag is 
lowered. The bag is at the end of a stout, small- 
bore rubber tube, which is connected at the 
other end to a mercury gauge. When the bag 
and its tube is lowered into water, the depth is 
indicated on a calibrated gauge. When the bag 
is dragged along the bottom of a water channel, 
the observer can watch the variation in the depth 
of the channel. The new artificial horizon of Mr. 
S. G. Brown, of Acton, W., is a gyroscope-mirror 
for taking altitudes of the sun by the sextant and for 
other observations when the natural horizon is 
obscured. ‘Apart from its heavy stand, the gyro- 
scope, with its plane mirror, weighs about 1 cwt. 
Messrs. Adam Hilger, Limited, demonstrated some 
partly novel uses of two of their instruments. 
Their interferometer, the parts of which are simply 
placed on a glass plate and are not encased in 
tubes, &c., are suitable for determining mechanical 
and temperature strains in transparent sub- 
stances, and admit of the interposition of com- 
parison specimens. The temperature distribution 
on aeroplane wings can be studied with the aid 
of small models which are exposed to variable air 
blasts. The Mutochrome, due to Mr. E. F. Smith, 
of the firm, combines a multiple camera with a 
multiple-projection lantern for photographing black 
and white patterns, and for studying the colour effects 
through 14 lenses fitted with colour screens. 
Messrs. J. E. Sears, jun., and Mr. H. Barrell 
explained the use of a Fabry-Perot inter- 
| ferometer which is of service in the determination 
|of a standard of length in wave-lengths. One of 
| two parallel mirrors moves on a slide ; the appear- 
ance of a new fringe marks an increase in length by 








half a wave length. When the interference disc 
is seen half in yellow light and half in green light 
(of shorter wave-length), the counting of the fringes 
is facilitated. Lord Rayleigh showed the effect of 
sunlight on malachite green celluloid films, which 
turn dark after exposure to sunlight because, he 
finds, a red dye is produced in the green celluloid 
(by oxidation and heat) which, superposed on the 
green, renders the film opaque, whilst the coloured 
gelatin itself only fades on exposure. Dr. E. K. 
Rideal, of Cambridge, gave some striking demonstra- 
tions of chemical luminescence, oxidation effects of 
organic compounds. The very interesting applica- 
tions of photo-electric cells for automatically light- 
ing and extinguishing street lamps, and in testing 
metal disc blanks for circumferential defects, as well 
as the powders and spectra for the rapid spectro- 
scopic identification of most of the elements in 
minerals, &c., exhibited by the Research Labora- 
tories of Messrs. The General Electric Company, 
Limited, should also be mentioned. Sir Robert 
Hadfield, Bart., showed a new tool steel, consisting 
of iron combined with eight other elements and 
having remarkable cutting properties. We under- 
stand that this material is capable of cutting man- 
ganese steel, which has hitherto been unmachinable. 
Another of Sir Robert’s exhibits illustrated the 
extreme fluidity which can be obtained with molten 
manganese steel. Some small castings were shown 
with the gates and risers in place. The latter, 
which were several inches long, were of very small 
diameter at the bottom, tapering off to a fine 
point at the top. 








THe Royat Sanrrary Institute.—The forty-first 
Congress and Health Exhibition of the Royal Sanitary 
Institute will be held at Margate, Kent, from July 21 to 
28, 1930. 
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SWITCHGEAR ASSEMBLY SHOP OF 
THE METROPOLITAN - VICKERS 
ELECTRICAL COMPANY, LIMITED. 


In the description of the works of the Metropolitan- 
Vickers Electrical Company, Limited, at Trafford Park, 
Manchester, published last year in ENGINEERING,* a 
certain amount of space was devoted to that portion 
of the main factory, in which switch and control gear 
of all kinds was manufactured and assembled. At 
that time it was mentioned that the work of this 
department was rapidly outgrowing the available 
accommodation, and that it had therefore been decided 
to transfer the operations of switchgear assembly to 
a new building, to be known as the West Works. This 
transfer has now been completed, and the resulting 
addition to the organisation at Trafford Park, of which 
details are given below, will be employed mainly for 
the assembly of metal-clad and out-door types of 
switchgear, the component parts of which will, as 
before, be manufactured in the main works. The 
West Works will therefore be supplementary to the 
original switchgear department, the latter, including 
the main switchgear aisle, some 900 ft. long, being 
still used entirely for producing that type of electrical 
equipment. 

The new works, which consist of a single storey 
open-type shop, 420 ft. long by 220 ft. wide, with 
provision for future extensions, were erected in the 
short time of fourteen months, and are now in full 
operation. The Metropolitan-Vickers Electrical Com- 
pany acted as their own main contractors for the con- 
struction of this building, the various sections of the 
work being carried out by a number of specialist firms. 
Like the main works, the new building consists of a 
steel frame with brick wall filling. It is covered by a 
saw-toothed roof with north lights, glass lights also 
being provided in the roof of the large gable at the 
northern end. These arrangements, in addition to 
a large window in the north wall, ensure a high value 
of natural illumination. The floor is of reinforced 
concrete covered with special brick, which was 
chosen because it does not crumble under heavy wear. 
No dust is therefore produced, an important point, 
where the manufacture of equipment, which has to be 
insulated for high voltages, is carried on. The new 
roads, which serve the building, are also of reinforced 
concrete, while railway connections are provided at 
both ends of the shop. Heating and ventilation is 
effected by a number of steam heated units, through 
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on the insulating material may be prevented. The 
artificial lighting installation consists of 30 1,000-watt 
lamps in concentrating reflectors, which are suspended 
40-ft. from the floor and 92 500-watt lamps, in angle 
reflectors, the height of which is 16 ft. 

The shop itself is divided into four main bays with 
an auxiliary bay along the east side, in which are 
accommodated the bushing stores, compound melting 
plant, sub-stations, offices and storage bins. The 
flow of work through each bay is from south to north, 
the most eastern bay being devoted to machine tools, 
switch assembly, the final assembly of heavy metal-clad 
gear and out-door oil switch assembly. In the next 
bay westward, the detail assembly and final assembly 
of light metal-clad gear is carried out, while the third 
bay is employed for the assembly and packing of out- 
door gear. The fourth bay is at present unoccupied. 
At the northern end of the works is a further bay for 
outdoor gear assembly, and here also the 500-kv. test 
equipment, details of which are given below, is accom- 
modated. The assembly bays are served by seven 
travelling cranes, ranging from 2 to 10 tons in capacity, 
while the northern end bay is traversed by a 25-ton 
travelling crane. 

Figs. 1 and 2 are views in the assembly bays showing 
switchgear of various types in course of construction. 
Fig. 1 illustrates that portion of the shop in which 
out-door circuit-breakers are assembled and shows 
some of the 132-kv. and 115-kv. equipment, which is 
to be used on the “ grid.”” Over 500 circuit-breakers 
of this type have now been supplied by, or are on order 
from, the Metropolitan-Vickers Company. The second 
of these illustrations also shows an interesting feature, 
which has been introduced to facilitate the work of 
assembly. This consists of a series of plates, which 
are let into the floor to serve as temporary bases for 
units of different sizes. 

As has already been indicated, the works are designed 
for handling switchgear units of the largest size for the 
highest voltages, and great care has been taken to 
ensure rapidity both in assembly and testing. With- 
out giving a detailed description of the equipment, 
mention may be made of one or two points of special 
interest. These include an electrically-heated store 
room, in which all bushings, bakelite and other insu- 
lating materials are kept, until they are required for 
use, to prevent deterioration from condensing moisture. 
The temperature of this room is maintained at from 
15 deg. to 20 deg. F. above that of the outside air. Near 
this are two electrically-heated drying ovens, in one 
of which the rain sheds of the porcelain insulators used 





which air is circulated, so that 1-61 changes per hour 
can be obtained. This system has a heating capacity 
of 4,690,000 B.Th.U. per hour. Apart from questions | 
of comfort, it is hardly necessary to add that attention 
to these points is essential, in order that condensation | 
* See ENGINEERING, vol. cxxv, page 64 et seg. (1928). | 





on condenser bushings are dried out preparatory to 
assembly, while the assembled terminal itself is simi- 
larly treated before compounding takes place. The 
other is mainly used for drying the castings before the 
compound is poured in. 

In connection with the latter operation, mention may 





be made of the plant that has been designed to facilitate 
the melting and pouring of the compound. This 
consists of two boilers, which are equipped with motor- 
driven stirring paddles to prevent excessive local 
heating of the material. As most of the machining 
operations are carried out in the main shops, this 
section of the new works is not very large. Its 
equipment includes a double-headed, double table, 
horizontal milling machine for machining the side 
frames of the metal clad gear, a number of radial arm 
drilling machines, which are fitted with direct motor 
drives on both the pillar and saddle and some small 
drilling and grinding machines. 

The necessary electrical energy for testing, lighting 
and driving the cranes and tools is supplied from the 
main works sub-station to an outdoor and indoor sub- 
station, both of which are placed on the east side of the 
newshop. The former consists of a 625 kv.-a. 6,600 /440 
volt transformer, which supplies 50-cycle three-phase 
current for such purposes as driving the cranes and 
heater fans, shop lighting and testing. It is contained, 
along with its isolating switches, in an enclosure of 
expanded metal. The indoor sub-station equipment 
includes a 6,600-volt synchronous induction motor 
driving a 500/250-volt direct-current generator, from 
which a three-wire system is supplied for test purposes. 

The most interesting portion of the equipment, 
however, is that which has been provided to ensure 
the accurate and rapid testing of the various types of 
gear manufactured. The principal features of this 
are a 500-kv. transformer and a Schering bridge, by 
means of which the energy losses in insulation can be 
measured under working stresses up to 300 kv. The test 
voltage obtainable from the transformer is unusually 
high for a works equipment, while the Schering bridge-is 
the only one of its kind to be built in this country, and is 
also probably the first in the world to be installed for 
use up to so high a voltage. It was constructed by the 
company itself. The energy supply to the transformer, 
which has a ratio of 1,000/500,000 volts, is obtained 
from a motor-generator, voltage regulation being 
effected by a motor-operated rheostat in the exciter 
field of the alternator of the set. This alternator 
gives a true sine wave voltage at different frequen- 
cies. The transformer, whether used alone or in 
combination with the Schering bridge, is controlled 
by push buttons from a desk on a gallery, which 
commands a view of the whole of the test equipment 
and of that part of the shops in which a high voltage 
supply can be given. The equipment of this desk 
includes a crest voltmeter, on which the high-tension 
pressure is directly indicated. Mention may also be 
made of two oil tanks, on one of which condenser type 
bushings are mounted for test, while the other, which is 
18 ft. long, is used to test high-tension terminals under 
oil. Both tanks are fitted with automatic temperature 
control and are supplied by a circulating pump. 
Provision is made near the transformer for the pro- 
duction of artificial rain, so that high voltage tests can 
be made under wet weather conditions. 

In contradistinction to the usual practice of bringing 
the finished apparatus into the test section for examina- 
tion, in this shop the necessary energy for this purpose 
has been made available throughout the assembly 
area. This has involved the design of a 500-kv. ’ bus-bar, 
an unusual, if not unique, piece of equipment in a 
switchgear factory. This ’bus-bar is collapsible and is 
supported on bakelite tubes, which are compound-filled 
and shielded from brush discharge by aluminium 
spinnings. It is carried over the area where outdoor 
gear is assembled and runs the whole length of the 
erection bays. When not in use it can be lowered into 
a convenient position close to the stanchions, as shown 
on the left in Fig. 2, so as not to interfere with the 
cranes. It is raised and lowered by motor-operated 
worm gear, which is controlled from the gallery men- 
tioned above. When this’ bus-bar is in its upper position 
it is obvious that the cranes must be kept outside the 
test zone. This is effected by fitting trip switches on 
the crane runways, which, in the event of overrunning, 
cut off the supply both to the crane itself and to the 
exciter of the test alternator. The safety of the opera- 
tors and others in the vicinity of apparatus is further 
ensured by the use of electrically interlocked portable 
screens, by which the area affected can be enclosed. 

For the lower voltage tests, i.e., for pressures between 
2,000 and 120,000 volts, a number of portable equip- 
ments are provided. The largest of these comprises a 
440/120,000-volt, 50-kv.-a. transformer, with an induc- 
tion regulator, and a control panel, with a crest volt- 
meter. These portable equipments also include contro] 
desks fitted with regulating switches and contactor 
gear, by means of which any commercial range of direct- 
current closing voltage, and alternating or direct-current 
tripping voltage, can be obtained. Low voltage supplies 
of varying characteristics are also available in the 
assembly area, the supply in each case being effected 
from a plug type switchboard and a system of low- 
tension ’bus-bars. The circuit-breaker tanks are filled 
by a pipe connection, the supply to which is effected 
by a motor-driven oil pump. 
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LABOUR NOTES. 


A CONFERENCE on the wages question took place in 
London, on Wednesday, between representatives of the 
Engineering and Allied Employers National Federation 
and representatives of the forty odd engineering trade 
unions. At its close the following official statement 
was issued :—‘ Sir Allan Smith, on behalf of the 
employers, reviewed shortly the position of the engi- 
neering industry at the present time. He referred to the 
fact that the employers are not in a position to estimate 
the obligations which the industry will have to face in 
the immediate future. He stated that they felt it 
would be contrary to the interests of the industry to 
incur any further obligations at this stage, and suggested 
that the matter should be adjourned until the end of 
the year. The employers’ proposal was considered by 
the Union representatives, who were unable to agree 
to such an extended adjournment. It was ultimately 
decided that the Union representatives should report 
back to their respective executives, and that a meeting 
of the Unions involved should be held on July 25 to 
discuss further the policy to be pursued.” 








Dealing with the question of rationalisation in the 
course of an interesting article in the June issue of the 
- Amalgamated Engineering Union’s Monthly Journal 
Mr. J. D. Lawrence, a member of the organisation, says 
that roughly there are two classes of skilled workers, 
namely, the higher skilled, and the lower-skilled. The 
higher-skilled, in his opinion, must qualify, as many 
thousands have done, for the supervisory and newer 
grades. They must more and more cease to be turners 
and fitters, and become toolmakers, inspectors, markers 
out, super-machine men, draughtsmen, organisers, 
planning men, chargemen, agents, travellers, power- 
house men, men on the staffs. The migration of 
skilled men to these grades will become more pro- 
nounced, he believes, in the immediate future. As 
for the lower skilled men, some may be forced out 
of the industry, while others will take to machine 
operations. Some experience in the working of the 
newer machines is valuable training, and there is the 
further compensation, the writer says, that the simpler 
machine operations often provide, through payment 
by results, much higher wages than the skilled district 
rate. Moreover, the habit of sticking to a restricted 
range of work enables men to adapt themselves more 
easily to transfer from one industry to another, a 
very convenient arrangement at times. 


“In regard to the positive steps that can be con- 
sidered by the Union,” Mr. Lawrence proceeds, ** in the 
re-organisation of the industry, it should be remem- 
bered that the employers receive the daily assistance of 
thousands of members in carrying out their schemes of 
rationalisation. The Union ought, therefore, by reason 
of this fact alone, to exercise some influence with the 
employers, and it may be suggested that a request 
should be made for the appointment of a joint standing 
committee to assist in the development of the industry 
and be charged with the special duty of organising the 
employment of members by applying their services to 
their best advantage with the definite conviction that 
the higher skilled their duties are, the higher their 
monetary recompense must be. It is also probable that 
joint effort would effect a rapid diminution in the 
number of unemployed skilled workers. The Union 
could co-ordinate its work in the various sections of the 
industry ; it could facilitate promotions to the higher 
grades, and aid the tendency towards higher wages in 
these by adapting its policy to present needs. To those 
of its membership who elect to take on the less skilled 
machine operations, it could show that the only present 
path to higher wages lies in the extension of payment by 
results; the employers are ready to pay more for 
greater output—certainly not for present-day output.” 


In May, the number.of unemployed members of the 
United Pattern Makers’ Association declined from 
498 to 479. The total membership is 11,013. 


The annual report of the General Federation of 
Trade Unions states that, in 1928, there were very few 
disputes involving stoppages of work and claims for 
benefit. In all, 25 disputes occurred, directly affecting 
5,170 members, and costing the Federation 7,662/. 13s. 
4d. The amount actually paid out during the year 


was, however, 5,417/. 6s. 8d., the difference being due to 


the fact that some disputes overlapped the benefit 
periods in 1928 and 1929. The financial position of the 
Federation continues to be satisfactory. The total 
income for the year was 49,465/. 10s. 8d., and the total 


expenditure 12,3481. 14s., leaving an excess of income | gether. 


over expenditure of 37,116]. 16s. 8d. The reserve 
fund now amounts to 289,062/. 2s. 


The number of | 
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ship of 533,337, of whom 302,184 are on the higher 
scale, 219,798 on the lower scale, and 11,355 on both 
scales. 

According to the weekly official organ of the Inter- 
national Labour Office, the trade union press of Soviet 
Russia is paying great attention to the revision that 
is in progress of wage scales and standards of production. 
This revision is considered to be a threat to the real 
value of wages. The Supreme Economic Council, the 
managing organ of State industry, has found itself 
compelled to raise the standards of individual output, 
and to reduce piecework rates and increase production 
according to the plans drawn up, and so as to avoid 
exceeding the total sum allotted by the budget for 
the payment of wages. According to T'rud, there 
exists a difference of opinion between the executive 
officials managing industry and the trade unions, on 
the question of methods of application of the revised 
wage scales and standards of production. While the 
unions admit the necessity of an increase of individual 
output on the basis of the stabilised wages, and State 
industry is seeking economies by the reduction of wages 
while maintaining the present level of output, certain 
trusts have decided to carry out an automatic reduction 
of wages, without prejudice to further reduction by a 
rise in the standards of output. 





This system, against which the unions have pro- 
tested, consists in determining the total sum of savings 
to be made in the sphere of wages for a given group of 
undertakings. The next step is the distribution of 
the sums to be saved, according to individual under- 
takings. The workers of the clothing trust of Moscow, 
for instance, find themselves threatened by this policy 
with a reduction of wages of from 30 to 35 per cent. 
In the chocolate factories and pastrycooks’ establish- 
ments of Moscow, the reduction would amount to 29 
chervonetz roubles a month per worker, or more than 
30 per cent. of present wages. The economic and 
political danger to which such tactics on the part 
of the industrial bodies would give rise, is pointed out 
by the trade unions, and attention is drawn to the 
growing number of labour disputes provoked by it. 
It is declared that a stubborn resistance must be 
opposed to all efforts to revise the totals of output 
and the piece-work scales, by means of an automatic 
reduction of wages. It is added that certain unions 
have unfortunately already signed supplementary 
collective agreements, giving such powers to the 
management of industry. 





The trade union Press admits the necessity in many 
cases of raising the standards of output, and even of 
reducing piece-work rates, but only after a thorough 
study of the position of each undertaking, and only 
when improvements in the process of manufacture, such 
as mechanisation and rationalisation, justifying such 
measures, have been brought about. Hardly any- 
thing, it is said, has as yet been done in the sphere of 
rationalisation, and the study of the standards of indi- 
vidual output is still in an undeveloped condition. 
In these conditions, the General Council of Trade 
Unions categorically opposes any precipitate change 
in the standards of wage scales, and especially opposes 
the growing tendency of the managers of State industry 
to seek economies by reducing wages. 


On June 10, 1929, the number of unemployed persons 
on the registers of Employment Exchanges in Great 
Britain was 1,112,800. Of these, 780,100 were wholly 
unemployed, 253,900 were temporarily stopped, and 
78,800 were persons normally in casual employment ; 
870,200 were men, 28,300 boys, 188,500 women, and 
25,800 girls. Of 1,100,125 on the registers on June 3, 
| 1929, 780,075 were wholly unemployed, 242,218 were 
| temporarily stopped, and 77,832 were persons normally 
|in casual employment; 861,692 were men, 28,580 
| boys, 183,872 women, and 25,981 girls. The number 
| of unemployed persons on June 11, 1928, was 1,149,943 
lof whom 926,326 were men, 28,644 boys, 169,540 
| women, and 25,433 girls. 





| Two of the three railwaymen’s trade unions which 
| are parties to the agreement of August last, under 
| which wages were reduced to the extent of 2} per 
| cent. have decided to give notice to terminate the 
| arrangement. These are the Railway Clerks’ Associa- 
| tion and the Associated Society of Locomotive Engi- 
neers and Firemen. The other organisation—the 
| National Union of Railwaymen—will decide upon its 
| attitude at its annual conference, which is due to take 
| place early next month. To be valid, notice to end 
| the agreement must be given by all the unions to- 


The Miners’ Federation of Great Britain are under- 


affiliated societies is returned as 94, with a gross mem ber- | stood to be of a mind to press demands for (a) the 


| world, not excluding the United States. 





repeal of the Eight Hours Act and (6) reversion to 
national wages agreements, with a uniform national 
minimum percentage, in place of the existing district 
agreements. The new Government is pledged to repeal 
the Eight Hours Act, but in view of the obstacles which 
obviously lie in the way of fulfilment of the promise, 
the miners’ representatives are understood to be 
agreeable to wait. The Executive Committee of the 
Federation have asked for an interview with the Prime 
Minister on the subject. 


Among the resolutions on the agenda for the fifth 
annual conference of Trades Councils, which is to be 
held in London on June 29, under the chairmanship 
of Mr. Ben Tillett, are proposals that the executive 
committees of the Trade Unions should be requested 
to give favourable consideration to the need of increased 
financial support for Trades Councils; that no newly- 
formed Trades Council or Industrial Section should 
have recognition from the T.U.C. General Council 
until it has made application for affiliation to its appro- 
priate Federation; that divisional councils, which 
are at present hampered by lack of funds, due to the 
general depression in most trades and _ industries, 
should be assisted financially by the T.U.C. General 
Council until local finances improve; that represen- 
tatives of the Trades Councils should be elected to 
the Joint Consultative Committee on a divisional 
basis instead of an area basis as at present; and that 
the decision of the Joint Consultative Committee with 
regard to Trades Councils, which fail to affiliate to 
their appropriate Federations, should be rigorously 
enforced. 





The Berlin correspondent of the Daily Telegraph 
says that, much to the discomfiture of the great numbcr 
of official, academic, and industrial prognosticators, 
whose prophetic spectacles were, perhaps, unconsciously 
clouded by the exigencies of the Reparations Confer- 
ence, unemployment in Germany continues to dwindle 
away with great rapidity. Early in the year, when 
2,000,000 persons were receiving full-time relief, we were 
assured on the best of authorities that the wolf, of 
whose approach we have been so frequently warned 
during the past decade, was this time a real one, and 
that a slump of appalling dimensions was at hand. 
But of the 2,000,000 only 808,000 remained on May 31, 
the number having been reduced by 120,000 during the 
preceding fortnight, and although the final official 
figures are not yet available, it is admitted that there 
has been a further drop of about 40,000 since the 
beginning of this month. 


Writing in the Birmingham Post regarding the 
British decision to ratify the Washington Hours Con- 
vention, Mr. Alexander Ramsay, the chairman of the 
Birmingham and Midlands Engineering and Allied 
Employers’ Association suggests that the Government’s 
action will probably take the form of the Bill introduced 
when Labour was last in power. ‘This Bill,” he 
says, ‘‘ provided for a working day of eight hours and a 
working week of 48 hours. It provided, further, that 
where by law, custom or agreement between organisa- 
tions of employers and workers, the practice was to work 
less hours on one day, such as on Saturday, the hours 
on the remaining days could be exceeded, to a maximum 
of nine per day, provided ‘ an agreement to that effect 
is arrived at between such organisations or represen- 
tatives.’ Itis perfectly obvious that there is nothing in 
this Bill, and there is certainly nothing in the Washing- 
ton Convention, that imposes any necessity on a trades 
union to agree with an employers’ organisation to 
extend the statutory hours beyond eight per day. 
Indeed, one might agree and another not! If, there- 
fore, a trades union refused voluntarily to enter into 
such an arrangement, there appears to be no alter- 
native whatever except to work eight hours on Satur- 
day or to reduce the working week by at least three. 





‘The plain fact of the matter is,’ Mr. Ramsay goes 
on to say, ‘‘ that the Washington Hours Convention, 
either in its original form or as modified by the last 
Labour Government, is an impracticable instrument. 
If adopted, it will not only load the industry of this 
country with further burdens it cannot bear, but it will 
further shackle it to bureaucracy in a fashion utterly 
intolerable and disastrous. There is no substantial 
industry in this country which has not for years 
observed the principle of the 48-hour week. There is no 
industry of consequence which does not pay enhanced 
rates for overtime. In important industries there are 
agreements designed to restrict the abuse of overtime. 
In the matter of hours of labour, the practice of Great 
Britain has for long been an example to the rest of the 
Moreover, 
there is no sure ground for belief that either America 
or Continental countries will even now follow the course 
which our Government propose to inflict by statute.” 
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THE NORMALISING OF SHEET STEEL. 
By W. Parker, M.Inst.C.E., M.I.E.E. 


Ir is well known that when steel has been heated 
and rolled in the process of producing sheet, the grain 
structure is by no means uniform, and photo- 
micrographs taken at this stage of the manufacture 
show almost every conceivable irregularity of structure, 
including large crystals which have grown owing to 
prolonged heating, and elongated crystals and bands 


of pearlite in longitudinal lines, due to the rolling | 


operations. Fig. 1 shows a typical structure of the 
material as it comes from the hot rolls. The steel, 
when in this condition, is brittle, and entirely unsuit- 
able for commercial use, and the object of the annealing 
or normalising treatment is to change this structure 
from its irregular formation to a regular and uniform 
structure. 

A sample of box-annealed steel is shown in Fig. 2, 
and it will be seen that this structure consists of fairly 
large ferrite crystals with iron carbide scattered among 
it in isolated lumps. This represents a structure which 
is very undesirable, as the ductility of the material is 
definitely reduced in consequence of the presence of the 
carbide, which is hard and brittle, and represents a 
source of weakness, rather than of strength. 

The structure of box-annealed steel may also consist 


of very large ferrite crystals, and in some cases pearlite | 
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is almost entirely absent. Such large and coarse 
structures are invariably accompanied by undesirable 
mechanical properties, as the coarser crystals do not 
possess the same strength and ductility as an aggregate 
of smaller ones. Fig. 3 represents a sample of normal- 
ised steel. It will be seen that this consists of uniformly 
small ferrite crystals, each of which is surrounded by 
pearlite, the finely laminated structure of pearlite being 
clearly visible when viewed through the microscope. 
This structure represents the ideal formation, in that 
the relatively soft and ductile ferrite is intimately 
embedded in a harder material, the two constituents 
being uniformly intermingled. Such a structure is 
capable of withstanding shock and deformation, as 
is, in fact, perfectly well known. It is not possible, 
by any industrial form of heat treatment, to obtain 
a steel of better quality than is here indicated. It is 
certainly impossible to obtain such a structure by the 
ordinary methods of box annealing. 

This being the case, it is clear that the annealing 
process adopted should be one which can be relied 
upon to give this uniformity of structure in every 
portion of the sheet. To achieve this result, the 
material must be heated to a temperature which will 
not only remove the internal strains due to rolling, 
but will also permit of recrystallisation taking place 
within the steel. This demands a temperature some- 
what above the upper critical value, usually about 
950 deg. C. An equally important part of the process 
is the rate at which the heating and cooling take place, 
as this determines not only the size of the crystals, but 
the ductility of the material. If the material is heated 
too long at the maximum temperature, the crystals 
will grow unduly. If, on the other hand, recrystallisa- 
tion is not given an opportunity to take place, owing 
to too low a temperature, the irregularities in the steel 
due to the previous treatment wil! only be partially 
removed, and a uniform structure will not be obtained. 

Sheet steel is usually annealed in boxes which contain 
several tons of the material. These are brought up to 
temperature, soaked and then cooled down partly in 
the furnace and partly outside, the length of time the 


| the mass. 














boxes are in the furnace being about 32 hours. This 
method possesses the disadvantage that it is not possible 
to submit the whole of the contents to the same 
temperature cycle, owing to the existence of temperature 
gradients within the mass. The curve shown in Fig. 4 
illustrates this difficulty clearly. It will be seen that 
the sheets at the top of the box reach their maximum 
temperature long before those at the bottom of the 
box. The result is that the degree of annealing varies 
from layer to layer through the contents. In heating 
the mass of sheets, a large proportion of the heat must 
inevitably pass through the edges of the sheets which, 
of course, implies that these portions of the sheet reach 
their maximum temperature earlier than the central 
portion. The rate of cooling will also vary throughout 
It is, therefore, clear that with this method 
of annealing, neither the temperature nor cooling cycle, 
which is necessary to produce uniform results, can be 
correctly applied to the material. 

A method of heat treatment in which the tempera- 
ture and cooling cycles are completely under control, 
and which can be applied with accuracy and certainty 
to the material, has now been developed, and is in use 
in practically all the large sheet mills in the United 
States. The writer, during a recent visit to that country, 
inspected a number of these mills, and witnessed the 


| sheet steel undergoing this treatment. The method 


consists essentially in treating each sheet individually, 
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or at most, in packs of three or four. These are passed 
through a continuous type of furnace, provided with a 
conveyor bed, built up of discs, mounted on shafts and 
power driven, by means of which the sheets are con- 
veyed through the furnace. Both heating and cooling 
chambers are provided, the material passing through 
the furnace in about eight minutes. Burners are 
provided along both sides well above the surface of 
the sheets, and by this mean, the whole surface of 
the sheet is uniformly heated to the temperature 
required, mainly by radiation from the arch of the 
furnace. As the furnace is of the open type, it is 
essential that the atmosphere should be practically 
free from oxygen, in order to reduce scale to a mini- 
mum, and this is accomplished by using cold and 
clean gas (either natural, coke oven or producer gas) 
as @ fuel, in conjunction with a burner equipment, 
which is so designed that complete combustion of the 
fuel takes place without excess air being supplied. 
Automatic temperature control is provided, so that 
the actual temperatures at vital points along the 
furnace may be under complete control. A slight 
pressure in excess of atmospheric pressure is also 
maintained to prevent air from outside entering the 
furnace. The cooling chamber, in which the sheets are 
cooled, contains some of the products of combustion, 
in order that the sheets may be protected from oxidi- 
sation as far as possible. The sheets, when discharged 
from the furnace, have cooled down to the lower 
critical temperature, and they are then piled when the 
final cooling takes place. 





It will be immediately obvious that all the conditions 
required by the metallurgist to obtain uniformity in the 
grain structure are fulfilled, and the uniform anneal- 
ing of the sheet can be confidently relied on, as well 
as all sheets having precisely the same characteristics, 
since they all pass through the same heating and 
cooling cycle. With regard to the physical properties 
of the steel normalised in this manner, a tensile test 
on this material, which was carried out by the Sheffield 
Testing Laboratory, gave the following results: Yield 
stress, 15-71 tons per square inch; maximum stress, 
24-60 tons per square inch; elongation, 33-6 per cent. 
on 8 in.; reduction of area, 53-2 per cent. This 
test was taken at right angles to the direction of 
rolling, and it will be seen that the figures for both 
the yield and ultimate stress are substantially above 
those for box-annealed material, and that the per- 
centage elongation and reduction in area are also 
higher. Tests taken by means of the Erichsen appara- 
tus show a depression of about 11-5 mm. on a No. 18 
gauge sheet, the outer surface of the dome being 
smooth, and the fracture circular in shape. Chemical 
analyses of two different samples of the normalised 
steel are given in the table below, and it will be seen 
that the steel from which the sheets have been made 
is not in any way better than English steel used for 
the same purpose. 








The essential difference in the heat treatment is in 
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the time taken to heat and cool the material. In the 
box-annealing process, this takes many hours, whereas 
in the normalising process described above, it is a 
question of minutes. The effect of this is to produce 
a tougher material, as is evidenced not only by the 
grain structure, but by the Erichsen and tensile 


Chemical Analysis of Normalised Steels. 





Specimen. | Carbon. 





Sulphur. | Phosphorus. | Manganese. 








per cent. | per cent. per cent. per cent. 
A. a 0-090 0-010 0-014 0-36 
B 0-115 0-035 0-020 0-44 
Micro-EXAMINATION,. 


Unetched.—Both samples contain a fair amount of non- 
metallic inclusions, but they were evenly distributed throughout. 

Etched.—Annealing is very good—direction of work having 
been eliminated. 


figures. The material produced possesses deep draw- 
ing qualities, which cannot be obtained to the same 
extent in the case of the best box-annealed sheets. 
The grain structure of sheets taken from the centre of 
the box may, indeed, be uniform, but the material 
is much softer, owing to the longer time taken in 
cooling. It consequently does not possess that 
quality of toughness which is so essential for deep 
drawing. 

Normalised steel commands a much higher price in 
the United States than material which has been box 
annealed, owing to its superior qualities. In that 
country, this method of heat treatment has made 
tremendous progress during the last few years, and 
there is no doubt that for meeting demands for ma- 
terial of the best quality, the old method of box an- 
nealing is being rapidly superseded by the normalising 
furnaces. In the case of steel sheet for the motor-car 
industry, this has, in fact, already taken place to the 
extent of 90 per cent. of requirements, and demands 
for normalised sheet are making themselves manifest in 
other industries, 
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THE INSTITUTION OF WATER 
ENGINEERS. 


THE thirty-fourth annual general meeting of the 
Institution of Water Engineers was held in the Council 
Chamber, Council House, Birmingham, on Wednesday, 
May 22. The retiring president, Mr. 8. C. Chapman 
occupied the Chair at the commencement of the meeting. 
At the conclusion of the preliminary proceedings, the 
new president, Mr. F. W. Macaulay, Chief Engineer, 
City of Birmingham Water Department, was inducted 
into the Chair. 

PRESIDENTIAL ADDRESS. 

After proposing a vote of thanks to the retiring 
president, Mr. F. W. Macaulay delivered his presi- 
dential address, which dealt mainly with the survey 
and control of our national water resources. He stated 
that the final report of the Board of Trade Water 
Power Resources Committee, which report was issued 
in 1921, embodied one of the most complete examina- 
tions ever published of the very important problem 
of securing the proper preservation, conservation, and 
allocation of our national water resources, and recom- 
mended what might be, on the whole, considered a 
satisfactory and practicable organisation for dealing 
with the problem. He did not think it was a matter 
of general knowledge that the Institution of Water 
Engineers, by the initiative of some of its leading 
members, had had a very considerable influence in the 
remoulding of that Committee, which, as its title 
indicated, had been originally appointed to consider 
water-power resources only, into a Committee which 
considered the water resources of the country for all 
purposes. For many reasons, largely economic, the 
recommendations contained in the Report had not 
been acted upon. Certain functions of the Statutory 
Water Commission, the establishment of which the 
Committee had recommended, had been taken up by 
the Ministry of Health. It would appear, however, 
that there was at least a possibility of the Report as 
a whole sharing the usual fate of recommendations of 
this nature, t.e., of being relegated to archives and 
forgotten. Some more satisfactory form of control 
of our national water resources than that existing 
at present should, indeed must, be arrived at, though 
it might not be precisely in the shape and reached 
in the manner contemplated by the framers of the 
Report. It could, and might eventually, be arrived 
at in the more indirect manner, which appeared to 
be more congenial to our national character. 

Professor Stephen Dixon had shown true wisdom 
when he suggested that we should take as our model 
the British Rainfall Organisation. This organisation, 
started many years ago by a few enthusiasts, had 
grown, under the stimulus of their enthusiasm, into a 
large body of voluntary observers whose records had 
become of such volume and value that the organisation 
had attained a status that rendered it worthy of being 
welded into the national organisation for meteorological 
observation. As a nation we resented having cut- 
and-dried constitutions thrust upon us by authority. 
We loved constitutions built up almost haphazard, 
developed, added to, and modified in the truest spirit 
of opportunism. Even the anomalies which resulted 
from such evolution we delighted in, indeed we were 
rather apt to be proud of them. Of the greatest 
importance in relation to the proper conservation, 
allocation, and, of no small import, the restoration 
and preservation of the purity of our national water 
resources, was the most complete survey possible 
of those resources, whether surface or underground. 
The obtaining, collection, and collation of facts and 
figures for such a survey might well become a very 
important factor in bringing about the establishment, 
if not of a statutory Water Commission, at any rate 
of some body capable of treating all water questions 
from a national point of view, and of giving disinterested 
and technically sound advice upon them where it was 
most needed. 

Investigations had been in progress for the last 
four or five years with a view to arriving at a formula, 
or uniform method, for assessing compensation water 
in connection with impounding schemes. Such a 
formula could only be based upon a sound knowledge 
of the varying incidence of the yield of rainfall, as 
stream flow, under widely differing conditions. It 
had proved extraordinarily difficult to reach any 
satisfactory conclusion, and one of the factors which 
complicated the problem, had been the very small 
number of existing records of reliable continuous 
gaugings of stream flow extending over even a few 
years. Records for periods long enough to ascertain, 
with any approximation to truth, the long average 
yield of any stream, were almost completely unobtainable. 
Any formula or method propounded to-day was 
therefore bound to be of a tentative nature. 

The Ministry of Health had recently advocated the 
formation of Regional Water Committees, and had 
issued a pamphlet setting out its recommendations 
regarding the composition and functions of such com- 





mittees. The trouble with bodies of this nature was 
that they were almost entirely consultative; they 
were not given any executive power, and, consequently, 
were not attractive. The Ministry of Health appeared 
to consider such committees as being appointed in 
connection with domestic water supplies only. Even 
if they were first established with the intention of 
dealing merely with these, it would very shortly 
become obvious that there were other water interests 
which must be considered in most districts, and that 
the constitution of the regional committees would 
have to embrace representation of these interests as 
well. It would appear to be practically certain that 
conflicting interests between two or more regional 
committees would be bound to arise from time to time. 
When this stage was reached, the superior authority, 
whether it be a statutory Water Commission or other 
body, must, of necessity, be very largely expert in its 
constitution. He suggested that it might be a body 
formed of, say, two representatives from each regional 
committee, one of whom should be an expert water 
engineer; it should, in addition, comprise representa- 
tives of the Government departments directly interes- 
ted in the use of water for all purposes. 


BIRMINGHAM WATERWORKS. 


The first paper dealt with by the meeting was 
entitled ‘‘ Birmingham Waterworks—More Recent 
Developments.” It was by Mr. J. W. Wilkinson, 
who stated that, in the Elan Valley itself, no extensions 
had been carried out since the reservoirs and roughing 
filters had been completed, but a good deal of experi- 
mental work had been done in the treatment of the 
water before it finally left the filters and passed on its 
way to Birmingham. In the first instance, owing to 
the acid nature of the water and its slight action upon 
lead, it was, for a short period, treated with lime at 
the rate of 0-75 grains per gallon. This treatment 
gave way later to powdered chalk, which was added 
to the water for many years. In the early part of 1923, 
silicate of soda was substituted for the powdered chalk, 
and the treatment continued until the end of 1926. 
Whilst this salt afforded protection against any action 
of the water on lead, it was ineffective in preventing the 
corrosion of the cast-iron and steel mains on the syphon 
portions of the aqueduct. Since it had been instituted 
in the first instance with this object in view, it was 
abandoned, and a return was made to treatment with 
hydrated lime. This material was in use to-day, and 
was added at the rate of 0-42 grain per gallon. 

A few particulars regarding extension work on the 
Elan aqueduct would, no doubt, be of interest. A 
regular daily supply from the Elan Valley was provided 
early in 1905 by means of two pipe lines on the syphons, 
approximately 42 in. in diameter. By the year 1912, 
the water consumption had increased to such an 
extent that it became necessary to review the situation. 
The construction of an additional pipe line from Wales 
was finally approved. The outbreak of the European 
War, however, prevented any progress being made 
with the work. During the succeeding war years, 
the demand for water in the city increased considerably, 
and it was with the greatest difficulty that this demand 
could be met. A close study of the Elan Aqueduct 
and certain defects upon it was made because, at that 
time, failures of the cast-iron pipes during hot summer 
weather were annoyingly frequent, and with each 
failure, the whole capacity of one main, occasionally 
that of both mains, was thrown out of commission 
until the necessary repairs could be carried out. These 
difficulties led eventually to the fixing of cross connec- 
tions between the two mains at some 32 points on the 
Downton, Teme and Severn syphons, and with their 
introduction, it had been possible to reduce very 
considerably the loss in aqueduct flow when failures 
took place. In all cases, these cross-connections 
consisted of flanged pipes, 18 in. in diameter, attached 
to manhole openings on the old mains, where such 
openings happened to occur opposite each other, and 
more or less suitable to the positions required. An 
18-in. sluice valve and a gland collar attachment were 
included in each set of cross-over pipes, which were 
fixed gradually as occasion offered, when one of the 
mains could be put out of use temporarily. 

At the conclusion of hostilities, the pre-war estimate 
of 700,000/. for a complete third main, similar to the 
two existing, had to be multiplied by three, and 
the new figure was daunting in the extreme. It had 
been at this stage that the experience gained in the 
working of the two lines of pipes equipped with cross- 
connections proved very useful, and a scheme had been 
evolved for the laying of a portion only of a very large 
main alongside the older mains, and joined up to them 
by means of lateral connections. By this method, it 
would be possible to hasten or retard the expenditure 
as the demand for water increased or remained 
stationary. It was now possible, on the Elan aqueduct, 
to throw a considerable length of the old pipes out of 
commission without seriously affecting the discharge, 
such lengths being those alongside a completed section 


of 60-in. diameter third main. Upon a recent occasion, 
when a test had been carried out at the end of the 
Severn syphon, it had been found that with 14 miles 
of double line of 42-in. pipes cut out, a flow at the rate 
of 24-8 m.g.d. was maintained, which was only 0°5 
m.g.d. less than the normal rate when they were all 
in commission. 
WENALLT RESERVOIR, CARDIFF. 

Another contribution considered by the meeting 
bore the title, “‘Wenallt Reservoir, Cardiff; Special 
Construction Works.” The author, Mr. G. W. Cover, 
stated that he wished to deal with certain special 
problems which presented themselves during the 
construction of the reservoir, the decisions made, and 
the methods adopted to overcome the difficulties. 
The Wenallt Reservoir was situated about 4 miles 
north of the city; its capacity was 15 million gallons, 
and it supplied the high-level district. The work 
of building the reservoir was commenced in 1919. In 
January, 1926, a subsidence occurred in the floor of 
the reservoir, about 7 ft. in diameter, the ground 
having dropped 3 ft. during one night. Dr. Lapworth 
and Dr. North were requested by the City Council to 
examine and report on the cause of this subsidence. 
After investigation, these scientists formed the opinion 
that the subsidence was almost certainly due to 
solution of the calcar@ous matrix of the beds of conglo- 
merate rock, brought about by the percolation of 
ground water through fissures and joints. Seventy- 
eight boreholes to an average depth of 27 ft. 8 in. were 
sunk to obtain cores of the strata from 20 ft. to 40 ft. 
below floor level. It was subsequently decided to 
inject cement grout into all the boreholes, with the 
object of sealing any fissures which might be near the 
surface and not detected by the exploration shafts. 
In order not to disturb, by lifting, the surface of the 
ground by too great a pressure, a maximum of 20 Ib. 
per square inch was at first allowed ; in certain cases, 
however, this was afterwards raised to 25 lb. per 
square inch. 

Superficial deposits in the northern half of the 
reservoir floor gave a good deal of trouble, and it was 
suggested that these should be removed as far as 
possible, and be replaced with concrete. The ultimate 
decision, however, was to construct a concrete arch 
over the superficial deposit from the main wall to a 
point near the centre of the northern half of the reser- 
voir. This was designed as a plain arch, without 
reinforcement, and sufficiently strong to carry the load 
of the floor and water 20 ft. deep, without any support 
from the material under. The spans varied from 36 ft. 
at the wall to 18 ft. at the other end. After the 
abutments had been constructed on firm foundations, 
the ground between the springings was excavated to 
the correct curve to act as a form to the concrete. In 
the original design, the floor of the reservoir was to be 
15 in. thick, with no reinforcement, but expansion 
joints were provided for. The amended design was 
12 in. thick, 4:2:1 concrete, with -in. diameter 
mild steel bars, top and bottom, to form a square mesh, 
with 8 in. centres both ways. An expansion joint was 
built at the edge of the floor all round only. 








NEW RESULTS OBTAINED IN MEA- 
SURING FRICTIONAL RESISTANCE.* 
By Dr. G. Kempr. 


FRICTIONAL resistance as applied to high Reynolds’ 
numbers occurring, for example, in ships, the longi- 
tudinal dimension being the length of the ship, can only 
be ascertained if the coefficient of friction in its relation 
to the Reynolds’ numbers and the roughness of the 
surface can be calculated with absolute accuracy. The 
extrapolation of the values for resistance which are 
found for smooth surfaces at low Reynolds’ numbers is 
apt to be erroneous, and becomes more and more un- 
certain as Reynolds’ numbers increase proportionately 
to the greater lengths and speed of ships. For years, 
therefore, the author intended to extend our know- 
ledge in that direction, and to remove the uncertainty 
still existing in calculating frictional resistance for high 
Reynolds’ numbers even for a smooth plane surface. 
The geometrical definition of a plane surface is quite 
clear, and in a physical sense it is marked by the 
existence of a two-dimensional flow. The meaning of 
the words ‘‘ smooth surface ” is not so clear. A surface 
can be called technically smooth if the degree of its 
roughness is comparatively small in relation to the 
thickness of the layer. Beyond that degree of smooth- _ 
ness there are rough surfaces. Generally speaking, 
every rough surface has a geometrically uniform mean 
roughness marked by the mean differences of the un- 
evenness of the material. Those differences may be 
taken to be nearly the same for the whole length of a 
normal surface. On surfaces the thickness of the layer 
increases in a longitudinal direction from fore to aft. 
Therefore the proportion of the geometrically uniform 


* Paper read before the Institution of Naval Archi- 








teets, on Thursday, March 21, 1929. Abridged. 
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unevenness of material to the thickness of the layer 
decreases in the inverse ratio to the after part. Speak- 
ing in a physical sense, the surface presenting a geomet- 
rically uniform degree of roughness possesses a greater 
degree of roughness in the fore part than in the after 
part, the definition of the relative roughness of a 
surface being expressed by the proportion of the un- 
evenness of the material to the thickness of the layer 
for smooth surfaces. This definition would, however, 
present technical difficulties unless we take a represen- 
tative thickness of the layer or a certain figure of 
Reynolds’ number as a unit. These considerations 
may sound rather theoretical, but they have a practical 
value. For the effect of the roughness increases pro- 
portionately with its degree, ¢.g., it is not the same 
thing whether the same area of growth of shells is fore 
or aft, as this growth in consequence of its greater 
relative roughness would cause a greater resistance if 
lying fore than aft. 

/4Up till now it has not been possible to give a satis- 
factory definition of relative roughness, and we must 





for the present be satisfied to accept the geometrically 
and technically correct description of the conditions 
of surface on which the experiments are based. During 
his; experiments up to date the author has confined | 
himself. to measuring the local frictional resistance at | 


Fig.2Aa. MEASUREMENT OF FRICTIONAL RESISTANCE 
ON A MOVABLE PLATE IN THE SKIN OF 
iil, T §.§. HAMBURG 
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in a paper read to the Schiffbautechnische Gesellschaft. 
As, however, in these tests of 1926, the friction in the 
joints of the apparatus was very great, and so gave 
rise to a certain doubt as to the correctness of the 
measurement, we replaced the test-plate later on by 
one of a lighter metal. The appliances for suspending 
the plate were improved by means of balls and sockets, 
and we paid special attention to the speed measure- 
ments at the plate itself, by having a specially con- 
structed log standing vertically at a distance of 13 ft. 
from the plate, and in this way the speeds were con- 
tinually measured and satisfactorily registered during 
the tests. The measurements which Herr Hoppe made 
in 1927 on the occasion of new tests on the Hamburg, 
bearing out on the whole the results of my former 
investigations, did not suffer from too great resistance 
in the joints, nor from an excessive inaccuracy of speed 
registration. In fact, they showed how trustworthy 
and sensitive the apparatus was, because the constantly 
measured resistance of the plates tallied with the speed 
oscillations caused by the passing waves. The arrange- 
ment is shown in Fig. 2a. The differences in resistance 
found at different temperatures of the water also give 


| consistent values, as Figs. 2B and 2c, annexed show. 


It has not been possible as yet to explain satisfactorily 
the enormous difference between the values as ascer- 
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Fig. 2B. MEASUREMENT OF FRICTIONAL RESISTANCE ON T.S.S. “HAMBURG” 
R2= FRICTION OF APPARATUS-690 GR. MEASURED DURING STAY IN HARBOUR. 
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several definite points of a plane surface of a geometric- 
ally uniform roughness. As the aim of the tests was to 
ascertain the coefficients of roughness of the plane skin 
of a ship, the roughnesses which had been examined 
were of a similar nature. Let us consider what the 
roughness of a ship’s skin is like. We find that it is 
complex, seeing that there are at least three degrees of 
roughness for the normal plane ship’s skin. The first 
degree comprises the more or less uniform unevenness 
inherent in the material, and the unevenness caused by 
manual application of paint. This roughness may be 
put at 1 mm. Unevennesses of the second degree arise 
from the rivets which protrude as much as 5 mm. at 
stated intervals. Unevennesses of the third degree are 
caused by the different edges and butts of the plates 
and comprise a mean value of 10 to 30 mm. A fourth 
degree is caused by the fouling and does not need to be 
considered here. 

Thus for studying the friction of the ship, I made 
tests on board the twin-screw turbine steamer Hamburg, 
of the Hamburg-American Line, according to the 
method described. There, at a point on the plane 
side wall of the ship, about 14 ft. below the surface of 
the water, I measured the specific frictional resistance 
of the third order, normally arising on the ship’s sk:n, 
in which a piece of the outer surface was cut out and 
replaced by a corresponding test-plate hung up in a 
watertight box, and made movable by means of two 
vertical and three horizontal jointed bars (poles). The 
weight of the test-plate was neutralised in the water 
by a float. The first trials were made in 1926, and on 
this occasion we ascertained that no additional mar- 
ginal influences were noticeable, and therefore we con- 
cluded that the resistance measured was pure frictional 
resistance. The results of these trials were made public 
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tained by these experiments and those found by the 
theoretical formula for turbulent friction. As the sup- 
position naturally arose that this difference was caused 
by the roughness, of the third order, of the ship’s skin, 
in comparison with the theoretical curve for smooth- 
ness, it appeared much too risky to base a new calcula- 
tion for friction on this one test value. The experi- 
ments conducted in the Hamburg tank in 1924 on 
several long pipes, 14 in. in diameter, had given similar 
resistance values, yet their interpretation was too 
uncertain to serve as a basis for further conclusions, 
because of the small radius of the surface of the 
pipe and because of the uncertain value of the form 
resistance. On the other hand, these pipe tests had 
shown that the dimensions of the Hamburg tank made 
it possible to tow long bodies at fairly high speeds and 
to conduct reliable measuring experiments without 
having to fear disturbances caused by the walls of 
the tank and by the waves. That is to say, it is 
possible to attain, under the most favourable laboratory 
conditions, to Reynolds’ numbers, which increase our 
knowledge to a much greater extent than did the only 
previous large-scale experiments, namely, those made 
in H.M.S. Greyhound by William Froude. These 
figures, in fact, approach very nearly to those found in 
the case of most ships. After we had found that the 
method applied on the Hamburg for measuring the 
specific frictional resistance had proved satisfactory, 
we saw the possibility of avoiding the inadequacy of 
the pipe measurements arising from the radius of the 
pipe and its form resistance. Instead of pipes we towed 
a long body of a rectangular cross-section with a level 
bottom sufficiently broad in comparison with the thick- 
ness of the frictional belt, and instead of taking the 
measurement of the resistance of the whole we took the 








specific frictional resistance of several plates placed in: 
= middle of the bottom and arranged one behind the: 
other. 

The body which was towed is shown in Figs. 3, 34 
and 3B (page 802). It is 250 ft. long and consists, of 
two sharp-ended boxes and thirteen oblong boxes“o, 
16 ft. 5 in. in length, the bottom and the sides of which 
are bent out of one plate, the angle radius of which is 
2 in. In the middle of every second box an oblong 
rectangle has been cut out, into which a test-plate has 
been fitted, which is 3 ft. 4 in. long and 1 ft. broad. By 
these means seven such test-plates can be measured 
at the same time. If the speed is increased from one 
trial trip to another, we shall get a large number 
of “resistance controls” by gradually measuring the 
different plates by the same Reynolds’ numbers. As, 
according to the theoretical calculation, the thickness 
of the limiting layer of a flat surface reckoned:Sby 
the highest possible Reynold’s numbers at the tests is 
only about 3 ft. as compared to 5 ft. 3 in. breadth of 
bottom and 1 ft. breadth of test-plate, we may take 
it for granted that the influence of cross-currents within 
the range of the tests is infinitesimal. We must note 
further that the box has only a small displacement, 
its draught being only 3 in., so we do not need to reckon 
with a back stream which under the bottom alters the 


Lg.2c.SPECIFIC FRICTIONAL RESISTANCE 
MEASURED ON A MOVABLE PLATE IN THE 
SKIN OF T.S.S.“HAMBURG” 
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No. Date. | Position. t° Cels. | Y 
1 | Nov. 18, 1927 | North Sea “a --| 11-0 | 1-0255 
2 w 4b we Boulogne—Southampton 8-0 | 1-030 
3 poe: eet Atlantic Progressive trial | 11-0 | 1-021 
4 a ae Atlantic .. iy --| 11-5 | 1-022 
6 | Dec. 10, ,, Cape Race ea -| 10-0 | 1-024 
6 a ie? we Ellen Laurice Bank .| 4°5 | 1-028 
7 ao Se & English Channel .. -| 9-5 | 1-025 
| 
Ro 
G2 = pi2VeA° 


Ro = frictional resistance of the plate, kg. 

V = speed of the plate, m. per second 

A = surface o the plate 3q. m. 

L = distance of the plate from forward perpendicular = 
102°4 m. 


speed on the test plates by more than 1 per cent. We 
have a strong reason for suggesting this, because on 
every trial the resistances were measured running over 
the step of the bottom of the tank, viz., over depths of 
15 ft. and 22 ft. without showing any differences in the 
measurements. Waves reflected from the walls of the 
tank did not encounter the after part of the towed 
body at higher speeds as was proved by taking photos. 
The influence of the surface waves is only small, and is 
indicated by a change in the speed and a corresponding 
oscillation in resistance, which are clearly noticeable 
in juxtaposition with the Froude figures plotted in a 
diagram on the speed-length ratio as abscisse. From 
this we can easily ascertain with sufficient accuracy the 
resistance in question, but resistance uninfluenced by 
the waves, as is shown in Fig. 4a, page 802.* If we then 
put these average resistance curves in juxtaposition 
with the Reynolds’ numbers as abscisse, we have for all 





* Curves are shown in the paper for surfaces of painted 
steel; varnished surface waxed, painted steel with butts 
and varnished surface with butts. Owing to limitations 
on our space, only the first is reproduced. 
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THE FRICTIONAL RESISTANCE OF SHIPS. 


Fig.3. PONTOON BUILT OF 15 BOXES WITH 7 TEST-PLATES. 
TEST-PLATE: LENGTH = 1-010 M.; BREADTH=0-309 M., AREA = 0:312790 M? 
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SECTION AA. 
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Fig 44 PLANE SURFACE OF PAINTED STEEL (TEST E). 
MEASUREMENTS OF FRICTIONAL RESISTANCE PLOTTED ON SPEED-LENGTH RATIO 
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plates, with the only exception of one plate the appara- 
tus of which did not work at the last tests, a collection 
of curves almost covering each other, the greatest 
divergence of which is not more than 2 per cent. 
(see Fig. 5). Onthe occasion of the first trials, the bottom 
of the box had the roughness of painted ship plates, 
that is to say, a roughness of the first order to the 
extent of about 0-7 mm. The result of an exact 
measurement of the roughness with the Zeiss meter, 


aes | = 
the accuracy of which is ip) MM., was as shown in 


Fig. 6, page 803. As the curve in Fig. 5 shows, the 
resistance value of this surface lies between the value 
for roughness of the third order in the Hamburg and the 
curve for smooth surfaces according to V. Kérman. 
In order, if possible, to discover the influence of the 
late butts more exactly, the position of the single 
xes, 16 ft. long, was altered slightly in such a manner 
that the back edge of the front box was always 20 mm. 
lower than the front edge of the next box. In this 
manner a second roughness, corresponding with the 
butts of the ship, was added to the first. Thus it 
became possible to examine a roughness of the second 
order. At first air was sucked in through the spaces 
between the bulkheads at the point where the boxes 
were screwed together behind the plate edges repre- 
senting the plate butts, and, according to the alteration 
in the viscosity of the liquid, the resistances measured 
diverged considerably at first, till, at length, after a 
series of trial trips, constant maxima values were 
ascertained. If we start from the fact, that in a ship, 
air can enter only behind the butts of the uppermost 
strake of plates, and can only there affect the degree 
of viscosity, then it seems we are justified in using only 





the measurement values which show the greatest 
resistance. Probably these are not at al! influenced | 
in their viscosity, or only very slightly, by the air. | 
This fact we found to be corroborated in the course of | 


our investigations, for afterwards we tightened the joints 
of the boxes and got constant values. We get for this 
roughness of the second grade a curve lying consider- 
ably above that which we obtained for the roughness o 


than the values of the Hamburg with its roughness of 
the third grade. Both these conditions of roughness 


may be distinguished from each other only by the fact 
that in the Hamburg there were rivet-heads, which 
the boxes used in the tests did not possess. Thus it 





| fully smoothed down and covered with Azeton varnish 


f| or smoothly polished planks as used by Froude and 
the first order, and the new curve lies only a little lower | Gebers 


| | 
| | 
| | 

| 
| 
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has become possible to ascertain almost completely 
the difference (the major gap) between the painted 
steel surface of the pontoon and the outer skin of the 
Hamburg by the influence of the butts. It now became 
necessary to examine the difference existing in compari- 
son with the theoretical curve of V. Karman for smooth 
planes. (It should be noted that the theoretical con- 
nection between frictional coefficient and Reynold’s 
number as V. Karman stated it in his formula, which 
has been satisfactorily verified by measurements at 
low Reynolds’ numbers, does not represent the limiting 
curve for ideal smooth planes at higher Reynolds’ 
numbers beyond a range of 10°. This limiting 
curve must have higher values corresponding with 
higher Reynolds’ numbers, as can be seen from the 
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to photograph the speed diagram by means of two sets 
of pressure tubes arranged at some distance from each 
other and protruding from the bottom. The pressure 
oscillations during the trial made exact measurements 
impossible. The measurement of the plate resistance 
yields much more exact results. We have therefore 
given up measuring the loss of impulse by means of 
pressure tubes as a control of resistance measurement. 
The apparatus itself can be seen in Figs. 3a and 3B. The 
edges of the test-plates themselves had been carefully 
fitted into place. Aspecial test applied to the fifth test- 
plate showed that an increased resistance could only be 
registered when the front butt protruded more than 
2 mm. from the bottom. The plates fitted their 
holes so exactly that the interstices did not amount 
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Coefficient = af for ~~ = = 4:14 x 108, 
QA. ve - 
Surface. Differences. 
Author. Coefficient. 
Unevenness. Formula or Material. Per cent. | Per cent. 
v. Karman .. Smooth* 0-072R7? | 0-001362 79-5 71-0 
Telfer Smooth* 0-0006 + 0-17 R™s 0-001656 96-5 86°5 
Kempf 0-2 mm. Varnish 0-001717 100-0 89-5 
Kempf 0-7 mm. Painted steel 0-00179 104-3 93-5 
Froude te ~ 1+ 2mm. Mene. wed 0-00192 111°7 100-0 
Wada and Ler Smooth* Implicit 0-00194 113-0 101-0 
Kempf +" --| 0-2 mm, + 20 mm. Varnish with butts 0-00197 114-5 102-7 
Kempf | 0-7 mm, + 20 mm. Painted steel with butts 0-00212 123-4 110-5 





difference of the equations of Blasius and of Lees.) 
For this purpose the bottom of the pontoon was care- 


laid on with a squirt, polished and waxed so that the 
smoothness of the bottom was nearly that of paraffin 


The results of these experiments can be seen in 
Fig. 5. They show that for the smooth plane the 
frictional resistance is still materially greater than the 
values of the curve of V. Karman, thus bearing out the 





values of Lees, Jakob and Erk. We have also tried 


* Based on results obtained with drawn tubes by Saph and Schoder, Stanton and Pannell, Jakob and Erk. 


to more than 1 mm. fore and aft and $ mm. on both 
sides. The spring which registered the resistance was 
stretched by an electrical motor geared by a system 
of contacts. 

This method has worked quite satisfactorily, so that 
the divergence of the 140 separate results obtained in 
20 trials on the 7 test-plates did not amount to more 
than 2 per cent. at the outside. I take this oppor- 
tunity of thanking my assistant, Herr H. “p- , who, 
with unceasing industry and great technical ability has 
developed the apparatus, carried through the tests and 
worked out the results. 
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SPECIFIC FRICTIONAL RESISTANCES OF SMOOTH ANO ROUGH PLANES 
AT CERTAIN REYNOLDS NUMBERS. 


Fig.5. 
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nan — Time. —_ Viscosity, ». Y Position. Condition of Service. 
A Pipe, L = 61-75 m., diameter 14 in. June, 1924 ~il° ~1-32 x 10-6 1,000 H.S.V.A Painted steel. 
B Plate, Hamburg, I aR aa as May, 1926 ~ 11° ~w1-3 x 10-8 1,026 } Atlantic Painted steel with butts and 
Cc Plate, Hamburg, II Nov., 1927 ~ 10° ~1-:3 x 10-8 1,026 rivets. 
D Plate, Pontoon .. Jan. 12, 1929 8-2° 1-335 x 10-8 1,000 H.S.V.A Painted steel, with butts. 
E Plate, Pontoon .. Jan. 11, 1929 8-8° 1-321 x 10-8 1,000 H.S.V.A Painted steel. 
F Plate, Pontoon .. Jan. 29, 1929 7-6° 1-352 x 10-8 1,000 H.S.V.A Wax polished varnish, with butts. 
G Plate, Pontoon .. Jan. 29, 1929 7-6° 1-352 x 10-8 1,000 H.S.V.A Wax polished varnish. 

















plete slots across the nut. The burrs on the slots are 





Fig. 64. MEASURED ROUSHNESS OF NORMAL CLEAN SKIN OF SHIP, PLANE SURFACE OF PAINTED 
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I hope I have shown you that by following this 
method it will soon be possible to ascertain at least 
the frictional resistance of a plane for high Reynolds’ 
numbers with all possible accuracy even for different 
orders of roughness. If up till now I have only given 
the measurements of local resistance for certain 
Reynolds’ numbers, without applying them to integrate 





the total frictional resistance of an extensive surface, | gre 


I have done so because additional tests with the same 
surfaces in connection with small Reynolds’ numbers 
have to be made. These are necessary in order to 
find with absolute certainty the beginning of the curve 
for specific frictional resistance at low Reynolds’ num- 
bers. In spite of this being incomplete, I undertook 
the integration of the total resistance of a plane of 
230-ft. length at a speed of 16 knots, taking into account 
that the uncertainty in the beginning of the curve of 
specific resistance can only amount up to 2 per cent. 
I submit these values in comparison to those proposed 
by different authors in the table of coefficients, opposite. 

It cannot yet be said how the frictional resistance of a 
complicated body like that of a ship can be accurately 
calculated. This question, however, does not arise for 
the practical shipbuilder, as he calculates the total 
resistance of the ship from the resistance of the models. 
By this method the frictional resistance of the model as 
well as that of the ship is identified with that of a plane 
of the same extension without taking into considera- 
tion :—(a) The unequal longitudinal distribution of the 
surface; (6) the potential flow; (c) the orbital velo- 
cities of the waves; (d) the suction of the propeller. 
The error resulting from these omissions will probably 
not amount to very much, as it will be very nearly 
the same in the model as in the ship, and therefore 
these errors will compensate each other. 

It is intended to carry on the tests in the following 
directions :—(1) Different degrees of roughness corres- 
ponding with those found in reality will have to be 
examined. (2) The influence of plate butts will have 
to be measured with regard to height and slope even 
in those cases where the plate butts are rounded off 
and point towards the bow. (3) Examination of 
rounded bottoms having different diameters. (4) Plate 
tests should be applied to large and fast vessels as a 
check. In order to do this several plates are being 
fitted around one of the cross-sections in the parallel 
middle body of the new liner Bremen of the North 
German Lloyd. 


m 


o> 





The tests show that Froude’s method of towing a 
large vessel and inferring the amount of its frictional 
resistance forming, in an unknown quantity, part of 
the total resistance is not only more difficult but neces- 
sarily far more inaccurate than the method described. 
Lastly, the tests show that the frictional resistance of a 
large vessel and therefore its total resistance is usually 
ater than the result of Froude’s calculation of 
friction, and thus bear out not only the results of the 
author’s former experiments, but several well-known 
facts of model tests and thrust measurements on ships. 
The best method seems to me to calculate first the 
friction of the large vessel by applying a theoretically 
correct formula for smooth planes, as Wada has shown 
in a paper read in 1927 before the Japanese Institute of 
Naval Architects, and Herr Lerbs, from the staff of the 
Hamburg Tank, has developed recently in another way 
with the same result, and then to add the necessary 
percentage corresponding with the roughness of the 
ship in question, as found by the tests which I now 
have the honour of submitting to you. 








DUPLEX NUT-SLOTTING MACHINE. 


THE nut with slots across the top, one of which 
engages with a split pin through the bolt, a type 
known as the castellated nut, is admittedly a very 
reliable fastening in situations involving continuous 
vibration, but it is also recognised as a troublesome 
and expensive form to make. At the same time, its 
use is extending, particularly in the motor-car industry, 
so that it was clear that a machine capable of producing 
this class of nut in quantity was desirable. An ingenious 
machine for the purpose of slotting castellated nuts is 
that illustrated in Figs. 1 to 4, page 804. It is made 
by Messrs. The Pellow Machine Company, Detroit, 
Michigan, U.S.A., who are represented in Great Britain 
by Messrs. Gaston E. Marbaix, Limited, Adelaide 
House, King William-street, E.C.4. As our title 
implies, the cutting parts are duplicated, that is, two 
sets of nuts can be operated upon simultaneously, a 
feature which enables its high rate of production, 
namely, 3,000 nuts per hour, to be attained. The slot- 
ting is effected by small circular saws, three on each 
side, under which the nuts are fed on a chain conveyor. 
Each nut is partially rotated before passing under the 
second and third saws, so that three cross cuts are 
given in the complete traverse, thus forming the com- 








removed immediately after cutting. 

The machine is made with two sizes of conveyor, to 
deal with nuts of all sizes up to 4} in. and 1} in. across 
the flats, respectively. Ordinary hexagonal bar stock 
is used, cut to length, tapped, and turned at the 
top. The general design of the machine is well shown 
in the side view given in Fig. 1. The drive is by 
link-belt from a 5-h.p. motor running at 1,200 r.p.m., 
the main machine shaft being geared down consider- 
ably. The saws rotate at 200 r.p.m., and the nuts are 
fed by the conveyer at a speed of 32 in. per minute. 
The construction of the conveyor will be readily 
recognised in the various figures, but it should be 
understood that the hexagons appearing on it in them 
are not nuts, but sockets for holding the nuts, which 
sockets are themselves necessarily slotted, to allow for 
their passage across the saws. There are 63 sockets 
to each conveyor, that is, 126 in all, in the }-in. 
machine, and a total of 102 in the 1}-in. machine. A 
fresh set of sockets has, of course, to be inserted for 
every alteration in the size of nut, but it is stated that 
a complete change may be made in 20 minutes. The 
conveyor is driven by the sprocket wheel at the back 
of the machine, at the left of Fig. 1, and the idler wheel 
at the front is capable of longitudinal adjustment, to take 
"oy chain wear. . 

upport, in way of the saws, is afforded b i 
the conveyor over a machined bed which is en 
two jack screws, in order to provide a vertical adjust- 
ment for regulating the depth of the slot cut. The slot. 
may, with this adjustment, be cut down to ¥ in. from 
the lower face of the nut, but by the use of making-up 
pieces in the bottom of the sockets, this distance can 
be made still less if required. The conveyor links are 
of a hard alloy bronze, and the sockets are secured by 
a ball and spring arrangement. On the top of that 
part of the conveyor above the adjustable bed, is a 
pair of guide bars, forming a passage of exactly the 
width of the nut being handled, to ensure proper centre- 
ing of the sockets and the work in them. At the end 
of each of the grooves thus formed, is an adjustable 
gauge, connected to sloping rods, one of which is seen 
to the right of Fig. 1. These rods are coupled together 
in the manner shown in Fig. 4. Should an incorrect 
nut be inserted accidentally, it will be carried on the 
conveyor up to the gauge and, by attempting to pass, 
it will draw the rods towards the back of the machine 
and depress a push button, which automatically stops 
the machine. 

The front end of the machine is shown in Fig. 4, 
with the feeding hopper removed. The lever at the 
right hand operates a clutch by which the movement 
of the conveyors is controlled. This clutch is seen in 
the foreground of Fig. 2, showing the back of the 





804 


ENGINEERING. 





[JUNE 21, 1929. 








DUPLEX NUT-SLOTTING MACHINE. 


CONSTRUCTED BY THE PELLOW MACHINE COMPANY, ENGINEERS, DETROIT, MICH., U.S.A. 














Fie. 3. 


machine, and engages with a secondary motion shaft 
which drives the cutting fluid pump as well as the 
conveyor gear. The latter is driven by worm gearing, 
the worm shaft making 2 r.p.n. 

The feeding hopper does not deliver the unfinished 
nuts on to the conveyors, but only on to a shallow tray 
between them. From this tray they are picked up 
by hand and inserted in the moving sockets. A good 
operator will obtain, without effort, 80 per cent. of 
the machine’s maximum capacity, that is, can load 
2,400 nuts per hour. The nuts, having passed the 
gauge, are carried under the saws. Reference to Fig. 3 
will show the gauge at the extreme left hand of the 
figure, and two sockets lying closely between the guide 
bars. As seen in this figure, the saws rotate in a clock- 
wise direction, and the conveyor moves from left to 
right. The saws are 4 in. in diameter, and are mounted 
-on shafts 2 {n. in diameter. They are driven from the 
main shaft by chains which are provided with tightening 
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gear. The saws are closely shrouded at the lower part 
by the three-forked fingers shown, which, pressing upon 
the nut being slotted, hold it firmly down. The fingers 
are cased in, as shown at the right hand of Fig. 3, and 
the major part of the thrust is taken by a shoulder on 
the casing against which the upper edge of the top 
finger bears. The lever underneath the bottom finger 
is a device for removing the burrs on the slots. It 
has an adjustable relief spring fitted at its outer end, 
the connection of which with the lever is best seen in 
Figs. 1 and 2. 

Immediately below this clearing device in Fig. 3, 
will be observed a rounded recess in the guide bars, 
fitted with a projecting tongue. This recess affords 
room in which to turn the socket through the one- 
sixth of a complete revolution necessary to present a 
fresh diameter to the second saw. A similar recess 
occurs just before the third saw. The movement of 
the conveyor pushes one face of the advancing socket 





Fic. 4. 


up against the tongue, and so effects rotation. An 
inspection of the sockets, seen on both sides of the 
tongue in the figure, will show that the one on the 
right hand has been turned round, and is correctly 
aligned between the guide bars. After passing all 
three saws, the finished nuts, slotted and with the 
burrs removed, fall out of the sockets as they round 
the back sprocket wheel and fall down the chute seen in 
Fig.2. The saws are fully protected by covers in which 
the ends of the flexible pipes conveying the cutting 
fluid are fitted. The two fixed pipes at the back of 
the machine direct strong streams of the fluid on to the 
underside of the conveyor, in order to keep the sockets 
free of swarf. The shafts, throughout the machine, 
except the slowly-rotating worm shaft, are all hardened 
and ground. Those running at high speeds are carried 
in roller bearings ; the rest are in bronze bearings. The 
machine shown is electrically driven, but it can be 
modified for pulley drive if required. 
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NOTES ON NEW BOOKS. 


THE construction of large-span suspension bridges 
‘seems to be almost confined to the United States. 
A*contributory factor to the popularity there of this 
type™has been the extraordinary growth of motor 
traffic, which has made it profitable to provide toll 
bridges across many large rivers. The problems 
involved in the design and erection of these structures 
are ably discussed in A Practical Treatise on Suspension 
Bridges, a second and revised edition of which has just 
been issued, at 25s. net, by Messrs. John Wiley and 
‘Sons, Inc., New York, and Messrs, Chapman and 
Hall, Limited, London. The author is Dr. D. B. 
‘Steinmann, A.M., who has had much experience in 
the matter with which he deals. The volume opens 
with a general discussion of the properties of the 
catenary and the ordinary theory of the stiffening 
truss, in which the suspension bridge is regarded as 
completely analogous to a rigid arch, is-then developed. 
The deflection theory, which takes account of the 
fact that the shape of the chain alters by more than 
negligible amounts when loaded is, however, fully 
expounded in an appendix. The equations given 
here are by no means in the simplest form, but the 
author notes that alternative forms, expressed in 
‘trigonometric series, have been developed. He attri- 
butes this to Prof. S. Timoshenko, but this method 
was first published in ENGINEERING, April 29, 1927, 
page 506, as the result of an independent investigation. 
In the case of large spans, the deflection theory calls 
for much less weight in the stiffening girder than is 
demanded by the older theory, and Dr. Steinmann 
reproduces a chart due to Mr. A. H. Baker, which gives 
the correction for a large range of different conditions. 
Much practical information in regard to erection and 
to structural details is included in the text, and two 
structures, the Florianpolis and the Ohio River bridges, 
are discussed in detail. The work will be found a 
comprehensive and reliable guide to the engineer 
interested in the suspension type of structure. 





The fact that Professor J. A. Moyer’s elementary 
‘treatise on Steam Turbines has attained to the dignity 
of a sixth edition is sufficient evidence that it meets 
a distinct need, but it is perhaps more suited to 
American than to European conditions, with which 
it would seem that the author is not fully familiar. 
‘The new issue is priced at 22s. 6d. net, the publishers 
being Messrs. John Wiley and Sons, Inc., New York, 
and Messrs. Chapman and Hall, Limited, London. Con- 
siderable additions have been made to the new edition, 
but the work of revision might with advantage have 
been carried further, since much matter that appears 
now to be obsolete has been retained. Possibly, however, 
this may be true only of European practice, and the 
systems and constructions in question may still be in 
use in America, where turbine design has progressed 
much less rapidly than boiler practice. As an instance 
-of some of the apparently obsolete matter still retained, 
“blast” or “ pulsating’ valves, for governing, are 
stated, on pages126, to be “used in nearly all types 
of Parsons’ turbines.” Again, we have the statement, 
on page 399, that ‘‘ Tables I and II on the following 
page give comparative results of the latest reported 
tests in America and in Europe.” Reference to these 
tables shows that the latest date mentioned is May 30, 
1911. On the other hand, whilst old matter has 
been retained, we have failed to find any reference to 
the fundamentally important work of the Steam 
Nozzles Research Committee, which, in Europe at any 
rate, has been responsible for revolutionary changes 
in turbine design. The new matter includes descrip- 
tions of various designs of shaft and diaphragm 
packings, and of various methods of meeting the 
demand for more steam way at the turbine exhaust. 
A number of illustrative calculations, both as to the 
proportioning of complete turbines and of some of 
their details, are included., 





The use of reinforced concrete for all classes of struc- 
tures is developing apace in many countries, but 
probably more rapidly in Italy than elsewhere. Text- 
books dealing exclusively with the material are abun- 
dant in practically all the European languages; they 
are particularly numerous in Italian. The latest book of 
the kind to come under our notice is entitled Manuale 
dell’ Ingegnere Progettista e Costruttore di Cementi 
Armati, by Ing. G. Arosio. It forms part of the well- 
known collection issued by Ulrico Hoepli, Milan, and its 
price is 28 lire. It has been compiled not so much for 
contractors engaged in actual reinforced-concrete work, 
although some may find it useful in many ways, as for 
civil engineers who have charge of all the calculations 
and designing previous to submitting tenders for new 
schemes, or previous to carrying out construction work 
on the spot. It will greatly help designers, to whom it 
-appeals especially, to solve the very many complex 
problems which surround the technics of reinforced 





concrete. Two points are emphasised by the author. 
He calls attention to a set of formulz he has developed 
for the calculation of reinforced-concrete hooped piles, 
a system of piles which, we believe, was introduced just 
over twenty years ago by Mr. Considére, and was found 
from the commencement to more than double the 
resistance to compression. Another series of formule 
is applicable to the ready calculation of T beams. 
In both cases examples are given. The book contains, 
in a small compass, a great deal of technical information 
on practically every member forming part of reinforced- 
concrete structures. It is illustrated by over 600 
diagrams, and concludes by stating the conditions 
imposed by the Italian Government for this work. 





The exhaustion of many of the best coaijseams, com- 
bined with the extensive use of coal-cutting machinery, 
are two of the outstanding factors which have led 
to the marked decline in the quality of the coal pro- 
duced by British collieries. In consequence, com- 
petition with foreign producers has become increasingly 
difficult, the more so as it has been the practice for 
many years on the Continent to clean and classify 
their coal. The subject of coal washing has accordingly 
now assumed great importance in this country and 
its extensive adoption has been strongly advocated. 
Nevertheless, the successful application of coal-cleaning 
operations is dependent on a number of factors which 
vary in each district, and almost in each mine, so that 
a very careful investigation is necessary to ascertain 
the benefits which would be obtained by adopting 
any one of the numerous methods available. A book 
which explains the principles of coal cleaning, and 
describes the various methods which have been found 
successful under diverse conditions and requirements 
cannot fail to be of interest and utility to the modern 
colliery engineer. The Preparation of Coal for the 
Market (Methuen and Company, Limited, price 10s. 6d. 
net), by Professor Henry Louis, will prove a welcome 
addition to the literature on the subject, which, until 
very recently, was sadly deficient. In December, 
1928, two books devoted to the cleaning of coal were 
reviewed in these columns. The first, by R. C. R. 
Minikin, dealt with the subject more especially from 
the point of view of construction and erection of 
plant ; however both this and the book which appeared 
shortly afterwards by W. R. Chapman and R. A. Mott 
are large, comprehensive volumes costing 45s. and 
428., respectively, whereas the work now under dis- 
cussion will be welcomed by those who, whilst desiring 
a complete survey of coal-cleaning practice and a 
competent treatment of the principles involved from 
the technical point of view, do not require so com- 
prehensive or such expensive volumes as either of 
the aforementioned. Although, as Professor Louis 
remarks in his first chapter, the cleaning and proper 
preparation of coal has, until recently, been neglected 
in this country and dirty coal undoubtedly handicaps 
us in the world’s markets, it is obvious that no amount 
of cleaning will make up for an excessively high cost 
of production at the pit’s mouth. In the competition 
for markets it is essential that British coal be produced 
as cheaply, and be cleaned as thoroughly, as that of 
our trade rivals if we wish to hold our own. Ultimately 
the production of coal must be considered as a com- 
mercial proposition; hence the requirements of cus- 
tomers must be met, and if the demand is for clean 
sized coal, then coal cleaning must inevitably become 
an essential part of the British coal-mining industry. 
Professor Louis suggests that not only the clean 
coal should be systematically sampled, but that similar 
methods should also be applied in sampling the tailings 
as are already practised in large ore-dressing mills, 
where the tailings are kept under constant observation 
by means of automatic samplers. The extra cost would, 
in most cases, be covered within a very short period. 
It may be mentioned that this book is the outcome 
of a series of lectures generously instituted by Mr. 
France-Focquet, of Li¢ge, Belgium, at the Heriot-Watt 
College, Edinburgh, and for which Professor Louis 
was selected by the Governors to deliver the inaugural 
series. Each of the chapters in the book corresponds 
to a lecture. The book is excellently printed and 
includes 114 illustrations. It is a work which may 
be thoroughly recommended. 





A fourth edition, revised and enlarged by Mr. B. 
Heastie, A.M.Inst.C.E., M.I.Chem.E., of Herr E. 
Hausbrand’s treatise on Hvaporative and Cooling 
Apparatus, has just been published by Messrs. Ernest 
Benn, Limited, the price of issue being 25s. net. The 
work is intended primarily for chemical engineers who 
have daily to install apparatus for the heating and 
cooling of every kind of liquid, solid and gas. It is 
still true, we believe, that the theory of heat transfer 
has only been satisfactorily worked out in the simplest 
cases, but an immense amount of experience has been 
collected in the course of time, and much of this is 
incorporated in Herr Hausbrand’s treatise. This 





includes a very large proportion of tabular matter 
which must certainly prove of the greatest value.to 
the practician. The work is most comprehensive, 
covering practically every conceivable form of heater 
or evaporator, and incidental questions are dealt with 
besides the mere transfer of heat. Thus there is a 
whole chapter on the splashing of evaporating liquids. 
Mr. Heastie, in his revision, has completely re-written 
the section of the book dealing with the flow of fluids 
through pipes, which is now based on the theory of 
Osborne Reynolds. Some space is also devoted to Dr. 
Ezer Griffiths’ work at the National Physical Labora- 
tory, on heat losses by convection and radiation, and 
the steam tables have also been revised on the basis 
of Callendar’s fundamentally important researches. 
A new chapter describing some of the latest types of 
evaporating plant has also been added by Mr. Heastie, 
and the revised treatise may confidently anticipate 
as favourable a reception as its predecessors, the first 
of which had to be reprinted within five years of its 
appearance in its English dress. 





Willing’s Press Guide, 1929, which is published by 
Willing Service, 356, Gray’s Inn-road, London, W.C., 
at the price of 2s. 6d., contains a large amount of useful 
information regarding the increasing number of news- 
papers and journals which are published both in this 
country and elsewhere, though it does not pretend to 
be absolutely complete. As the printed word is 
becoming more and more a part of our daily life, the 
utility of this publication can hardly be exaggerated, 
as it gives exact information on the various media 
available. This year, for the first time, indicative 
initials have been placed at the head of each page, 
while net sales or guaranteed circulation figures have 
been added where possible. Dailies, weeklies and 
publications appearing at longer intervals are dis- 
tinguished by special types. A useful feature is an 
index to “ class papers,” which enables the part played 
by journalism in a particular trade or sport to be 
easily ascertained, while the same remark may be 
made about the list showing the days of the week on 
which the various periodicals appear. Where the 
intervals are longer than a week this is also stated. 
Provincial papers are grouped under counties, and 
foreign papers under countries. It will therefore be 
seen that not only has every effort been made to 
collect the information, but it has been published in a 
form which makes easy reference possible. 





Some knowledge of differential equations is required 
by those engineers who have to deal with complicated 
problems in electricity, in aerodynamics, and in alter- 
nating-current phenomena. A text book designed to 
meet their special requirements has just been published 
by the Oxford University Press, under the title 
Differential Equations, the price of issue being 12s. 6d. 
net. It has been prepared by Messrs. P. Field 
Foster, M.Sc., A.M.I.Mech.E., and J. F. Baker, M.A., 
M.Sc. The authors have, of set purpose, omitted the 
discussion of geometrical problems involving the solu- 
tion of differential equations, on the sufficient ground 
that these are very seldom, if ever, encountered in the 
work, of the engineer. For the same reason, singular 
solutions are barely mentioned. Ashort opening chap- 
ter devoted to illustrative examples is followed by a 
useful collection of formule and propositions constantly 
required, including the properties of the circular and 
hyperbolic functions, and the methods of transforming 
equations from one system of co-ordinates to another. 
The standard methods of integrating linear equations 
are next described, and the nature of partial differential 
equations is then dealt with. There is a chapter on 
Fourier’s expansions, but Legendre’s and Bessel 
functions are merely mentioned. The former, indeed, 
seem seldom, if ever, to appear in engineering problems, 
but it is occasionally necessary to employ the Bessel 
functions and tabulated values of the coefficients 
corresponding to the expansions representing the diffe- 
rent powers of the variable would be useful. The 
final chapter deals with the numerical solution of 
differential equations and this, more often than not, 
provides the only possible method of attacking the 
complicated cases with which the engineer is almost 
invariably confronted. Even in his linear equations 
the coefficients are seldom constants, though he often 
has to assume that they are in order to get some 
sort of a solution without intolerable arithmetical 
labour. The book under discussion covers the ground 
well, and will be found particularly useful for reference 


purposes. 








Tse Institution oF ELEctTRICAL ENGINEERS.—The 
Committee of the Meter and Instrument Section of the 
Institution of Electrical Engineers have made the 
following nominations to fill the vacancies which will 
occur on that Committee on September 30 next. The 
names are: Mr. E. W. Hill (Chairman) and Messrs, 
E. Fawssett, A. J. Gibbons, E. H. Miller, and R. 8. J. 


Spilsbury. 
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‘“* ENGINEERING ’’ ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

in each case ; where none is mentioned, the Specification is not 


tUustrated. 

Where inventions are communicated from abroad, the Names, &£c., 
of the communicators are given in italics. 

—<o- ions may be obtained at the Patent O, Sales 

, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform = of 18. 

The date of the advertisement oj the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word *‘ Sealed” is appended. 

wy ere may, at cp tegen within two months from the date of 

advertisement of the acceptance of a Complete Speci, ion, 
ive notice at the Patent 0, of opposition to the grant of a 
atent on any of the grou mentioned in the Acts. 


ELECTRICAL APPARATUS. 


304,416. R. C. Graseby, Westminster, London. 
Prepayment-Meter Mechanism. (2 /igs.) June 11, 
1929.—Prepayment-meter mechanism, with means where- 
by a standing charge, such as rent, can be collected, com- 
prises controlling means, such as a switch, for the supply 
and 19 or setting mechanism to operate the 
switch, including an epicyclic gearing 2, One sun wheel 
of this is connected to coin-operated mechanism, while 
the other sun wheel is connected through a second epi- 
cyclic gearing 27 to the meter-driven mechanism 28, 
and to the spring-driven motor mechanism, both of 
which act to return the setting mechanism to zero. The 
spring-driven motor mechanism is connected to the 
coin-operated mechanism so as to be wound when the 
prepayment mechanism is set after insertion of a coin. 
A star wheel, actuated by a coin in a rotary drum, 
sets forward a gapped, flanged disc 3, controlling a 





switch which is closed as described in Specification 
1363/14. A spring 6 surrounds the spindle 7 of the disc 3 
and constitutes the driving means for returning the disc, 
its action being controlled by a flier 9-12, as described in 
Specification 294,739, the barrel 11 being driven from & 
spring 20 through gearing 13-17, controlled by an 
escapement 18, 19. The gear 15 comprises one member 
of the epicyclic gearing 27, the other member of which is 
directly connected to the meter-driven wheel 28. The 
spring 20 is wound through gearing 22-25, from the 
spindle 26 carrying the coin-operated star wheel. The 
spring 20 may be arranged to drive the disc 3 past the zero 

ition, after the supply is cut off, so that a coin must 

inserted to return it to zero before any further supply 
can be obtained by the insertion of further coins. 
this case, the springs 6, 20 are arranged to be in tension 
when the setting mechanism reaches the zero position.— 
(Sealed.) 


305,612. J. Stone and Company, Limited, Dept- 
ford, and A. A. Mead, Blackheath, London. Dynamo- 
Electric Machines. (3 Figs.) November 8, 1927.— 
The invention comprises improvements in electric motors, 
such as are employed for driving fans. According to the 
invention, the field-magnet structure f is inserted into 





@ casing d, in which one end of the structure is centred 
and fixed, the opposite end being concentrically fixed 
in a bracket ring / which is fitted concentrically to the 
opposite end of the casing. For the purpose of the dual 
supporting and fixing of the field-magnet structure f, 
the long riveted sti employed for holding together 
and consolidating the laminations of the structure, are 
adapted for receiving the securing means o and p in an 
advantageous manner. (Sealed.) 














LIFTING AND HAULING APPLIANCES. 


301,140. C. J. Barnett, Southgate. Automatic 
Electric Lifts. (2 Figs.) September 14, 1927.—The 
invention relates to automatic electric lifts of the kind 
employing a series electric motor, a two-way switch 
connected in the motor circuit, and a switch operated 
directly or indirectly by the lift at the end of its travel 
to reverse the motor connections and the two-way 
switching connections. According to the invention, 
the switch operated by the lift comprises three two-way 
switches 16 mechanically connected so as to be operated 


c 29 
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(307 140 


simultaneously, one connecting one commutator brush 
of the motor to either the supply or to one end of the field 
24, the second connecting the other commutator brush 
of the motor to either the one end of the field 24 or the 
supply, and the third connecting the other end of the 
fie ¢ % to one or other way of the two-way switch 26. 
(Sealed.) 


MOTOR ROAD VEHICLES. 


306,357. J. White, Birminham, and C. T. Mitchell, 
Wolverhampton. Change-Speed Gears. (4 Figs.) 
July 12, 1928.—The invention has reference to change- 
speed gears for use in motor vehicles, of the type compris- 
ing aligned driving and driven shafts and 4 parallel counter 
shaft. The constant-mesh pinion e is loosely mounted 
upon the lay shaft and is formed, on the hub-face adja- 
cent to the lay-shaft pinions, with a double-jaw recess g 
presenting two wedge-shaped sectors g!, g® (see Fig. 3) 
whilst the opposed face of the lay-shaft pinion is formed 
with a transverse dog g5 which engages the recess g and 
establishes driving connection between the constant- 
mesh pinion and the lay-shaft gears. By virtue of the 
loose-mounting of the pinion e, the wedge-like formation 
of the jaws g!, g? and the form of the dog g5, however, 
these coupling elements are capable of free relative angular 
movement to an extent dependent on the angular dimen- 
sions of the jaw sectors which may be equivalent to 
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sectors of three or four-teeth on the pinion e. Assuming 
the constant-mesh pinion is driven so as to rotate in the 
clockwise direction indicated by the arrow in Fig. 3, 
then, when the engine is normally driving the car on top 
or direct gear, the shoulders 2, x1, of the coupling jaws 
on the constant-mesh pinion will bear against the sides 
y, y!, of the dog g3 and transmit the idle drive to the 
layshaft and its pinions. But when the driver declutches 


| and shifts his gear-lever for changing down, say from 


top to third speed, it usually happens that the driver- 
shaft and sliding pinions are motored from the road 
wheels of the car at a higher speed than the lay shaft 
pinions, so that, on the third-speed shifting pinion being 
taken beyond neutral and commencing to engage its 
complemen layshaft pinion, the resultant speeding- 
up of the layshaft and its pinions causes the latter to 
over-run the constant-mesh pinion which, for the time 
being, is being driven only by the spinning member of 
the disengaged engine clutch. The formation of the 








coupling jaws gl, g2 permits this over run to take the 
sides y, y! of the dog g5 out of driving contact with the 
shoulders x, zl, of the jaws and, in effect, momentarily 
disengage or disconnect the layshaft from the constant- 
mesh pinion. In other words, the angular play provided 
for in the transmission by the coupling dog enables the 
layshaft to be speeded up to the driven-shaft speed by 
the initial engagement of the reduction pinions, without 
such speeding up being resisted by the action of the 
spinning transmission-clutch member on the constant- 
mesh pinion, and the driver is thus enabled to make the 
downward change smoothly and silently by one straight- 
through movement of the gear lever. When the change 
has been made and the transmission clutch re-engaged, the 
constant-mesh pinion momentarily over-runs the lay 
shaft gear to restore the normal driving connection be- 
tween the saa and gear through the coupling dog. 
(Accepted, February 27, 1929.) 


STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 


298,417. H. E. Yarrow, Scotstoun, Glasgow. 
Superheaters. (3 Figs.) January 6, 1928.—The 
invention relates to superheaters in which the super- 
heater tubes are horizontal, or substantially horizontal. 
A is the steam drum of a Yarrow type water-tube boiler, 
and B is one of the water drums which is connected with 
the steam drum by two banks C and D of steam-generat- 
ing tubes. These banks of tubes are spaced apart, and 
the intermediate space E accommodates the superheater 
tubes G, which are in the form of U-tubes springing from 
and returning to the superheater header F. To = 
these superheater tubes, which extend horizontally or 
substantially horizontally within the space E, some of 

















(298,417) 





the generator tubes are bent so as to pass across the 
space E immediately underneath one or more of the supers 
heater tubes G. Some of the tubes H of the outer D 
are shown bent in this manner to pass under the om 
and return limbs of some of the superheater tubes 

so as to support the same. Others of the steam-generat- 
ing tubes oranda to the inner bank C are similarly 
bent, as shown for example at I, to support other rows of 
superheater tubes. In this way, each superheater tube 
can be supported at one or more points along its length 
by means of a tube or tubes in which water circulates 
and which may, as shown, be part of the general circula- 
tion system of the boiler.—(Sealed.) 


303,701. H. E. Yarrow, Scotstoun, Glasgow. 
Pulverised-Fuel Burners. (2 Figs.) April 4, 1928.— 
In pulverised-fuel burners of the kind in which the 
pulverised fuel and its conveying air are given a whirling 
motion by injecting them tangentially into an annular 
chamber from which they issue through an annular 
opening of variable width to mingle at the entrance to: 


a cm 





























: 


the furnace with the main air supply, to which also # 
whirling motion is imparted by the arrangement of guide 
vanes, the annular chamber B has both of its walls D,. 
M longitudinally adjustable. The walls consist of outer 
and inner sleeves D and M, which are adjustable — 
tudinally by means of screwed rods E and N, respectively. 
The width of the annular aperture through which the 
mixture of pulverised fuel and air enters the furnace- 
may thus be varied, as well as its position longitudinally 
brace! “; oon to the inlet orifice K for the main air supply.. 
(Sealed.) 
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|the Maryland Dredging and Contracting Company, 
it was constructed, after some delay, and completed 
|at a cost, including equipment and accessories, of 

By Brysson Cunninenam, D.Sc., M.Inst.C.E. | something over 6,000,000 dols., and has been in 

Dry Dock No. 3 at the Navy Yard, Philadelphia, | commission for the past eight years or so. The 
among the largest graving docks existing at the | contract, which was based on a schedule of unit 
present time, affords an interesting example of | prices, comprised, in addition to the dry dock 
modern American practice in the face of circum-| proper, the crane track and supports, the pump 
stances which were by no means favourable to its | well, the movable crane, and the standard-gauge 
construction. It has a clear length of 1,011 ft. 4in.| rail track immediately adjoining the dock. 
with an extreme length of 1,022 ft. from head of} A general view of the dock after completion is given 
dock to inner face of outermost caisson, and can | in Fig. 1 on this page, and an elevation of the entrance 
be utilised in two sections 684 ft. and 338 ft. inlength. | and cross sections are reproduced in Figs. 2 and 3, 
The entrance width, at mean high-water level, | page 808. A longitudinal section of the dock is given 
is 125 ft. 7 in., with a depth of 43 ft. 6 in. of water| in Fig. 4 on Plate LXVI, a general plan in Fig. 5 
over sill at high water. Compared with some of | and two detail half cross sections in Figs. 6 and 7. 
the more recently completed docks on the North | It will be noted that the floor has the substantial 





THE NAVY YARD DRY DOCK NO. 3, 
PHILADELPHIA, U.S.A. 





American continent, it is certainly smaller in capa- | thickness of 20 ft., and that the side walls are 


The difficulties above the clay, however, were 
more pronounced. It had been intended to make 
the whole of the excavation by means of a suction 
cutter dredger, working behind an earth cofferdam 
formed across the dock entrance. Operations were, 
indeed, commenced in this way, but, when about 
460,000 cubic yards had been removed and 
the bottom of the entire site had been lowered to 
about 30 ft. below M.L.W. datum, it was found 
impracticable to dredge below that level as 
the sides of the excavation subsided as fast as 
the material was removed from the bottom. 
It being impossible, therefore, to maintain any 
reasonable side slopes, dredging operations were 
abandoned, the outer cofferdam was completed 
and sealed, and the excavation was pumped out. 
It was found then that the dredger had cut through 
a heavy deposit of river silt into a deep stratum 











=- 


Fie. 1. Dock Arrer CoMPLETION. 

city, but its dimensions are adequate to accommo- | characterised by solidity and strength. At first 

= the — —, The “or; oe as . type — the a was 

table, compiled from the Appendix to yds’|made to a solid section, with a relieving wing 

Register of Shipping, gives a few representative | base, in consequence of the conditions imposed 

particulars of the leading American docks :— | by the exigencies of the case when the ground was 
| opened out. Serious impediments were experienced 

















| Depth of |im constructional operations from the outset. 
— Extreme aa Entrance | waterover| Preliminary borings, taken on the site for the 
Length. | vicor. | Witt. ba Se |purpose of preparing the working drawings, 
| indicated that, at the level of the dock floor, there 
ie 

re n in Best. be found a heavy stratum of tough red 
Philadelphia, No.3 | 1,022 | 1,005 | {127°6 | 43-5 7 ing the whole area, a at yen 

Seles time | 280 | ih 120-0 (alll) 46-0 thickness of 18 ft. This was satisfactory enoug 
wealth) q ; i as a bed foundation, but, below the clay, the 
Quebec (Levis) 1,150 | 1,150 ee 40:0 | bore holes passed into a layer of very fine, compact 
St. John’s, N.B. ..| 1,225 | 1,150 {i35-0} 42-0 | sand, which became coarser as the depth increased. 
Esquimalt, B.C. ../ 1,150 | 1,150 125-0} 40-0 | Water flowed freely from this stratum under 
| pressure, causing it to rise in the tubes. Pressure 





| gauges gave a reading of 10-5 Ib. per square inch, 
The dock belongs to the United States Govern- | equivalent to the head of water in the Delaware 
ment and is located at League Island, which lies| River, indicating that the stratum had direct 
at the southernmost extremity of the isthmus| connection therewith. It was essential, therefore, 
formed at the Port of Philadelphia by the rivers|that the clay bed should be kept intact and not 
Delaware and Schuylkill. Its inception dating| broken through. Happily, the clay was deep 
from 1917, when a contract was entered into with | enough and thick enough to render this feasible. 








of water-bearing sand which was washed out as 
fast as the work proceeded. 

This fact rendered it necessary to adopt a plan 
of construction in the dry, the carrying out of 
which is illustrated in Figs. 18 and 19, on page 822, 
and in view of the risk, however remote, of pene- 
trating the bed of clay, it was decided, as a pre- 
cautionary measure, not to open out any large area 
of excavation, but to lay the floor in sections of 
about 200 ft. in length. The bottom of the ex- 
cavation was, accordingly, completely enclosed by 
a row of steel sheet piling, as shown in Fig. 20, on 
‘page 822, driven well into the red clay, and braced 
on the inside by vertical and inclined piles set at 
5-ft. centres. The length of the sheet piles, which 
were 14-in. Lackawanna interlocking-section steel 
piles, weighing 40-8 lb. per foot, varied from 
26 ft. to 44 ft. There was some difficulty in 
driving, owing to a very hard stratum of cemented 
gravel and hard white sand immediately overlying 
the clay. It is stated that, in spite of the fact that 
the type of sheeting was the strongest and the 
heaviest procurable, much of it was found to be 
badly bent and torn apart when the material was 
finally excavated. Driving was done by steam 
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and drop hammers, the best results being obtained 
by the use of a drop hammer of from 3,200 lb. 
to 4,200 lb. weight, the more rapid but lighter 
biows of the steam hammer producing bending 
and battering over the head of the sheeting. 
Naturally, under conditions such as those described 
above, pumping was an important and expensive 
operation. The deflection and distortion of the 
steel sheet piling caused numerous leaks. The 
ground outside the sheeting was completely 
saturated with water, and it was found practically 
impossible to stop the leaks, for, if any were 
plugged, the head produced caused an outburst 
elsewhere. It is recorded that, at times, as many 
as six 6-in. centrifugal pumps were required to 
keep down the water in the bottom of the excavation. 
The quantity pumped ranged from 5,000 gallons to 
over 8,000 gallons per minute. To raise the water 
to surface level from the main sumps in the 
excavation, four centrifugal pumps were used—one 
15-in., one 10-in., and two 8-in. diameter—with 
numerous smaller pumps from 3-in. to 6-in. diameter 
for raising water from the deepest portions of the 
excavation to the main sumps. 

The side walls and floor of the dock are of Portland- 
cement concrete, the mass work being formed of a 
1: 24:5 mixture. The upper surface of the floor, 
to a depth of 3 ft., and the inner faces of the side 
walls, for a thickness of 3 ft., were rendered water- 
proof by combining with the cement a quantity of 
Toxement equal to 2 per cent. by weight, the mixing 
being done in the mill at the central mixing plant, 
which was located on the river front immediately 
west of the dock entrance. Based on a study of the 
borings, it was decided to construct the dock without 
the use of foundation piles, but piles were driven for 
the support of the outer crane rails and the standard 
railroad track adjoining. 

The floor was laid in sections, 10 to 30 ft. long, 
extending the full width of the dock and comprising 
a quantity of from 1,000 to 2,000 cubic yards. 
The side walls, as shown in Fig. 21 on page 822, 
were built up in 50-ft. lengths with unlined 
wooden forms. A suitable surface finish was 
obtained, after the removal of the forms and while the 
concrete was still green, by rubbing down the face 
with carborundum bricks. The concrete mass work 
is reinforced in various places by steel rods, as shown 
in the sections, Figs. 6 and 7, Plate LX VI. A view 
of the completed floor, with its equipment of keel 
and bilge blocks, is given in Fig. 1, page 807. 

As will be seen from Fig. 5, Plate LX VI, the pump 
well of the dock is located in the east side wall, about 
200 ft. from the entrance. It was constructed in an 
open cofferdam, consisting of steel sheet piling 
supported by heavy steel joist walings and struts. 
The main pumps, three in number, set at 26-ft. 
centres, are placed 3 ft. below dock-floor level, so 
that they are self priming. They are centrifugal 
pumps, of the horizontal type, 54 in. in diameter, 
driven through vertical shafting by motors bedded 
just below the quay surface level at an elevation of 
3°65 ft. above M.L.W. In addition to the main 
pumps, there are two 15-in. drainage pumps and a 
2-in. sump pump, with oil pumps and accessories. 
The pump-well structure includes an electric sub- 
station equipped with motor generators, switching 
apparatus and service mains fed with alternating 
current at 2,300 volts and supplying direct current 
at 125 to 250 volts for the use of shipping in the 
dock. A longitudinal section through the pump 
well and substation is given in Fig. 8, on Plate 
LXVI, and a sectional plan through the suction 
chamber in Fig. 9. 

The dock entrance is closed by a caisson, of which 
a half-longitudinal section is given in Fig. 10, on the 
opposite page, and cross sections in Figs. 11 and 12. 
Cross sectional plans and details are given in Figs. 13 
to 17. The caisson, which was constructed by the 
Navy Yard staff, is a framed and plated structure of 
mild steel, having a transverse profile of arrow head 
type, the sides being made up with oak planking 
and fendering. As will be seen from Figs. 10 to 12, 
in addition to the top deck, there are five horizontal 
deck frames, or girders, with five horizontal and two 
vertical bulkheads. 

The main dimensions of the caisson are as follows : 
Length between stops at coping level, 127 ft. 6} in. ; 
length over all, 132 ft. 0} in.; and depth from 


coping level, to bottom of sill seating, 53 ft. 3 in. 
The central width of the tower portion is 16 ft. 
and of the upper or deck portion 10 ft. The light 
draught is 29 ft. The caisson is emptied by means 
of two 15-in. centrifugal pumps at light draught 
level, operated by niotors from the floor of the deck 
chamber. There are a pair of 14-in. sinking valves 
located on each side of the transverse axis. Air 
chambers are provided at each end of the caisson. 
The caisson is ballasted with concrete in the keel, 
and is protected by oak fendering. 

The dry dock is equipped with two electric travel- 
ling jib cranes, of 50 tons capacity each. The cranes 
are carried on portal frames, which are supported, in 
turn, by standard, gauge car trucks. The track for the 
| cranes consists of two standard (4 ft. 8} in.) tracks 
|at 25-ft. centres. The portal construction of 

the crane pedestal permits the operation of an 
ordinary railroad service under the cranes. The 
capstans for the dock service are electrically driven. 

The writer had an opportunity of inspecting the 
dock on the occasion of a recent stay in Philadelphia, 


Efficiency tests of gearboxes, so far only of an old 
type, have been made by Mr. J. H. Hyde, for the 
Mechanical Warfare Board, with various lubricants 
and under different conditions. The efficiency losses 
were, apparently, due primarily to the churning of 
the lubricant ; they became excessive when the box 
was more than half full of oil. Neither the kind 
of oil, provided it was reasonably good, nor the 
viscosity appeared to affect the efficiency much 
with copious lubrication; the gear-tooth loss was 
practically independent of the speed. 

In the continued general research on power trans- 
mission by gears, failure was found to occur at the 
root radius of a tooth. The efficiency of transmission 
was not appreciably less in the case of gears with the 
greatest error in base-circle diameter than for correct 
gears, and, in all the tests made on gears with errors 
in base-circle diameter, pitch or radial alignment, the 
efficiency was sensibly the same at 1,500 r.p.m., 
and at a load of 1,500 lb. per square inch of tooth 
width. The root radius of the teeth of correct 
gears is now being increased, which means a lengthen- 





ELEVATION OF ENTRANCE 
























































in 





HALF SECTION K.K. 


HALF SECTION G.G. 








212/6" | 
--- 144:0° \ 














for Outer 
| Steel Sheet Pile 


| (1076. 8.) 





when he visited the Yard at the courteous invita- 
tion of Rear-Admiral Magruder, the Command- 
ant, to whom and to KRear-Admiral Gregory, 
ithe Chief of the Bureau of Yards and Docks, 
U.S. Navy Department, at Washington, he is 
indebted for the plans and photographs accom- 
| panying this article and for the particulars of the 
constructional difficulties of the site. 
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ing of the teeth; so far, such gears seem likely 
to run for much longer periods at normal loads and 
speeds owing to the decrease of stress concentration 
at the roots. 

Hardness Research.—Dr. G. A. Hankins has 
completed his synopsis of recent work which is 
to be published shortly. The modern diamond-scratch 
| test would appear to be merely a form of indentation 
| test which is useful in cases when normal indentation 
'tests are inapplicable. As regards the relation be- 
| tween indentation and tensile strain, an expression 
| has been deduced connecting the mean pressure over 
/a cone indentation with the maximum shear stress 
| when allowance is made for the friction on the sur- 





investigating the effect of the addition to lubri- | face of the indenting cone. This expression assumes 
cants of dopes like lead ethyl, by arranging his | an increase of strain at constant shear stress in ten- 
apparatus in such a way that the oil is kept cir-|sile deformation, and this assumption holds ap- 
culating between the bearing and the reservoir, and | proximately for highly work-hardened steels but 
is aerated on its return from the hot bearing| not for normal soft steels and non-ferrous metals. 
in order to hasten the possible effects of oxidation. | To investigate these features, large cone indenta- 
A popular brand of motor oil was first run for 100 tions have been made on soft steel, and polished 
hours as such; the coefficient of friction rose and | sections through the middle of the indentations have 
the seizing temperature fell during the first 35 or| been prepared and examined by means of small 
50 hours, and then changed in the opposite sense.| diamond tests. Sections of broken tensile-test 
When the dope was added, both the friction | pieces have been similarly examined. The condi- 
coefficient and the seizing temperature improved tion of the material below a 135-deg. cone inden- 
gradually, without showing a reversal of these | tation is found to be similar to that of a tensile-test 
properties on continued running. Thus the addi- | piece during the early breaking-down stage, and the 
tion of lead ethyl seems to eliminate the adverse | general conclusion is supported that Brinell tests 
conditions of the first 30 or 50 hours, and oxidation | and ultimate strengths are both measures of the 
would not appear always to spoil a lubricant. | same property of a ductile material, viz., the mean 
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stress at which a small increase in stress results in 
a relatively large increase in strain. 

The steel balls, 1, 2, 5, and 10 mm. in diameter, 
used in Brinell testing, have themselves been sub- 
mitted, by Mr. R. G. C. Batson, to special tests by 
the following five methods: (1) The hardness num- 
bers, as determined on a Vickers pyramidal-diamond 
testing machine, are calculated as the load divided 
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by the pyramidal area of impression; this calcula- 
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tion is somewhat complicated, since the tests are 
made on spherical surfaces. (2) The ball-flattening 
method of the German D.I.N. No. 1605, as deter- 
mined by the reciprocal pressure upon each other of 
two balls of equal hardness with a load P = 5D*kg., 
where D is the ball diameter in millimetres; the 
mean pressure on the surface of contact of diameter 
d represents the ball hardness, t.c., 4P/md*. (3) 
Crushing three-ball tests. (4) Determination of the 
Brinell hardness of steel specimens of high uniform 
hardness as found by the use of balls of different 
hardness; and (5) A file method. Method (1), it is 
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suggested, should yield a hardness number of not 
less than 900, and work-hardened balls should not 
be used for materials of hardness lying between 
500 and 630. Where a diamond machine is not 
available, the German flattening test (2) may be used 
for 5 and 10-mm. balls, and should not yield hardness 
numbers below 600 and 630, respectively. If a 
ball is scratched by a smooth file, its diamond 
hardness number is probably below 830. Care is 
recommended in the selection of the balls, as soft 
balls may occur in batches purchased. 

Spring Research—The further work of the 
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Engineering and Metallurgy Departments strongly 
corroborates the opinion that surface defects have 
a marked influence in reducing the resistance of 
springs to fatigue. Any of the standard steels 
investigated could be heat-treated to give endur- 
ance-fatigue limits, in rotating cantilever machines, 
of over + 40 tons per square inch, and these results 
seemed to represent the intrinsic property of the 
material. When the decarburised surface layer of 
such plates was not removed, much lower figures | 
were obtained. 
commence at small surface irregularities in the | 
decarburised layer, the stress being concentreated | 
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values. This appears reasonable, as the Bradley 
machine submits a considerable length of the test 
piece to the range of stress while, in the Wohler 
machine, the maximum stress is only applied at a 
point. The tests, however, brought out the remark- 
able skin effects just mentioned, due probably to 
some internal stress in the skin, which Mr. Bradley 
is now investigating by an interference method. The 
removal of Ys in. from the plate surface after heat 
treatment greatly increased the limiting range of 





It is considered that fatigue cracks | | stress, the range ratio of the commercial plate as 


received to the plate without skin being as low as 
0-35, and sometimes even 0-21. The skin was very 


at the end of the crack ; the initial failure is pro- | thin, as the removal of 0-012 in. had the desired effect. 


pagated into the good material of the inner portion | 
of the plate. Specimens of standard steels pur- | 
posely decarburised at the surface might give only | 
half the safe limit. The Metallurgy Department 
constructed a special furnace for transferring such | 
specimens to a quenching oil without contact with 
the air. The metal surface then looked bluish, but 





In the new research, discs, } in. in diameter and 
‘fi in. thick, cut from the plate, are carefully lapped 
on the lower surface, and then ground down on 
upper surface. The resulting curving of the plate 
shows, in the interference test, that the stresses, 
which are also observed in rolled plates, are very 
complicated. ‘ 
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perature scale. Further tests, starting at 200 
deg. C., revealed a slight fall, followed by a sharp 
drop, in the energy absorbed in fracturing at + 17 
deg., and a change of curvature in the diagram at 
10 deg. Thus the energy-temperature curve for 
the chain is intermediate between the curves for the 
unnotched and thenotched specimens of the material. 
A homogeneous chain should not show any brittle- 
ness ‘within the temperature range investigated, 
but any surface defect might produce notched- 
bar brittleness. The practical lesson is the need for 
periodical inspection for surface defects of chains 
liable to be used at moderately low temperatures. 
Mild-steel fittings for wrought-iron chains are 
being investigated. 

Alloys for High Temperatures.—Accounts of 
this joint research with the Metallurgy Depart- 
ment, by Messrs. R. G. Batson, H. J. Tapsell and 
Dr. C. H. M. Jenkins, have been presented to 
the Iron and Steel Institute and published as 
Engineering Research Special Reports. No. 14 
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showed no signs of decarburisation or of oxidation 
pits, or other surface defects; the fatigue-range 
reduction, however, was the same as if the specimen 
had been tempered in air. The electrolytic depo- 
sition on the specimen of soft copper also lowered 
the fatigue strength. This might be due to the 
weak surface layer, or to stresses imposed upon 
the steel by the deposition, or to the deterioration 
of the steel by the electrolytic treatment owing to the 
absorption of hydrogen. Soft skins were produced 
in other ways, as, for example, in a stream of 
CO, and CO which would not oxidise the skin. 
The fatigue strength, however, was lowered, though 
not so much as in commercial springs. The con- 
clusion is that the actual spring is inferior to 
its material, owing to the presence of a soft skin 
and of surface defects. Surfaxe machining of com- 
mercial spring-steel plates before quenching and 
tempering, seemed to mitigate the weakening effects. | 
Torsional-fatigue tests on very small specimens | 
from heat-treated wire, 0-10 in. in diameter, for | 
helical springs, agreed with the results of tests made | 
on the steel when not in the form of wire. | 

Mr. J. Bradley’s machine for high-speed endur- 
ance tests of laminated springs was illustrated on 
page 36, ante. The tests made with this machine 





on unhardened machined plates, 2 in. by 18 in. by 
}-in., of 0-6 per cent. carbon steel, and various alloy 
steels, are in fair agreement with tests by the Wohler 
rotating-cantilever method, but give slightly lower 








‘failure of Wrought-Iron Chains.—The continued 
investigations in the Engineering and Metallurgy 
Departments into the causes of failure of chains, 
by Messrs. H. J. Gough and A. J. Murphy (see 
ENGINEERING, May 18, 1928, page 618), concerns 
not so much the influence of surface defects, as the 
reluctance of engineers to use wrought-iron lifting 


gear at, or after, low temperatures, although 
extreme cold is rarely encountered in this country. 
To investigate the apparent frost-brittleness, new 
samples of 13 links of }-in. chain were submitted 
to tensile-impact tests at temperatures of + 17, 
0,—10, —20, —30, —40, —50, —65, and 
—78 deg. OC. The shock-absorbing properties were 
found to be good down to —30 deg., but at —65 deg. 
and lower the strength steadily decreased to a 
quarter of that at ordinary temperatures. The 
fractures, still essentially ductile in appearance 
| at —20 deg., became brittle at —30 deg., and the 
failure occurred mostly at the point where the scarf 
of the weld terminated, not at the crown of the 
|link. Microscopic examination showed that the 
fractured surface had a fibrous structure, and was 
of the cleavage type below —30 deg. C., passing from 
crystal to crystal, whilst, at higher temperatures, 
the course of the fracture was irregular. Un- 
notched specimens did not show any sign of im- 
pact brittleness throughout the temperature range 
(down to —78 deg.), and this was not unexpected, 





because the range is small on the absolute-tem- 


of the latter series deals with steels for boiler 
tubes, superheater headers and steam drums, 
commercial alloy steels high in nickel and chro- 
mium, cast steel for turbine manufacture, and chill 
cast and rolled binary and ternary alloys, with 
or without carbon and additional metals. The best 
performance so far observed is that of a chilled 
ternary Ni-Cr-Fe alloy containing tungsten, silicon 
and carbon, which gave a short-time tensile strength 
of more than 30 tons per square inch at 800 deg. 
C., and sustained a load of 5 tons per square inch 
for 68 days at that temperature. 

Single Crystals.—We illustrated last year (July 20, 
page 85) the apparatus by means of which Dr. 
Gough is studying fatigue in large single crystals, 
about 3 in. long, first of aluminium and iron and 
now of zinc, which Mark, Polanyi and Schmid 
have submitted to tensile stress. Dr. Gough’s par- 
ticular object is to ascertain whether, under alter- 
nating-torsional stress, the chief slip plane is also 
the basal plane (0001) which is the plane of maximum 
atomic density, and whether prismatic planes can 
act on slip planes. The observations with the Leitz 
camera are taken while the specimen is clamped 
horizontally between centres, and turned about its 
longitudinal axes through angles A. At every 
point round the circumference, Dr. Gough and Mr. 
H. L. Cox found that the resolved shear stress 
on the basal plane had a lower value than that of the 
first-order prismatic plane; second-order prismatic 
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planes were not expected to enter into the distor- 
tion, and this was also proved to be the case. At 
the position 90 or 270 deg., the stress on the pris- 
matic plane was 26 times that on the basal plane. 
Slip bands were observed of maximum intensity at 
A = 0 deg. or 180 deg., the intensity diminishing on 
both sides; no slip bands were visible at 4 = 90 
deg. or 270 deg. (see Fig. 5, page 810). Two sets 
of twins were observed, both of which are visible 
in Fig. 6 in the indistinct cross; the horizon- 
tal marks are slip bands. Twins within twins are 
discernible in the one set of twins shown in Fig. 7, 
in which the average width of the step repre- 
sents the maximum width of the twins reached 
at A= 0 deg. or 180 deg.; the width diminishes 
to zero in other positions, as shown in Fig. 8. 
In Fig. 7, the twins are identifiable by the 
edge, defined by the ending of the adjacent basal 
plane slip, and also by a system of slip bands. 
The slip on the structure within the twinned 
regions obeyed the resolved stress criterion in 
the same way as the original structure, and this 
accounted for the varying ratio of width to breadth 
of twins at various positions of the circumference. 
The“formation of a twinned region is ascribed 
to afprocess of small atomic rotations and transla- 
tions within less than interatomic distance, not 
involving slip on the twinning plane. The frac- 
tures shown in Figs. 9 and 10 follow three or two 
directions, viz., the original basal plane (the hori- 
zontal black streak in the illustrations), the twinned 
position of basal plane (the vertical streak), and the 
edges of the twins (the oblique streak, visible only 
in Fig. 9). It should be noted that Figs. 7 and 9, 
as reproduced, are magnified about 220 diameters, 
or nearly 3} times more than the others. Antimony 
crystals are now being studied. 

The other X-ray work on single crystals, for 
the Aeronautical Research Committee, concerns 
the reflections from stressed and unstressed crystals. 
Laue photographs have been taken of a tungsten 
crystal under a tensile stress of 104 tons per square 
inch. Elasticity determinations, by oscillations in 
torsion and in bending, have been made by Mr. S. J. 
Wright on single Pintsch crystals of tungsten, 20 cm. 
long. The crystals were obtained from the General 
Electric Company; they are very difficult to 
produce in considerable lengths, the single crystals 
used in ordinary lamp filaments being very much 
shorter. 

Gases, Vapours, Acetylene, Carbon-Dioxide and Gas 
Cylinders.—The determination of the specific heat 
of gases at high temperatures, partly in a 12-in. 
chromium-plated steel bomb, by the Engineering 
and Physics Departments will be mentioned in our 
comments on the latter department. In continuing 
the work of Tizard and Pye on the ignition of mix- 
tures of air with gases and fuel vapours by sudden 
compression, Mr. R. W. Fenning confirmed the 
observations of the anomalous behaviour of these 
mixtures, which may or may not be ignited at 
certain rates of compression. In erder to eliminate 
possible effects of friction and lubricating oils, the 
gas mixture was enclosed in a rubber bulb attached 
to the cylinder cover. Castor oil, apparently, had 
no effect on the ignition temperature when starting 
at ordinary temperature and pressure, and the 
investigation is therefore being continued in a single 
well-lubricated cylinder. The effect of temperature 
on dissolved acetylene is being studied in small 
steel cylinders, 1 in. in diameter and of }-in. wall 
thickness, of 6 cub. in. capacity, of which 40 per cent. 
is occupied by acetone and 20 per cent. by kapok, 
the density of which is 1-41; the cylinders are 
charged at full pressure, i.e., 16 atmospheres (240 lb. 
per square inch). Up to 100 deg. C., the pressure 
rise on heating has been found to be P = 167 + 4-09 
t + 0-0366 ¢, in lb. per square inch, the pressure 
being the same when no kapok is present. When 
the heating was gradual (over a period of 6 to 10 
hours), the kapok was stained where in contact with 
the steel, but not otherwise affected. With higher 
heating, up to 190 deg. C., the pressure being 
occasionally released to avoid pressures above 20 
atmospheres, decomposition of the acetylene set in 
at about 170 deg. The kapok was then found to 
be stained; it had lost its resilience and had a 
disagreeable odour, but no violent reaction occurred, 
provided the acetylene was pure. Mr. Fenning 
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prepares a pure acetylene by liquefying the vapour 
from commercial dissolved acetylene. 

In his work for the Gas Cylinders Research 
Committee, Mr. A. Bailey found the purity of com- 
mercial carbon dioxide to be very high; only in 
one case did the purity fall below 99 per cent. 
The commercial cylinders are not completely 
filled with liquid CO,, a vapour cushion being 
left for expansion. Occasionally, however, over- 
filling takes place, and, in one case, a pressure 
of 2,805 lb. per square inch (about 600 lb. above 
the normal) was observed at 45 deg. C. in a cylinder 
over-filled by 8 per cent. with a very pure gas. With 
impure CO,, the pressure may rise to dangerous 
heights ; the presence of 1 per cent. of air would have 
sufficed to raise the pressure by 100 lb. per square 
inch. In unpainted gas cylinders filled with water and 
exposed to the sun, the temperature rose during 
hot weather to 36 and 45 deg. C., while the shade 
temperature ranged from 25 to 28-3 deg. C. A 
report on Light Steel Alloys has been issued; a 
portable Vibrac cylinder, for aircraft, of 17 cub. ft. 
capacity, weighs only 8 lb., which is about half the 
weight of an ordinary cylinder. 

Wind Pressure, Vibrations.—The observations of 
the distribution of wind pressure over the roof of the 
Metropolitan-Vickers Works at Manchester have 
been nearly completed by Mr. Bailey with improved 
gauges, but, unfortunately, the two great gales of 
November, 1928, were not recorded. Sir T. E. 
Stanton’s observations on the Tower Bridge are 
to be extended to the Forth Bridge. In the cali- 
bration of the horizontal and vertical vibration 
recorders of structures, Mr. Hyde found the elec- 
trical condenser method unsatisfactory. Finally, a 
vibrating table was devised. An unbalanced motor 
is mounted on the table, and the vibrations are 
recorded by a system of levers, the vibration 
recorder being also placed on the table; the agreement 
between the two records of amplitude, frequency 
and wave form is very satisfactory. The experi- 
ments on the transmission of the vibrations through 
the ground have given velocities very much lower 
than those of earthquake observations, which is 
not surprising since these experiments for the 
Building Research Board have been made so far 
only on thesurface. Arrangements have been made 
for a more accurate timing device and for the deter- 
mination of the response of buildings to ground vibra- 
tions. The instruments for recording horizontal 
and vertical vibrations and their micrometer attach- 
ment for magnifications of 1,000, were described 
by Messrs. Hyde and Lintern last autumn. The 
vibrations of the buildings of New Scotland Yard 
due to the traffic on the District Railway and on 
the roads have also been examined for 18 months. 
The greatest disturbances occur when two trains— 
one accelerating, and the other decelerating—pass 
simultaneously, and there seems to be a resonance 
in the main girders spanning the railway and sup- 
porting the front of the building. 


(Z'o be continued.) 
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Handbook of Mechanical Refrigeration. By H. J. Mac- 
INTIRE. New York: John Wiley & Sons, Inc. London: 
Chapman and Hall, Limited. [Price 37s. 6d. net.] 

Tue author states that in compiling this handbook 

his aim has been to include all the information which 

an engineer is likely to require for the comprehension 
of the design and the practical operation of any 
system of mechanical refrigeration falling within the 
scope of the work. The material for the book has 
been carefully selected with this end in view, and the 
result is a compendious and up-to-date treatise of 
considerable practical value. It commences with a 
chapter on the principles of thermodynamics as 
applied to the refrigerating cycle, in which is em- 
bodied just sufficient theory to constitute the basis 
for the fundamental formule of which use is made 
subsequently. The various types of compressor are 
next dealt with in some detail, and a large number of 
tables have been added giving dimensions and parti- 
culars of standard machines of American make. 

To the English reader this information may be of 

comparatively little value, except as showing the 

trend of American practice. Special attention is 


next devoted to the ammonia absorption machine. 
This has never been very popular either in the 
United States or in this country, but would seem to 
have certain advantages over the compression type 
in the case of plants having a large amount of exhaust 
steam for which no other use can be found. 

Condensers with the necessary valves and fittings 
both for CO, and ammonia are then considered, and 
again copious tables of dimensions of valves, flanges, 
bends, tees, &c., are included, evidently obtained 
from makers’ catalogues. The reader may be 
inclined to resent the intrusion of this matter on 
such an extensive scale. Much useful information 
on heat transfer and methods of insulation, refriger- 
ants, brine and brine systems, and water supply is 
given in succeeding chapters, and the sections on 
ice manufacture and cold storage are particularly 
complete. The author makes use of an excellent 
series of charts or P-I diagrams for studying the 
thermodynamic properties of various refrigerants, 
such as CO,, ammonia, SO,, ethyl chloride, &c. 
These diagrams represent the action of the entire 
refrigerating cycle, and present an easy and accurate 
method of solving problems in refrigeration. The 
calculations and design of cold storage plant are 
worked out very fully, and illustrated by reference 
to a number of examples of typical modern plants. 
Air cooling for hotels, warehouse and office buildings, 
theatres and mines, and the special applications of 
refrigeration for household purposes, in the ice- 
cream and milk industry, for oil refining and soap 
making, and in the chemical industries, are treated 
more fully than has hitherto been attempted. 
Towards the end of the book a large number of 
tables are given occupying about 50 pages showing 
the cost of refrigerating machinery and equipment. 
As, however, values are continually changing, it 
must be admitted that this subject can only be 
handled in a very superficial manner, and it will 
be regarded by many readers as of doubtful utility. 

The author regards as absolutely essential for the 
grasp of the main material some knowledge of the 
leading features of electric motors, steam and oil 
engines, &c., to which the final chapters are devoted 
in a rather cursory manner, evidently in the expec- 
tation that the reader will consult special text 
books for a more detailed study of this portion of 
the subject. 

The book is well produced and the numerous 
illustrations are excellent, being reduced in every 
case from line drawings, with an entire absence of 
blocks from makers’ catalogues. Although naturally 
representative of American practice, it contains a 
mass of information which cannot fail to prove useful 
to refrigerating engineers in this country. 





The Principles of Underdrainage. By R. D. WALKER, 
M.C., Assoc.M.Inst.C.E., &c. London: Chapman and 
Hall, Limited. [Price 15s. net. ] 

Tue author of this book states in his preface that, 

so far as he is aware, no book covering the subject 

of under-drainage in all its aspects has yet been 
written, and so far as our remembrance goes, this 
is the first book to be entirely confined to the subject. 

Definitions and principles are first discussed. In 
general, these definitions may be accepted, but in 
one or two cases they are hardly sufficiently defini- 
tive. For instance, the author says of surface 
water, ‘“‘ Surface water is that portion of the total 
amount of water precipitated upon the surface of 
the earth which does not percolate into the soil.” 

But surely, water may percolate through the soil 

and reappear at a lower level at a free water surface. 

In Fig. 1 the “ water table” is shown high up in 

a bed of “ tight” clay with a porous gravel under- 

neath the clay ; it is really the hydraulic gradient 

which is shown. These points rather catch the eye 
in a chapter otherwise well written and illustrated. 
The chapter on underground waters is somewhat 
overloaded with definitions, and to more than one 
of them the reader may take exception. There are 
any number of rivers in the world—the Italian 
rivers, for example—where the water-table slopes 
away from the river axis because the river beds are 
higher than the surrounding country, and in these 
cases the fall is accentuated in dry weather. 

The author writes, ‘The outer table on either 

side of a river normally slopes towards the stream, 





but during flood periods the slope may change to 








812 


ENGINEERING. 





[JUNE 28, 1929. 











AUXILIARY MACHINERY OF THE P. AND O. LINER “ VICEROY OF INDIA.” 


CONSTRUCTED BY MESSRS. GILBERT AUSTIN, LIMITED, ENGINEERS, CATHCART, GLASGOW. 


























(For Description, see opposite Page.) 


® 




















































































































r if ver eee mi noe income a aia ice Sib seonen area sneetineenenv ens nnn annie 21’. -- 
| Fig. 52 
| ° | 
a 4 
Gy iN | 
(L = = 
r =: Bslalia s | 
Exciter Dynamo 
-— h 
EE 
Al 
Aa A. \ 
x; 
3 2 
6 
Current Adjuster 
(1357.@.) ‘ O 
c E D 
Fig. 55 ~~ 350 
Cc 
- 300 
= 
B B = 
Ye | | & 2x0 
x 3 750 
y GA A i % 
daa (Off) Full Speed a Speed . & 7100 
essr) (Hoisung) (Lowering.) wena 


the reverse direction.”” The idea in the author's 
mind is clear to us, but he often does not allow for 
the exceptions which a good definition should 
include. Again, he states “the main object of 
artificial underdrainage is to control satisfactorily 
the percolation of water ;” but surely it would have 
trouble in doing this. Is not the main object rather 
to lower the ground water over a given area ? 
Thechapter on under-drains and their location is of 
practical value; the author might very well have 
added that it is better to put in the main drainage 
first and establish the distance between laterals by 
experiment unless there is sufficient data from neigh- 
bouring examples. There is much of value in the 





chapters on the drainage of ravines and flat-lands 
with some useful tables for run-off and pipe dis- 
charges. The table for “Mean Annual Rainfalls 
for various places in the World” might have been 
left out, for the drainage engineer will have to 
consider his problems with the local records and 
experience before him. 

The sections on slips and subsidences and on the 
prevention of slips is, perhaps, the best part of this 
book, for in it the author has given his practical 
experience in the Federated Malay States, with 
many excellent plans of work carried out and the 
statement of the problems associated with each 





case. 
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The chapters on economics of under-draining and 
under-drainage estimates are of specific rather than 
general interest, for the prices and conditions quoted 
are those which obtain in Malaya. Pipe under- 
drains and the maintenance of under-drains are 
discussed in the following chapters, and a general 
specification for the construction of under-drainage 
and allied works given. The latter was prepared 
for use on the Federated Malay States Railways. 
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A chapter is included on anti-malarial drainage and 
its objects. This is of general interest, but applies 
more particularly to the malarial vector, A. macu- 
latus, which the author has encountered in his 
work in Malaya. 

The work is very well illustrated and contains a 
great deal of information of general application. 
To the drainage engineer in the tropics, and especially 
to the railway engineer who encounters these 
problems, there is much of value to be gained from 
the practical experience of the author. 





A Treatise on Chemical Engineering. By GEOFFREY 
Martin, D.Sc., F.1.C., M.I.Chem.Eng. London: 
Crosby, Lockwood & Son. ([Price, 3/. 3s. net.] 

Wuen Dr. Martin was appointed Director of 

Research to the British Portland Cement Research 

Association in 1921, he found, as he states in the 

preface of this volume, an almost unbelievable state 

of technical inefficiency in the very backward and 
conservative cement industry, and to a lesser extent 
in other industries, owing to the fact that much 
of the plant had been designed in ignorance of the 
laws regulating the flow of liquids. His object in 
compiling this volume was to remedy this state of 
affairs by providing the chemical and mechanical 
engineer and works chemist with scientific means 
for calculating the flow of fluids of all kinds and 
practical methods for calculating their speeds and 
volumes, on the basis of the researches of Osborne 

Reynolds, Stanton, Pannel, Lees and others con- 

cerning the general laws applicable to all fluids. 

Thus the general treatise on chemical engineering 

is actually, as the sub-title indicates, to be under- 

stood in a restricted sense, and as applying to the 
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flow of industrial gases, steam, water and liquid 
chemicals. The restriction must, however, not be 
misinterpreted to mean that the volume is not 
much more than part of an expanded engineer’s 
pocket-book. The theoretical considerations, dis- 
cussions of the properties of fluids, explanations 
and descriptions of methods and the apparatus for 
their determinations, including calculations of fan 
power, pumping power and piston losses in the 
transport of powders and granulated materials, fill 
with their many tables a volume of over 400 pages. 
Each of the thirty-one chapters of the volume has 
its own system of pagination, but references such 
as 22.19 (meaning chapter 22, page 19) make the 
perusal of the book and the consultation of its two 
indexes (names and subject matter) an easy task. 








THE P. AND O. TURBO-ELECTRIC 


LINER ‘“VICEROY OF INDIA.” 
(Concluded from page 749.) 
AUXILIARY MACHINERY. 

SEconD only in interest to the propelling machinery 
on the Viceroy of India, which we described in our 
issue of June 14, is the Austin constant-current 
system employed for operating the motors driv- 
ing the windlass, capstans, winches, forced-draught 
fans for the main boilers, bilge and ballast pumps, 
and refrigerating plant. As is well known, in the 
ordinary system of electricity supply the pressure is 
maintained as nearly as possible constant, so that the 
current varies with the load on the motors. This 
arrangement has many advantages and few dis- 
advantages, when it is applied to motors running at 
constant speeds, but it is uneconomical when used 
for such purposes as driving deck machinery and 
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other variable-speed equipment. It is also necessary, 
in such cases, that the control should be simple, a 
wide range of speeds should be obtainable, and for- 
tuitous overloading should not result in damage to 
the plant. On the other hand, if the current 
in the circuit is maintained constant, so that the 
pressure varies with the load, a wide range of speeds 
can be obtained with little loss of energy, harmful 
overloads cannot be imposed on the motors, re- 
generative working can be utilised, and operation can 
be entrusted to unskilled personnel. The difficulty, 
however, is to obtain a constant current without intro- 
ducing complicated apparatus. In the earlier systems 
of this kind, of which that due to Thury is the best 
known, the constant current was secured by the use 
of brush-shifting devices, both on the generators 
and the motors. Such an arrangement obviously 
gives rise to considerable difficulties, both in design 
and operation, and is, moreover, singularly unsuited 
to the conditions which are met with on board ship. 
In the system designed by Mr. Gilbert Austin, and 
employed on the Viceroy of India, these obstacles 
are overcome by employing a special system of 
exciter windings, so that the voltage of the generator 
automatically varies with the load, and dividing 
the motors into two parts of unequal output. The 
armature of the larger portion and the field of the 
smaller portion are in series with the line and with 
a potentiometer resistance, across which the field of 
the larger portion and the armature of the smaller 
portion, which are also connected in series, are shunted. 
This combination causes the voltage across the motor 
to be automatically raised as its load and speed 
increases, the current in the line meanwhile remaining 
constant. 

The generator used in this system, a half-section 
through which is given in Fig. 52, on the opposite page, 
is, to all intents and purposes, a standard machine with 
the exciter mounted on an extension of its shaft. It can, 
of course, be driven either by an engine or by a motor. 
The exciter is, however, of special design. As will be 
seen by reference to Fig. 53, which is a diagram of the 
generator and exciter connections, the latter is a four- 
pole machine, the poles of which are provided with three 
separate windings. The first of these, known as the excit- 
ing field winding, derives its supply from the auxiliary 
brushes, A, and A4, on the exciter armature, and is 
marked M;. The second, or opposition, winding is 
marked Mpg. It carries the main line current and is 
wound on two of the poles only, so that it produces 
a flux in opposition to that generated by M;. The 
third, or compensating, winding, M,, is connected in 
series with the generator field and the main exciter 
brushes, A; and Ag. 

When the exciter is started up, magneto-motive 
forces are generated in the armature in line with the 
two sets of brushes, and currents therefore flow 
through the latter. The magneto-motive force which 
is in line with the main brushes is, however, in direct 
opposition to the flux produced by the exciting field 
winding in the poles X and X}, though the weakening 
of the field which would as a result normally take 
place is compensated by the compensating winding. 
Similarly, the magneto-motive force which is in line 
with the auxiliary brushes, is in direct opposition to the 
flux produced by the windings on the two poles, Y and 
Y,. The opposition winding is arranged so that the 
flux generated by it boosts the flux of one pair of 
poles and weakens the flux of the other pair, the result 
being that the first pair is insensitive to small changes, 
while the second pair, being almost in a neutral state, 
is highly sensitive to any alteration. 

If, for instance, the value of the current through 
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Mz is such that the flux due to the opposition 
winding almost balances that due to the exciting 
winding, then there will be practically no flux in 
the poles X and X,;. The voltage across the main 
brushes, A, and Ag, will, therefore, only be sufficient 
to excite the generator field if the line is short- 
circuited. If, however, the line current falls slightly, 
due to an increase in the load, the exciting field, 
and therefore the generator field, will increase, owing 
to the following changes taking place: The magneto- 
motive force which is produced by the armature | 
reaction and is in line with the auxiliary brushes | 
will exceed the magneto-motive force due to the 
exciting field winding; the magneto-motive force | 
due to the opposition winding will fall, thus 
increasing the current through the auxiliary brushes | 
and causing the magneto-motive force produced by | 
the armature reaction to be still further increased. | 
The increase in the magneto-motive force, due to | 
both the above causes, will still further increase the | 
current through the auxiliary brushes, with the result | 
that the difference between the magneto-motive forces | 
generated by the armature reaction and by the exciter | 
field winding, respectively, will be accentuated. Thefinal 
result will be that the current in the line will be main- 
tained at a constant value, as can be shown by an 
ammeter, while the voltage across the'generator terminals | 
will vary according to the load. It may be added | 
that the changes we have described take place very 
rapidly and that the voltage varies in accordance with 
an almost straight-line characteristic, the current 
remaining as steady as does the pressure of a direct- 
current system machine of the same output when the 
constant-pressure system is inuse. In effect, therefore, 
the exciter acts as an automatic reversible booster 
to the generating plant. 

Sections through the motor, which forms the other 
principal part of this system, are given in Figs. 59 to 61, 
on page 813. As already stated, this motor consists of 
two machines of different outputs, the armatures of 
which are mounted on a common shaft. As will be seen 
from the diagrams given in Figs. 55 to 57, page 812, 
the field F of the smaller of the machines, which is 
known as the regulating motor, is connected in 
series with the armature C of the larger, or main, 
motor and with the line. The field winding E of 
the main motor and the armature of the regulating 
motor are also connected in series, the circuit con- 
taining them and the potentiometer controller G being 
shunted across the regulating-motor field anda potentio- 
meter compensating resistance H. The potentiometer 
controller may be either of the reversing type, as 
shown, or non-reversing, depending on the purpose 
for which the motor is being used. This combination 
is connected to the line through a main switch A, 
which is open when the motor is in use and closed 
when it is out of action. In addition, a cam-operated 
by-pass switch B is provided for short-circuiting 
the motor without entirely disconnecting it from the 
line. This is closed automatically when the controller 
is in the off position and opens as the latter is moved. 
When this switch is closed and the potentiometer 
arm is in the off position, as shown in Fig. 55, 
a small current only will flow through the armature 
of the main motor, the field winding F of the regu- 
lating motor, and the potentiometer compensating 
resistance H. The amount of this current depends 
on the resistances across the switch contacts and 
of the main motor circuit. As soon as the lever of 
the potentiometer controller is moved, however, the 
switch B will open and the current through the main 
motor circuit will rise until in the full-on position of | 
this lever, as shown in Fig. 56, there will be sufficient | 
potential difference across the regulating-motor field 
and the potentiometer compensating resistance to 
cause the full starting current to pass through the 
regulating-motor armature and the main-motor field. 
The speed of the regulating motor armature is, of 
course, the same as that of the main motor, and it is 
connected so that its back E.M.F. generates a current 
in opposition to that caused by the potential difference 
across the regulating-motor field and the potentiometer 
compensating resistance. As the speed of the com- 
bination increases, these two voltages will become more 
and more nearly equal, until, at no load, the current 
in the main field coils and the torque will reach their 
minimum values. On the other hand, as the load 
increases the speed will fall, the difference between 
the potential difference across the regulating-motor 
field and the potentiometer compensating resistance 
in series, and the back E.M.F. of the regulating motor 
willincrease, and the full-load exciting current will 
through the main motor field windings, with the result 
that its torque will increase. This motor combination 
has a torque-speed characteristic intermediate between 
those of a shunt and series motor, while its efficiency is 
of the order of 90 per cent. 

As regards its application to ship work, it is important 
to notice that, if the motor set is overloaded it stalls. 
The back E.M.F. of the regulating motor then falls to 











| zero, and the maximum current passes through the 
|main field windings, since, in such circumstances, 
|there is no opposition to the potential difference 
| across the regulating-motor field and the potentiometer 
| compensating resistance. In this respect, therefore, 

the characteristics of the Austin motor are similar to 
| those of a steam engine. Moreover, under these con- 
| ditions the power demand is a minimum, being equal 

only to the product of the constant current and 
| the small voltage drop across the stationary motor 














can be solved. When the ordinary series motor is 
used for hoisting, the speed, though satisfactory for 
the heavier loads, is too slow both for the lighter 
loads and for light hook working, as indicated by the 
characteristic curve AB, Fig. 58. It is, therefore, 
usual to employ an automatic discriminator, which 
diverts the field circuit when the current falls below 
a pre-determined limit, with the result that the speed 
is raised and the torque maintained constant. The 
disadvantage of this arrangement is that it is not 
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armature, regulating 
motor field and poten- 
tiometer compensating 
resistance. On the Vice- 
roy of India, where the 
constant current is 250 
amperes, this drop is 
only 8 volts on a 60 h.p. 
motor, so that, when the 
motor is producing its 
maximum torque, it is 
only giving rise to a 
demand of 2 kw. on the 
generating plant. As 
will be gathered, there- 
fore, the peculiarity of 
the Austin system is 
that an overload re- 
duces the voltage (and 
therefore the power), in 
contradistinction to the 
ordinary system, where 
it increases the current. 
It may be added that 
the speed range can be 
adjusted as required by 
shunting the regulating- 
motor field. 

An important feature 
of the system, which 
has a bearing on the 
energy consumption, is 
that a load on a winch can be lowered by gravity and 
thus used to drive the motor as a generator. Under 
such conditions, the back E.M.F. of the motor, instead 
of opposing, assists the line voltage, the generator 
voltage being reduced by an amount equal to the back 
E MF, so that the line current still remains constant. 
If loads are being raised and lowered simultaneously by 
the different motors on the same system, the generator 
voltage will, therefore, be considerably less than the 
maximum and may be even zero or negative. On the 
Viceroy of India, where 22 winches are installed, it 
varies from 350 volts to zero, a frequent value 
being 250 volts positive. With such a large number 
of winches, the positive loads generally exceed the 
negative, so that the voltage is seldom actually 
negative. 

Attention may next be called to the even torque- 
speed curve obtained. This, as shown at C D in Fig. 58, 
is another characteristic of this system. This curve 
indicates how a difficulty, which is often met with 
when working cargoes on the union purchase system, 
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under the control of the operator, so that the winch 
cannot be run slowly if desired. Moreover, when 
two winches are working together on the union 
purchase system, the discriminator seriously interferes 
with the operation by causing the load to be transferred 
from one hook to the other and back again, so that 
it is zig-zagged up the hatchway. With the even 
characteristic of the Austin system this difficulty, it 
is claimed, is entirely overcome, since the motor can 
be run at any desired speed from zero to the maximum. 

As regards the actual plant installed on the Viceroy 
of India, the generating equipment consists of a 
230-h.p., 220-volt direct-current motor running at 
550 r.p.m. and driving a 150-kw. Austin dynamo. 
Three of these sets have been installed, and a view of one 
of them is given in Fig. 63, on page 813. Like the 
motors and switchgear described below, they were 
manufactured by Messrs. Gilbert Austin, Limited, of 
Cathcart, Glasgow. The motors supplied by these sets 
are arranged on five circuits, each of which carries 
a constant current of 250 amperes at a pressure 














815 


JUNE 28, 1929.] 


ENGINEERING. 














Plmoys u014U934% s[qeiopIsuoo 4eq4 [eIQUESse ATsnoTAgO 
SI 41 ‘s10q3eM [vordos4 ut Zuistn1o uO peseZue Ajzueysu0d 


04 [TTA ory. erpuy yo Aoror, 04} OMT] [osseA ¥ UT 


‘INGWdINOY ONILVILINAA 


*kpearqoodser ‘s1ojyour ‘d‘y-cp pue 
‘d-q-9g Aq pozvredo ore gueld Zuryes0St1azor pue sdumnd 
OZ[Iq 94} STTYA ‘sIO[I0q UTeUI 9044 IO} SUB 4OSNeIp 
~peoloy 04} Butatsp 10f popraoid ore siojour ‘d-y-ZZ 
moq ‘g{g ded uo ‘Zg “SI Ul UAIZ ST soqOUTM osoyy 
jo ouo Ysno1yy uotyoos W *Apoat~oodser “d-y Og pus 
‘dy 9¢ Suteq sosvo 0M OY} UI s10}0UI BuIATIp 94} jo 
syndqyno 043 ‘su0z Z Jo Aztoedvo & YIM U9} pue ‘sU0} § 
yo Aytoedvo @ yy 4y810 ‘030m “d*y-o9 @ Aq woAtIp 
ST YOrYA Jo yous ‘suo g jo Aptovdeo BurypT @ q}M Moy 
epnpour ‘faded oy1soddo 044 uo ‘FQ “BI Ul pozyeIysNyyt 
‘yoop sty} UO pol[eysul soyoULM oY, ‘1ojour “d*y-09 @ 
4q Ajyuopuedeput ueatsp st yoryM jo yous ‘yoep J0zze 
oY} UO suvysded U04-g] OMY OIV BIOYT, ‘PAO PeTIezop 
S@ALIP Surureurel 044 yno A110 pu ueysdeo prvogs1e4s 04} 
eyeiedo ued I0OjouL prvogieys oY} ‘ATIC[IUNIG ‘sseTPUTAL 
04} Jo Ajyuepuodoput suvysdvo Y340q 10 SUOT}OUI SSB[PUTA 
oy} jo Aue 441M 1943080} suvysdvo yyoq ‘sI9pfoy 9[q'80 
ey} jo Ajuepucdepur spuo diem ssepputa oy} Suralmp 
88 [[9M se ‘19449804 sIOpfoy 9[qvO YIOq JO Jopfoy 91q~zO 
Prvoqi1e4s 943 ‘1epfoy e[qvo 410d oy ‘ueqsdeo 410d 043 
e1edo uo 10j;0uI 410d oy], : peyoeye oq uv suOTyeUIq 
“W100 ZUTMOTIOF 94} 4eY} WAOYS soyoynyo snorrea oy} Aq 
posuvire os oq uvo pur ‘si0jour “d*y-QQT 09 Aq poyoogo 
SI OAIIP OY, ‘“MODseLH jo ‘pozlwmry ‘s1oqjorg sotdeyy 
“sussoyy Aq poinqoejnueut ‘solrerixne yop 10440 94} OXI] 
‘er0m ‘guoudinbe peor1409[9 943 WoIz 4Iede pus ‘aed sty 






« VIGNI WO 


| uo ‘29 pure gg “SBI Ul UMOYS seyoyn[O oy} Aq uOT}oR Jo 
qno pue ofUl 4y4Sno1q ore 4ITUN STq} JO suOTjIod snorreA 
ou, ‘stun yoop premio; Oy} Sururs0; ofoyM oy} ‘sueqs 
-dvo 104-0Z OM} PUB SIOYOUB IOMOG 1104-7 OZ 944 IOZ 
SSB[PUIM o[qnop we sestidui0d “etpuy yo AoI90IA OY} UT 
woyshs unsny oy} uo pozyerodo st qorymM gueid oy, 
*U01408 OTJOUISO ysuTeSe 
jooid st 91q¥v0 sty} ‘soduit oureu oy} SY “q}BOYS 489} 
qusTmeA MOD 8 pue UOTZefnsuT Arepuodes Opraoid 07 ouIYy 
oules 94} 48 pu ‘BulMouLIe [9048-postuvAles oy} pus 
4I usem4eq uoTJOR OTZATOI}QO0TO quoAcId 04 SI PRET O44 
Suryemsut jo yoolqo ey, *punoduroo yy1K poyeusoiduit 
ose st pue ‘Zurpreiq pue Zutmoure [903s ‘odez qyIM 
pe}0eqoid 104 41nj st uoTyeTNsut Arepuodes STG], *oIN4sTOUL 
0} storasodut punoduios & YIM pozeErNsul st ‘uy Ut 
‘qorga ‘qyeoys poy @ pooe[d st uOTyeMsUT sTy 10AG 
‘olaquivs poystuIeA Jo uornemsur Areund @ yy 
P210A00 st 9100 1oddoo Areutpi0 oy} WOT ut ‘o41;0UISH 
se uMouy ‘od4y Peroods & Jo SI B[qvO STU], “prvoqyozLas 
ey} 0} yoeq uni Ayjeuy Suteq ‘umy ut dnois 94} ut 
I0jJOUI YORI JO 4NO pUL OFU! Po SI YOTYM oqo ofSuts v 
JO s}sIsuoo ymommo yoeq ‘sdnoiZ omy o7UL popraArp 
‘eousTUsAUOD Joy ‘Buloq 1049e, 94} ‘“yuoudmbe woo1r 
-ousu9 oy} pues suey 4YysneIp-pso10y oy} ‘ATOATY 
-oodsei ‘Aiourgoeul Hoop 4ye pue pIVALIOJ 94} Sut19A00 
‘symoi1o ~oyeredeos OA UO solI0s UI posuelie ov 
pefojdure siojomr oy} ‘payeys Apeolje sy ‘“posn st 
uorjerodo jorered uoym Aressooou st 4eyM YIM 





poreduioo ‘Surmtm 043 jo Aytoyduts 10}v013 049 st 

wmoysXks uysny 04} JO} poulre[o oBeqyueape sJoqjouy 
‘PARTY JO 01B JY} QNOYSno1Yy 

queysuod st onb104 04} o[IYA ‘uIstTJOUSeUT [eNpIsor O44 








jo soussoid 943 0} Zurmo ‘fenpei3 puw Moys ‘a10zoI1047} ‘st | 


oyeiq 04} Jo UorzVoTdde oy} pure ‘{[euts AIOA ST ,, 10}0UT ,, 
s1q} jodeS meoyy, ‘oxesq o4} A[dde so osvozer ‘Surum}4 
Os UI ‘pus ‘Zep Gp YZno1g} UINy Wed Woy Jo oMyeULIE 
oy} ‘1ojour wv ATTenqzitA st yey jo ‘erg oSed ‘Ge “S17 
Ul UMOYs se ‘4stsu0d ‘ed44 prousfos Tensn 94} Jo Suteq jo 
peoysut “gnq ‘yo 4nd st yuo 944 UoyM AVA ATeUTpPIO 
94} UI UoTyeI0edo OFUI OUIOD osayy, “quOpIOOe ysuTeSe 
wOrNeIeId [eUOTPIPpe UB SB ‘19][O1}U0D OY} Jo UOTZISOd 
019Z 94} Ul PRO[ 94} POY 0} sse_PULA pUe seyOUTA oT} 
UO pezzy Ose ov soyVIg OTJOUSeUI-OIY00T9 ‘suUOTZIPUOD 
es0y} JOpuN ppey oq POT 94} pus poT[eys oq Uv IOJOUr 
oy} “yno poyutod ueeq Apeole sey se ‘ysnouiTy 

*s10J00UIOD pur sTeuTUTI9} dureyo [etoods Jo yuamAojdue 
oy} Aq poploae os[e St sUOTJOOUUOD porepfos jo osn 
e4L “40079 Zutjooo oy} esveloUr 03 suy 4zIM popraoid 
SeX0q UOII-ysvd UI pouTeyUO0 oI" ‘s10}OUL ay} JO UO 
jO MOIA B ST Gory ‘cg ‘BI Ul Uses oq uUvO sev ‘pu 
*s]00Y8 BOTUL 188M40q PosseIdUIOD OIB SoOTIRYSISOI 10}0Ul 
-o130930d 94} 4q} ST 4Sor0}UT Jo guTod JoyZINZ we OTTY A 





‘sojod poyeurme, pedeys pue pomoys jo osn oy} Aq | 


Po4SISse SI SOUT, 98eq} UO UOTyeIEdG = “qoozJo Suruorgsno 
® sonpoid ‘xng onouseur oy} ysnoiyq} souenbes ut 
Suryoe ‘sosuvyo osoyy, ‘pourejdxo Apeorye se posueyqo 
Ajprder st o8vzJoa 94} 4eq} OS ‘10}10x9 04} UI xny oy} 
s19}[8 “I9AOMOY ‘MOIZEIIVA 19448] OYJ, “guaeLMO oul, 
oy} Area 0} Surpucz sny} ‘100ml 94} Ul “WA oRq 
ey} J9y[e ‘esinod jo ‘soSueyo osoyy, ‘sojod oy} 
Ul xnp oNouseu ve dn spjinq ‘uing ur ‘qoryM ‘sprog 
Jojou Zurye~nSer pue ureur oq} ut dn 4ymq st [eruezod 
MOT @ ATWO PeAOUI ST JOT[OIJUOO OY} MOY osned0q 


| 
| 





WoOIZ 9e1y pu oqrxop st woayshs oy, ‘sopod10zUT 
aq} yo Ayroedevo Buoorsoo oy. puofoq pesveroUut oq 
JOAOU UBD XNF ssolo GINZVUIIV 94} 4Bq} 4OV; oy} Aq pus 
gueysu0d Suieq yue1mo ofodicjut pues omyzeULIe oy} 
&q Pesnvo SI 4I ‘10498, 943 UT ‘oTTyTM ‘szoRzUOD 4U2d 
-e{pe weaMjoq—s}JOA G¢.Q Jnoqe—esoucI0gIp peryue30d 
AOT OY} 0} ONP SI SITY} ‘osvd IOULIOZ OY} UT ‘oINzeOT 
g[qejou B SI ‘soysNIq oy} 48 PUB JOT[OIZUOD OY} 48 
y}0q ‘Buryreds yo couesqe oy} 4eTy} yNO yuIod 07 4ydeoxe 
*IOJOUL OY} JO USIsep OY} JNOGe poppe 9q poeeT 9[}41T 
*peol 94} 
dn yord Aypeoreutoyne [[LM ‘s10ye10u93 Jo ‘10yeI10N03 
JoyjO 94} UMOp ynys AT[eUONUEZUTUN st I0}eIOES 
euo FI 48q} Os ‘popraoid osTe ore SddTASp OI}eUIOINY 
‘siojour yo dnoad puooes oy} jo syuomermber oy} Aq 
pepuvulep onyva oy} 03 dn pojsooq oq [[IM O8eq]0A S71 
e10yM ‘oureudp puodoes oy} YSnorq} useq} pue ‘o10z 
0} 4SOUW[e poonper st oBvzOA szt yey} Os ‘sI0j0tM Jo 
dnoi3 ouo ySnoryqy ssed [[LA 4sIy OY} WOIT YUALMO 04} 
‘asn UL oq 0} souvudp oM4 Surumssy ~“AlozEUIORTe 
pesuviie oq uo siojour yo sdnoiZ pue soweudp oy} 
4vy} ons ole suOTZOsUTOD 10zeIONES OY} yey} St yuIod 
queyiodull uy ‘suoT}OOUUOD [enzoe 943 JO WeISeIp 
@ quosoid 0} sv os poSuviie Sutoq 1094e] 04} ‘sd114s 
pexy oy} 0} Surpuodsesi0o ‘syuvipenb unriurumye Gy 
sostp ALIGO SoyO}IAS OY} PUB ‘pIvOg Oy} JO JUOIZ OY} 
uo di4s wMturUNie Ul pedvI} SI UIeIZeIpP yMoIIO oY, 
*g9POIQNd [0048 UL pouTezUOD oie osoyy, ‘sesodand [ory 
-u0o 107 Aressooou soyozTMs pozerodo-puvy opduris Moy 
24} SMOYS ‘PpIBOg [O1ZU0D UTeUL UYSNY 04} JO MOIA B ST 
yor ‘*z1g osed ‘Fg ‘Brig pur ‘setsos ut 10 A[Suts uns aq 


‘pourojiod y1om AAvoy oy} Jo oarqoodserit ‘ooueqinystp | AvVUL s10}¥19U03 BY, *8}OA OOH 0} O Wo rz Burf1Vea 


-ONTSTINIONS, 


(x'LSE7) 


“MODSVTD ‘SUBUNIONA ‘AALINIT ‘SHHHLOYUA YAIMVN ‘SUSSHNW AD AALOAWLSNOD 


AOUWUHOIA >» 








(mise) 


UaNIT O AUNV ‘d GWHL WO AUHNIHOVW AUVITIXNV 





816 


ENGINEERING. 


(JUNE 28, 1929. 








be paid to the ventilating system. It is not surprising, 
therefore, to learn that the thermotank and punkah- 
louvre installation, which was supplied by Messrs. 
Thermotank, Limited, of Glasgow, for this purpose, 
can provide a complete renewal of air every minute 
in the dining saloon, where there is a louvre for each 
chair, and every three minutes in the other public 
rooms and state rooms. The punkah louvres used 
in the state rooms are of a new pattern, and 
enable the passengers to control the amount of air 
admitted. All the public rooms, lavatories, passage 
ways, galleys and store rooms, are also provided with 
an exhaust system. The fans employed in connection 
with this system are driven by motors manufactured 
by Messrs. Veritys, Limited, of Birmingham, in the 
design of which great care was taken to obtain 
absolute silence. 

Provision has been made, abaft the main engine 
room on F deck, for carrying a certain amount of refri- 
gerated cargo, two special chambers having been 
arranged for this purpose. In addition, there is ample 
similar accommodation for the ship’s stores. This 
includes cold chambers and cooling and thawing 
rooms, as well as a bonded store and a handling 
room. The total refrigerating capacity is about 
20,000 cub. ft.; the insulation used was supplied by 
Messrs. Newall’s Insulation Company, Limited, of 
Washington, Co. Durham. The refrigerating machi- 
nery was manufactured by Messrs. J. and E. Hall, 
Limited, of Dartford, Kent. It is situated on the tank 
abaft the main engine room, between the two pro- 
peller shafts in the thrust recess. It consists of two 
vertical twin compressor COg machines of the en- 
closed type, either of which is capable of maintaining 
the necessary temperatures in the chambers. Each 
machine is coupled to a 45-h.p. Austin motor. The 
other refrigerating plant comprises two COg condensers 
and evaporators (the latter being installed in an 
insulated room), as well as a centrifugal water pump 
and three centrifugal brine pumps. One of these brine 
pumps is of the high-pressure type for delivering brine 
to the cold cupboards on E deck. Painted brine grid 
piping is fitted in the cargo and provision rooms, and 
galvanised brine piping in the cold cupboards, this being 
arranged so as to maintain the required temperature. 
An air cooler is fitted in the thawing room, while a 
cased-in centrifugal fan is provided for ventilating 
the provision chambers. 





TRIAL RESULTS. 


As regards the results obtained by this interesting 
vessel, though it is still too early to give final figures, 
it may be mentioned that, over the Skelmorlie measured 
mile, a speed of 17-1 knots was attained, with a dis- 
placement of 19,086 tons and a mean draught of 
23 ft. 8} in., the guaranteed speed being 16-5 knots. 
Under these conditions, the fuel consumption worked 
out at 0-74 lb. per shaft horse-power hour, the propeller 
speed being 97 r.p.m., and the power developed 
10,410 shaft horse-power, including a lighting, heating 
and cooking load of 700 kw. This figure agrees very 
closely with the estimate made. It is not without 
interest to learn that one of the R,class P. and O. vessels, 
which are some 3,000 tons gross smaller than the 
Viceroy of India, recorded a speed of 17-1 knots, on 
13,000 shaft horse-power. The superior performance of 
the turbo-electric ship is thus an excellent testimony to 
the value of the system, as well as to the advantages of 
high-pressure and high-temperature steam, while the 
optimum combination of hull and propeller, which was 
obtained by model tests in the Experimental Tank at the 
National Physical Laboratory, is ancther factor which 
must not be neglected in making this comparison. 

It may be added that, on a six-hours’ consumption 
trial with one turbo-alternator driving the propelling 
motors at half-load, the total power generated was 
7,561 kw., corresponding to 9,810 shaft horse-power 
at 91-5 r.p.m., the fuel consumption, with a vacuum 
of 28-5 in., being the same as that given above. On 
the full power trials with both turbo-alternators in 
operation, a speed of 19-62 knots was obtained, the 
mean propeller speed being 113 r.p.m., while later a 
maximum speed of 19-8 knots was obtained. On 
the fuel consumption trials under full-load conditions 
at a scheduled speed of 18-25 knots, the power de- 
veloped was 13,322 shaft horse-power at a mean 
propeller speed of 103-54 r.p.m. Under these con- 
ditions, with a vacuum of 28-93 in., the fuel con- 
sumption worked out at 0-581 lb. per shaft horse- 
power hour. During the whole of this time the boilers 
performed well, and pressures and temperatures in 
excess of those specified were maintained. 

In addition, reversing, manceuvring and turning 
trials were carried out with success, during which 
the ship was pulled up in 2 min. 10 sec. when steaming 
at 19 knots. When the ship was turned sharply, 
the propelling motors did not pull out of synchronism, 
and there was complete steadiness and absence of 
vibration. It is admitted that, when running through 
two critical speeds, a slight tremor is experienced, but 





this can be overcome by raising or lowering the speed by 
one revolution. All the measurements we have given 
were made on sensitive kilowatt meters, fitted both on 
the main control board and on a special test board, 
which was rigged up in the children’s playroom on 
the boat deck. On the latter board, in addition to the 
instruments, there was a clock and a large seconds 
chronometer, and during all the manceuvring trials, a 
continuous cinematograph film of the board was 
taken, so that any variations in the current and 
voltage could be analysed. 

Finally, it may be said that, on her maiden voyage, it 
was found that, compared with similar recent vessels 
fitted with the latest type of quadruple-expansion 
engines, the Viceroy of India consumed less fuel by 
more than 30 tons per day and less lubricating oil by 
25 gallons per day. The commander, and all the 
pilots who have handled the ship, report that she 
mancuvres with great ease, and speak highly of the 
advantages of having the full power available for going 
astern. The absence of vibration and propeller racing 
has been remarked upon by the passengers, and it is 
claimed that, barring accidents, the maintenance costs 
ihould be considerably less than with any other type 
of machinery. 

In conclusion, we may say that the design of the 
hull and propelling machinery of the Viceroy of 
India was due to Mr. R. W. Rugg and Mr. R. T. 
Clarke, the naval architect and superintendent engi- 
neer of the Peninsular and Oriental Steam Navigation 
Company, respectively, in collaboration with the builders 
and sub-contractors. As already mentioned, the ship 
was built and equipped by Messrs. Alexander Stephen 
and Sons, Limited, of Linthouse, Glasgow, of whom 
Mr. A. S. McLellan is the engineer-director. The 
main propelling machinery was designed and manu- 
factured by the British Thomson-Houston Company, 
Limited, of Rugby, and was installed under the 
supervision of Mr. W. J. Belsey. We wish to express 
our thanks both to these firms, and to those we have 
mentioned in the course of the article for their assist- 
ance in its preparation. 








LAUNCHES AND TRIAL TRIPS. 


‘* MaRTINETTA.”’’—Twin-screw motor yacht; two sets 
Gardner cold-starting heavy-oil engines, each developing 
72 b.h.p. Launch, June 12. Main dimensions, 91 ft. 
8in., by 17 ft. 6in. by 7ft. 6in. Built by Messrs. John I. 
Thornycroft and Company, Limited, Woolston, South- 
ampton, for Mr. A. G. Lomax, London. 

“ BRITANNIA.” — Single - screw passenger steamer ; 
Parsons steam-turbine propelling machinery. Trial 
trip, June 17. Main dimensions, 376 ft. length, by 50 ft. 
beam; deadweight carrying capacity, 2230 tons. 
Built to the order of the Swedish Lloyd Steamship 
Company, Gothenburg, by Messrs. Swan, Hunter and 
Wigham Richardson, Limited, Newcastle-on-Tyne. 

““THURLAND CaSTLE.’’—Twin-screw motorship; en- 
gines constructed by Messrs. North Eastern Marine 
Engineering Company, Limited, Wallsend-on-Tyne. 
Trial trip, recently. Built by Messrs. Cammell Laird and 
Company, Limited, Birkenhead, for Phe Lancashire 
Shipping Company, Limited, Liverpool. 

‘““WESTERN PRINCE.”—Twin-screw passenger and 
cargo motorship ; Harland & Wolff-B. & W. double-acting 
Diesel engines, supplied by Messrs. J. G. Kincaid and 
Company, Limited, Greenock. Launch, June 20. Main 
dimensions, 496 ft. by 65 ft. 7 in. by 41 ft. Built by 
Messrs. Napier and Miller, Limited, Old Kilpatrick, for 
the Prince Line, Limited, London. 

‘“FowBERRY TOWER.’’—Single-screw grain-carrying 
steamer; triple-expansion engines supplied by Messrs. 
North Eastern Marine Engineering, Company, Limited, 
Wallsend. Trial trip, June 20. Main dimensions, 414 ft. 
by 53 ft. by 35 ft. 6 in. Constructed, to the order of 
Messrs. Wm. Milburn and Company, Limited, Newcastle- 
on-Tyne, by Messrs. R. and W. Hawthorn, Leslie and 
Company, Limited, Hebburn-on-Tyne. 

““'TRENTBANK.’’—Cargo steamer; quadruple-expan- 
sion engines. Launch, June 20. Main dimensions, 
436 ft. by 56 ft. by 36ft.3in. Built by Messrs. Workman, 
Clark (1928), Limited, Belfast, for Messrs. Andrew Weir 
and Company, Bank Line, Limited, London. 

“Henry STANLEY.”’—Single-screw motorship. Launch, 
June 21. Main dimensions, 370 ft. by 51 ft. 6 in. by 
33 ft. 6 in. Built by Messrs. Ardrossan Dockyard, 
Limited, Ardrossan, for Messrs. The African Steamship 
Company, Liverpool. 

‘* CouRTIER.”’—Steel screw trawler. Launch, June 25. 
Main dimensions, 122 ft. by 22 ft. by 13 ft. 6 in. Built 
by Messrs. Cochrane and Sons, Limited, Ouse Ship- 
building Yard, Selby, for owners at Grimsby. 








AERIAL SURVEYING IN CANADA.—According to the 
report of the Topographical Survey Branch of the 
Canadian Department of the Interior, aerial surveys 
carried out in the Dominion during the year ended 
March 31 last, covered 45,850 square miles, exclusive of 
experimental work. Out of this total, surveys to the 
extent of 17,383 square miles were carried out in 
Manitoba, 9,188 square miles in Alberta, 6,404 square 
miles in Quebec, 5,510 square miles in Ontario, 5,400 
square miles in Saskatchewan, and 1,500 square miles 
in Nova Scotia. 





LABOUR NOTES. 


Sreps are being taken by rank and file members of 
the Amalgamated Engineering Union to bring about 
such an alteration of rule as will permit of the retention 
of the services of Mr. J. T. Brownlie as President when 
he reaches the age limit next year. In the ordinary 
course the Executive Council would invite nominations 
for the office in October or November, while the 
quadrennial meeting for the revision of rules is not 
due to take place until May next year. The object 
of the rank and file movement—which has had its 
origin in the North of England—is to induce the 
Executive Council to defer the taking of nominations 
until the quadrennial meeting has had an opportunity 
to consider the question of altering the rule. A 
circular, accompanied by a suggested resolution, has 
been sent to all the branches. It is declared to be in 
the best interests of the Union that the services of 
Mr. Brownlie, with his great experience as an adminis- 
trator and negotiator, should be retained. Branches 
are, therefore, requested to call upon the Executive 
Council to refrain from inviting nominations for the 
office of President until the quadrennial meeting has 
decided the matter one way or the other. 





According to The Ministry of Labour Gazette, em- 
ployment continued to improve during the first three 
weeks of May. In some industries there were exten- 
sions of the Whitsuntide holidays, but by the end of 
the month the general position which obtained imme- 
diately before the holidays had been recovered. Among 
the workpeople, numbering approximately 11,880,000, 
insured against unemployment in Great Britain and 
Northern Ireland, the percentage unemployed in all 
industries taken together was 9-9 at May 27, 1929, 
as compared with 9-9 at April 22, 1929, and 9-8 at 
May 21, 1928. The percentage wholly unemployed at 
May 27, 1929, was 7-6, as compared with 8-0 at 
April 22, 1929; while the percentage temporarily 
stopped was 2-3, as compared with 1-9. 





There was further improvement in the building 
trade, public works contracting, and brick, tile and 
cement manufacture. In constructional engineering, 
the fishing industry, glass bottle manufacture, the 
linen industry, road transport, river, dock and harbour 
service, and hotel and boarding house service there 
was also some improvement. On the other hand, 
there was a decline in general engineering and in 
pottery manufacture, while there were extensions of 
the holiday stoppages in several of the textile industries 
and in boot and shoe manufacture. In coal mining 
there was a further decrease in the numbers wholly 
unemployed, but this was again more than counter- 
balanced by an increase in the numbers temporarily 


stopped. 





In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation 
during May resulted in a reduction of about 8,700I. 
in the weekly full-time wages of 95,000 workpeople, 
and in an increase of 4,130/. in those of 81,000 work- 
people. There were reductions, under Trade Board 
Orders, affecting piece-workers in the boot and shoe 
repairing trade, and piece-workers and certain classes 
of time-workers in the brush and broom-making trade. 
Other bodies of workpeople affected by reductions 
included chain-makers, coopers, and building trade 
operatives at Liverpool and Birkenhead. 





The largest bodies of workpeople whose wages were 
increased were coal miners in the Cannock Chase district 
and steel workers in various districts. In the case of 
the former there was an increase equivalent to about 
3} per cent. on current rates. Workpeople employed 
in steel-melting shops in England and Scotland had 
their wages increased by about 1 or 1} per cent. on 
current rates, and there was an increase of about 
1 per cent. on current rates in the wages of steel millmen. 
The increases for steel workers did not affect certain 
classes of lower-paid men, who had been exempt from 
the effects of recent reductions. Other workpeople 
whose wages were increased included workpeople 
employed at certain collieries in Warwickshire, and 
blast-furnace workers in Cumberland and in Lincoln- 
shire. 





The number of trade disputes involving stoppages 
of work, reported to the Ministry of Labour as begin- 
ning in May, was 32. In addition, 17 disputes which 
began before May were still in progress at the beginning 
of the month. The number of workpeople involved 
in all disputes in May (including workpeople thrown 
out of work at the establishments where the disputes 
occurred, but not themselves parties to the disputes) 
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was about 17,200, and the aggregate duration of all 
disputes during May was about 218,000 working days. 
These figures compare with totals of 23,100 workpeople 
involved and 159,000 working days lost in the previous 
month, and with 21,500 workpeople involved and 
114,000 days lost in May, 1928. The aggregate 
duration of all disputes in progress in the first five 
months of 1929 was about 708,000 working days, and 
the total number of workpeople involved in these 
disputes was about 59,000. The figures for the corre- 
sponding period of 1928 were 475,000 days and. 84,000 
workpeople, respectively. 





During the first five months of 1929 the changes 
reported to the Ministry of Labour, in the industries 
for which statistics have been compiled, have resulted in 
net increases of 9,500/. in the weekly full-time wages 
of over 112,000 workpeople, and net reductions of 
26,7001. in those of 358,000 workpeople. In the 
corresponding five months of 1928 there were net 
increases of 13,7501. in the wages of 147,000 work- 
people, and net reductions of 17,8001. in those of 
1,134,000 workpeople. 





Commenting upon the British Government’s an- 
nouncement that it intends to take the necessary 
steps to ensure the earliest possible ratification of the 
Washington Eight-hour Convention, the Figaro says 
that the eight-hour day is undoubtedly an ideal, but 
with the industries of the United Kingdom in their 
present handicapped condition it is a costly luxury 
which it would have been wise to regard as a goal to 
be aimed at. “It seems very imprudent,” adds the 
bes “to use it as a demagogic means of outbidding 
rivals.” 





At its recent meeting in London, the Executive 
Committee of the Miners’ International Federation 
passed a resolution endorsing the necessity for inter- 
national agreement in regard to the production and 
marketing of coal, and for the setting up of an inter- 
national committee comprising representatives of the 
coalowners, the miners, and the Governments. The 
report of the inquiry by the International Labour 
Office on the unification of miners’ hours and condi- 
tions was considered, and a recommendation adopted 
that the fixed daily working hours of miners should be 
“from bank to bank.” The opinion was expressed 
that the preparatory work underground in reaching the 
coal-face was often more arduous than actual work at 
the coal-face. It was also decided to support the 
calling of an international conference for the unification 
of the hours of labour and general conditions in the 
mines of the different countries. A resolution on 
unemployment in the coal industry is to be sent in 
for the agenda of the International Labour Conference 
next year. 





It was officially stated last week that the National 
Union of Manufacturers had asked the Minister of 
Labour what steps the Government had taken, or 
were taking, to secure that the Washington Hours 
Convention would be interpreted all round on sub- 
stantially similar lines; whether the provisions of the 
London agreement (limiting the cases in which the 
standard working hours might be exceeded) would be 
incorporated in the Convention before it took effect, 
so that they might be binding on all the signatories ; 
and whether an assurance would be given that the 
legislation to carry out the Convention would be circu- 
lated in advance to manufacturers’ organisations, so 
that its effect on industry might be accurately gauged 
before its introduction into Parliament. The Minister 
had replied that, while the representations of the 
Union would be considered, it was not at present 
possible to give a detailed reply. 





The National Union, it was added, was very strongly 
of opinion that, following the precedent set by 
Mr. Baldwin’s Government in the case of the Factory 
Bill, the legislation required to make the Convention 
operative should be circulated in draft form to manu- 
facturers’ organisations and other interested bodies, 
so that its effect on industry might be considered and 
any necessary amendments suggested for the considera- 
tion of the Government before it was introduced into 
the House of Commons. ' 





Mr. Walter Citrine, the General Secretary of the 
Trades Union Congress General Council, is in no 
doubt as to what the new Government should do. 
Writing in The Industrial Review, an organ of the 
General Council’s Publicity Department, he says that 
the General Election “was fought mainly on matters 
affecting organised labour and was decided on the 
lines of Trade Union principle and policy.” In the 
forefront of its electoral programme, he proceeds, 
“the Labour Party placed the question of unemploy- 





ment, new factory legislation, workmen’s~compensa- 
tion, hours of labour, reorganisation of industry and 
the removal from the Statute Book of the infamous 
Trades Disputes and Trade Unions Act. The country’s 
mandate to the new Government on these matters is 
unmistakably in accord with the views which the 
representatives of Trade Unionism urged upon the 
electors during the campaign. It is a mandate for 
prompt and decided action. Quite clearly the country 
expects the new Labour Government to demonstrate 
its capacity to govern with more energy and efficiency 
than its predecessor. It has given Labour its oppor- 
tunity and will judge it by the result.” 





“Tt is now certain,” says Industrial News, an organ 
of the Trades Union Congress General Council, “ that 
Michael Tomsky, the President of the All-Russian 
Council of Trade Unions, has been deposed from his 
post and removed from the Council itself. This change 
shows that Joseph Stalin, the Secretary-General of 
the Russian Communist Party, has been as victorious 
over the ‘ Right’ in the person of Tomsky as over the 
‘Left’ in the person of Trotsky. Latterly, Tomsky 
has shown himself insistent on greater freedom for the 
trade unions than the Communist Party is willing to 
grant.” 





The Toronto Trades and Labour Council recently 
decided by 87 votes to 17 to expel all Communists 
from the Council. This action was the result of requests 
from several unions declaring that the Communist 
Party were actively encouraging secessions and forming 
rival unions. Among those expelled was the secretary 
of the Communist Party of Canada. He was charged 
with carrying on disruptive policies in certain trade 
unions, particularly the Cloakmakers, Street Railway- 
men and Automobile Workers. 





A week ago we mentioned that the Engineering and 
Allied Employers’ National Federation had proposed 
to the representatives of the forty-odd engineering 
trade unions that further discussion of the question of 
wages should be deferred until the end of the year. 
The object of the suggested delay was to enable the 
employers to judge of the effects on their industry of 
legislation by the new Government. From the official 
report of the conference, it appears that Mr. Brownlie 
assured the employers that there was no necessity to 
be unduly alarmed at the accession to office of a Labour 
Government. Dealing with that point, Sir Allan 
Smith said that the weakness of a Ministry connoted 
the strength of the bureaucrats, and if the Ministers 
in the new Cabinet were able, by reason of their 
conviction of the justice of their policy, to overcome 
the tendencies in certain regards and remember that 
we were not living in Early Victorian years, but had 
progressed somewhat both in ideas and knowledge, 
then it might be that they could hope for a more 
satisfactory régime than there had been for a number 
of years. 





What these Ministers had said in their sub-lunar 
moments could not, however, Sir Allan proceeded to 
observe, be ignored. He was concerned about the 
purple patches in their speeches and also about what 
Labour’s Die-hard party—and it was going to have one 
—was going to seek to compel Ministers to do. For 
example, whether they liked safeguarding or not, 
they had to recognise that certain industries had been 
built up on a safeguarding basis. They had to recog- 
nise also that certain industries had increased in 
prosperity on the basis of the McKenna duties. It 
was understood that the McKenna duties were to be 
abandoned. That was one of the risks they had to 
run. What was the position in the coal industry ? 
Anything that affected coal had cumulative effects on 
productive engineering. It was understood that the 
district agreements in the mining industry were to 
be terminated, that the Eight Hours’ Act was to be 
repealed, and that there was to be a superannuation 
scheme for miners. They surely did not expect the 
engineering employers in these circumstances to 
increase their obligations. They did not know what 
was ahead of the industry. 





“* We are perfectly prepared,” Sir Allan said, “ to sit 
down with you and discuss this application on its 
merits at a time when we are able to see what obliga- 
tions in other directions we have to face, but you cannot 
in reason—having regard to your obligations, as well 
as our obligations, to the industry—ask us to settle 
to-day what we are going to add to the industry in 
the way of additional obligations and deny us the 
opportunity of seeing exactly the position that we shall 
have to face in the future.” 





THE FAIRWEATHER RECORDING 
GAS CALORIMETER. 


Amonc the earliest instruments submitted to the gas 
industry after the Act of 1920 had placed the sale of 
gas on a thermal basis, was the total-heat recording 
calorimeter designed by the late Mr. James Hill Fair- 
weather, then Chief Chemist of the Brentford Gas 
Company. The instrument attracted considerable 
attention among gas engineers, and, in particular, was 
subjected, in the year after its introduction, to an 
investigation by the Research Committee of the Gas 
Investigation Committee of the Institution of Gas 
Engineers. As the result of this investigation and of 
continuous experiment by the makers, as well as from 
the experience of a number of important undertak- 
ings that adopted the instrument, a number of modi- 
fications have been introduced. Both in large and 
in small gas works, and recently also in coke-oven 
plants, it has been found an accurate and convenient 
means of detecting and recording changes in the 
calorific value of gas. It works closely on the lines 
of the standard Referees’ Test, being, indeed, so 
constructed that it can at any time check its own 
recorded values by making a standard test without 
interrupting its record, and either with or without using 
an independent calorimeter. In common with other 
instruments for the same purpose, it is of advantage not 
only in keeping the calorific value up to the declared 
figure, but of avoiding the loss involved in exceeding it. 
In this respect, it is of service in either large or small 
works, but in large works its low time-lag (only 14 
minutes) enables it, if fed from a small purifying plant, 
to disclose any variation in quality before the gas has 
reached the holder, so that remedies can be applied 
before any substantial quantity has been collected. 

From particulars supplied by Messrs. Scientific and 
Projections, Limited, of Crawford Passage, Farringdon- 
road, E.C.1, the manufacturers and sole licencees, we 
are able to illustrate and describe the apparatus in its 
present standard form. Fig. 1, on page 818, is a 
general view, Fig. 2 a back view of some of the lower 
parts on a larger scale, and Fig. 3, on page 819, a 
diagram showing the details of its design. Before 
describing the construction, it may be convenient 
to explain the principle on which it is based. Witha 
flow calorimeter, such as the Boys, the calorific value of 
the gas is calculated from the rise in temperature 
which the combustion of a measured volume of gas 
produces in a measured volume of water. This rise, 
however, is proportional to the weight of gas consumed 
and not necessarily to its volume, and it is also affected 
by the temperature and humidity of the gas and of the 
air for combustion, inasmuch as they affect the heat 
lost in the products of combustion and gained through 
the condensation of water vapour within the instrument. 
Corrections for all these variables have, therefore, to be 
applied to the rise in temperature of the calorimetric 
water, in order to obtain a result proportional to the 
calorific value of the gas. The Fairweather instrument, 
on the other hand, is so designed that the temperature 
rise is a direct measure of the calorific value, and its 
deviations from the figure which corresponds to the de- 
clared value are recorded on a chart by means of a differ- 
ential air thermometer of original and ingenious design. 

To obtain this result, all effects arisingfrom differences 
of temperature between the water, gas, and air within 
the instrument, and differences of humidity between the 
gas and the air, are eliminated by saturating the gas 
and the air at the temperature of the water, and 
delivering it in that state to the calorimeter proper. 
It is found, further, that when a gas of something near 
constant calorific value is burnt in the conditions of the 
instrument, the heat lost by the calorimeter through 
the excess temperature of the escaping products of 
combustion and in the uncondensed vapour is practically 
balanced by the heat gained through the condensation 
of water in the products as they cool on escaping, 
whatever may be the atmospheric temperature, pressure 
and humidity. In order, therefore, to make the tem- 
perature rise of the calorimeter water proportional, in 
these conditions, to the calorific value of the gas, it is 
only necessary to meter the gas under constant pressure 
and at a uniform volumetric rate, and to supply the 
water at a rate varying with the density of the gas, 
the changes of which are determined by changes in 
temperature and barometric pressure. The measuring 
parts of the instrument consist, accordingly, of arrange- 
ments for these purposes, together with devices and 
attachments for cutting off the gas automatically if the 
water supply is interrupted, and for making independent 
tests of the several controls. The whole apparatus is 
mounted on a table, mostly above it. 

The general arrangement of the instrument will be 
seen most readily, in the first instance, by tracing 
the manner in which the water, air for combustion, 
and gas are delivered to the calorimeter proper at 
the same temperature. The water enters the system 
through an inlet water vessel a, Fig. 3, the base of which 
closes the top of the tall cylindrical column shown in 
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Figs. 1 and 3. Part of itis led by pipes through the | 
two adjoining vessels, which are covered with dust caps, 
and thence downwards to a coil 6, round the lower part 
of the column c, Fig. 3, through which it passes into | 
the cold limb of the differential thermometer and thence | 
into the calorimeter. Another part flows down a pipe | 
alongside the column c¢, into the bottom of a tinned- | 
copper water jacket round the meter, passing from | 
the top of that jacket to the bottom of a cooler and 
saturator on the right of the meter, from the top of 
which it is led into a sink below the instrument table | 
and thence into a waste pipe. The cooler and saturator 
is a closed copper box, immersed in the vessel within 
which the inlet water circulates, and containing a 
wick which dips into a few inches of water at the bottom 
of the box. The gas is introduced into the box just 
above the level of the water and behind the wick, 
round which it has to travel on its way to the meter. 
The gas is thus delivered to the meter saturated at the 
water temperature, and is kept in that state by the 
water in the meter and its jacket. The level of the 
water in the saturator is shown on a gauge glass, 
through the cock of which the water can be replenished 
when necessary, and a deep U-tube seal serves both as 
a drain for excess water and as a pressure gauge. 

The remainder of the water supply overflows the 
top of its inlet chamber, and falls down the outside of 
the column c, within a cylindricai jacket, filling the 
bottom of the column below the table, and flooding a 
channel d to the left of the column. From this it falls 
into a sink, through a short pipe sealed by a cup to 
prevent air from being drawn up. The air for com- 
bustion is admitted through holes in the upper part of 
the cylindrical jacket round the column c, within a 
conical screen, and thus picks up the temperature of 
the overflow water as it falls down outside the column, 
becoming also saturated at that temperature in passing 
on its way to the calorimeter over the water in the 
channel. The same overflow keeps the air confined 
within the column ¢ at the water temperature, and 
corrects any trifling variation in the temperature of the 
first part of the water supply as it passes through the 
coil round the lower part of the column. 

While, in this way, the water, gas and air have 
always a common temperature, at which both gas 
and air are saturated, that temperature may vary, 
and its variations, as well as those of the barometric 
pressure, will induce changes in the density of the gas. 
In ordinary practice, the necessary corrections for 
these variations are introduced from a table of “ tabular 
numbers,” expressing, for a cubic foot of gas at each 
temperature and pressure, its volume if reduced to 
standard temperature and pressure. In this instrument, 
these corrections are applied automatically to the rate 
of flow of the water supply by the help of a body of 
saturated air confined within the column c (known as 
the tabular column), under barometric pressure, and 
at the temperature of the inlet water. After passing 
through removable copper gauze filters in the inlet and 
adjoining vessels under the constant head determined 
by the level at which it overflows from the first vessel, 
the calorimetric water supply fills the third vessel up to 
the same level, and escapes through a pipe closed at the 
bottom by a small steatite orifice «. This orifice dis- 
charges into a long cylindrical cup e;, which is carried 
at the upper end of a spindle by a float in an oil 
chamber. The water overflows down the sides of 
the cup over a conical baffle, from which it falls 
through a conical casing over a second conical 
baffle into an annular chamber formed round the side 
of the casing, and thence into the funnel f and through 
the coil 6 round the tabular column into the cold 
limb of the air thermometer and the calorimeter. The 
head, therefore, under which the flow takes place is 
measured by the difference of levels between the 
overflows from the water-inlet vessel and from the cup, 








or, as the level of the inlet overflow is constant, by 
the height of the top of the cup. This varies with the 
height of the float by which the cup is carried, which 
itself varies with the level of the oil in the float 
chamber. 

To bring this height under the control of the varia- 
tions in the temperature and pressure of the gas, 
the float chamber, which is open to atmosphere, is 
connected with a second oil hamber formed in the 
column c, the air above and below this chamber 
communicating freely through a central pipe, and 
being kept separated by a body of water ballast at 
the bottom of the column. The temperature of this 
air being kept at that of the water through the over-flow 
from the inlet water vessel a, and its pressure being 
kept at that of the atmosphere through the com- 
municating bodies of oil in the two chambers, the 
level of oil in the float chamber, and thus the flow of 
water, will vary with the changes that variations 
in the temperature of the inlet water and in the baro- 
metric pressure produce in the volume of saturated 
air confined in the column. The volume of the 
metered gas, which, as has been seen, is also saturated 





at water temperature, and is under a pressure only 
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slightly in excess of that of the atmosphere, varies 
closely with that of the air, and the flow of water thus 
varies also with changes in the density or tabular 
number of the gas produced by temperature or pressure. 

The oil system is connected to a vertical gauge, 
graduated from 0-900 to 1-100 which shows the height 
of the cup by which the water flow is determined. 
This height is so adjusted that the equivalent, at 
15 deg. C., of the water flow in 4 minutes is exactly 
2,000 c.c., corresponding to a gauge reading of 1,000, 
and the shape of the float chamber is so designed 
and the graduations are so spaced that the equivalent in 
cubic centimetres at 15 deg. C. of the flow in 4 minutes 
is always 2,000 times the gauge reading. Adjustment 
of the cup is made by loosening a lock nut which secures 
the spindle below the cup within a screwed spindle, 
connecting it to the float and screwing the cup spindle 





up or down, a complete turn of one thread varying 
the flow by about 0-1 per cent. The oil content of 
the oil chambers, which can be adjusted by a cock 
g below the gauge, is such that the gauge reads 
1,000 when an air cock hf on the lower half of the tabular 
column is open to atmosphere, and the oil level in the 
gauge can be brought to any desired setting by intro- 
ducing or withdrawing air through this cock into or 
from the column. The amount of water ballast is 
adjusted by the cock k at the base of the column, 
which may also be used for adjusting the volume of 
air within it. 

Apart from the arrangements described above for 
delivering the gas to the meter saturated and at the 
water temperature—and it should be observed that 
these conditions are necessary in order to avoid inter- 
fering with the volume of the measuring water, as well 
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for the calorimetric purposes already explained—the 
apparatus for controlling the gas supply consists of 
special designs of governor and wet meter, with pro- 
visions for ready checking and cleaning, and of the 
safety connection with the water supply. The gas 
should be delivered to the instrument at a steady 
pressure of 2 in. w.g., and a dry service governor for 
the purpose, together with its gauge and main cock, 
are shown in Fig. 2, though they are not part of the 
instrument. From this, the gas enters at 1 to the left 
of the meter, and, after passing through the main cock m, 
is led to the right-hand side of a sensitive bell governor, 
containing the pin of a valve by which, under the 
action of the bell, the inlet pressure is regulated. The 
bell, which itself is carried by a lever mounted on 
centres (shown in the diagram Fig. 3 turned through 
a right angle), dips into an oil seal, and its action on 
the valve pin is regulated by an adjustable counter- 
poise working on a screw on the lever which carries 
the bell. A by-pass cock provided below the governor 
enables it to be cut out for cleaning, or when the 
meter is being proved, when both the bell and the 
inlet tube with its valve can be removed readily for 
cleaning. 

The wet meter is run at a capacity of ;'; cu. ft. per 
revolution and at a uniform rate of 1 r.p.m. The 
capacity is indicated by a fixed pointer on a sight gauge 
on the front of the meter, connected both to the water 
compartments and the gas inlet, and thus showing the 
true level of the water. A cock below the gauge 
enables the water content of the meter to be adjusted. 
The rotation of the meter drum is regulated by 
means of a pendulum and escapement mechanism, 
which are driven through a weak spring on the 
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drum spindle. The pendulum, with its adjustable 
bob, is so arranged that, without stopping the water, 
it can be swung forward clear of the escapement 
crutch to adjust the bob. The meter dial is annular, 
leaving a clear view of the spring and gear by which 
the escapement is driven, and enabling it to be oiled 
as required. As the calorimeter burner works at a 
pressure of only 4 in. w.g., the meter remains accurate 
under wide variations in the specific gravity of the 
gas. An inclined metal thimble projecting into the 
meter supports a thermometer on which the water 
temperature within the meter can be read. 

The safety connection with the water supply, which 
is shown in Fig. 3 turned through a right angle, acts 
through an operating lever on the main cock m loaded 
by a weight at one end, and having at the other end 
a roller with which a trigger engages. This trigger is 
formed on the end of one arm of a bell crank, the other 
arm of which carries a bucket into which the discharge 
from the calorimeter is delivered. This bucket has an 
outlet at the bottom small enough to ensure the bucket 
being full under normal conditions, but large enough 
to empty it rapidly should the flow from the calori- 
meter be interrupted, the contents of the bucket falling 
in either case into a casing, from which it is led to the 
sink and waste pipe. While the bucket is full, its 
weight keeps the trigger in engagement with the roller 
on the main-cock lever, but when the bucket is emptied 
the weight at the end of the lever rotates the bell 
crank, so freeing the lever from the trigger and closing 
the cock. 

The calorimeter chamber, or pot, is larger than that of 
the Boys standard instrument, partly to accommodate 
the hot limb n! of the differential air thermometer round 
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which the effluent water passes, and partly to allow of 
more ample heat-interchanging coils. The felt lagging is 
also supplemented by a corrugated-paper cylinder to 
avoid loss or gain of heat to the atmosphere. The cold 
limb n of the air thermometer is housed in the insulated 
casing through which the water from the steatite 
orifice passes before it enters the calorimeter, and, after 
flowing round n, the water is led into the calorimeter, 
escaping ultimately, after flowing round the hot limb n', 
into the change-over funnel 0. This funnel is carried 
by a bent tube, the other end of which is so mounted 
within a hollow column screwed to the table, that it 
can swing round the column, carrying the funnel with 
it. The tube and column are fixed in their desired 
positions by a safety pin passing through flanges on 
them. Normally, they are so fixed that the contents of 
the funnel pass through the tube and a pipe leading to 
the bucket of the safety connection on the gas cock m, 
but when it is desired to make a spot test, the funnel 
can be swung over to deliver its contents into a measur- 
ing vessel, the safety pin being transferred from the 
flanges on the bent tube and column to a bush on the 
casing round the bucket, through which it projects 
over the bucket and prevents it from rising when 
emptied. 

The temperatures of the cold inlet and hot outlet 
water can be read on thermometers through the centres 
of the casing round 7 and through the lid over n and 
n', respectively. Vents for air bubbles are provided 
between the thermometers by pipes on the cold casing, 
the cold-water inlet and the hot-water outlets, respect- 
ively, the vent on the casing serving also as a gauge to 
indicate any restriction of the flow of water and the 
need for cleaning. The inlet pipe to the cold casing 
is continued downwards through the table, just above 
which it has a cock for draining the casing before 
dismantling the calorimeter for cleaning. 

The gas supply to the calorimeter is led from the 
meter through a baffle chamber and introduced through 
the base of the instrument, where it is burnt in a special 
annular burner, the outer and inner tubes of which 
can be adjusted by means of the small screw seen below 
the inlet under the table, in Fig. 3. This burner, which 
works under a pressure of #,-in. w.g., is surrounded by 
a Vitreosil chimney, and its tubes are surmounted by 
annular steatite heads shaped so as to protect the 
burner from being clogged by deposits falling from 
the combustion chamber. The chimney and heads are 
not shown in the figure. The burner is lit by a 
taper passed through an inclined passage formed in 
the base of the instrument and normally kept plugged, 
and its flame can be observed through a window in 
the table by means of periscopic mirrors mounted in an 
extension of the channel d, below the table, through 
which the waste water is led to the sink. One of these 
mirrors is attached to a hinged door, through which 
the burner-regulating screw can be operated. The inlet 
pipe from the baffle-chamber carries a vent burner, by 
means of which the spaces can be cleared of air before 
attempting to light the calorimeter burner and thus the 
risk of explosion is avoided. In accordance with the 
Gas Referees’ requirements, the exit-gas thermometer, 
seen on the left-hand side of the calorimeter top, is 
located centrally, and at a definite height within the 
exit-gas opening. 

The recording mechanism is mounted in a cupboard, as 
shown in Figs. 1 and 3. The recorder works by indicating 
changes in the temperature difference between the hot 
and cold limbs of the air thermometer. For this purpose, 
these limbs are connected, respectively, by fine copper 
tubes with two aneroid chambers, which act in opposite 
directions on a horizontal bar operating a suspended pen- 
carrying spindle. As the effect of a given change of tem- 
perature on the volume of air in the hot limb is smaller 
than that in the cold, the volume of the hot limb is made 
proportionately larger than that of the cold, so that, 
for a constant barometric pressure, a given rise or fall 
in the temperature of either limb produces an equal 
travel of its aneroid. The larger volume of air in the 
hot limb would, however, produce a proportionately 
greater response to any change in barometric pressure, 
and the cross-sectional area of the hot-limb aneroids 
is, therefore, reduced in proportion to the respective 
volumes of the two limbs, the length being increased 
so as not to alter the aggregate volumes on each side 
of the thermometer. The limbs are not sealed into 
their aneroids until the calorimeter has attained the 
difference of temperature (about 21 deg. C.), corre- 
sponding to the declared calorific value. ‘The pen 
is then adjusted by connections on the instrument, 
so as to hang centrally on the chart, and changes 
in temperature difference will cause it to deviate 
to right or left to an extent proportional to the 
change, irrespective of any changes in the temperature 
of the water supply and of the barometric pressure. 
To avoid any changes arising from alteration in air 
temperature near the aneroids, the member which 
carries the pen is mounted on a coiled bimetallic strip, 
serving as a temperature compensator. The chart is 
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spiked hardened-steel pinion, which dots out a line 
normally corresponding with the centre line of the 
chart. The pinion and the pen mechanism are definitely 
located in respect to each other, and the dotted track 
thus serves as a datum line for the declared calorific 
value to which the differential thermometer is set, 
and enables allowance to be made, when necessary, 
for any lateral displacement of the chart while running. 
A weekly chart is supplied for works’ instruments, 
and a quarterly one for official instruments, the 
former with transverse curved hour lines spaced at 
% in. per hour, and longitudinal calorific-value lines 
spaced at +',-in. per 5 B.Th.U., and the latter with 
3 in. hour spacing and ,'; in. for 1 per cent. variations 
of calorific value. 

On assembly during manufacture, the correctness of 
each of the adjustments of the differential air thermo- 
meter and recorder is specially verified. The pen 
reading is checked against the two mercury thermo- 
meters at the top of the cold and hot limbs of the 
air thermometer. The equality of pen movement by 
the hot and cold limbs for equal changes of tempera- 
ture, irrespective of changes in the inlet-water tempera- 
ture, is checked by passing the inlet water through a 
heating coil before it enters the casing round n, and 
warming it through about 10 deg. C., checking the 
values deduced from the readings of the mercury 
thermometers at various intervals against the pen 
readings taken simultaneously. In order also to test 
for independence of barometric changes, the recording 
mechanism is mounted in a metal chamber similar to 
the cupboard, but capable of being sealed hermetically, 
the pen being viewed through a small window. An 
aneroid barometer is mounted by the side of the pen 
before the chamber is sealed, and the pressure within 
the chamber, as measured by the aneroid barometer, is 
first raised and then lowered to the extent of 1 in. of 
mercury by successively introducing and withdrawing 
air through a valve. The accuracy of the bimetallic 
temperature compensator is verified by surrounding 
the chamber with a lagged casing, and heating it with 
an electric heater. 








TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 


_, Railway Equipment.—The supply of apparatus of the 
staff’ or “tablet” type, to ensure the control and 
protection of trains between stations. The equipment 
is to be installed at the 36 railway stations between 
Alameda and Talca, and tenders are to include locking 
apparatus for the switches at each end of the station, 
and also the necessary batteries and telephones. Depart- 
mento de Materiales y Alamacenes, Estacion Alameda, 
Santiago, Chile ; August 16. (Ref. No. C. 3070.) 


Wireless Towers.—The supply and erection of two 
steel lattice type aerial towers for the new wireless station 
at Arica. The aerial is to consist of eight phosphor- 
bronze cables, 656 ft. in length. The Chilean Ministry of 
Marine, Valparaiso ; July 12. (Ref. No. A.X. 8134.) 


Vacuum-Brake Gear.—The supply of vacuum-brake 
gear metal parts. The South African Railways and 
Harbours Board ; August 8. (Ref. No. A.X. 8138.) 


Brass Boiler Tubes.—The supply of solid-drawn brass 
boiler tubes. The Victorian Railways Commissioners, 
Australia; July 10. (Ref. No. A.X. 8140.) 


Sluice Gate.—The supply of a live roller gate for the 
under sluice of the Midnapore Weir across the river 
Cossye. The India Store Department, Simla ; July 23. 
(Ref. No. A.X. 8136.) 


Floating Crane.—The supply of one 60-ton non- 
Ss floating crane, complete for Table Bay 
arbour. The South African Railways and Harbours 
Board: August 29. (Ref. No. A.X. 8143.) 


Road-Making Plant.—The supply of motor rollers, 
motor stone crushers, motor planers with road breakers, 
and caterpillar chains. The Roads Administration, 
Latvia; July 18. (Ref. No. A.X. 8146.) 


Machine Tools.—The supply vf one portable motor- 
driven universal radial drilling and tapping machine 
= - ees —— belt driven. The New 

an ic Works Department, Wellington ; Septem- 
ber 3. (Ref. No. A.X. 8149.) ” ’ 


Pump.—The supply of one motor-driven horizontal 
. centrifugal pump, capable of delivering 400 gallons 

r aap wed inst a ne of 50 ft. The Public 

or! res Department, New Zealand ; July 30. (Ref. 
No. A.X. 8150.) m sa ’ 

Wagon Wheels.—The 5 4 of 300 narrow-gauge 
railway-wagon wheels. The Lithuanian Railway Ad- 
ministration ; July 4. (Ref. No. A.X. 8157.) 

Electric Cable.-—The supply and delivery of 22,000-volt 
cable and accessories. Auckland Electric Power Board, 
New Zealand ; July 15. (Ref. No. B.X. 5414.) 

The 
(Ref. No. A. 8159.) 


Turntahle.—The supply of a railway turntable. 
Hellenic State Railways; July 11. 





ENGINEERING TRAINING AND | 
EDUCATION. 


Research Scholarships in Technology.—A limited 
number of research scholarships in technology, each of a 
value not exceeding 1001., will be awarded during July 
by the governing body of the Manchester Municipal 
College of Technology. These scholarships are tenable 
during the academic year 1929-30 in the College of 
Technology, and research may be undertaken in the 
mechanical, electrical, and municipal and sanitary 
engineering departments, and also in the applied 
chemistry, textile industries, photographic technology, 
printing and industrial administration departments. 
The scholarships are open to graduates of any Uni- 
versity in the British Empire and to other persons 
possessing special qualifications for research. Appli- 
cations, which must be made on prescribed forms to be 
obtained from the Registrar of the College of Tech- 
nology, Manchester, must be received on or before 
July.6 next. Further particulars may be obtained on 
application to the Registrar. 


Loughborough College.—The calendar for the session 
1929-30 of Loughborough College, Leicestershire, has 
just reached us. It contains detailed information 
regarding the work of the college, of the junior college 
for boys, and of the School of Industrial and Fine Art. 
Full particulars are included regarding the syllabus of 
instruction and the courses of study available in each 
department of the Faculty of Engineering and the 
Faculty of Pure and Applied Science. The various 
departments comprise mechanical, civil, electrical, auto- 
mobile, and commercial engineering, and chemical 
technology. The calendar, which contains a number of 
half-tone illustrations, is published by the Echo Press, 
Limited, Loughborough, and may be obtained on 
application to the Registrar, Loughborough College, 
Loughborough, Leicestershire. 








BOOKS RECEIVED. 


Department of Overseas Trade. Economic and Trade 
Conditions in Belgium, 1928. Report. Together with 
an Annex on the Grand Duchy of Luxemburg. By N.S. 
REYNTEENS. London: His Majesty’s Stationery 
Office. [Price 48. 6d. net.] 

State of Illinois. Department of Registration and Educa- 
tion. State Water Survey. Bulletin No. 25. Biopre- 
cipitation Studies. By A. M. Buswett and Others. 
[Price 50 cents.] No. 26. The Depth of Sewage Filters 
and the Degree of Purification. By A. M. BuswELL 
and Others. [Price 50 cents.] No. 27. A Study of 
Factors Affecting the Efficiency and Design of Farm 
Septic Tanks. By E. W. LEHMANN and Others. [Price 
25 cents.] Urbana, IIl.: State Water Survey. 

United States Bureau of Labor Statistics. Bulletin No. 
474. Productivity of Labor in Merchant Blast Fur- 
naces. Washington: Government Printing Office. 
[Price 25 cents.] 

A History of Mechanical Inventions. By ABBOTT PAYSON 
Usuer. London: McGraw-Hill Publishing Company, 
Limited. [Price 25s. net.] 

Blue-Print Reading. A Problem Text. By W. W. Stur- 
TEVANT. London: McGraw-Hill Publishing Company, 
Limited. [Price 9s. 6d. net.] 

Groundwork of Calculus. By W1Lt1AM HuntTER. London : 
W. B. Clive. University Tutorial Press, Limited. 
[Price 5s. 6d. net.] 

The Year Book of the Bermudas, the Bahamas, British 
Guiana, British Honduras and the British West Indies, 
1929. London: The Canadian Gazette. [Price 7s. 6d. 
net. ] 

American Institute of Steel Construction. Steel Construc- 
tion. [Price 1 dol. 50 cents.] Facts About the Structural 
Steel Industry. [Price 50 cents.] New York: American 
Institute of Steel Construction. 

Quarterly Report of Financial and Ei Conditions 
in Japan. Oct. to Dec., 1928. Tokyo: Ministry of 
Finance, 

Aeronautical Research Committee. Reports and Memo- 
randa. No. 1179. The Airflow Around a Circular 
Cylinder in the Region where the Boundary Layer 
Separates from the Surface. 4 A. Face. [Price 9d. 
net.] No. 1206. Wind Tunnel Experiments with Infinite 
Cascades of Aerofoils, By R. G. Harris and R. A. 
FarrTHORNE. [Price ls. net.] No. 1210. On the Effect 
of Air Compression on Drag and Pressure Distribution 
in Cylinders of Infinite Aspect Ratio. By T. E. StaNTon. 
[Price 6d. net.] No. 1218. The Hydrodynamic Forces 
on a Cylinder Moving in Two Dimensions. By H. 
Lams. [Price 4d. net.) London: His Majesty’s 
Stationery Office. 

Speech and Hearing. By Harvey FietcHer. London : 
Macmillan and Company, Limited. [Price 2ls. net.] 

Department of Overseas Trade. A Review of the Trade 
of British Malaya in 1928. By L. B. Beate. London: 

is Majesty’s Stationery Office. [Price 3s. net.] 

La Corrispondenza fra Sforzi e Deformazioni con Parti- 
colare Riferimento alla Gomma. By RaFFAELE APIANO. 
Bologna: Co-operativa Tipografica Azzogindi. 

Airplane Structures. By AuFrep 8. NILES and JOSEPH 
8. NEWELL. New York: John Wiley and Sons, Inc. 
London: Chapman and Hall, Limited. [Price 25s. 





net. ] 

The Civil Engineers’ Reference Book. Edited by John 
C. Trautwine. Twentieth edition. Wallingford Pa. : 
Trautwine Company. London: Chapman and Hall, 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MiIppLEsBRouGH, Wednesday. 


The Cleveland Iron Trade.—Scarcity of Cleveland pig 
is as acute as ever, and as there is little likelihood of 
conditions becoming such as to admit of early material 
enlargement of output, the situation is causing much 
anxiety, and threatens to drive local foundry pig con- 
sumers to make further substantial purchases of Midland 
iron. Cleveland pig producers are unable to accept orders 
for delivery before October, and they will not commit 
themselves so far ahead. The only Cleveland pig 
available for the market is what can be spared from the 
small quantities merchants have yet to receive in fulfil- 
ment of unexpired contracts with producers. Continental 
customers will not pay ruling rates, but home consumers 
readily purchase parcels at the following figures :— 
No. 1 grade of iron, 75s.; No. 3 g.m.b., 728. 6d. ; No. 4 
foundry, 71s. 6d.; and No. 4 forge, 71s. But for 
scarcity of Cleveland iron stone and coke, more furnaces 
to produce Cleveland iron would be put into operation. 

Hematite-—Values of East Coast hematite are steadily 
advancing notwithstanding the promise of enlargement 
of output by the early re-kindling of two furnaces which 
have been idle since the 1926 strike. Purchases are, 
however, still being made at comparatively low figures, 
ordinary qualities being on sale at only a shilling or two 
above the price readily paid for No. 3 Cleveland, whereas 
the normal pre-war difference was 8s. to 10s. Hematite 
makers are well sold and merchants have disposed of a 
good deal of iron recently. A steady trade is passing 
with both home and Continental consumers. Ordinary 
qualities of hematite are now commanding 74s. 6d., 
and some sellers hold out for 75s. 

Foreign Ore.—Conditions in the foreign ore branch of 
trade are such as confine transactions to narrow limits, 
but prices are very firm. Merchants have little to sell 
and consumers are well bought. Recognised market 
rates are ruled by best rubio at 23s. 6d. c.i.f. Tees. 

Blast-Furnace Coke.—Threatened greater scarcity of 
Durham blast-furnace coke is perturbing. Announce- 
ments of the re-lighting of certain ovens is welcome, but 
the promised increase of material is not sufficient fully 
to meet growing requirements. Good average qualities 
have advanced to 21s. delivered here. 

Manufactured Iron and Steel—Most manufactured 
iron and steel departments are busily employed and 
likely to continue so. All quotations are steady and 
firm. Common iron bars are 10/. 15s.; best bars, 
1ll. 5s.; double best bars, 111. 15s.; treble best bars, 
127. 58.; iron rivets, 11/. 10s.; packing (parallel), 87. ; 
packing (tapered), 10/.; steel billets (soft), 61. 17s. 6d. ; 
steel billets (medium), 7/. 12s. 6d.; steel billets (hard), 
81. 2s. 6d.; steel rivets, 111. 5s.; steel ship plates, 
81. 12s. 6d. ; steel angles, 8I. 2s. 6d. ; steel joists, 81. 2s. 6d. ; 
heavy sections of steel rails, 81. 10s. ; black sheets (No. 24 
gauge), 101. 10s.; and galvanised corrugated sheets 
(No. 24 gauge), 137. 15s. 








THe Rattway YeEAR_ Boox.—The thirty-second 
annual edition of The Railway Year Book has recently 
been issued by Messrs. The Railway Publishing Company, 
Limited, 33, Tothill-street, London, S.W.1. The book is 
described as ‘The Whitaker of the Railway World,” 
and deals in a very complete manner with the railways 
of the United Kingdom, the British Dominions and 
Colonies, and those of the South and Central American 
States, with the construction and operation of which, 
British enterprise has been largely concerned. Shorter 
notices of other African and Asiatic railways are given, 
and, this year for the first time, new sections dealing 
with the more important European, United States, and 
other railways not previously covered, have been included. 
Much general information and interesting data on the 
subject of railway history and railway operation are given. 
Twenty clearly printed railway maps are included and 
these, together with the railway ‘“who’s who” and 
the railway bibliography, constitute useful features 
of the book, the price of which is 58. net, or 58. 6d. post 
free. 





Prersonat.—Messrs. "Bruce, Peebles and Company, 
Limited, yg am have appointed Mr. G. E. ite- 
head, of 102, St. Mary Street, Cardiff, as their representa- 
tive for South Wales and the Counties of Gloucester, 
Somerset, Devon and Cornwall.—The Bureau of Informa- 
tion on Nickel, Limited, is joining forces with the Research 
and Development Department of The Mond Nickel 
Company, Limited, and will, in future, be housed at 
Imperial Chemical House, Millbank, London, 8.W.1. 
The Bureau is to be called The Bureau of Information 
on Nickel of The Mond Nickel Company, Limited, and 
its management will continue to be in the hands of Mr. 
A. C. Sturney.—Mr. R. W. Walker has been appointed 
engineer representative, in the Argentine, of Messrs. The 
Associated Equipment Company, Limited, Windmill- 
lane, Southall, Middlesex. is headquarters will be at 
the offices of the A.E.C. distributors in South America, 
Messrs. Agar, Cross and Company, Limited, Paseo Oolon, 
Buenos Ayres.—The practice of Messrs. C. 8. Allott and 
Son, North Parade, St. Mary’s Parsonage, Manchester, 
will be continued by the surviving partner, Mr. A. C. 
Dean. The senior partner, Mr. H. N. Allott, we regret 
to announce, died suddenly on June 17 last.—Messrs. 
The Hydronyl Syndicate, Limited, have removed their 
offices from 317, High Holborn, to Medway House, 
Horseferry-road, enim, §.W.1.—Dr. R. Lessing has 
now left Southampton House, 317, High Holborn, W.C.1, 
and has taken larger premises at 94a, Horseferry-road, 
Westminster, London, S.W.1. 





Limited. [Price 35¢. net.] 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Iron and Steel.—Taken as a whole the position is one 
that affords a certain amount of encouragement despite 
the presence of several disturbing factors. Business in 
raw and semi-finished materials is more than maintained, 
though users are not inclined to purchase ahead owing 
to the uncertainty surrounding the trend of iron and 
steel prices. Structural steel is an active line, largely 
as a result of the modernisation of old buildings and the 
construction of new works in the more prosperous 
industries. Railway rolling-stock departments are not 
making anything like the headway desired. Whereas the 
Far Eastern markets are coming forward with more 
orders than for some time past, the position of the home 
railways is much the same, with the consequent effect 
that plant is working more or less on a small margin of 
profit. Makers of ship steel and marine forgings and 
castings are more happily placed. On the other hand, 
deep depression continues in the manufacture of arma- 
ments. In the specialised engineering sections which 
normally call for supplies of high-class machinery and 
tools, conditions are fairly satisfactory. Electrical 
engineers have heavy order books, while the automobile 
and chemical trades are good customers in special steels. 
The overseas call for mining and cement making and 
mixing machinery is on the ———. while agricultural 
plant has also taken on a fresh burst of activity. Irre- 
gular conditions characterise the tool trades. Despite 
the operation of foreign competition and tariff barriers, 
export business in tool steel is of a satisfactory character. 
There is a substantial run on farm tools, spades, engineers’ 
small tools, and quarrying and roadmaking appliances. 
The light foundries are working better, and output of 
stove grates and general household ironmongery is on the 
increase. 


South Yorkshire Coal Trade.—Market conditions show 
little change. Export requirements have been more 
than maintained, and a further expansion in this direc- 
tion is considered not unlikely. 1 classes of industrial 
fuel are in better demand, and forward buying is not 
exceptional. Steam coal is fairly steady, while nuts and 
smalls are a more active market. House coal is not so 
strong, with the result that collieries have supplies in 
hand. Blast-furnace coke is steady at 14s. 6d., on rail 
at ovens, for best qualities on inland account, while 
20s. to 21s. 6d. is asked f.o.b. Humber Ports. Foundry 
and furnace sorts are also in good request, both on 
home and overseas account. Quotations: Best branch 
handpicked, 27s. to 28s. 6d.; Derbyshire best brights, 
20s. to 23s. ; Derbyshire best house, 19s. 6d. to 20s. 6d. 
screened house, 17s. to 18s. 6d.; screened nuts, 
16s. to 17s. 6d.; Yorkshire hards, 15s. 6d. to 16s. 6d. ; 
Derbyshire hards, 15s. 6d. to 16s. 6d.; rough slacks, 
8s. 6d, to 9s. 6d.; nutty slacks, 6s. to 7s.; smalls, 2s. 
to 4s, 








THe Survey or AvustRALIA.—The Federal Govern- 
ment and people of Australia are coming to the conclusion 
that a systematic survey of the whole of the territory 
of the Commonwealth is a national necessity. It is 
stated that, with the exception of a few military maps, 
there are practically no detailed maps of any portion of 
Australia in existence. The position was brought home 
to the Government about two years ago, when after 
some discussion, the Australian Survey Committee was 
constituted. The members of this body were requested 
to inquire into the question of the carrying out of a 
complete survey of the Commonwealth and to report 
on the matter to the Federal Government. The com- 
mittee includes representatives of the Australian 
Institutes of Surveyors and Mining and Metallurgy, the 
Institution of Engineers, and the Faculty of Engineer- 
ing of the University of Melbourne. The report of the 
committee, it is anticipated, will shortly be presented. 
The general feeling among prominent Australian pro- 
fessional men is that the welfare of the country, as a 
whole, demands that the work should be undertaken with 
the least possible delay. 





THe Institution or Mrnine_ ENGINEERS.—The 
eighty-ninth general meeting of the Institution of Mining 
Engineers will be held at Nottingham from July 10 to 12 
next. The meeting will open at 11 a.m., on the first 
day, at the pagar apg University Park, Notting- 
ham. The chair will be taken by the president, Professor 
H. Louis, and the papers to be discussed are: ‘‘ The 
Salts lost by Sweating a. to High Air-temperatures 
(Sixteenth Report to the Committee on ‘The Control 
of Atmospheric Conditions in Hot and Deep Mines,’)” 
by Dr. W. Hancock, Mr. A. G. R. Whitehouse, and Dr. 


J. 8. Haldane; ‘‘ Work of the Committee of the Institu- | has 


tion of Mining Engineers on ‘The Control of Atmospheric 
Conditions in Hot and Deep Mines,’” review by Dr. J. 8. 
Haldane (director); “The Flow of Air at mds and 
in Straight Airways (Sixth Report of the Midland 
Institute Committee on the Ventilation of Mines),” by 
Messrs. W. 8. Cooke and I. C. F. Statham; ‘“ Sponta- 
neous Combustion in North Staffordshire. Part II.— 
A Record of Analyses of ; +) taken during the 
Combating of a Fire,” by Dr. T. D. Jones; ‘ Electro- 
magnetic Testing of Wire Ropes,” by Dr. T. F. Wall. 
The second and third days, July 11, and 12, will be de- 
voted to visits to the Stanton Ironworks Company’s 
headquarters at Stanton-by-Dale, the Wellbeck, Bils- 
thorpe, Clipstone, Thoresby and Ollerton Oollieries, 
the works of Messrs. Boots, Limited, and other places of 
interest in the Nottingham district. Members intending 
to take part are reminded to inform the secre’ of the 
Institution, Cleveland House, 225, City-road, London, 
E.C.1, not later than July 3 next. 





NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 


The Coal Trade.—Though a good demand exists for 
smalls and sized coals which are in short supply, the 
general state of the Welsh steam-coal trade is unsatis- 
factory. Demand for large coal is quiet, and with a 
lack of suitable shipping, collieries find it impossible to 
avoid temporary stoppages, owing to the inability of the 
railway company to keep them regularly supplied with 
wagons. This is due to loaded trucks being held up, 
on account of the difficulty experienced in disposing of 
large coal. In the circumstances buyers can secure their 
requirements of large on the basis of the minimum 
schedule. The quietness of large and consequent 
temporary stoppages at the pits curtails the output of 
small and also the make of sized products. Both these 
classes are in demand and command from Is. 6d. to 2s. 
over the minimum schedule, and even then are difficult 
to secure. With respect to small, bought apart from large 
best bunkers, they command up to 14s., but if bought with 
large, can be secured at 13s. 6d. In fact most salesmen 
refuse to sell small except in conjunction with large. 
With regard to sized coal the dry varieties are very 
scarce with nuts realising up to 25s., while washed dry 
duff commands up to 15s., and bituminous duff up to 17s. 
Bituminous nuts are, however, available round 19s. 6d. 
The French Etat Railway has contracted for 120,000 
tons of large and small coal, chiefly the latter, to be 
delivered over the next four months while a small 
order has also been secured from Australia. The Madrid, 
Zaragossa and Alicante Railway of Spain has also bought 
25,000 tons of large coal for shipment in the next couple 
of months. Exports of coal as cargo foreign in the 
past week amounted to only 472,340 tons, owing to a 
lack of shipping space, with the result that exporters, 
though having business in hand have been unable to 
place orders on account of their inability to secure suit- 
able tonnage. 


Docks Traffic.—In the four weeks ended June 9 the 
seaborne traffic of the South Wales docks of the Great 
Western Railway Company amounted to 2,801,330 tons 
compared with 3,084,053 tons in the preceding four weeks. 
Exports fell from 2,706,548 tons to 2,401,468 tons, 
shipments of coal and coke dropping from 2,436,715 tons 
to 2,098,887 tons, though clearances of patent fuel were 
increased from 87,987 tons to 97,801 tons, and of oil 
from 42,142 tons to 82,157 tons, the latter being the 
highest level for more than a year. The import trade 
on the other hand was raised from 377,505 tons to 
399,865 tons, arrivals of oil being increased from 52,178 


;| tons to 85,142 tons. Of the past four weeks traffic, 


Cardiff accounted for 654,592 tons, Swansea 649,124 tons, 
Barry 636,560 tons, Newport 529,860 tons, Port Talbot 
176,893 tons, and Penarth 154,304 tons. 


Iron and Steel.—Exports of iron and steel goods in 
the past week amounted to 19,278 tons compared with 
16,444 tons in the previous week. Shipments of tin-plates 
and terne-plates were raised from 7,750 tons to 12,140 tons, 
but of black-plates and sheets reduced from 1,907 tons 
to 907 tons, galvanised sheets from 1,579 tons to 1,066 
tons, and of other iron and steel goods from 5,208 tons 
to 5,165 tons. 








MEASUREMENT OF VOLTAGE WITH SPHERE-GAPS.— 
The British Engineering Standards Association has 
recently issued a new publication entitled ‘‘ British 
Standard Rules for the Measurement of Voltage with 
Sphere-Gaps.” These rules are prepared by the British 
Electrical and Allied Industries Research Association 
and constitute a revision and extension of the material 
originally presented in Technical Report No. L/52 of 
the Research Association. The new rules supersede 
the old rules which were given as appendices to several 
of the British Standard specifications for electrical 
machinery. The tabulated data given have been 
approved by the International Electrotechnical Com- 
mission, and cover the whole range of voltages from 
10 kv. to 900 kv. with six sizes of spheres. In addition 
to the tables, a series of curves are included to enable 
interpolations to be made at any intermediate point. 
Copies of the pamphlet may be obtained from the B.E.8.A. 
Publications Department, 28, Victoria-street, London, 
8.W.1, price 2s. 2d. Its number is 358-1929. 





THe RENSSELAER PotyTecHNIc INsTITUTE.—The 
famous polytechnic institute at Troy, New York State, 
U.8.A., which bears the name of Stephen Van Rensselaer, 
was established in 1824. The first degrees in science 
and in engineering were conferred as long ago as 1835. 
In 1849, it was reo ised as a general polytechnic 
institute, and since this date, the range of its operations 
been considerably enl The work of the 
Institute embraces eight regular courses, each of four 
years’ duration and a to degrees. These comprise 
civil, mechanical, electrical, and chemical engineering ; 
arts, science, and business administration; physics ; 
chemistry; and biology. Partial and special courses 
are also provided. A handbook describing the work 
of the Institute, which reached us tly, shows that, 
since ite establishment and up till and including 1928, 
students to the number of 3,842 have become graduates 
of the Institute. A list of graduation theses is appended, 
and the titles of these give some indication of the wide 
ground covered by the courses at the Institute. The 
subjects dealt with embrace all branches of engineering 
and applied science, and involve such matters as the 
design of electrical plants and installations of all types, 
the design of bridges and buildings, the lay out of works 
of all kinds, mechanical and railway engineering ques- 
tions, water power plants, sewerage engineering, lubrica- 
tion, and industrial chemistry. 
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NOTICES OF MEETINGS. 





PuysicaL Socrety.—To-night, 5 p.m., Imperial 
College of Science and Technology, South Kensington, 
S.W.7. “The Relation Between Hydrogen Pressure and 
Filament Resistance in a Tube Containing Glowing 
Tungsten,” by Dr. T. J. Dillon. ‘‘ The Band Systems of 
Titanium Oxide,” by Dr. F. Lowater. ‘The Absolute 
Measurement of Sound Intensity,’”’ by Mr. F. D. Smith. 
Demonstration of Some Contact Devices used in an 
Apparatus for the Measurement of Electrical Resistance 
at High Temperatures, by Dr. J. L. Haughton. 


Roya InstirutTIon.—Monday, July 1, 5 p.m., Albe- 
marle-street, W.1 General Meeting. 


British WATERWORKS AssocIaTIon.—Annual General 
Meeting. Tuesday, July 2 to Friday, July 5, The Guild- 
hall, Portsmouth. Tuesday, July 2, ll a.m. Executive 
Committee Meeting. At 2.15 p.m., Presidential Address, 
by Mr. F. Blake. “‘ The Desirability of River Gaugings 
for Various Purposes,” by Mr. E. A. S. Fawcett. “ Ex- 
tremes of Rainfall Over the British Isles,” by Dr. J. 
Glasspoole. At 7.30 p.m., Annual Dinner, Guildhall, 
Portsmouth. Wednesday, July 3, 10 a.m., ‘“‘ The Quality, 
and the Method and Results of Treatment, of the Ports- 
mouth Water Supply,” by Mr. E. V. Suckling. ‘‘ The 
Hydrology of the Portsmouth District,” by Mr. D. H. 
Thomson. At 2 p.m., Visit to Waterworks. Thursday, 
July 4 and Friday, July 5. Various Visits. 








NOTES FROM THE NORTH. 


Guascow, Wednesday. 


Scottish Steel Trade.—There has not been much 
difference in the state of the Scottish steel trade during 
the week, but the demand is, if anything, a little better. 
The near approach of the annual holiday period is 
perhaps partly responsible, and deliveries during the 
next two weeks will most probably be heavier than 
recently. The general inquiry is only moderate, and 
it is thought that there may not be much change until 
the plans of the new Government are known. In the 
black-sheet trade the outlook is a shade better as the 
foreign inquiry has improved. Sales have been on the 
up grade during the past week, and some of the works 
are tolerably well employed at the moment. Light 
sheets and galvanised sorts hold pride of place, as the 
heavier gauges are dull. The current market quotations 
are as follow :—Boiler plates, 101. 10s. per ton; ship 
plates, 8/. 12s. 6d. per ton; sections, 8/. 2s. 6d. per ton ; 
black sheets, $ in., 9/. per ton; galvanised corrugated 
sheets (No. 24 gauge), 131. 15s. per ton, all delivered 
at Glasgow stations. 


Malleable-Iron Trade.—In the West of Scotland 
malleable-iron trade the tone is still extremely dull, 
and fresh business is very quiet and difficult to pick up. 
No change for the better can be reported this week in 
connection with re-rolled steel bars. Orders are scarce, 
despite the keen quotations which are being named, 
but the main cause of the trouble is the severe com- 
petition of Continental bars which are coming in here 
in large quantities and at very low prices. The current 
quotations are :—‘‘Crown”’ bars, for home delivery, 
101. 5s. per ton, and 9/. 15s. per ton for export ;_ re-rolled 
steel bars, for home delivery, 8/. per ton, and 7l. 16s. 
per ton for export. 


Scottish Pig-Iron Trade.—A quiet tone prevails in the 
Scottish pig-iron trade, but deliveries of hematite remain 
fairly steady. Foundry grades are in poor demand, 
and there seems little prospect of any early improve- 
ment. Prices remain firm, and are as follow :—Hematite, 
78s. per ton, delivered at the steel works; foundry 
iron, No. 1, 77s. per ton; and No. 3, 748. 6d. per ton, 
both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
re, et from Glasgow Harbour for the week a 
aturday last, June 22, amounted to 736 tons. O| 
that total 688 tons went overseas and 48 tons coastwise. 
For the corresponding week of last year the figures were 
600 tons overseas and 26 tons coastwise, making a total 

shipment of 626 tons. 








THe Patents CoMMITTEE, 1929.—The Patents Com- 
mittee, under the chairmanship of the Rt. Hon. Sir 
Charles Sargant, have begun their investigations; and 
persons and associations who wish to submit suggestions 
or to give evidence before the Committee, are invited to 
communicate with the Secretary, Mr. R. W. Luce, Indus- 
trial Property Department, Board of Trade, 25, South- 
ampton Buildings, London, W.C.2. The Committee were 
appointed by the Board of Trade to report whether any 
amendments in the Patents and Designs Acts, or changes 
in the practice of the Patent Office, are desirable. 








REGISTRATION OF ENGINEERS, AUSTRALIA.—Theo 
Melbourne branch of the Institution of Engineers, 
Australia, recently approached the Hon. A. E. Chandler, 
Minister of Public Works of the Government of Victoria, 
with the request that a Bill providing for the registra- 
tion of engineers should be made a Government measure. 
As a result of this suggestion the executive of the Vic- 
torian Institute of Engineers addressed a letter to Sir 
William McPherson, the Premier of the State Govern- 
ment, asking him to receive a deputation in regard to 
the matter. The letter added that members of the 
engineering profession were by no means unanimous upon 
the question of registration. In view of the difference 
of opinion which exists the Victorian Government ig 
conducting @ careful inquiry into the whole question, 
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EDUCATION FOR FOREMEN. 


A ForEMAN usually requires knowledge, and per- 
haps also skill, in a much greater variety of subjects 
than his men. A generation or two ago, when men 
were put successively on to any jobs they could do, 
or learn to do, some of them would thus acquire 
such knowledge in the course of their shop work. 
At the present time this automatic development of 
the material for foremen is much rarer. In part it 
is impeded by the action of trade unions in limit- 
ing the variety of work a man may do. Partly, 
however, the growth of mass production has led 
to a practice by which men are expected only to 
do one or a quite limited number of operations. 
As Babbage pointed out just on a century ago, 
men of a single skill are much easier to find, and 
often can carry that skill to a much higher pitch, 
than men who possess a number of skills. This 
truth was illustrated in this country during the 
war, and in the United States for some time before 
it, and with the growth of modern production 
methods the versatility of the average mechanic 
is not likely to grow greater. Probably, however, 
a foreman’s need to do his work in the complex 
circumstances in which he is placed, and to obtain 
the confidence and goodwill of those with whom he 
has to work, demand powers that are rarer even than 
that of acquiring the necessary knowledge and skill. 
Rarer still is the combination of the two abilities, 
and with the increasing economical need for efficient 
working in factories, it is not surprising that con- 
siderable thought is being given to the question of 
how the assemblage of qualities required in a fore- 
man can be obtained most effectively. In parallel 
with such considerations comes the enquiry as to 
how young men who believe their natural capacity 
is not only sufficient but also of the kind required 
in a foreman, can best obtain the necessary informa- 


tion and training. 
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Among the bodies which for some years past has 
given attention to this matter is the Association 
for Education in Industry and Commerce, which 
includes in its membership many of the large and 
progressive firms of the country. In 1922, it pub- 
lished a report on Education for Foremanship, 
prepared by Mr. Neil J. Maclean, a director of 
Messrs. Barr and Stroud, and at a later date it 
undertook an investigation on the same subject, 
which, following an earlier enquiry on Education for 
Industrial Management, was carried out by Mr. 
Percival Leach, B.Mus., of Messrs. Reckitt and 
Sons. The later report has now been published 
(36, Linden-road, Bournville, Birmingham. Price 
9d.), and with an introduction by Mr. George Cad- 
bury, gives the result of an investigation, extending 
over most part of the country, into the measures 
that are being taken, or are thought desirable, for 
training in foremanship. 

As its net result, the investigation seems to show 
that if special training for foremanship is desirable, 
most of the work of instituting it still remains to 
be done. A relatively few technical schools and 
similar bodies have courses on industrial administra- 
tion or on individual constituents of it, and on the 
engineering economics required by the examination 
for Associate Membership of the Institution of 
Mechanical Engineers. A number of individual 
firms have arrangements, differing widely in scope 
and methods, for providing actual or prospective 
foremen with both instruction and opportunities 
for conference and discussion. Apparently, how- 
ever, a majority of the firms into whose practices 
enquiry was made have no special scheme for 
training in foremanship, if, indeed, they do not 
regard such a proposal as wholly unworkable; 
though it is noted that even the firms who took the 
most discouraging view expressed anxiety to see 
a copy of the report, and to learn what was being 
done elsewhere. In his short but suggestive 
introduction, Mr. Cadbury observes that the phase 
through which industry is passing seems to be as 
important as that through which it passed about 
a hundred years ago, and he points out that the 
presence of well-informed foremen, capable of 
interpreting the current changes, would simplify the 
tasks that lie before managers and directors of 
great businesses. In this view he probably repre- 
sents the opinion of a considerable majority of the 
firms into whose practice the Association has been 
enquiring. The different measures which the report 
describes in outline as having been adopted by 
various firms will therefore be read with interest, 
and the circumstances of individual firms must 
determine which scheme, if any, will suit them, 
and to what extent it can be applied. 

The schemes included are of great variety, and 
at one part and another of the report it appears 
that the subjects sometimes contemplated as 
proper to be taught are drawn very widely. 
Economics, industrial history, psychology, the 
growth of human society, and banking, for instance, 
all have aspects with which, doubtless, it would 
be well if everyone engaged in industry had some 
acquaintance, but it is difficult to see that foremen 
have greater need to know these subjects than 
should be felt by everyone who aspires to any 
advanced position in industry, and as much may be 
said of the technical subjects included in some 
schemes. This view seems to be supported by the ex- 
perience of Messrs. W. H. Allen, Sons, and Company, 
of Bedford, who for some years have provided for 
pupils and senior apprentices courses on the several 
branches of the firm’s work, each of them conducted 
by the respective heads of departments, and have 
found that in fact nearly two-thirds of those who 
attended the courses were employed as foremen, or 
in similar capacities. Incidentally, it is worth re- 
marking that in these courses, an original and 
remarkably effective means was adopted of securing 
instructive discussions. The discussion did not 
follow immediately after the lecture, but was held 
by arrangement in the lecturer's own department, 
with such small groups of the audience as wished 
to attend. This seems to be a good way of attracting 
the really keen men from among the audience, and 
of providing such extra material (charts, for 
instance) as might be found desirable in the course 
of the discussion, from the ampler resources kept in 
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the department itself. In some firms, arrangements 
are made for lectures and: discussions on subjects 
other than the special practices of the firm in 
question. ‘Some schemes, indeed, are devoted 
solely to discussion, based not on general exposi- 
tions of either theory or practice, but on current 
practical experience. A number of firms, for in- 
stance, hold fortnightly, or even weekly, meetings 
of departmental managers and shop foremen, 
to discuss administrative difficulties, and very 
considerable value is attached, not only to the 
resulting advantaz.s in administration, but also 
to the training that all parties to these conferences 
derive from them. So far, however, as concerns 
formal teaching, it seems quite possible that what 
ultimately may be considered suitable for foremen, 
will be found included in what is, or should be, 
taught to those who are in or seeking to attain other 
grades. 

In one respect, at least, it would be a good thing 
if this turned out to be the best way. Not so long 
ago, there was much talk of the duty to set up 
education as a ladder, which should reach from the 
lowest elementary stage, up to what is required 
for the highest positions in the country. The 
metaphor is not quite happy. What is required 
is not a ladder so tall that all but a very few will 
turn dizzy or weary or be outstripped long before 
they have got to the top, but a staircase, with 
landings provided at easy heights, at which those 
who have had enough can step aside and rest 
content with the elevation they have attained. 
To be of its full use, any teaching given to 
pupils should be of interest to them in itself. Its 
knowledge may have a real value in broadening the 
outlook of the learner, as, for instance, when he 
studies the economic aspects of industry in their 
true perspective. But the subject should be taught 
because, if it is taught properly, it is a matter of 
real interest to everybody, and not because it may 
possibly help the student to become a foreman. 
Learnt in this way, the knowledge adds an interest 
to his life, in whatever rank it may be passed. 
Studied with the other object, it is more likely to 
raise up a majority of disappointed men, whose lives 
will be embittered because they have been led to 
seek knowledge for a purpose they have not attained, 
instead of for the gain it may bring them if they 
seek it for its own sake. 

This consideration is the more cogent because all 
that can be taught in classes does not add to the 
more important qualifications of a foreman, which 
are personal to the individual. The schemes 
included in this report show a wealth of choice, 
which, though natural at this stage of the move- 
ment for educating foremen, may be found embar- 
rassing. Experience will doubtless enable this 
difficulty to be overcome, but it will still leave the 
schemes weakest in their application to the qualifica- 
tions of a foreman which need most to be recognised 
and developed. Punctuality, order, automatic 
obedience to duty, fair dealing, the intimate and 
sympathetic insight into men’s thoughts and 
feelings which gives rise to tact and inspires confi- 
dence, the just perspective that distinguishes what 
is inexorably necessary from what may be modified, 
the power of delegating responsibility to men and 
so getting the best out of them, the ability to deal 
promptly and boldly with emergencies and the 
abnormal, are the qualities that will determine the 
success or failure of a foreman, and the schemes of 
the report have little bearing on them. Those who 
are already foremen may, indeed, learn something 
of them in the interdepartmental conferences held by 
some firms, which have the meri‘ of dealing directly 
with current experience. For those who are not, 
it is difficult to find ways of practical exercise in 
these qualities, and it is not surprising to learn that, 
as yet, such exercises do not seem to have been 
devised. 


ELECTRICITY SUPPLY STATISTICS. 


Unume some Government departments, the 
Electricity Commission keeps both the public 
and the industry well aware of its doings. Each 











year it issues an Annual Report, in which the 
development of the supply industry and an account 
of its varied activities are discussed in full detail, 
while at the same intervals it publishes statistics 


regarding the fuel consumption and electricity gene- 
rated in the power stations of the kingdom, and 
thus shows the progress that is being made, both in 
combustion and economy. These two documents, 
which are reasonably up-to-date, are flanked at 
irregular intervals by regulations, instructions and 
letters, all of which are a necessary concomitant of 
the Commissioners’ administrative duties while as 
a sort of rearguard there is a Return of Engineering 
and Financial Statistics relating to authorised elec- 
tricity undertakings in Great Britain. The most 
recent edition of this latter publication has now 
come to hand. It covers the year ending March 31, 
1927, in the case of local authority undertakings, 
and the year ending December 31, 1926, for company 
undertakings, and is published by H.M. Stationery 
Office at a price of 12s. net. The information 
given in it is singularly detailed, and much of it 
has already been summarised either in the Annual 
Reports or in the Fuel Statistics of that year, which 
have already been dealt with in these columns. Its 
voluminous contents need, therefore, only be briefly 
considered, and in so doing it may be emphasised 
that the figures given refer to a period over two 
years ago, when the country was suffering from a 
stoppage in the coal industry. 

In that year there were 621 authorities holding 
power to supply electricity, of which 566 were 
actually giving a supply. Of these, some were sup- 
plying under more than one Act or Order, so that 
the total number of undertakings was 596. Supply 
was obtained from 482 generating stations with 
an aggregate plant capacity of 4,682,069 kw., of 
which 94-01 per cent. was driven by steam turbines, 
4-21 per cent. by steam reciprocating engines, 
1-17 per cent. by oil engines, 0-44 per cent. by 
gas engines, and 0-17 per cent. by water power. 
On the generating side 92-88 per cent. of the total 
plant was of the alternating-current type, though it 
is interesting to note that there were actually more 
direct than alternating-current units at work, some 
of the former being as small as 6 kw. Of the 
alternating-current plant 76-8 per cent. generated 
energy at a frequency of 50, 15-4 per cent. at a 
frequency of 25, and 5-4 per cent. at a frequency 
of 40. The total rated evaporative capacity from 
and at 212 deg. F. of the boilers installed was 
61,466,002 lb. This plant was made up of 2,649 
units of 165 different rated capacities ranging from 
1,000 to 125,000 lb. per hour and 39 working pres- 
sures ranging from 100 to 375 lb. per square inch. 
Just over 46 per cent. of the total boiler capacity, 
however, worked at a pressure between 200 lb. to 
250 Ib. per square inch. In 177 cases distribution 
was on the alternating current system only, in 234 
cases both types of current were supplied, while 
direct-current only was available in 184 cases. An 
extraordinary diversity of voltages and frequencies 
was exhibited. 

We may pass over the statistics for output and 
consumption, as later figures have already been 
published. It may, however, be noted that in the 
year under review 64-2 per cent. of the electricity 
sold was utilised for power purposes and 24:6 per 
cent. for lighting and domestic purposes. But as 
compared with the previous year the sales under 
the latter heading increased by 199 million kw.-h., 
while for power the increase was only 7 million kw-h. ; 
some of the difference is clearly due to the industrial 
situation. On the other hand, the aggregate of 
maximum loads increased from 2,899,392 kw. in 
1925-26 to 3,239,585 kw., and the total load con- 
nected from 7,301,403 kw. to 8,137,796 kw. The 
consumption per head of population in 1926-27 is 
given as 132 kw.-h. 

Full details are set out of the financial results of 
the operations of the various undertakings. The 
total capital expenditure at the end of the period 
covered was 238,727,634l., of which 152,981,602I. 
was on account of local authority undertakings. 
During the year the capital account was increased 
by 21,689,3287. About 42 per cent. of this sum 
was for generation, and the remainder for trans- 
mission and distribution. The capital expenditure 
on generation amounted to 21-41. per kw. installed. 
The revenue amounted to 1-7ld. per kw.-h. sold, 
and the working expenses to 1-13d. per kw. sold, 
the average cost of generation being 0-39d. per 





kw.-h. generated. This latter figure shows the 


effect of the increased price of fuel during 1926- 
27. Finally, it may be mentioned that the total 
staff employed was 48,703, of whom 18,307 were 
engaged on generation, 22,691 on distribution, ana 
7,705 on administration. 








JAMES SMITHSON, 1765-1829. 


A MonTH after the death of Sir Humphry Davy 
at Geneva, James Smithson passed away at Genoa, 
dying there June 26, 1829, and being buried in 
the old English Cemetery on the heights of San 
Benigno. During his lifetime, Smithson was known 
among his scientific contemporaries as a student of 
chemistry and mineralogy and he had had the good 
fortune to count among his correspondents and 
friends such men as Black, Thomson, Cavendish, 
Biot and Arago, and had lived at various times in 
Berlin, Rome, Florence, Geneva and Paris. He 
had for the most part apparently lived a lonely life, 
never marrying and suffering somewhat from the 
disabilities of his illegitimate birth. His father 
was Hugh Smithson, afterwards Hugh Smithson 
Percy, Ist Duke of Northumberland of the third 
creation, a Privy Councillor and Lord Lieutenant of 
Ireland; his mother Mrs. Elizabeth Hungerford 
Macie, already twice a widow, when the son, who 
for the first thirty years of his life bore her name, 
was born. It was as James Macie the boy was 
entered as a Gentleman Commoner of Pembroke 
College, Oxford, in 1782, it was as James Macie he 
graduated M.A. at the age of 21, in 1786, and it 
was as James Macie he was the following year 
admitted a Fellow of the Royal Society, his sponsors, 
among whom was Cavendish, declaring him to be 
“‘a gentleman well versed in various branches of 
natural philosophy and particularly in Chymistry 
and Mineralogy.” Altogether Smithson—exactly at 
what time he obtained permission to assume his 
father’s surname is not known—published some 
27 scientific papers, and at his death left a large 
collection of notes and manuscripts. From the first 
he enjoyed the advantages of wealth, and through 
his mother could claim lineal descent from 
Henry VII. But his fame to-day is not due to 
his connection with noble families, or his scientific 
attainments; but to the provision he made in 
his will for the founding at Washington in the 
United States “‘ under the name of the Smithsonian 
Institution, an establishment for the increase and 
diffusion of knowledge among men.” It was not 
till 1837 that any part of Smithson’s bequest was 
sent to America, it was not till 1846 that the American 
Government could make up its minds to become 
the guardian of such a trust, but in September of 
that year the Board of Regents of the Smithsonian 
Institution met for the first time ; shortly after- 
wards they appointed Joseph Henry as the first 
secretary, and from that time onwards there has 
been no looking back. From Smithson’s fortune of 
about 120,000/. have come the inauguration of 
many notable enterprises; the National Museum, 
the National Gallery of Art, the Bureau of American 
Ethnology, the National Zoological Park, the Astro- 
physical Observatory, expeditions, explorations and 
exhibitions. It was the Regents of the Smithsonian 
Institution, who authorised Henry in 1855, to 
suggest to the British Association the formation of 
a catalogue of scientific memoirs, which led ulti- 
mately to the International Catalogue of Scientific 
Literature, while the Reports, Proceedings and 
Bulletins of the Smithsonian Institution itself have 
been issued in their millions. ‘‘ Smithson’s wishes,” 
once wrote Langley, one of Henry’s successors 
“have been carried out by those immediately 
administering them with a constant scrupulous 
thought of the intent of the founder, while in doing 
this the best results have flowed from a rigid con- 
struction of his own words, so briefly expressed, and 
from a division of the activities of the Institution 
into two great distinct but parallel paths, the 
‘increase’ and ‘ diffusion’ of knowledge.” 

The motives which led Smithson to make his 
bequest to the United States, a country he had 
never visited, remain unknown, but of the fruit- 
fulness of his bequest there is no question. Of the 
man himself we know little, and all his papers were 
unfortunately destroyed in a fire in the Library 





of the Institution in 1865. His remains lay in the 
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cemetery at Genoa till 1903, when they were ex- 
humed and conveyed with due respect and ceremony 
to Washington where they now lie in a Mortuary 
Chapel of the great establishment with which his 
name will ever be associated. 








THE SUMMER MEETING OF THE 
INSTITUTION OF MECHANICAL 
ENGINEERS. 


Tue Institution of Mechanical Engineers is, this 
year, for the fifth time, holding its summer meeting 
in Manchester. The last occasion was so long ago as 
1894. Members attending the present meeting, and 
who also attended that of 35 years ago, are not 
re-visiting old scenes ; they are making acquaintance 
with a different Manchester. In 1894, four papers 
were read at the summer meeting, and one of them 
described the Manchester Corporation Electricity 
Works, a station, at that time, containing six 100-h.p. 
and four 400-h.p. vertical steam engines driving 
dynamos through belts and supplying current to the 
consumers at a pressure of 100 volts. The Barton 
Power Station*, with a generating capacity of 
122,500 kw. at a pressure of 6,600 volts, must seem 
to those who visited it, and who also listened to the 
old paper, to have little relation to the station which 
the President of the Institution, then Professor 
A. B. W. Kennedy, referred to as one of the most 
interesting in the country. 

Growth is to be seen everywhere. In the Man- 
chester of 1894 there was no such Trafford Park 
Estate as is now to be found occupied by firms with 
world-wide reputations ; there was no University ; 
and that vigorous organisation, the North Western 
Branch of the Institution, did not exist. But, side 
by side with local expansion in activities then carried 
on, wholly new industries have arisen. One example 
of these is furnished by an aircraft manufacturing 
firm, Messrs. A. V. Roe and Company, Newton 
Heath, included in the list of works to be visited. 
At the present meeting, there is only one paper for 
discussion instead of four, but the number of visits 
of inspection is this time so great, and embraces 
works of so representative a character, that an 
adequate survey of the widened path of engineer- 
ing is presented both to older and younger mem- 
bers. The choice of meeting-place, apart from the 
President’s connection with the locality, could not 
be better for a survey of engineering progress, and 
though it must be admitted that the programme is 
somewhat crowded, it cannot be denied that it is an 
excellent one. 

The meeting was opened on Tuesday by the recep- 
tion of the President of the Institution, Mr. Daniel 
Adamson, the Council, and members, by the Right 
Hon. The Lord Mayor of Manchester, Councillor 
Lieut-Colonel George Westcott and the members of 
the Manchester Reception Committee. The recep- 
tion was held in the Examination Hall of the College 
of Technology, the Governing Body of which has 
also kindly provided accommodation at the College 
for the secretarial offices. The Lord Mayor, in 
extending the welcome of the City to the Institu- 
tion, emphasised the mutual interest of the occasion. 
Manchester, he claimed, was the metropolis of 
engineering, and as such would be attractive to the 
members, while the citizens looked with interest to 
the .great Institution representing an industry of 
major importance to the district. In this connection, 
it might be said that the old belief that the chief 
occupation of Manchester was the production of 
cotton goods no longer held. As a matter of fact, 
within a radius of ten miles of Manchester, both the 
number of employees and the capital invested in 
engineering now exceeded, though only slightly, the 
corresponding figures for the cotton industry. 

The President, in replying to the Lord Mayor’s 
greeting, recalled that the original meeting for the 
formation of the Institution took place over 80 
years ago in a house in Manchester. This belonged 
either to Mr. Charles F. Beyer or to his friend, Mr. 
McConnell, an eminent railway engineer of that 
period, and from that meeting arose the formal 
foundation of the Institution in Birmingham under 
the presidency of George Stephenson. He thanked 
the Lord Mayor on behalf of the Institution for the 





* See ENGrvEERING, vol. cxxi, page 2, et seq. (1926) 
and vol. cxxvi, page 759 (1928). 





cordial welcome extended to them. A vote of 
thanks was then called for and was heartily 
accorded. The President then remarked that as the 
building in which they were assembled had so 
many associations with Sir Joseph Whitworth, and 
as a number of the members had profited by his 
benefactions, it was a fitting opportunity to refer to 
the Whitworth Scholarships founded 60 years ago. 
He would ask the Lord Mayor to accept a copy of a 
book, known as “The Book of the Whitworth 
Society,” which contained the names of about 
1,500 men who had won scholarships or exhibitions. 
He also asked his acceptance of a cheque from the 
Whitworth Society to be distributed in prizes over a 
number of years to promising students who had just 
missed gaining a Whitworth Prize. 

The Lord Mayor, in signifying his acceptance of 
the book and cheque, expressed his pleasure at possess- 
ing the former, and said that the latter would be 
duly handed to the Whitworth Trustees. On the 
withdrawal of the Lord Mayor, the business of the 
general meeting was commenced. The minutes of 
the last meeting were read and approved, and it was 
announced that the Council had appointed Mr. Sterry 
B. Freeman to be a Member of Council, in place 
of the late Mr. R. W. Reid. 

Mr. E. F. 8S. Lang, of Messrs. Beyer, Peacock and 
Company, Limited, Gorton, said that reference had 
been made to Mr. Charles F. Beyer, who was a 
member of the first Council of the Institution. He 
had been bequeathed by his father a portrait in 
oils of Charles Beyer, which he had pleasure in 
presenting to the Institution. Mr. Lang, after a 
short survey of Mr. Beyer’s career, then formally 
presented the portrait, which was accepted by the 
President on behalf of the Institution. In thanking 
Mr. Lang, Mr. Adamson expressed agreement with 
him that a portrait possessing so much historical 
interest was most fittingly housed at headquarters. 
As has been already stated, there was only one 
paper to be read at the meeting, and it was pro- 
ceeded with at this point. 


MANCHESTER RESEARCHES AND MECHANICAL 
ScIENCE. 


This paper was presented by Mr. R. W. Bailey 
and was entitled ‘“‘ The Contribution of Manchester 
Researches to Mechanical Science.” We propose 
to reprint an abstract of this paper in a later issue, 
and, in the meantime, may give a summary of its 
contents. 

The paper pointed out that, while the names of 
the persons responsible for a notable discovery or 
advance in scientific knowledge and research were 
generally widely known, there was, as a rule, no 
geographical association. A general survey of the 
more prominent Manchester researches would con- 
vey some idea of the conspicuous position held 
by the City, through its succession of eminent 
scientists and engineers, in its contributions to 
mechanical science. Over rather more than a 
century, commencing with the time of Dalton, 
research in Manchester had been continuous, but 
might be regarded as falling into two periods. The 
first, associated with Dalton, Henry, Joule, Fair- 
bairn, and Hodgkinson, was characterised chiefly 
by individual effort and experimental investigations, 
often upon a large scale, while the second, com- 
mencing with Osborne Reynolds, extending down 
to the present time and supported generally by 
technical institutions, was marked by an increasing 
use of deductive methods. The more important 
investigations, in both periods, and their results 
were referred to, together with their bearing upon 
engineering progress and development. In view 
of the outstanding importance of Joule’s discovery 
of the equivalence of heat and work and its influ- 
ence upon the thermodynamics of heat engines, 
his researches leading to the measurement of the 
dynamical equivalent of heat were given particular 
attention. The earlier researches were of a purely 
scientific character, and were not much influenced 
by the industrial needs of the time, although, in 
connection with the behaviour of gases and the 
action of heat, their results have had an important 
bearing upon the development of heat-engine theory. 
Railway construction and mill and factory develop- 
ment created an urgent need for knowledge of the 
properties of materials and structures, which was 





reflected in the researches of Fairbairn and Hodgkin- 
son. The Manchester Steam Users’ Association 
was founded in 1855, and its researches, and those 
of Fairbairn, constitute an important contribution 
to the knowledge of the strength of steam boilers, 
and to problems associated with their operation. 
Reynolds’ classical contributions to hydrodynamics, 
fluid friction and lubrication, and his employment 
of models under conditions of dynamical similarity, 
and in heat transmission, had led to a series of 
important researches in all these branches at 
Owens College and the College of Technology. 
Researches, usually of immediate utility, had also 
been initiated by the Institution, and by the Man- 
chester Association of Engineers. 

In proposing a vote of thanks to Mr. Bailey, 
the President commented on the immense amount 
of work the preparation of an historical paper 
involved, and complimented him on the clear manner 
in which it was arranged. 

Dr. H. S. Hele-Shaw, in seconding the motion, 
endorsed the President’s remarks. He _ believed 
that Mr. Bailey would wish it to be known that the 
idea of the subject originated with Mr. H. L. Guy. 
But, while appreciating the way in which the facts 
concerning Dalton, Joule, Fairbairn, Hodgkinson, 
and Reynolds had been marshalled, he felt that 
another famous Manchester name should have 
appeared, viz., that of Whitworth. Whitworth’s pro- 
duction of a truly plane surface in 1840, with his 
subsequent work on the standardisation of screws, 
and his embodiment of both refinements in the 
Whitworth millionth-measuring machine, were 
developments of the highest importance in engi- 
neering. Further, said Dr. Hele-Shaw, as the 
Council of the Institution contained no less than 
13 Whitworth Scholars or Exhibitioners, and there 
were some hundreds of the same amongst the 
members generally, such a reference would have made 
a particular appeal. He thought the Institution had 
done well in the matter of research, and no one 
grudged the time and money it had spent, even 
though the latter expenditure involved the sacrifice 
of a magnificent lecture hall for the one they had 
now to be content with. He urged continued 
support of the National Certificate scheme. The 
examinations, in being tightened up, spurred on the 
younger men, and the education thus gained 
provided them with better implements for the 
practice of their profession. The younger genera- 
tion must cultivate the habit of analytical investi- 
gation, so that progress must be made, and any 
research might become fruitful. As an example 
he would refer to a paper by Osborne Reynolds on 
rolling friction, which was a complete exposition 
of the principles underlying the design of ball and 
roller bearings—details which, when the paper 
was written, were, speaking generally, unknown. He 
recommended all students to read this paper. 

The vote of thanks having been carried, the 
meeting was then thrown open for the discussion of 
the paper. 

Mr. A. P. M. Fleming considered that Mr. Bailey 
had brought out the lessons to be derived from the 
work of the great men dealt with in a way which 
formed an example that professors might well follow 
in planning courses for their students. He, per- 
sonally, considered that students should be com- 
pelled to read the lives of the scientific engineers, 
and he would suggest an examination in such 
biographies, even at the expense of some of the 
calculations usually set. Such a study ought to 
show clearly the immense value of patience and 
accuracy, qualities which were prominent in the 
accounts given in the paper. Whatever might be 
said about the early engineers, it was clear that the 
progress of engineering in the past had been furthered 
by scientific methods. These must be continued, 
and, in addition, the young engineer must have an 
opportunity of learning something of all new develop- 
ments, though this might involve a difficulty at 
the present day, which was the extraction from the 
great mass of discoveries of the germ likely to 
develop usefully. Research was hampered to-day, 
also, in industrial fields by a want of suitable men, 
and training should be arranged to develop them, 
What was needed was a combination of a high 
degree of mathematical facility coupled with prac- 
tical knowledge ; something tending towards such a 
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combination as was possessed in so great a measure 
by Osborne Reynolds. This did not apply only 
to such things as could be analysed in test tubes or 
measured by pyrometers; science to-day must be 
applied to advertising, marketing, production, and 
all the other activities of commerce. As all im- 
provements seemed to tend to the cutting-out of 
human labour, with not altogether beneficial results, 
it was even conceivable that science might have to 
be called upon to find some commodities the produc- 
tion of which must be restricted to hand labour 
only. 

Mr. F. Hodgkinson, of Philadelphia, was of 
opinion that, though the paper had clearly shown 
what a large proportion of the work carried on in 
Manchester had been of great value to the world, 
more attention should be paid to what was actually 
going on now. Interest ought to be stimulated in 
research, even in such physical researches as would 
seem to be irrelevant, and he thought it would not 
then be difficult to get the necessary funds for 
carrying them out. Certainly in America money 
was forthcoming for research. 

Mr. William Ingham, whilst expressing apprecia- 
tion of Mr. Bailey’s labours, said that the work 
of the chief engineer, prior to Mr. Stromeyer, of 
the Manchester Steam Users’ Association, might 


| two directions in which research might profitably be 
made in works’ organisation, were the removal of 
dirt from the worker’s environment and the over- 
coming of human inertia. 

Mr. Alfred Saxon, referring to the fact that the 
Municipal School of Technology stood on the site 
of Whitworth’s original works, pointed out that 
to Whitworth’s genius must be ascribed the hy- 
draulic forging press, which he had invented when the 
vibration set up by the steam hammers previously 
used was objected to by surrounding residents. 

The President then called upon Mr. Bailey to 
reply to the points raised. Mr. Bailey, in some 
brief comments, pointed out that the paper was 
already a very long one, and some omissions there- 
fore had to be made, such as the interesting 
work of Mr. Fletcher and of Sir Joseph Whit- 
worth. At the same time, it must be recognised 
that the paper dealt with research in the sense 
of exploration. Much of Whitworth’s work, for 
example, was hardly research but development. 
He agreed that study of the life work of such 
pioneers as those he had dealt with was instructive. 
He had not himself realised the vast amount of 
experimental work that had already been done, 
until he began to look into the sources of informa- 
tion from which his paper had been compiled. 


justly have been given some prominence in the; The secretary then read a list of persons and firms 


paper. Mr. Lavington E. Fletcher had done real | 
research work in connection with the development 
of the Lancashire boiler. Mr. Ingham said he spoke 
with knowledge, as he had had the privilege of 
assisting Mr. Fletcher in 1875, in repeated tests to 
destruction of Lancashire boilers, which tests had | 
been of great value to the boilermakers of the day. 
Mr. Fletcher had also carried out the Wigan coal 
tests, the results of which had been referred to in 
all standard works on the performance of steam 
boilers. Then, some 12 or 13 years later, Mr. 
Fletcher had had the courage to challenge the wide- 
spread belief that cold water impinging on red-hot 
plates was a frequent source of explosion, by means 
of a practical research. A Lancashire boiler, 7 ft. in 
diameter was fired until the furnaces became red 
hot. Cold water was then discharged on to the 
plates. In only one experiment was there anything 
like trouble, the furnace collapsing under the steam 
pressure in the manner usually experienced when 
overheating occurs from shortness of water. This 
tradition of independent investigation had been well 
maintained in the Manchester Steam Users’ Associa- 
tion by Mr. Stromeyer, who had demonstrated that 
the great reliance placed by the Board of Trade on 
the hydraulic test for boilers, did not remove the 
necessity for thorough inspection. In conclusion, 
he wished to point out that the present Chief | 
Engineer, Dr. Petrie, in his first memorandum | 
for 1928, had paid tribute to Mr. Fletcher’s work. 


to whom the Institution was indebted for hospi- 
tality, and, on the motion of the President, seconded 
by Mr. Loughnan Pendred, a vote of thanks was 
accorded. The meeting was then adjourned. 

The afternoon was set apart for visits, of which 
nine alternatives had been arranged. As _ this 
summer meeting has established a record, in the 
number of members attending, viz., 491, in addition 
to 269 visitors and ladies, the parties visiting indi- 
vidual works were, as a rule, large. The list for 
Tuesday afternoon included the works belonging to 
the President, 7.e., Messrs. Joseph Adamson and 
Company, Hyde, which is employed in the manu- 
facture of cranes and boilers. Visits to other 
works provided opportunities for witnessing the 
manufacture of locomotives, electric accumulators, 
textile machinery, electric motors and pumps, 
aircraft, tyres and rubber goods, tiles and pottery, 
milling machinery, and weighing machines. A 
cotton-spinning mill, and two electric power stations, 
those of Salford and Oldham, were included, 
while a party was conveyed by a special train to the 
London and North Eastern Railway Company’s 
Carriage and Wagon Works, at Dukinfield, luncheon 
being served on the train by invitation of the Railway 
Company. The day was concluded by an enjoy- 
able function in the Town Hall, at which the mem- 
bers were received by the Lord Mayor and the 
Corporation of Manchester. 


(To be continued.) 





Professor A. H. Gibson said that he was specially 
interested in Mr. Bailey’s references to the value of | 
research work to the practising engineer. It was | 
a matter of regret that Reynolds had suffered great 
disappointment towards the end of his life from the | 


belief that his labours had given rise to little practical | 








NOTES. 


Ture New ZEALAND GOVERNMENT RAILWAYS. 


| The Railways of New Zealand are of compara- 


result. There was now, however, no real reason for | tively recent construction. The first line to be 
believing that any part of kis work had been un-| built, that between Christchurch and Lyttelton, in 
fruitful. Prof. Gibson thought that a short series of | the South Island, was opened for traffic over a por- 
abstracts, published yearly, would accomplish much | tion of its length in December, 1863, and was 
in helping to lessen the time between scientific | finally completed in 1867, following upon the 
discoveries and their practical utilisation. Mention | piercing of the Lyttelton tunnel, which is about 
had been made of funds for research. It made him | 14 miles long. During this period the construction 
envious to hear of the conditions prevailing in the | of other short lines had been undertaken, but no 
United States. Modern Universities here had no | attempt had been made to adopt a uniform gauge. 
money for research ; they had to get it how they | Happily, matters were not allowed to proceed 
could, in spite of the wasteful labour thus involved. _very far before the problem was grappled with 
They were grateful to bodies such as the Institution | energetically, and the passing of the Railway Act 
of Mechanical Engineers, which had helped in the | of 1870 not only standardised the gauge at 3 ft. 6 in., 
required direction. | but also provided a sound railway policy for New 

Mr. E. G. Herbert made a witty comparison | Zealand. According to the last annual report of 
between human life and that of an industrial|the Board of Management of the New Zealand 
firm, from which he drew the conclusion that if Government Railways, the total number of miles 
firms could not afford expenditure on research, | of railway open to traffic on March 31, 1928, was 
still less could they afford to do without it, as | 3,180. The gross revenue from all sources during 
research enabled them to adjust themselves to their | the year ending March 31, 1928, was 8,524,538/., 
environment. Failure in this direction led to death | an increase of 89,884]. over the previous year's 
in both cases. He, like some of the other speakers, | total, whilst the expenditure was 6,685,123/., an 
emphasised the need for research, even in apparently increase of 194,243/. The net earnings amounted, 
useless directions. Many valuable discoveries had | therefore, to 1,839,4151. During the year under 
been made when least looked for. He thought review the train-mileage was 10,838,594, the aggre- 





gate passenger journeys 25,379,665, the goods 
tonnage 6,854,865, and the live-stock tonnage 
511,897. The operating earnings per train-mile 
worked out at 162-62d., and the operating expenses 
at 139-55d. The net operating earnings per train- 
mile were, therefore, 23-07d., against 28-32d. 
during the previous year. The programme of 
improvements and new works which the Board 
of Management has now in hand is an extensive 
one; it was adopted in 1924, and provides for an 
additional capital expenditure upon railways 
amounting to 8,000,000/., the sum being spread 
over a period of 10 years. In the general scheme of 
improvement works, the reorganisation of the rail- 
way workshops takes a prominent place. The 
method of reorganisation and the plans of the new 
shops were finally approved in May, 1925, and 
contracts for the structural steel were awarded to 
Messrs. Sir William Arrol and Company, Limited, 
and Messrs. Dorman, Long and Company, Limited. 
Since the arrival of the steel, steady progress has 
been made, and the Otahuhu and the Hutt Valley 
shops, North Island, were, at the time of the publica- 
tion of the report, nearing completion. Progress 
in the South Island has not been so rapid, because 
the new workshops have to be built on the sites of 
the present buildings. Consequently the new 
premises can only be built as old buildings are 
dismantled, on account of the necessity of meeting 
current requirements. When complete, the general 
scheme will be such that all the larger repairs to 
locomotives will be carried out in one place in each 
island, and all the specialised machinery will be 
concentrated in each of these two shops. The 
Hutt workshops in the North Island and the 
Hillside shops in the South Island will thus be entirely 
devoted to the building and repairing of locomotives. 
Coach and wagon building and repairing, on the 
other hand, will be carried on in the Otahuhu 
workshops, North Island, and the Addington shops, 
South Island. 


THE Arr Pump, Past AND PRESENT. 


Introducing his Royal Institution discourse on 
Friday, May 31, Dr. E. N. da C. Andrade, Quain 
Professor of Physics at University College, London, 
remarked that modern advances in atomic physics, 
in pure and applied science, were inseparately bound 
up with the perfection of our means of creating 
vacua. Otto von Guericke in the first experiments 
on evacuation, made soon after 1630, was guided 
by the idea that the space to be evacuated had to 
be filled with something, solid or liquid, which was 
then withdrawn. After experimenting with water 
barrels and copper spheres, which collapsed, he 
introduced valves. Robert Boyle, who saw Scholl’s 
illustration of Guericke’s pumps of 1657, and also 
Papin, made two-cylinder pumps; the Torricilli 
vacuum dated from 1666, and following its intro- 
duction vacuum experiments became very popular. 
Many recent pumps, for instance, the Hyvac, were 
mechanical improvements of old devices; the 
Geryk was a piston pump without dead space and 
without pressure on the top of the piston. Gaede’s 
rotary mercury-discharge pump could only work 
against a partial vacuum already created, as other- 
wise the air pressure would prevent the discharge 
of the mercury. All these and other pumps, of the 
gliding vane and gear types, would work if a gas 
were merely a thin continuous liquid. The modern 
pumps, introduced by Gaede in 1912, were based 
upon the kinetic theory of gases, and their operation 
required preliminary evacuation, down to a pressure 
of about 0-01 mm., by a preliminary pump ; other- 
wise the gas would stream back. At ordinary 
pressures gas diffusion was retarded by collisions of 
the particles with one another and with the walls of 
the container. At low pressures the relations between 
the pressure, viscosity, and mean free path of the 
gas changed. The path (about 0-00001 cm. in 
normal air) became of the order of the diameter 
of any tube used to conduct the gas, and there were 
practically only collisions with the walls. Knudsen 
found that gas particles did not rebound like balls, 
but behaved as if they condensed on the wall and 
then re-evaporated ; the gas flow therefore became 
very sluggish, unless the tubes and taps were wide 
and sealed off at the proper place. Gas particles 
momentarily adhering were carried along with the 
rapidly moving surfaces of molecular pumps. In 
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diffusion pumps they were dragged on by the 
vapours, and it was thus possible to lower the air 
pressure {in a ~mercury-vapour pump below the 
vapour pressure of mercury, 0-:0010 mm. The 
phenomena were dynamic, not static. The width 
of the slit through which the roughing pump drew 
the fair and vapour should be fof the dimensions of 
the mean free path of the gas. Langmuir condensed 
the vapours. The boiling liquid to be condensed 
should have a low vapour pressure. Professor 
Andrade showed how an oil and normal butyl 
phthalate were used (in America) in the place of 
mercury, without a special condenser. In one of his 
striking demonstrations he evacuated part of an 
apparatus containing a mixture of hydrogen and car- 
bon dioxide by a molecular pump and another part 
by a vapour-condensation pump; the action of the 
former pump depended upon the !ratio of the speed 
of the molecules to the speed of; the groove, so that 
more CO, than hydrogen molecules (of higher speed) 
were withdrawn from the mixture. The change in 
the composition of the mixture was indicated by 
the change of colour in the electric discharge sent 
through the gases. The lecturer also referred to 
ray (injection) pumps and to evacuation by physical 
and chemical adsorption of gases. 





HARBOUR DEVELOPMENTS IN CANADA. 


The ever expanding trade of Canada is making 
increasingly heavy demands upon the transport and 
harbour facilities of the Dominion. During the 
past few years large railway extension schemes have 
been carried out and, as noted in our columns only 
a week or two ago, a programme of construction 
and improvement, involving an expenditure on the 
Canadian National Railway system of 53,750,000 
dols., is at present under discussion at Ottawa. 
Again, a good deal of attention has recently been 
directed towards the Canadian canal system, and 
our readers will recall that several large reconstruc- 
tion schemes are actually in progress. Generally 
speaking, the ports of the Dominion are modern 
and well equipped, but their resources, especially 
during certain seasons, are often severely taxed. 
Bearing this in mind, the news that the Dominion 
House of Commons has passed Bills providing for 
substantial loans, for development purposes, to 
various harbour Commissioners in Canada, is of 
more than usual interest. Five harbours, namely, 
Montreal, Vancouver, Halifax, Three Rivers 
(Quebec), and Chicoutimi (Quebec), are to share in 
the development scheme, and the sum involved is 
29,000,000 dols. The amounts to be expended at 
Montreal and Vancouver total 10,000,000 dols. in 
each case ; 5,000,000 dols. will be spent at Halifax, 
and 2,000,000 dols. at each of the harbours of Three 
Rivers and Chicoutimi. At Montreal, the King 
Edward and Laurier Wharves will be reconstructed 
and, at the same time, three new berths will be 
built at the Laurier Wharf. In addition, the 
electric railway system will be extended to the 
eastern section of the Harbour, the grain-conveyor 
system enlarged, and further industrial wharves and 
berthing facilities provided. At Vancouver a new 
ocean pier and a grain jetty are to be built, and 
wharves for the coasting and fishing trades, and 
fish stores and cold-storage plant and premises are to 
be erected. Important additions to the grain- 
handling facilities at the Port will also be made, 
involving an expenditure of some 3,000,000 dollars. 
The need for these will be evident when it is stated 
that whereas 55,000,000 bushels of grain were 
delivered in 1924, no less than 97,250,548 bushels 
were handled in 1928. At Halifax, a pier, transit 
sheds and a revetment wall are to be constructed, 
and important additions made to the grain elevator 
to enlarge its capacity by 1 million bushels. 
Three rivers, an important manufacturing city and 
harbour on the St. Lawrence river, also serves 
Shawinigan Falls, Grand’mére, and other growing 
industrial towns. The 2,000,000 dollars mentioned 
above in connection with harbour developments at 
Three Rivers will be expended on the provision of 
seven additional berths. The loan of 2,000,000 dols. 
to the harbour commission at Chicoutimi, an 
important port at the head of navigation on the 
Saguenay river, will be devoted to extending the 
wharf, at present under construction, for an 
additional 2,400 ft. 





THE SUMMER MEETING OF THE 
INSTITUTION OF ELECTRICAL 
ENGINEERS. 

(Concluded from page 795.) 


Lack of space in our last issue prevented us 
from completing our account of the electric supply 
arrangements of Paris and the surrounding area, 
and we must now give a brief account of the system 
of the Union d’Electricité, which owns and operates 
the Gennevilliers station and supplies over the whole 
area around Paris, exclusive of the city itself. As we 
have already said, this company dates from the year 
1918, when steps were taken to unify the whole of the 
electricity supply arrangements in the environs of 
Paris. The work carried out resembles generally the 
unification and rationalisation now being carried 
through in London, but it would appear that the 
scheme was put in hand and has been carried through 
with considerably less fuss than has been found neces- 
sary in this country. The company, which represents 
the combination of a large number of interests, 
immediately on its formation put in hand the con- 
struction of the Gennevilliers station and the 
modernisation of the Vitry station, which lies to 
the south-east of Paris and was in operation at 
that time. These measures allowed of the closing 
down of a number of the smaller and less efficient 
stations which the new company took over. 

The original part of the Gennevilliers station con- 
tains six 40,000-kw. turbo-alternators generating 
three-phase current at 6,000 volts which is stepped up 
to 60,000 volts by transformers connected directly to 
the machines. All switching operations are carried 
out at this latter voltage. Steam is supplied to these 
sets at 312 lb. per inch pressure and a temperature 
of 700 deg. F. A recent addition to the station con- 
tains two 55,000-kw. turbo sets operating with 
steam at 325 lb. per square inch and 735 deg. F. 
The alternators generate at 6,000 volts, similarly 
to the earlier machines. The boilers of the original 
part of the station are of the Stirling and Babcock 
& Wilcox type and are fitted with chain-grate 
stokers. Pulverised fuel is, however, employed in the 
extension, the boilers being supplied by La Société 
Delaunay-Belleville. A boiler-house efficiency of 
82 per cent. is being obtained. 

The Gennevilliers and Vitry stations feed into the 
general 60,000-volt distribution system of the Union 
d’Electricité, of which an interesting feature is a 
60,000 volt underground ring main carried round 
Paris. The main consists of three single-core cables 
laid in a common reinforced-concrete trough. 
Although there were some early difficulties, the 
system has now been working for many years 
without trouble. The neutral of the system is 
earthed, the arrangement giving 35,000 volts 
between each conductor and ground. The under- 
ground transmission system supplies the whole area 
of the company in the district around Paris, and is 
extended by overhead lines to the outer suburbs. 
There is, for instance, a line feeding Creil, which lies 
34 miles north of Paris. Another line is being 
extended to Mantes, which is situated on the River 
Seine some 30 miles to the west of the city and is 
connected up with the system of the Union Hydro- 
Electrique. This is a company formed jointly by the 
Union d’Electricité and the Société de Production, 
Transport et Distribution d’Energie. The Union 
Hydro-Electrique with which the Compagnie des 
Chemins de Fer de Paris & Orléans is also associated, 
operates the hydro-electric station at Eguzon on 
the River Creuse. This station was visited by the 
Institution on the 16th inst., in the second week of 
the Summer Meeting. It forms an excellent example 
of the way in which the extensive railway electri- 
fication which has been carried out in France has 
been linked up with general electricity supply. The 
Eguzon station generates at 10,000 volts, and the 
current is stepped up to 90,000 and 150,000 volts 
for transmission. By means of the system of 
the Union d’Electricité, the power generated at 
Eguzon and other hydro-electric stations in the 
same area is made available in Paris, connection 
being made to the City supply of the Compagnie 
Parisienne, and the supply to the Metropolitan 
Railway by the Société l’Electricité de la Seine. 
Transforming stations at Villejuif and Conflans- 
Charenton connect the 60,000 volt system of the 








Union d’Electricité with Eguzon, while substations in 
process of erection, indicated as Nation and Tolbiac 
on the map which appeared on page 794 of our 
last issue, will connect the same supply with the 
system of the Compagnie Parisienne. 

In this account of the Paris meeting, something 
should be said of the other technical visits, although 
our account of the electricity supply arrange- 
ments has left but little space available, and in 
any case the plants visited were of a kind which 
can be dealt with only in a summary way or in 
very considerable detail. On the 12th inst. the 
Ecole Superior d’Electricité was visited. This 
establishment is a development from the central 
electrical laboratory which was established by the 
Minister of Posts and Telegraphs after the famous 
Paris electrical exhibition of 1881. The Société 
International des Electriciens, a body which in 
1918 assumed its present title of Société Francaise“ 
des Electriciens was charged with the management 
of the laboratory. The laboratory acted as a 
school of practical training in electrical engineering, 
and under the direction of M. Paul Janet progressed 
rapidly, the number of students rapidly rising from 
12 to 100. The premises finally proved quite 
inadequate, and, after the war, the present school 
was projected and was completed last year. It is 
still under the direction of M. Janet, and provides 
a course of theoretical and practical training 
extending over one year to some hundreds of 
students. The mornings are given over to lectures 
and the afternoons to practical work. A propor- 
tion of the places are reserved for French students, 
but the remainder are open to students of any 
nationality, who sit for a competitive entrance 
examination. The school is excellently equipped 
and has extensive laboratories, workshops, lecture 
rooms and private studios. On the 13th inst. a 
visit was paid to the Sainte Assise Radio Trans- 
mission Station of the Compagnie Général de Télé- 
graphie Sans Fil. This station, situated some 
25 miles to the south of Paris, contains a long- 
wave transmission station of 500 kw. capacity, 
the plant being operated by Diesel-engine sets, 
and connection being made to the mains of the 
Compagnie Sud-Lumiére as a stand-by source of 
power. The long-wave plant is now but little used, 
beam radio plant and aerials having been added 
for communication to both north and south 
America. The receiving station of the company is 
at Villecresnes, which lies half way between Paris 
and Sainte Assise. 

Following this visit, an excursion was made to 
Versailles, and on the way back, the works of the 
Etablissements Belin were inspected. The com- 
pany operates systems for the electrical transmission 
of photographs and drawings. Three systems are 
employed for different purposes. The first, which is 
of a simple nature, is suitable only for the trans- 
mission of such material as simple diagrams and 
maps. The diagram is drawn in thick lines, in wax, 
by means of a special form of fountain pen, or stylo- 
graph, containing a reservoir of wax and an internal 
heating coil, on the lines of an electric soldering 
iron. The diagram is clipped on to a rotating 
cylinder, and the current variations necessary to 
transmit the figure are obtained by the displace- 
ment of a stylus by the thick lines of the diagrams. 
The other systems obtain their current variations 
by means of photo-electric cells, a strong light 
being thrown on to the rotating diagram or picture 
through a prism, and the reflected light passing 
through the photo-electric cell. In what one com- 
pany describe as their “amateur” apparatus, 
reproduction at the receiving end is obtained by an 
electro-chemical process. The sensitised paper, on 
which the reproduction is made, is carried on a 
rotating cylinder which forms part of the receiving 
circuit. A stylus) travels over its surface, the 
current variation causing greater or less decompo- 
sition of the sensitised surface and reproducing the 
original picture. The commercial system, of which 
the company has several newspaper installations 
in this country, employs a receiving set with a 
beam of light on the lines of the transmitting 
apparatus. 

On the 14th inst., a visit, was made to the Chateau 
de Chantilly, a description of which would be 





outside our sphere, and on the 15th inst. the final 
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visit of the Paris meeting was made to the Station 
Nationale de Recherches et Expériences Technique 
at Bellevue. This is a State experimental laboratory 
in which technical investigations of all kinds are 
carried out. At the present moment, interesting 
work is in progress in investigations on arch dams. 
Model dams of plaster are subjected to stress by 
loading them with mercury, some tons of the metal 
being available for this purpose. The most striking 
object in the station is the 46,000 Gauss electro- 
magnet, with which researches on the effect of 
intense magnetic fields are being carried out. 
Another technical visit which we should mention was 
that to the million-volt laboratory of the Compagnie 
Electro-Céramique. In concluding our account of 
the Paris visit, we should again refer to the banquet 
on the 12th inst. The members and guests were 
received by Monsieur P. Bunet, the President of 
La Société Francaise des Electriciens, Monsieur 
Malegarie, of La Compagnie Parisienne de Distribu- 
tion d’Electricité, and Monsieur Girousse, of 
L’Union d’Electricité. The dinner was a very 
successful function, the company including many 
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representatives from the High-Tension Conference 
which was held in Paris last week. Mutual courtesy 
was displayed by Monsieur Bunet, addressing the 
company in excellent English, and Lieutenant- 
Colonel Edgcumbe, the President of the Institution 
of Electrical Engineers, r2plying in witty and, to 
an English ear, perfect French. The thanks of the 
Institution and of the members taking part in the 
visit are due to the power companies of Paris, and 
other organisations, for the excellent arrangements 
they made for viewing their various works. 

The second week of the meeting was occupied 
with a visit to the Pyrenees. This excursion 
afforded an opportunity of seeing something of the 
extensive electrification work »eing carried out on 
the Orleans and Midi Railways. Although the 
water power available in France places the whole 
question of ‘railway electrification on a different 
plane from that which it occupies here, the work 
which is being done in that country may, none the 
less, be profitably studied by British engineers. 
Particularly does this apply to the way the work 
is being carried out in definite relation to the general 
power requirements of the country, and on a 
standard system. 

The Institution of Electrical Engineers party 
left Paris on the 16th inst., for Bordeaux, and, on 
the way, broke the journey at Eguzon to in- 
spect the Orleans Railway power station situated 





on the River Creuse at that place. The River 
Creuse flows north west from the Central Plateau 
into the River Loire. The Eguzon station forms 
an excellent example of the policy of linking railway 
electrification with general electricity supply. 
The station has been built by the Société l'Union 
Hydro-Electrique which, as we have already said, 
is an organisation formed jointly by the Orleans 
Railway Company and the Société l’Union d’Elec- 
tricité. The station not only supplies the railway, 
but delivers power to Paris by a 150 kv. line and 
works in conjunction with the steam stations of 
the city. What has been felt to be an important 
incidental advantage of this arrangement, and other 
similar ones in different parts of the country, is 
that large tracts of country previously out of touch 
with power supply are brought into its sphere by 
means of the high-tension mains passing through 
them. This, indeed, is the basic idea in linking 
general and railway supply, and has enabled dis- 
tribution networks to be carried into districts which 
it would have been economically impossible to 
supply from an independent system. 





and other, considerations determined the choice of 
a direct current standard. The regulations allow 
the use of either overhead or third-rail collec- 
tion, and in the case of both the Orleans and Midi 
Railways the former is employed. It certainly seems 
the more desirable for an electrification extending 
over many hundreds of miles of open country. 

The electrification which has been carried out, 
and that which is in progress on the Orleans 
Railway, is indicated in the map forming the accom- 
panying Fig. 2. The only hydro-electric stations 
actually in operation are those at Eguzon and 
Coindre. The stations at La Cellette, and Maréges 
indicated on the map, are not yet completed. The 
Eguzon station has an installed capacity of 50,000 
kw., and that at Coindre 25,000 kw. Up to the 
present, the main line from Paris to Vierzon has 
been converted to electric traction, but these two 
water-power stations are not of sufficient capacity 
to supply the whole of the necessary power, and 
run in parallel with the steam stations at Genne- 
villiers and Vitry. In addition to the question of 
capacity, the water supply at Eguzon does not 










Pointe de Grav¢ 


ae 
O-— -Sub Stations. 


+—-—-—-= Feeder Lines 150000 V. in Service. 
= Midi Railway. 


eonemeee- Midi Lines Proposed for Electrification. 


= Power Stations. 








++reeere = Feeder Lines 150,000 V. Projected. 





Fig.3. MIDI RAILWAY. 


Neussargues 
i} 
: , 
; 
ed 
/ e F ete 
Espalion § per 
Bertholéney_ 
Ao des yoeverac le 
gt Se 
Prag ‘on oF > ‘ fo 
565° entin(— PEO 
r] 7 CO ive 
Pa z 
— Graissessac 
7g J TOULOUSE Castres * 
or tet y 5 Beda ? 
ie '* 4 Av 
4 ‘~ p>’ ' 
, mezand oUss: pm 4 i 
SS" — ae | a os i ‘No 
nis Reng A i sg, 
Yea, ate SPoux", waite 
Lavelg d 


- Midi Lines Electrified or in course of Ei lectrifications si 












Wav 








= Change over Stations. 
8 a 


Standard electric power distribution systems 
in France operate on three-phase fifty periods, so 
that generation at Eguzon and other railway power 
stations is necessarily at fifty periods. Actually, 
generation takes place at 10,000 volts at Eguzon, 
and the current is stepped up to 150,000 volts and 
90,000 volts for transmission. At Coindre, which 
is situated in the neighbourhood of Eguzon, 
generation is at 5,500 volts. 

The standard main-line electrification system 
of the country is direct current at 1,500 volts, 
3,000 volts being allowed in exceptional cases. 
This standard was laid down by the French Govern- 
ment in 1920, after the report of a Commission 
appointed in 1918. Some earlier electrification work 
had been carried out in France on the single-phase 
system, particularly on the Midi Railway, but as 
it was determined that the railway and general 
power systems of the country should be inter- 
connectible, and general supply was already fixed 
at fifty periods, it was considered that the main 
argument for single-phase working no _ longer 
applied. With fifty-period main transmission, 
single-phase railway substations without rotating 
machinery were not practicable, so that, in this 
respect, single-phase traction had no advantage 
over direct-current. It was also considered that 
direct current locomotives had advantages in 
weight and cost over single-phase machines. These, 
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permit the station to be run continuously at full 
power, and actually it is operated almost entirely 
as a peak-load station. The conditions at Coindre 
normally allow of continuous operation at full power. 

As we have said, the Institution of Electrical 
Engineers party, together with a smaller party of 
the Société Francaise des Electriciens, visited 
Eguzon on the 16th inst., on the way to Bourdeaux. 
Later in the week, in conjunction with visits to Pau 
and Lourdes, they had an opportunity of seeing 
something of the electrification work on the Midi 
Railway, visiting a substation and the Hourat 
generating station at Laruns. This company is 
much better situated from the point of view of 
available water power than is the Orleans Company, 
and the very extensive electrification carried out 
is operated entirely from hydro-electric stations. 
Actually, the company has 16 generating stations, 
either in operation, under construction, or in 
project, and the whole system is run in parallel. 
Hydro-electric stations of other companies also 
link into the same transmission system as, for 
instance, the station at Luz of the Société des Forces 
Electrique de la Valée de Gavarnie, which the party 
visited on the 19th inst. 

It is impossible here to attempt to give a detailed 
description of any of these stations, the positions 
of which are indicated in Fig. 3. The falls at the 
different stations naturally vary, and, depending on 
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this condition, either Francis turbines or Pelton 
wheels are installed. The highest fall, of 2,300 ft., 
is at Eget. The generating sets installed run up to 
a@ maximum capacity of 10,000 h.p., smaller sets 
being used in some of the smaller stations. In 
general, the step-up transformers and switchgear are 
in the open air, the same arrangement being used 
for the step-down apparatus at substations. Steel 
towers are used for the transmission lines, and are 
also extensively employed for carrying the railway 
trolley wires. In some parts of the line which were 
visited, reinforced-concrete poles were used, but, in 
general, the lines appeared to be equipped with 
steel poles. The whole of the outdoor substation 
gear and transmission and distribution systems have 
an excellent and very neat appearance, and the 
work is evidently of a very high class throughout. 
It was noticeable that no cradles or similar protec- 
tions were installed at road or railway crossings. 

In addition to the Midi Railway electrification, 
other installations of technical interest were visited 
during the second week of the meeting. Among 
these was the nitrogen-products factory of the 
Société des Phosphates Tunisiens at Soulom. This 
works manufactures nitric acid by the oxidation of 
ammonia, which is itself formed synthetically from 
hydrogen obtained from the electrolysis of water. 
The works takes power from the hydro-electric 
station at Luz, which we have already mentioned, 
and also from the stations of the Union des Produc- 
teurs d’Electricité des Pyrenées Occidentales through 
the transmission system of the Midi Railway. The 
incoming three-phase supply is partly transformed 
to three-phase low tension for general works supply, 
and partly to low-tension continuous current for 
electrolysis. The electrolytic plant is capable of 
producing 80,000 cub. m. of hydrogen a day, which 
corresponds to 30 tons of ammonia. The hydrogen 
is combined with nitrogen in a Casale plant, the 
nitrogen being produced in a Claude plant by the 
distillation of liquid air. 

The nitric acid is produced by the oxidation of 
ammonia and the absorption of the resultant gas 
in water. The reaction is carried out in a plant 
made by the Bamag Meguin Company, of Berlin. 
It consists of 40 burners or furnaces, furnished with 
a platinum wire catalyst and a series of absorption 
towers. The greater part of the nitric acid is 
converted into calcium nitrate. The works form 
a very large and impressive establishment and 
produce some 9,000 tons of ammonia a year and 
300,000 sacks of calcium nitrate. The whole of the 
liquid oxygen which is available from the liquid-air 
plant is allowed to evaporate to waste, as the 
company’s licence to work a Claude plant does not 
cover the sale of oxygen produced in it. 

Another atmospheric-nitrogen works visited was 
that of the Société des Produits Azotés at Lanne- 
mezan. Unfortunately, in this case the time avail- 
able to view the works was quite inadequate, and 
there was opportunity for little more than a rapid 
walk through the various shops. The works manu- 
facture carbide of calcium and cyanamide. At 
Toulouse visits were made to the electrical engi- 
neering department of the University and to the 
new hydraulic testing station on the River Garonne. 
The station is part of the equipment of the Univer- 
sity, and affords unusually complete facilities for 
carrying out experimental work on dam forms, 
canal and nozzle discharges, &c. 

Other functions in connection with the meeting 
which should be mentioned were a dinner at Pau 
on the evening of the 17th inst., given by the Groupe 
Sud-Ouest de la Société Francaise des Electriciens. 
At this dinner, a presentation of a piece of plate was 
made by the Institution of Electrical Engineers to 
M. J. Grosselin, the Délégué Général de la Société 
Francaise des Electriciens, whose efforts added so 
much to the success of the meeting. At Toulouse, 
on the 20th inst., the party were entertained at the 
town hall by the mayor of the town. The last 
day of the meeting in the south was occupied with 
a visit to Carcassonne, and, at lunch on this day, an 
opportunity was taken by the Institution party to 
make a presentation to Madame Bunet, wife of the 
President of the Société Francaise des Electriciens. 
We cannot conclude this account of a very successful 
meeting without acknowledgment of the continued 
attention and courtesy of the members of the 
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Société Francaise and of Monsieur and Madame 
Bunet. The ever-ready attention of the French 
hosts was ably seconded on our side by Lieut.- 
Colonel Edgcumbe, the President, and Mrs. Edg- 
cumbe, and Mr. Rowell, the secretary, and Mrs. 
Rowell. The meeting terminated in an atmosphere 
of mutual goodwill in which it was a pleasure to 
share. Special thanks are also due to the Chemin 
de Fer D’Orléans and the Chemins de Fer du Midi, 
who provided a special train and transport through- 
out the second week of the meeting, free of charge. 








THE LATE MR. C. F. BRUSH. 


Tue death of Mr. Charles Francis Brush, which 
occurred at Cleveland, Ohio, on Saturday the 15 inst., 
at the age of 80, is a not untimely reminder that there 
was a system of electric lighting in existence before 
the incandescent lamp, of which so much has been 
heard lately, had been invented. As early as 1808 
Davy had shown that an “are” could be struck 
between the ends of two pieces of hard carbon, the 
other ends of which were connected to the poles 
of a battery, but as long as the latter remained 
the only source of electrical energy, this discovery 
could not be used industrially. The invention of 
the dynamo, however, caused many suggestions to 
be advanced for employing the arc lamp and espe- 
cially for overcoming the difficulty of the unequal 
consumption of the two carbons, when the direct- 
current parallel system of supply was used. Brush’s 
contribution to the solution of this difficulty was 
two-fold. In the first place, he invented a dynamo 
from which direct-current at high pressure could be 
obtained. This enabled the lamps to be worked 
thirty or fifty in series, and thus compensated for 
the unequal carbon wear. He also devised a lamp 
with an automatic feed of a much simpler type than 
had hitherto been used. 

It is worth recalling that the essential feature 
of the Brush dynamo was a number of coils wound 
on a laminated iron ring after the manner first 
devised by Gramme. Pairs of coils at the opposite 
ends of a diameter of this ring were connected in 
series and their ends brought out to a commutator. 
This commutator was so arranged that current was 
only collected when the E.M.F. in the coils was 
nearly a maximum. Two pairs of brushes were 
employed and these were set, so that they connected 
one pair of coils in series with two other pairs, the 
latter being in parallel, while the fourth pair was 
out of use. The machine therefore virtually con- 
sisted of four separate dynamos, which were con- 
nected in parallel or series as required. In this 
way a uniform current of about 10 amps. could be 
obtained at 2,000 to 2,500 volts, special arrange- 
ments being provided for reducing the voltage, if 
any of the lamps on the circuit were extinguished. 
A machine of this type was tested by Professor 
Elihu Thomson and Professor E. J. Houston, at 
the Franklin Institute in 1878, and was recommended 
for purchase by that organisation. As noted in our 
columns at the time, its jubilee was celebrated in 
February of last year, when papers were presented 
by Professor Thomson and the subject of this 
memoir. 

The lamp used in connection with this machine 
consisted of a fixed vertical negative carbon, over 
which the positive carbon was suspended. The 
latter was carried by a rod, which was surrounded 
by a loose ring. This ring was tilted by a metal 
finger, which, in turn, was lifted by a series electro- 
magnet, thus causing the carbon to be raised and the 
are struck when the current was switched on. If 
the current decreased or failed, the ring was released, 
so that the carbon fell and re-established the arc. 

Mr. Brush received his education at the Cleveland 
High School, and early showed an aptitude for 
physics and a certain inventive talent. He con- 
structed a number of microscopes, even down to 
grinding the lenses, and devised a system for 
electrically controlling gas-lighted street lamps. 
On leaving school he entered the University of 
Michigan at Ann Arbor, and in 1869 graduated as 
a mining engineer, one year in advance of his class. 
After working as an analytical chemist on his own 
account for three years, he entered into partnership 
with Mr. C. E. Bingham, as iron ore and pig mer- 
chants, and while thus engaged, in 1876, invented 


the dynamo of which we have given a description 
above. His arc lamp was devised in the following 
year, and at the same time he decided to devote 
himself entirely to electrical matters, entering into 
a contract with the Telegraph Supply Company, of 
Cleveland, by which that firm undertook the manvu- 
facture and sale of his electric light and other 
apparatus. The name of the company was changed 
to The Brush Electric Company in 1881, and it soon 
established offshoots in this country and. other 
parts of the world, playing a leading part in the 
pioneer efforts to establish a public supply of elec- 
tricity. In this connection, Mr. Brush actively 
continued his inventive work and devised a number 
of improvements both in his dynamo and arc 
lamps, as well as suggesting a storage battery, the 
feature of which was the mechanical application 
of the active material to the plates. 

Mr. Brush received considerable recognition for 
his work. He was awarded the honorary degree of 
Master of Science by the University of Michigan, 
and the degree of LL.D. by the Western Reserve 
University in 1900. In 1899 he received the 
Rumford Medal of the American Academy of Arts 
and Sciences, and the Edison medal in 1913. He 
was appointed a Chevalier of the Legion of Honour 
in 1881, in connection with the electrical exhibition 
held in Paris in that year. 








THE LATE MR. H. J. S. MACKAY. 


ENGINEERS connected with the electricity supply 
industry will learn with great regret of the death of 
Mr. Harry John Sutherland Mackay, which occurred 
on Wednesday, June 19, at the age of 57. During his 
long service with the Stirling Boiler Company, Limited, 
Mr. Mackay naturally made the acquaintance of 
most of those whose duties are concerned with power 
station operation, and endeared himself to them by his 
geniality and willingness to come to their assistance 
when occasion required. 

Mr. Mackay was born at Peebles on April 19, 1872, 
and was educated at Hillhead School, Glasgow, after- 
wards proceeding to the University in that city. Having 
ambitions to become an engineer, however, he broke 
off his course at that institution and began an appren- 
ticeship with Messrs. Alexander Chaplin and Company 
of Govan, simultaneously attending classes at the 
Glasgow and West of Scotland Technical School. He 
then entered the service of Messrs. David W. Henderson, 
Limited, to gain further drawing office and shop 
experience, while from 1894 to 1898 he served at sea 
on the ships of Messrs. MacLay and MacIntyre, Limited, 
of Glasgow, acting as chief engineer for the last two 
years of that time. For the next four years he was 
engaged with the National Boiler and General Insur- 
ance Company of Manchester, first as an inspecting 
engineer and then as assistant chief engineer. 

In 1902 Mr. Mackay joined the staff of the Stirling 
Boiler Company, Limited, with which concern he was 
engaged for the remainder of his professional life, serving 
successively as London manager, general manager, and 
managing director. During this time he was largely 
responsible for the development of the tri-drum boiler, 
which was at first mainly used in marine work, but has 
subsequently been largely employed in power station 
practice. He also devised a method of fitting tubes 
into boiler plates, which was particularly suitable for 
boilers designed for working pressures up to 1,390 lb. 
per square inch. 

Mr. Mackay was elected an Associate Member of the 
Institution of Mechanical Engineers in 1903. He 
was also a member of the Institution of Marine Engi- 
neers, and an Associate Member of the Institution of 
Naval Architects. 








THE LATE DR. T. BLACKWOOD 
MURRAY. 


WE regret to record the death of Dr. Thomas Black- 
wood Murray, which took place at Monthey, Switzerland, 
on Tuesday, June 11, at the age of 58. Dr. Murray 
may be said to have been one of the pioneers of the 
motor car industry in this country, since nearly 30 years 
he was a founder of the Albion Motor Car Company. 
This undertaking arose from an investigation he 
began into the possibility of using electrically operated 
road vehicles, but this failing of success, owing to the 
lack of suitable accumulators, he next turned his 
attention to the petrol engine and began manufacturing 
cars so fitted at premises in Finnieston-street, Glasgow 
in 1899. Three years later the works were moved 
to Scotstoun, where one of the largest factories in 
Glasgow has gradually been developed. The firm was 
converted into a limited liability company in 1914, 
in order that the necessary capital for carrying out 





urgent work for the War Department might be raised. 
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Some time before that the partners had decided 
to confine their activities to commercial vehicles, and 
during the war no less than 6,000 3-ton lorries were 
manufactured. In addition, a great deal of other 
special work was undertaken, including the design of 
the Chorlton-Albion-Murray light aeroplane engine 
for use in fighting scout machines. 

Dr. Murray was educated at Biggar School and 
George Watson’s College, Edinburgh, afterwards 
proceeding to the University in the latter town, where 
he studied under Professor F. G. Tait and received the 
degree of Bachelor of Science in Civil Engineering. 
He then served his apprenticeship with Messrs. King, 
Brown and Company of Edinburgh and Messrs. Rankin 
Kennedy and Company, of Glasgow. He afterwards 
occupied a position in his father’s office assisting the 
latter on the electrical side of his architect’s practice. 
During this period he patented a water-turbine governor, 
which received considerable application, and designed 
a number of electric lighting plants, including one in 
Edinburgh, where use was made of the waste heat 
from the refuse disposal works at Powderhall. In 
1893 he was appointed manager of the installation 
department of Messrs. Mavor and Coulson, and 
subsequently acted for four years as chief electrical 
engineer and works manager of the Mocar Syndicate. 

During the time he was connected with the Albion 
Motor Car Company, of which he was chairman and 
managing director until March last, Dr. Murray 
performed an enormous amount of experimental and 
research work, with a view to improving the motor 
vehicle, and took out a large number of patents covering 
engines, carburettors, magnetos and _lubricators. 
He was elected a member of the Institution of Civil 
Engineers in 1913, and was also a member of the 
Institution of Electrical Engineers, serving as vice- 
chairman of the Scottish Section of the latter body. 
He acted as president of the Institution of Engineers 
and Shipbuilders in Scotland in 1919-20, and was 
a past vice-president of the Institution of Automobile 
Engineers. He received the degree of Doctor of 
Science in Engineering at the University of Edinburgh 
in 1917. 








THE LATE MR. C. W. HILL. 


Mr. CLaupE Witt1amM Hut, who died on Saturday, 
June 22, at the age of 67, had had a distinguished and 
useful career as a consulting engineer. Though his 
activities were largely concerned with the design of 
electrical equipment for a number of important 
civil and mechanical engineering projects, he also 
carried out a great deal of interesting work in other 
fields, including the design of mooring masts for air- 
ships and arrangements for the manufacture of mine 
sinkers for the Admiralty. 

Mr. Hill received his early education at Ardingley 
College and his technical training at Owen’s College, 
Manchester. On leaving the latter institution in 
1881, he was for a time in the drawing offices of Sir 
Joseph Whitworth and Company and Messrs. H. B. 
Barlow and Company. Subsequently, he served with 
Messrs. Mather and Platt, for whom he acted as 
electrical representative in Russia, while in 1886 he 
joined the firm of Messrs. J. F. Waddington and Com- 
pany. During the time he was with this latter company 
he designed a new machine shop, as well as the pro- 
AAR fy ce for one of the early submarines, and 
was also in charge of their electrical department. He 
served in a similar capacity with Messrs. Josse and 
Company, of Port Said, and for three years was chief 
draughtsman and works manager of Messrs. Charles- 
worth Hall and Company, subsequently Messrs. J. P. 
Hall and Company, of Dartford. 

This somewhat varied experience stood him in good 
stead when in 1891 he established a practice as a con- 
sulting engineer on his own account. At first he had 
offices in Manchester, and during this time designed 
engineering works for Messrs. Hughes and Lancaster. 
Shortly, however, he reverted to manufacturing, and 
for five years was manager of Messrs. Paterson and 
Cooper at Dalston, and then for a short period general 
manager of the Phoenix Dynamo Company, Limited, of 
Bradford. In 1897 he again began practising as a 
consultant, this time in London, and soon worked up 
an extensive connection. Amorg his earlier clients 
were the Cleveland Bridge Company, of Darlington, 
the electrification of whose works were carried out on 
his advice. He was also responsible for the design of 
the machinery used in the construction of the King 
Edward VII Bridge at Newcastle-on-Tyne. This in- 
cluded a 6500-h.p. generating station and about 
1,000 h.p. of motors. Subsequently, he designed 
machinery and electrical equipment for the Franco- 
British Exhibition at Shepherd’s Bush in 1908, and 
for the rolling lift bridges over the River Towey at 
Carmarthen and over the Suir at Waterford. A full 
description of the latter bridge was given in our issue 
of April 21,1911. The swing bridge at Limerick was 


also equipped with machinery manufactured to his 
designs. 
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His first connection with aeronautics took place 
when he designed the manual and electrical equipment 
for operating the doors of the airship sheds at East 
Fortune, Howden and Killeagh, while among his 
further activities were the installation of hydraulic 
coaling cranes at the Tilbury jetty for the Tilbury 
Coaling Company, Limited, and the inspection of 
cranes, locomotives, pumping plant and electrical 
machinery for the Port of London Authority. He 
also acted as joint consulting engineer to the London, 
Tilbury and Southend Railway for the electrification 
of their locomotive and carriage and wagon shops 
and running sheds at Plaistow. During the war he 
was consulting engineer to the Ministry of Munitions, 
having special charge of a number of shell factories, 
while recently he advised a number of firms on the 
installation of machinery for dealing with bulk 
cargoes. 

Mr. Hill was elected an associate member of the 
Institution of Civil Engineers in 1893 and a member 
in 1925. He was awarded the Telford Premium of 
that body in 1905 for a paper on “ Electric Cranes.” 
He was also a member of the Institution of Electrical 
Engineers, and of the Institution of Mining Engineers. 
He served on the Engineering Committee of the Inter- 
national Exhibition at Shepherd’s Bush in 1909, on 
the Council of the Smoke Abatement Exhibition, 1912, 
and on the Engineering Committee of the Anglo- 
American Exhibition, Shepherd’s Bush, in 1914. He 
was the author of books on “ Electric Crane Construc- 
tion ” and “‘ The Design of Toothed Gear.” 








LETTERS TO THE EDITOR. 


eo 


THE MEASUREMENT OF POWER 
FACTOR. 
To THE EpiTrorR oF ENGINEERING. 


Sir,—In the leading article in ENGINEERING of 
May 24, at the foot of the second column, page 647, 
a statement intended to explain the reason for power- 
factor charges in electricity supply tariffs reads: 
‘* When electricity is supplied on the 3-phase system... 
the energy is generated and transmitted most economic- 
ally when the current in all three conductors at any 
time is the same.” 

This quite correct statement seems to confuse 
phase balance with power factor. A three-phase load 
may be perfectly balanced at any power-factor from 
unity to zero, lagging or leading; hence the fact 
stated does not explain the necessity for recognising 
power-factor in charges made to consumers. It does 
justify penalising current unbalance, a quite different 
condition. 

I am, Sir, 
Yours very truly, 
Henry M. Sayers. 

9, Knollys-road, Streatham, S.W.16. 

June 13, 1929. 








A NEW STRAIGHT-LINE MOTION. 
To THE EpIToR OF ENGINEERING. 


Srr,—In reference to Mr. P. Cormac’s article on “ A 
New Straight-Line Motion,” in your issue of May 31, 
it is of interest that the linkage arrangement (Fig. 2, 
page 663), described by him, in which ‘“ contraparal- 
lelograms’’ (called “‘ crossed quadrilaterals’’ by Mr. 
Cormac) are used, may be effected by a “ cellular” 
linkage in which there is no crossing of the links. The 
arrangement is shown by Fig. 1, above. 

The various links, eight in number (the same as 
that in the crossed link arrangement described by 
Mr. Cormac) are of the relative length values 1, 2, 
and 4, forming a large (a, B, cy, D) and small (do, e, c, 
D) “spear head”’ and a parallelogram (a,, 5, c,, D) 
with four equal sides. 

The arrangement of linakages for the purpose of 
subdividing angles (which is what the problem amounts 
to) has been effected in various ways and was first 
prominently drawn attention to by my brother (the 
late Sir A. B. Kempe) in a small book “ How to Draw 
a Straight Line,” published in 1877 as one of the 
“Nature Series.” The following is, however, I 
believe, new, and is noticeable as being a direct method 
in which all the links are of the same length. 

In Fig. 2, a, 61, cy, D; a, 6, c, D; ag, bg, cg, D, are link 
parallelograms, the sides of which are all of equal 
length. The corners D of the parallelograms are 
linked together at D. The sides bc and a, ), are 
linked together at e (which is midway between 6 
and c and between a, and 6), and, similarly, 5, c, 
and a, 6, are linked together at e,. As the parallelo- 
grams are similar and are similarly linked together, 
it is obvious that the distances @ to a, and a, to a, 
are the same, so that », must equal 93. 

It is clear that any number of additional parallelo- 
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grams can be added, each one giving a further angle 
equal to ¢, and @; at D. 

It may be noted that the sides 6, c, and c, D and 
the half side e, 6, of the last parallelogram can be 
dispensed with. 


Fig.1. 
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The general subject of linkages, although it excited 
considerable interest when drawn attention to some 
50 years ago, has failed to mature practically, the 
reason being that unless the movement of the links 
in a system is kept within rather narrow limits the 
whole arrangement (although theoretically accurate) 
ceases to be mechanically rigid owing to the flatness 
of the angles which certain of the links make with 


each other. As far as I am aware this fact has never 
been pointed out. 
Yours truly, 
H. R. Kemps, 


M.Inst.C.E. 
Brockham, Bletchworth, 
Surrey. 








THE NORTH-EAST COAST 
EXHIBITION. 


To THE EprrorR OF ENGINEERING. 

Smr,—As we mentioned to you recently, we have 
noticed in your issue of May 31 that you have stated 
that the main illumination of the North-East Coast 
Exhibition was carried out by Messrs. The General 
Electric Company, Limited. 

We should therefore like to bring to your notice the 
fact that whilst the General Electric Company have 
carried out a certain amount of work they have by no 
means the biggest share in the general illumination, and 
we should be glad if you would in your next issue give 
some fuller information which would do more justice 
to the various firms who have been engaged on the work. 

In the first place we would inform you that we have 
acted as Consulting Electric Engineers to the Exhibition 
Authorities, and in this capacity have carried out the 
whole of the electrical work, including the supply and 
distribution of electricity to all buildings, and 
throughout the grounds, including the supplies of 
current to inside and outside exhibitors, together with 
the whole scheme of buildings and grounds illumination. 

As regards the illumination scheme, the work in 
connection with the illumination of the main avenue 
and grand court, and the whole of the flood lighting of 
the buildings and other work has been carried out by 
Messrs. The British Thomson Houston Company. 

Other firms who have been employed on inside 
illumination are Messrs. Frederick Thomas and 
Company, Limited, Holophane, Limited, Metro- 
Vickers Electrical Company, Limited, and Revo 
Electric Company. 

Yours faithfully, 
For Mountatn, Woop anpD MacLean. 
A. B. MaciEan. 
Sun Buildings, 
Newcastle-on-Tyne. 
June 13, 1929. 
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THE MODAVE SYSTEM OF DUST 
EXTRACTION FROM FLUE GASES. 


THE problem of how best to prevent the gases and 
solids which are produced by burning coal for the 
generation of electricity, and for other industrial 
purposes, from becoming a menace to the health of 
the neighbourhood and causing damage to adjacent 
buildings, has been engaging the attention of engineers 
for some time. As is well-known, the combustion of 
coal tends to create what is popularly and legally 
known as a nuisance for three reasons :—As some 
hundreds of tons of coal may be burnt per week in the 
relatively small space occupied by a modern power 
station, the volume of smoke and gas emitted as a 
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SYSTEM OF DUST EXTRACTION FROM FLUE GASES. 
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result will be large and highly concentrated. These 
emissions, especially when pulverised fuel is used, 
carry with them a quantity of dust or grit which, 
unless previously removed, is deposited on the land 
and buildings nearby. Further, the gases include 
in their composition a certain proportion of sulphur 
the potential harmful effects of which have recently 
been fully advertised in this country in connection 
with the Battersea power station. A reduction in the 
volume of smoke can, of course, be achieved by careful 
attention to the combustion processes, while similarly 
it is hoped that the amount of sulphur products can be 
lessened by care in the selection of the coal used and by 
chemical treatment of the gases. Finally, a large pro- 
portion of the dust may be trapped by placing cyclones 
in the flues or by washing out the solid matter before 
the top of the chimney is reached. 

An interesting application of the latter method has 
been devised by M. A. Modave, and is illustrated 
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in Figs. 1 to 7 annexed. It consists essentially of 
a number of hollow rectangular elements E, the area 
of which depends on the quantity of gas that has to 
be treated. The details of these elements will be 
clear from Figs. 4 and 5. At the upper part of the 
installation there is a tank R, Fig. 2, the supply of 
water to which is controlled automatically by the 
ball cock V, so that the level is maintained constant. 
The water flows from this tank into the individual 
elements through a series of calibrated orifices and 
from each orifice a pipe extends downwards for some 
distance into the interior. Each element is thus filled 
with water which overflows and trickles down over the 
outer surface. The elements are arranged vertically, 
and at an appropriate distance apart in parallel rows, 
staggered, as shown in Figs. 3 and 5. The whole 
apparatus is provided with a sheet-iron casing, the 
external appearance of which will be clear from Fig. 1, 
which shows one of the arresters installed at the 
Usines Remy at Wygmael in the flue from a boiler 
fired with pulverised fuel. 

The path of gases is perpendicular to the axis of the 
elements, and, owing to the arrangement of the latter, 
is tortuous. The shape of the elements is such that 
intimate contact is established between the gases and 
the water and both small and large particles of solid 
matter are effectively extracted. The water containing 
the dust, &c., collects in the reservoir B, and is 
drawn off through the valve D or the overflow T 
shown in Fig. 2. 





As the equipment has no moving parts, among the 
advantages claimed for it is that it requires no super- 
vision, and absorbs no power for operation. To 
ensure proper working it is only necessary that a 
continuous supply of water should be maintained. Its 
efficiency, based on the amount of dust in the gases 
before and after treatment, is stated to be 90 per cent. 
About 0-35 litre of water is required per cubic metre 
of gas (0-0016 gall. per cubic foot), and the drop in 
pressure is from 18 to 20 mm. (0-71 to 0-79 in.) water 
gauge, while the temperature is reduced some 50 to 
60 deg. C. (90 to 108 deg. F.) in the installations now 
in service. 

Extractors of,this type have been installed on two 
boilers with a heating surface of 2,000 sq. m. (21,528 














[JUNE 28, 1929. 








ENGINEERING. 





sq. ft.), which are at work in the power station of the 
Compagnie Parisienne de Distribution d’Electricité at 
Issy-les-Moulineaux, Paris, and the layout of this 
installation is shown in Figs. 6 and 7. A somewhat 
smaller installation is employed at the Vitry power 
station, which supplies the environs of Paris, as ex- 
plained in an account of the Summer Meeting of 
the Institution of Electrical Engineers. The equipment 
is manufactured by the Ateliers J. Hanrez, Société 
Anonyme, of Monceau-sur-Sambre, Belgium. 








SEA TRIALS OF ITALIAN 
DESTROYERS.* 
By Lieut.-Colonel F. Donpona, Naval Constructor, 
R.LN. 

In recent years there have been built at various 
Italian shipyards a number of types of destroyers, the 
characteristics of which do not differ greatly, and 
which have all reached very high speeds—over 36 
knots—and represent outstanding examples of modern 
naval construction. In accordance with the conditions 
of contract, all the groups of similar units have carried 
out a considerable number of trials (full-speed trials and 
consumption trials at various speeds), whilst one ship 
in each group has also carried out progressive speed trials 
on the measured mile, so that a number of results of 
trials are available, with which it has been possible to 
draw representative curves of the behaviour of the ships 
at different speeds and of the variations of the charac- 
teristic factors of propulsion. Obviously the curves 
could not be drawn to pass through all the points from 
the different trials. It appeared better, therefore, to 
plot separate curves, instead of mean curves, taking 
into consideration, for each of the above-mentioned 
types, the different groups into which they have been 
subdivided by the construction being entrusted to 
different firms. Nevertheless it was also necessary, 
in the more restricted groups, constituted by a maxi- 
mum of three units, to neglect some abnormal point 
belonging to some particular unit, and to limit the 
plotting of the curves to the points relating principally 
to the ship with which the progressive speed trials were 
carried out, and for which, therefore, there were avail- 
able a larger number of factors suitable for determining 
the direction of the curve. 

It is interesting to note that, for two of the types of 
ships considered, it has been possible for the first time 
in the Italian Royal Navy to carry out the systematic 
observation of the thrust generated by the propeller at 
different speeds by reading the thrust meters applied to 
the thrust blocks, so that it has been possible also to draw 
the curve of thrust powers in terms of speeds. Further, 
it has been possible accurately to examine the relation 
between the horse-power necessary for towing which has 
been determined in the tank experiments for a certain 
hull (E.H.P.), and the effective horse-power of the thrust 
delivered to the ship (T. H. P.), or between the same 
towing power and the power supplied to the propeller 
shafts (S.H.P.). Ifthe latter ratio gives us the total pro- 
pulsive coefficient, which takes account amongst other 
things of the efficiency of the propeller, it is known that 
no consideration of the behaviour of the propeller has 


anything to do with the ratio a —that is to say, 


pS :  s 
with the ratio between the power necessary for towing 
and the effective thrust. Since the towing power 
determined in the tank, which has been taken into 
consideration in the various cases, is referred to the bare 
hull, i.e. without appendages, whenever there are 
factors which may similarly be deduced from analogous 
tank trials, concerning the increase of resistance 
caused by these appendages, we may deduce the value 
of the other secondary phenomena which occur in 
investigating propulsion, i.e., the resistance due to the 
presence of the propeller giving rise to the phenomenon 
of the drag (otherwise called thrust deduction) and 
the action of the wake accompanying the movement 
of the ship. Another examination rendered possible by 
the measurement of the thrust is that of the variations 
f the ratio inca 
— S.H.P. 
thrust and the horse-power transmitted to the pro- 
peller. This figure in effect represents the efficiency 
of the propeller, that is, the ability of the propeller 
to transform into effective thrust on the ship the power 
which is transmitted to it by the propeller shaft, multi- 
= by the mechanical efficiency (which may, however, 
considered very near unity) of that part of the 
shafting between the torsion-meter and the propeller. 
It is to be observed that the values of the E.H.P. 
are deduced from the tank experiments, and therefore 
do not take account, owing to the way in which these 
experiments are conducted, of anything except the 
resistance encountered by the model being towed. 
The values of T. H. P., which have been calculated, tak- 
ing into account the effective thrust applied to the ship 
and the effective speed of the ship, represent’on their 


between the effective power of the 


* Paper read before the Institution of Naval Architects, 
Abridged. 


on Wednesday, March 20, 1929. 





part only the resistance encountered by the moving 
ship, and are therefore quite comparable with the 
E.H.P. On the other hand, the S.H.P. also takes 
effectively into account the conditions under which the 
propeller works, so that it can be said that the total 





x 5 E.H.P. E.H.P. if: 5 a 
popehive contol, core = gee “gee 
divided into one coefficient, rena , which may be 





called the coefficient of towing, and represents the 


and by the effective density of the water in which 
it works. The figures of the thrust in the trials of 
the ships which are being considered, and the ratios 
EP. TEP. E.H.P. 

THP.’ SEP. "4 spp, teduced from them, annie 
in curves, of which Figs. 3 and 3a are typical, 
permit of following the direction of the various co- 
efficients previously examined, and then of deducing 
from them conclusions which, supported by other 
experience of the same kind, enable us to establish a 
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TABLE I. 
First Type. Second Type. Third Type. 
| 
Sella. Crispi. Sauro. Manin. f on Borea. 
. . -20 
Length at flotation, metres s ax ss : 84-54 90-15 98- 
Breadth outside of plating, metres Pe es a) 8-63 9-20 9-31 
Mean draught under keel, metres . 2-90 3-24 ail 
Displacement, metric tons - i - | 1,150 1,300 —_. 
Wetted surface of hull, square metres .. ne ae 802-15 887-5 7 
Area of immersed midship section, square metres =| 20-91 23-22 te 
Ratio, length to breadth .. se i = | 9-80 9-80 el 
» draught to breadth 0-336 0-353 an 
» length to draught .. 29-12 27-79 . oe 
Block coefficient ae 0-532 0-471 = 
Prismatic coefficient c 0-634 0-605 oa 
Waterplane area coefficient 0-730 0-735 ore 
Midship section coefficient 0-837 0-780 Peon apo 
Pitch of the screw, metres a ie ; ; 3-400 3-600 3-300 pons thee 
Diameter of the screw, metres... Rae af, «o|  2eOe0 3-000 3-000 fi feo 
Ratio, pitch to diameter .. ~ Ss ae “of 1-172 1-200 1-100 















































TaBLeE II law of a general character or to analyse more clearly a 
a —— phenomenon which up to now has not been completely 
| . 
| First | Second Third | elucidated. i ; 
Type. Type. | Type. The characteristics of the three types of destroyers 
= are given in Table I. The ships of the first pny —- 
i tieri Pattison, of Naples, and have 
Length at flotation, metres | 84-67 90-16 | 93-20 | built by the Can , of D , ha 
Breadth outside of plating, | | exactly similar hulls, the only difference existing 
metres. ne ee 8-63 | 9°20 9-20 between the first three (Sella, Nicotera, Ricasoli) and 
——— — | 2-99 | 3-08 | 3-02 the fourth (Crispi) being in the propelling machinery. 
Displacement, metric tons ..| 1,200 1,200 | 1,200 The turbines of the first three are of Parsons geared 
Wetted surface of the hull, | 3-5 | 873-85 | t¥pe, whilst those of the fourth are of Belluzzo type, 
joot reac midship ‘| rr - and for the latter the constructor has considered it 
section, square metres ..| 21-69 21-70 21:16 | advisable to fit different propellers, the particulars of 
Ratio, length to breadth ..| i | vos | = z. which are given in the table. The ships of the second 
6 Sat ae as Py 29.28 80-89 type, of Odero design, were constructed, two by the 
Block coefficient .. 0-537 | 0-458 | 0-452 |Cantieri Navali Odero, of Genova-Sestri (Sauro and 
Eriematio crpecpenc eT eo ca | oo Battisti), and the other two by the Cantieri Navali 
Wat ane area coefficient. . | : 42 . ‘ f 
Mideiip section coefficient.) 0-842 | 0-766 | 0-762 |del Quarnaro at Fiume (Manin and Nullo). The 
ships of the third type, also of Odero design, were 
TABLE III. 
First Type. | Second Type. Third Type. 
Sella. | Crispi. | Sauro. Manin. Turbine. Espero, | Borea. 
| ae; 
ar i | | 
y | . . . 9 . 
ear maximum 0-528 | 0-531 0-570 0-553 be “~ . ae fe oy 
~ Corr i d, knots 29 «=| 21-2-33-5| 23-9 | 21 . (20-6) ? . 
ee revolutions 312 | 210-350 | 235 | 216 270 (193) ? 290 
a maximum — — | 0-870 | 0-815 0-890 — 0-805 
7.0.2. | 
. : 20-0 — 18-3 
Corresponding speed, knots ae | _ | — | Qis7 | 22°8 
Corresponding revolutions oe ey are _ | ae | 221 | 240 185 a 184 
T-H-P. maximum .. _ — | 0-680 | 0-710 | 0-623 - 0-590 
S.H.P. | ; 
Corresponding speed, knots = si 2-6 | 18 o2?-82, on 28-5 
Corresponding revolutions - — 260 | 180 : — a 
Ce minimum ae ae ee 281°5 281-5 295 | 295 31 312 4 
Critical speed for towage, knots 29-2 | 29-2 30-4 30-4 = 30 an 
Cs minimum ce a oe _— | -= 225 221 33-3 —_— as 
Critical speed for thrust, knots — | _ 32-4 82-3 oo —_ ae 
Corresponding revolutions _ oo 390 380 143 ri oo 
C minimum = és os 148 150 139 <122 124 oo 
Critical speed for propulsion knots 30-6 29-2 35-8 | >88 os 36 a 
Corresponding revolutions i es as 350 300 455 | >6500 408 
Data referring to maximum speed of group :— ; 
cxhewe Baad knots ee os .-| 88-06 | 38-6 37 | “4 oe | "4 7s 
‘ Corresponding revolutions 468 416 po | = e785 | 46 | = 
| Pa a a 152 171-5 139-2 | 123-6 148-2 | 125-5 =| 104-6 
_—- 0-470 0-528 0-440 0-380 | 0-420 0-360 0-312 
8.H.P. | | | 
a — — | 0-785 | 0-807 | 0-792 — 0-710 
pe aS | | 
baad -- _ 0-560 0-471 | 0-532 — | 0-436 
S.H.P. 5 | | 
a= rs el =. maximum .. 3:16 |2-31-3-66| 2-515 2-21 | 2-765 (2-25) ? 2-715 
J/L 8.H.P. | 
| 4-150 | 4-21 3-9 3-94 | 4:09 | 8-98 3-79 


a=- for V maximum 
VL 





greater or lesser capacity of the ship for realising the 
conditions of resistance to towing in which the tank 
trials on the bare hull were carried out. The other 
. aE or propulsive coefficient proper, 
represents the greater or lesser suitability of the pro- 
peller for transforming into propulsive energy the 
energy of rotation which is transmitted to it by the 
shaft in the particular circumstances presented by the 
speed of effective advance in the surrounding water 


coefficient 





| | 
| | 





built to the number of eight, of which two (Turbine 
and Aquilone) by the Cantieri Navali Odero at Genova- 
Sestri, two (Nembo and Euro) by the Cantieri del 
Tirreno at Riva Trigoso, and four (Borea, Espero, 
Zeffiro, and Ostro) by the Cantieri Navali Ansaldo at 
Genova-Sestri. Amongst the latter the Borea differs 
from the others because it has carried out its trials 
with propellers differing from those of the other ships. 

Each of the 16 ships has carried out a trial of four 
hours at maximum speed over the measured distance 
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(on a length of about 31 miles for the two Sauro and | thrust were made. For the two Nembo the readings 
the eight Turbine, 24 miles for the two Manin, 20| of the torsion-meter are lacking, and it was decided 


miles for the three Sella class, and 8 to 12 miles 
for the Crispi) twice in one direction and twice in the 
opposite direction, and a consumption trial of six 
hours at a speed of about 15 knots for the first two 
types, and of about 20 knots for the third. Moreover, 
for each group, consisting of ships built by separate 
firms, one ship has carried out trials at progressive 
speeds, t.e., determining the factors of speed and power 
for six or seven spots lying between a speed of about 
13 knots and the maximum ; these trials were carried 


out over a course of about 3-3 miles (1-3 for the four | 


Sella and 2-4 for the two Manin class), traversing the 
course once in each of the two directions for the lower 
speeds and twice in each direction for the maximum 
speed. Moreover, trials were carried out at progressive 
speeds with the Crispi at the contract displacement, 
and with an increased displacement very near that 
which the ship will reach on service, and progressive 
speed trials with the Borea, which has propellers 
differing from those of the other units of the group. 
Consideration has been given to the results of all the 
trials, t.e., 14 for the three Sella, 11 for the Crispi at 
contract displacement, 16 for the two Sauro, 14 for 
the two Manin, 10 for the two Turbine, 11 for the two 
Nembo, 15 for the three Espero, and eight for the 
Borea—99 in all. 

The first attempts to plot as curves the results from 
all the similar units of each type, even when built 
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not to publish the other factors, which have no 
particular interest. 

It should here be noted that all the powers, whether 
deduced from the Tank trials or from readings taken 
during sea trials, have been referred to a single displace- 
ment of 1,200 tons. This was possible owing to the 
circumstance that the difference between this value 
of the displacement and its smallest value for the 
ships undergoing trials (1,042 tons at the progressive 
trials of the Sella) is only 13 per cent., and within these 
limits it is shown that the variation of power in passing 
from one displacement to another of the same ship is 
proportional to the variation of this displacement. 
This demonstration, which is found from the examina- 
tion of the results of sea trials and Tank trials of different 
hulls at various draughts, is fully confirmed in our 
case for variations in displacement much greater than 
those which interest us in the trials of the Crispi herself. 
Indeed, with this ship two series of progressive trials 
were carried out, as we have said above, the one with 
a mean displacement of 1,100 tons and the other with 
a displacement of 1,363 tons, that is, with a difference 
of 24 per cent., and the percentage difference in shaft 
horse-power found between the two trials was about 
23 per cent. Another series of progressive speed 
trials at an increased displacement is shortly to be 
carried out with the destroyer Turbine, and this also 
may give interesting results. With this correction 
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by different firms, has shown the impossibility °f 
arriving at positive results, for well-known reasons. 
It seemed, therefore, to be more satisfactory to collect 
into separate curves the results of trials of similar 
ships built by any one firm. In this way it was possible 
to have more homogeneous data available, and to 
plot sufficiently accurate curves representing a fair 
mean of the various factors from the trials. Curves 
have been plotted representing as a function of the 
speed of the ship V in knots :— 

(a) The number of revolutions per minute, or 7; 

60np— 1,852 V . 
— na (c) the number 


of revolutions per minute per knot, 7 ; (d) the power 


read from the torsion-meter in shaft horse-power, 
S.H.P.; (e) the power deduced from the readings of 
the thrust at the thrust-meter in horse-power, T.H.P. ; 
(f) the towing power deduced from the Tank trial 
curve for the bare hull (i.e., without appendages) in 
horse-power, E.H.P.; (g) the coefficient of towing, 


(A) the coefficient of propulsion, pa 7 


(b) the percentage slip, 


z HP. ’ 
ar. P. 
SHE.’ and (J) the 
Di v3 
: SHOP” For 
an easier and more comprehensive reading it was 
considered convenient to take part of these curves in 
another form as diagrams to be read as a function of 
the number of revolutions per minute. In these 
diagrams have also been added the curves representing : 
(m) the value of the Admiralty constant referred to 
Divs 
Eacp, * (*) the 
value of the Admiralty constant referred to the power 
deduced from the reading of the thrust at the thrust- 
Di ys 
ZEP.” 


TH.’ 
(i) the total propulsive coefficient, 





value of the Admiralty constant, C = 


the power for towing in the Tank: C, = 


meter: Cr = The diagrams for the Sella class 


and the Crispi lack all the factors into which the 
T.H.P. enters, since on these ships no thrust-meter 
was fitted. The same may be said for the diagram 
relating to the Espero class, since owing to a defect 
in the working of the thrust-meter no readings of the 
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of the powers there is the means for 
making direct comparisons between the 
results of the trials of the different units, 
and also all the Admiralty constants, 
which are read for one determined speed 
on the curves of the different tables, 
may be compared as functions of the 
power alone, the displacement being the (306.8) 
same in the different cases. No variation 

has been made, either in the number of revolutions 
per minute or in the slip, which have been set out in 
a curve as resulting from the sea trials, neglecting 
only the points which there was reason to consider 
abnormal. 

Proceeding now to analyse the results with the aid 
of the diagrams,* some observations can be made which, 
however, should be preceded by an examination of the 
characteristic elements of the different hulls at the 
constant displacement of 1,200 tons considered as the 
point of reference of all the powers examined (Table IT). 
It is seen that the hulls of the three types are very 
suitable for comparison with one another, although 
the first is appreciably shorter than the others. The 
ratio between the length and breadth is practically the 
same for the three, and is a normal ratio for this type 
of ship. The fuller lines of the first hull, characterised 
by a shorter length and by a greater coefficient of 
fineness, have been obtained by a greater fullness of 
the midship section, because the forms at the water- 
line are practically of the same fineness as the other 
two. In Table III, in order to give a clearer view, 
the more salient factors deduced from the curves 
have been collected together. The highest coefficient 
of propulsion (0-570) is reached by the Sauro at a 
speed of 23-9 knots at 235 r.p.m. The highest coeffi- 
cient of towing (0-890) is reached by the Turbine 
at a speed of 20 knots and 185r.p.m. The uniformity 
of the higher coefficients of towing is notable, varying 
as they do between 0-805 and 0-890 with a mean of 
0-845, all being found in a fairly restricted zone of 
speeds between 18-3 and 22-8 knots. For the ships 
for which these coefficients have been ascertained, 





* From considerations of space it is only possible to 
reproduce two of these. [Ed.E.] 

















no comparative factors have been deduced from the 
Tank trials of the resistance of the bare hull compared 
with the resistance of the hull furnished with appen- 
dages. But these factors have been obtained for the 
hull of the Sella, and are equally applicable to the 
other hulls under consideration, as the differences 
between them are very slight. Now, for the Sella 
the appendages cause an increase of resistance of 
12 per cent., compared with that of the bare hull. 
7 1— 0-12 4-88 
It may therefore be said that Tas "ola = 1-04 
is the minimum mean coefficient of the increase’ of 
resistance, due jointly to the drag (or thrust-deduction 
coefficient) and to the accompanying wake. 
4 ; .P. 
As regards the propulsive coefficient proper, SHP’ 
the curves relating to the hulls of the Sauro and the 
Manin at the lower speeds must not be taken into 
consideration, because their direction is rather irrational, 
not only because they reach exceptionally high values, 
but because they tend to rise, i.e., towards reaching a 
maximum efficiency, which, though it cannot absolutely 
be excluded under certain favourable circumstances, 
yet ought to be supported by other accurate experi- 
ments before being taken into serious consideration. 
These zones of the curves being excluded, however, it 


is noted that the highest coefficient, ae 


SELP. = 0- 710, 
is reached by the Manin at the speed of 18 knots and 
180 revolutions per minute. The maximum values of 
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this coefficient are maintained fairly uniform between 
0-59 and 0-71, with a mean of 0-65, which represents a 
good enough efficiency of the propeller. It is to be 
observed that for the Turbine group the maximum 
coefficient under examination is carried into a zone of 
speeds much higher than those which the maximum 
coefficients of the other units have reached, with a 
propeller of smaller pitch, and this is probably due to 
the greater pitch of the propeller of the Turbine group 
relative to the others. From an examination of the 
various elements of propulsion at the highest speed 
reached by the various ships, it is observed that the 
highest total propulsive coefficient was that of Crispi 
(0-528) at a speed of 38-6 knots. Also at the highest 
speeds we find a good uniformity of the coefficient of 


towing, wee which is maintained between 0-710 and 


0-807, showing practically the same values for the 
Sauro, Manin, and Turbine. The propulsive coefficient 


T-H-P. varies between slightly wider limits (0-436 to 


S.H P. 

0-560). The better behaviour of the Turbine, with 
propellers having a pitch of 3-60 metres, which were 
appropriately fitted, is to be noted as compared with the 
Borea, which completed her trials with the propellers 
first designed with a pitch of 3-30 metres. This 
difference in behaviour, although in a lesser degree, is 
also shown between the Espero and the Borea, two 
ships which were built by the same firm, and in which 
the slight differences which are encountered in the 
determination of the tangential modulus of the shafts of 
ships of different origin cannot have had any influence. 
It is to be observed that the ratio between the pitches 
of the propellers of these two ships, atid = 1-09, is 
practically equal to the inverse of the ratio between the 
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corresponding number of revolutions per minute, 
sy reached at the highest speed. 

Some other observations may be suggested by an 
examination of the direction of the curves C, Cr, Cz, 
which show the way in which with the different hulls 
it was best to utilise the power of the propelling 
machinery at the different speeds. The curve Cy 
shows that the hulls as designed have all reached a 
minimum Cy, and therefore a maximum relative power 
at fairly uniform speeds lying between 29-2 and 30-4 
knots. Considering only the second and third types of 
ship, for which we have more complete trial data, we 
see that the critical speed in the tank was determined 
between 30 and 30-4 knots with Cy, between 295 and 
312, i.e., with a variation of 5-5 per cent. with respect 
to the minimum. These experimental data, which 
refer only to the towing of the bare hull, have been prac- 
tically realised in the sea trials, though with a certain 
displacement of phase, due to the action of the 
additional resistances and the phenomena of drag and 
wake. In fact, it is observed from the curves Cr 
(relative to the thrust horse-power and therefore 
directly comparable with the curves Cy) that the 
corresponding critical speeds are realised between 32-3 
and 33-3 knots with Cy lying between 221 and 231, #.e., 
with a variation of 4-5 per cent. with respect to the 
lowest of these values. If we to an examination 
of the curves of C, in which the action of the propeller 
takes effect, the results are no longer so nearly in 
agreement with those of the tank trials; but here also 
we observe a displacement of the critical speeds towards 
higher speeds. If we exclude the results with the 
Borea, which carried out her trials with propellers 
which were evidently not suitable and were afterwards 
—- and those of the Manin, for which the critical 
speed appears abnormal, because it passes out of the 
field of the experiments, it is seen that for the other 
units the critical speed is found between 34-3 and 
36 knots with C lying between 124 and 143, or with a 
variation of 15 per cent. with respect to the lowest of 
these values. The anomaly of the data obtained from 
the trials of the Borea and of the Manin arises also 
from the fact that the curve C indicates critical speeds 
higher than the maximum reached by them, or, in 
other words, that the maximum speed for these ships is 
found in the descending instead of the ascending part 
of the curve C. 

For the other ships, the Crispi excepted, we notice 
that, notwithstanding a rather marked displacement, 
for some of them, of the critical speeds and the maximum 
speeds reached, the value of C for these two speeds 
remains practically constant. This shows that the 
system “ hull-propeller” has in general not been very 
efficiently exploited, as, moreover, is shown by the 
corresponding total propulsive coefficients, which for 
these ships vary between 0-360 and 0-470. The only 
exception to these remarks is the Crispi, with a critical 
ak of 29-2 knots and a corresponding C = 150, 
which has reached a maximum speed of 38-6 knots, 
with C = 171-5. This corresponds, moreover, to a 
total propulsive coefficient of 0-528, which is much 
higher than those of the other ships. It should also 
be noted in favour of this ship that in the sea trials 
the same theoretical critical speed was realised as was 
determined by the tank trials (29-2 knots), and that 
the maximum total propulsive coefficient (0-531) 
was maintained for a very wide range of speeds lying 
between 21-2 and 33-5 knots (210 r.p.m. to 350 r.p.m.), 
whilst it is again practically coincident with that 
(0-528) corresponding to the maximum speed. It 
cannot be denied that these results are particularly 
good. It is unfortunate that it is not possible to go 
deeper into the analysis, not having available the 
factors necessary for the calculation of the thrust on 
the propeller, because thrust.meters were not fitted on 
this ship. Perhaps we should have been able with these 
to verify whether these excellent results are due to a 
greater efficiency of the propeller, which was designed 
according to special standards, but it is hoped in the 
future to verify this by trials on other ships which will 
have propellers designed with the same idea. Finally, 
it is not without interest to remark the figure at which, 
for the ships considered, the value of a in the formula 
V =4a,/L in Table III is maintained. We observe 
that a varies from a minimum of 3 79 to a maximum of 
4-21, with a mean of 4, which represents a good mean 
value for modern ships of this type. 

A characteristic phenomenon, to which the attention 
of students of naval architecture should be called, is 
given by the direction of the curves representing the 
T.H.P., which have been plotted from the formula 

__ Thrustinkg. x 1,852V 
TLE, = 3,600 x 75 
curves, in the neighbourhood of the maximum speed 
reached by the ship, has an evident tendency to droop 
and maintain itself parallel to the axis of the abscissx. 
If the curve were to assume a decidedly horizontal 
direction, it would signify that there was, in effect, 
a diminution of the thrust, which would tend to com- 
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AUTOMATIC BOTTLE-WASHING MACHINE. 


CONSTRUCTED BY MESSRS. R. POWLEY AND SONS, LIMITED, ENGINEERS, SUNDERLAND. 
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pensate for the increase of speed. But this would be 
an absurdity, and, in fact, it does not actually happen ; 
it may, however, be said, that the thrust has a tendency 
to remain constant so that the T.H.P. values increase 
only on account of the increase of speed. It isextremely 
interesting that this phenomenon occurs with all the 
ships on which it was possible to make exact measure- 
ments of the thrust, because it may lead to some un- 
foreseen explanation of the phenomenon of propul- 
sion at high speeds. In fact, if the same results were 
obtained with other hulls also, we should conclude 
that the ship at those speeds is subject to an acceleration 
without an increase of thrust, and that all the work 
expended in power transmitted to the propellers, 
which increases greatly with the increase of speed, is 
expended by the propellers without being transmitted 
to the ship. But since the propellers work in water, 
and that, in addition to vortical motion, they set up a 
current directed from the bow toward the stern, it 
might be concluded that at this speed there is estab- 
lished a kind of equilibrium between the thrust which 
the propellers transmit to the hull and that which they 
exercise on the liquid mass in which they are working, 
since this liquid mass is no longer in condition to give 
to the propellers that reaction necessary to set up the 
thrust on the ship. 

In other words, there would occur a yielding of the 
support, and with the increase in the number of revo- 
lutions per minute and the power transmitted by the 
shaft, a stream of water would be absorbed from the 
bow and forced toward the stern, so that the ship would 
then no longer be propelled by the propellers, but 
sucked forward by the lowered pressure caused in the 
mass of water by the effect of suction produced by the 
propellers. That this means of propulsion is very 
inefticient is evident by reason of the great expenditure 
of power which is required at high speeds without the 
ship receiving any increase of thrust from the pro- 
peller. It should cause those designers to hesitate 
who maintain that it would be possible advantageously 
to devise a form of propulsion based on the principle 
of creating with a vacuum or a lowering of pressure a 
suction ahead of the ship, instead of pushing against the 
water in order to use its density for the creation of a 
thrust. 





AUTOMATIC BOTTLE-WASHING 
MACHINE. 

A WELL-KNOWN English colloquial phrase, used in 
allusion to a combination of functions performed by 
one person, classifies bottle-washing as the most menial 
of occupations. It is certainly a tedious and often 
a disagreeable one when done by hand, and for both 
these reasons there is always the possibility of its 
being incompletely performed. The recognition of this 
possibility as well as the demand for increased output 








has led to the invention of various machines for wash- 
ing bottles, but we understand it is believed that the 
machine described below is the first one to be con- 
structed in this country, embodying full automatic 
methods for the processes of soaking, brushing inter- 
nally and externally, rinsing, and final delivery on to a 
moving conveyor. The machine is made by Messrs. 
R. Powley and Sons, Limited, St. Mark’s-road, Sun- 
derland, and, as illustrated in Figs. 1 to 4, above and 
on page 835, is now being exhibited at the North-East 
Coast Exhibition, of which we gave a general account 
on page 694-ante. The first requirement in dealing 
with dirty bottles—and empty bottles occasionally are 
very dirty when they get back to the distributing 
centre—is to soak them in a suitable solution in order 
to soften the dirt and also the attached labels, so 
that both may be rapidly removed. Generally speak- 
ing, the most suitable solution is a strong alkali such 
as caustic soda, and the longer the bottles can be treated 
in this solution the more satisfactory becomes the whole 
cleansing process. 

In many instances, where bottles are not very dirty, 
a process of soaking in caustic soda solution, followed 
by high pressure rinsings, is sufficient to cleanse 
them, but bottles so treated have frequently a dull 
appearance. To get over this, external and internal 
brushing has to be applied, and this combined 
with effectual soaking, yields not only clean bottles, 
but gives them a very brilliant appearance. A con- 
sideration of the appended figures will show how far 
the Powley machine complies with these requirements. 
The large cylindrical chamber to the right of Fig. 1 
is the soaking tank, the apparatus on the left is the 
brushing and rinsing machine. A portion of the soak- 
ing tank is shown in Fig. 2. This contains the caustic 
soda solution which is kept hot by a small gas-fired 
boiler, and in circulation by a pump. A chain conveyor, 
with vee-shaped carriers attached to the links runs 
in front of the whole machine as shown in all the figures. 
Above this, in Figs. 2 and 4, is seen a shelf or carrier 
on which the dirty bottles are laid by the operator, 
twelve at a time. The bottles are not touched by 
hand again until they are removed from the accumu- 
lating table, at the other end of the machine, for filling. 

The bottles are automatically pushed into the tank 
from the carrier, and each enters a separate pocket 
in the internal rotating part of the tank. When the 
pockets are all loaded the bottles are passed through 
the solution three times, being filled and emptied at 
each passage. In addition to this they are sprayed 
both inside and outside by streams of the hot solution 
on four separate occasions. The outside spraying washes 
the labels from the bottles and carries them outside 
the main internal tank. This portion of the washing 
fluid collects in a filter tank, where the labels and other 
adhesions are separated. The main tank and sprays 
bandle the filtered solution only. On completing the 
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AUTOMATIC BOTTLE-WASHING MACHINE. 


CONSTRUCTED BY MESSRS. R. POWLEY AND SONS, LIMITED, ENGINEERS, SUNDERLAND. 
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cycle, the bottles are discharged on to the conveyor 
at the position shown by the dotted outline in Fig. 2. 
This conveyor then takes the bottles along to the brush- 
ing machine, its action being, of course, intermittent. 
On arrival at the brushing machine the bottles are 
delivered, six at a time, on to revolving brushes which 
wash and polish the outside. These brushes are 
nearly completely immersed in a tank containing 
flowing water, as will be gathered from Fig. 3. In this 
figure also, the method of depositing the bottles on to 
the brushes can be made out. They are caused to 
revolve by the friction of the brushes. After the 
external brushing is completed the bottles are pushed 
into cups attached to another conveyor, which, as 
shown in Fig. 3, follows an approximately triangular 
path. This conveyor, at an appropriate time in the 
cycle, carries the bottles upwards into line with the 
internal brushes which are kept wet. These brushes 
revolve at a high speed, the rotating mechanism being 
attached to small wheeled carriages. The system of 





levers which moves the carriages into the brushing 
position, those which hold the bottles in place and the 
several drives can all be identified in Fig. 3. The 
operation of internal brushing having been completed 
the conveyor moves on again and stops the brushed 
bottles over jets of clean fresh water. There they are 
washed thoroughly inside and outside, and are, during 
this operation, in an inverted position. It will be 
understood, that, in order to simplify the figure, 
all the cups on the conveyor are not shown. 

Further movement of the conveyor, with the bottles 
still in the inverted position, carries them into the 
draining position. They are then carried round the 
sprocket drum and deposited at an angle as shown. 
Other movements place them on a slat conveyor in 
a correct vertical position with the necks upwards. 
This slat conveyor terminates in a table on which 
the bottles accumulate, being removed from thence 
by hand, as necessary, to the bottling machine. A 
group of clean bottles is seen on the table at the extreme 
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left of Fig. 1. It is claimed that, in this machine there 
are eight distinct operations, all automatically per- 
formed, which would, in the ordinary way, all have to 
be done by hand. We do not propose to describe the 
bottling and labelling machines, but would say that the 
whole unit, from the reception of the dirty bottle to 
the delivery of the labelled full one, can handle from 
2,400 to 3,000 bottles per hour. As exhibited the 
machine is dealing with aerated water bottles, but is 
suitable for any bottles of normal shape. It is not, 
however, designed for handling wine bottles with a 
deep depression in the bottom. 








SToRFORSEN WATER-PowER PLANT SwWEDEN.—A new 
Swedish water-power plant which will have a capacity of 
30,000 h.p. is to be built jointly by the Avesta Iron Works 
and the Alby Nya Kloratfabriks A.-B., who will share the 
power generated. The new station will make use of the 
Storforsen Falls in the Dalelven river. The Alby chlorate 
works are owned by Messrs. Kreuger and Toll, Stockholm. 
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DIATOMITE. 


DraTomIrTeE was first mined in Hanover about 1860, 
and is known in Germany as kieselguhr. It is also 
known under a variety of other names, the most com- 
mon of which are diatomaceous earth, diatomaceous 
silica, infusoria] earth, tripolite, tripoli, and fossil 
flour. Of these ‘diatomaceous earth’ is the most 
widely used; although it is not a true “earth” the 
description might be correctly applied to the impure 
and peaty diatomaceous material. The shorter term 
diatomite has been recently adopted. ‘“ Infusorial 
earth” is incorrect, since infusoria is a group of the 
animal kingdom thus named because some species 
will appear in infusions of decaying organic substances, 
and are therefore of different origin ; their skeleton 
remains occur usually in deep-sea deposits and are 
hardly ever present in true diatomite. The name 
tripolite originates from diatomite originally mined at 
Tripoli, whereas tripoli, although a similar substance, is 
of entirely different origin, and was so named when 
first discovered in the western United States because 
it was thought to be the same material as that found at 
Tripoli. Both this term and fossil flour are now 
more in the nature of trade names. 

The successful employment of diatomite in various 
industries is increasing rapidly, yet it would appear 
that its properties and potential uses are not as widely 
realised as they might be. Its application for filtration 
and insulation purposes has already proved of great 
value in certain industries, nevertheless, comparatively 
few people know how it occurs or where. 

During 1923 and 1924, an investigation of natural 
abrasives occurring in the Dominion was conducted 
by the Canadian Department of Mines, and was 
carried out by Mr. V. L. Eardley-Wilmot (see Enat- 
NEERING, January 6, April 27, and December 21, 1928). 
During this investigation, it became apparent that the 
use of diatomite as an abrasive was of much less impor- 
tance than its other uses; consequently, a separate 
report on diatomite was authorised. This special 
report*, which is also by Mr. Eardley-Wilmot, deals 
not only with the occurrences of diatomite in Canada, 
but embodies a comprehensive description of its forma- 
tion, properties and uses. A large number of scattered 
reports and articles have been written at various times 
on diatomite, but most of these are not readily acces- 
sible to the general reader, hence the fact that the author 
has collected the more important information from some 
of these as well as that obtained from direct observa- 
tion adds to the value and usefulness of his report. 

When dry, diatomite is whitish, like chalk, but is 
lighter and more porous ; its apparent specific gravity 
is less than 1; consequently it floats on water until 
saturated. Its lightness and freedom from grit, when 
tested between the teeth, enable it to be distinguished 
from clay or silt, &c. It is quite ‘‘ short’ when wet, 
and not plastic like clay, and it does not effervesce 
with acid like chalk or marl. The colour and texture 
of diatomite vary considerably when it is found in a 
saturated condition and may be pure white, light or 
dark grey, cinnamon yellow, or pale to dark brown, 
the latter being very high in carbonaceous matter, 
which can be burned off, leaving a comparative pure 
white diatomite. This is characteristic of many of 
the lower layers of the deposits occurring under water 
in Eastern Canada. Under the microscope, the 
presence of the diatoms may be established, which 
provides an infallible test for diatomite. About 
10,000 distinct species of diatoms have been identified 
and classified, each being different in size, form and 
design. Many of these minute shells are marked with 
engravings so fine that they can only be distinguished 
with the most powerful microscope; in some cases 
125,000 to the inch. The diatom is thus an exceedingly 
interesting study for microscopical research, and is 
unequalled for testing the power and quality of a micro- 
scope. In origin, the diatom belongs to a group of 
flowerless aquatic piants, called alge, which secrete 
an external case of clear silica consisting of two valves, 
which fit over each other like the lid and bottom of a 
box; the form of the latter may be any one of the 
10,000 forms already mentioned. The commonest 
form of reproduction is by the separation of the 
individual, longitudinally, into two along the median 
dividing line. The bottoms of : box are formed back 
to back along this line, push outwards, slip snugly 
into the upper and lower valves of the parent, thus 
forming two new boxes which separate, and each repeats 
the process, and so on. Since the main agency for 
reproduction is light, the living frustules are not found 
in very deep water or in subterranean passages. It 
was found in experiments that the degree of salinit 
played an important part in the production of the 
marine forms; with a salinity of 3-2 per cent. the 
maximum was obtained, while with higher and lower 
percen the production decreased. Living diatoms 
are found in all parts of the world; in hot springs, as 





* Diatomite : Its Occurrence, Preparation and Uses, by 
V. L. Eardley- Wilmot. 
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well as in the coldest waters, both salt and fresh, but 
are most prolific in the Arctic and Antarctic regions. 

The diatoms sink to the bottom when they die. 
Parts decompose, but the silica skeletons (frustules) 
accumulate to form beds, which, in time, become part 
of the sedimentary strata, mixed with varying quanti- 
ties of clay, carbonaceous matter, or other insoluble 
materials, and are then referred to as diatomite. Some 
of the older Tertiary beds are hundreds of feet above 
present water-level, and are as much as 2,000 ft. in 
thickness. This dry material is generally hard, and 
can be cut into blocks. 

In composition, diatomite is a hydrous or opalescent 
type offsilica formed by countless myriads of these 
skeletons; one cubic inch of diatomite has been 
computed to contain from 40 to 70 million diatoms. 
In the crude state, the moisture content is from 15 to 
40 per cent.; the water of composition varies, and is 
not readily determined—after drying for two hours at 
105 deg. C. as much as 5 per cent. moisture has been 
found to remain; many diatomites high in organic 
matter contain as much as 15 per cent. moisture. 

Having given a brief summary of the origin and 
formation of diatomite, we now pass on to describe 
some of its uses. It is of interest to note that the 
employment of diatomite is by no means new, it having 
been used as long ago as the sixth century B.c. by the 
Greeks and Romans as a building material in cases 
where decrease of weight was desirable. Bricks made 
from this material are said to have been used in the 
construction of the Hagia Sophia dome of the Church 
of St. Sophia, at Constantinople in 522 a.p. 

The advantages of diatomite as an insulator are 
apparent when it is considered that it contains myriads 
of enclosed air cells, which form an almost perfect 
barrier against changes of temperature, and also against 
sound. Its great porosity, with its low apparent 
density and its chemical inertness, are the main charac- 
teristics of this material. The first mentioned charac- 
teristic renders it of great value as a filtrant, building 
up an open, sponge-like structure within the filter 
cake, which allows free passage for the filtrate, and at 
the same time holds back the minute particles which 
would ordinarily clog the filter leaves. Hence the 
clarity of the filtrate and the rate of filtration are 
increased. 

The properties of diatomite as an abrasive for polish- 
ing metals are well known, and are due to the angular 
shape of the silica skeletons, and the fact that, owing 
to its low compressive strength, there is no danger of 
scratching the surface of even the softest metals. 
Diatomite is also invaluable as an absorbent and filler ; 
its power of absorption is from 150 to 300 per cent. of 
its own weight, and its inert qualities make it suitable 
for use as a filler. Apparently the shapes of the diatoms 
play an important part in its use, but the extent to 
which this is so has not yet been ascertained. Mix- 
tures of round honey-combed and long, thin, needle- 
shaped diatoms are preferred for filtering purposes, but, 
for polishing, the best results appear to be obtained 
with the small spicules. The physical and chemical 
properties of diatomite have an important bearing on 
its ultimate use, hence these properties should be deter- 
mined before its suitability for any specific purpose 
can be decided upon. 

Some grades of diatomite are capable of bleaching 
and act in a similar manner to fuller’searth. Diatomite 
again may be used as a substitute for silica sand or 
ground quartz in the manufacture of certain com- 
pounds, also as a filler and absorption agent in various 
chemicals and products. There are many miscellaneous 
uses, such as a carrier for corrosive liquids, for packing 
purposes, parting medium in steel foundries, &c. 

Perhaps one of the uses of diatomite most familiar 
to the engineer is that as a convenient carrier for nitro- 
glycerine; at one time it was used exclusively in 
dynamite, the original explosive invented and manu- 
factured by Nobel. This inert absorbent has now been 
replaced by wood pulp, flour, or corn starch, which 
also absorb the nitro-glycerine, but at the same time 
provide an active constituent, since the carbon and 
hydrogen they contain combine explosively with 
oxygen. Diatomite is also used extensively as a carrier 
of chemicals in the purification of acetylene gas, and 
as a carrier for the catalyser in the hydrogenation or 
“‘ hardening ”’ of oils necessary for the manufacture of 
soaps, edible fats, greases, &c. 

The sugar industry, particularly in cane-sugar manu- 
facture, uses most of the diatomite employed for filtra- 
tion purposes. The amount used varies, but is about 
20 lb. per ton of sugar, or 15 to 20 lb. per 100 square 
As long ago as 1893, tests were 
made by Dr. Martin Kuchner on the filtration of bac- 
teria through diatomite, which showed that, in a contin- 
uous operation, bacteria were found in the filtrate after 
3 days with an ordinary filter, but none were found 
even after 6 days in the case of diatomite. Lubricating 
oils or paraffin-base oils can be dewatered by means 
of diatomite. The oil is chilled so as to flocculate the 
paraffin and is then pumped through a filter press 





pre-coated with diatomite. The flocculent paraffin 
is retained on the filter, forming a cake. 

The use of diatomite as a component of the materials 
used in construction is steadily increasing, and, during 
the last year or two, its use as an admixture in concrete 
has received more attention than any other of its 
applications. Small quantities, only 14 to 3 per cent., 
are added, and an increase in workability and strength 
are obtained. It has not yet been ascertained which 
kind or types of diatomite are the most suitable for 
concrete mixtures, since, hitherto, the material available 
for this purpose has been of one type only. However, 
high-grade material does not appear to be essential, 
and a small amount of clay may even be advantageous 
in bonding. Generally, the crude uncalcined material 
is used, and it is possible that its water of composition 
plays a part in the final setting. In the western United 
States, a considerable quantity of diatomite roofing 
tiles are now being manufactured, and are made by 
bonding and burning in a similar manner to the methods 
employed in making bricks. Diatomite light-weight 
building blocks and bricks are compact and elastic 
under changes of temperature, possess sufficient strength 
for the purposes required, and resist weathering. 
These blocks are stated to be suitable for buildings in 
regions subject to earthquakes. 

Diatomite is found in nearly all parts of Canada, 
but chiefly in the Maritime Provinces and British 
Columbia, with a few deposits in Ontario and Quebec. 
Over 100 occurrences are known, but most of them are 
small and shallow. The greatest number of these 
deposits occur in the Cobequid mountains of north- 
western Nova Scotia, but the largest and purest so 
far discovered are those in the vicinity of Quesnel, 
British Columbia. These deposits are found along 
the Fraser and Quesnel River valleys, and occur as 
solid, compact, cream-coloured beds up to 60 ft. in 
thickness and, in places, up to 800 ft. above the rivers. 
In several cases, the higher beds are overlain by porous 
basalt. These diatomite beds are different from any 
other beds hitherto discovered in Canada, and appear 
to have been laid down at an earlier period, probably 
Tertiary ; in the dozen or more outcrops examined 
in this area the diatoms are identical in type. 

Space prevents our referring to further examples 
of the Canadian deposits described in Mr. Eardley- 
Wilmot’s report, but, in conclusion, it may be men- 
tioned that diatomite occurs in nearly every country 
in the world, although during the last ten years only 
14 countries have been shown as producers; this is 
because the deposits in most countries are small, are 
confined to lakes or swamps, and cannot be economi- 
cally operated. The largest producing country is the 
United States, and the largest deposits in the world 
hitherto discovered are those in California—some of 
which are as much as 2,000 ft. in thickness—the diato- 
mite occurring in dry compact beds formed in the 
Tertiary period, and frequently at a considerable eleva- 
tion above existing water level. Usually, these 
deposits are of marine origin, but there are exceptions, 
one being the extensive fresh-water deposit along the 
Pitt river, north California. The types of diatoms in 
these Tertiary deposits all appear to be the same as 
those found living at the present day. Other countries, 
besides Canada, where large deposits of diatomite are 
found, though of lesser extent than in the United 
States, are Algeria, Germany and Denmark. The pro- 
duction in 1926 in the United States was 77,791 tons ; 
in Algeria, 7,804 tons; in Germany, 5,824 tons; in 
France, 2,982 tons ; and in Ireland, 2,975 tons. 








THe HAMMARSFORSEN Hypro-ELEcTRIc PLANT.— 
The power station at Hammarsforsen, the most modern 
installation in Sweden, has now been put into operation. 
The plant is in the north of Sweden and supplies electrical 
energy to the extensive saw-mill and wood-pulp industries 
in the Sundsvall and Hernoesand districts. As now 
operating, the plant comprises three water turbines, 
each having a capacity of about 16,000 h.p. ; it is capable, 
however, of being extended further. The equipment 
has been manufactured and supplied by Messrs. Nydqvist 
and Holm, A.-B., Trollhattan, and Messrs. Allmaénna 
Svenska Elektriska, A.-B., Vasteraés (A.S.E.A.). The 
plant is owned by Messrs. Kreuger and Toll, A.-.B., 
Stockholm. 





New West End GaraGe.—Accommodation for motor 
cars in the west-end of London will be materially increased 
by the new garage of Messrs. Lex Garages, Limited, in 
Lexington-street, W.1, which was opened by H.R.H. the 
Duke of York on Tuesday, June 11. This garage is a 
five-storey reinforced-concrete building, the lay-out of 
which enables access to it to be obtained from four 
entrances in as many different streets. It was erected 
in exactly seven months. Space is provided for @ 
normal “ loading” of 1,000 cars, though, in emergency, 
1,200 cars can be accommodated. The upper floors are 
reached by a ramp, which is constructed at one side of 
the building, and the manoeuvring of the cars on the 
floors themselves is facilitated by a turntable. Restau- 
rant accommodation for both owners and drivers is 
provided, while small repairs can also be effected in a 
special bay. All the floors are well lighted by both 
natural and artificial illumination. 
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NOTES ON NEW BOOKS. 


Tue International Committee on Constants and 
Numerical Data, whose central offices are at 9, Rue 
de Bagneux, Paris, under the general secretaryship of 
Dr. Charles Marie, publishes annually a large amount of 
technical information on chemistry, physics, biology 
and general technology. The committee recently 
issued, for the convenience of engineers and metallur- 
gists, a separate book containing a number of the 
chapters which form Vol. VI (1923-1924), these chapters 
covering engineering and metallurgy. They are by 
Mr. L. Descroix, the Director of our French contem- 
porary Revue de Métallurgie. The tables and diagrams 
in the separate book apply, as regards engineering, to 
the mechanical properties of such building materials, as 
timber, cement, concrete, lime, plaster, &c., and also to 
@ number of factors concerning lubricants, and include, 
further, various mechanical constants in aerodynamics, 
hydraulics and other subjects. Thermal constants 
are also gone into, all classes of fuel being dealt 
with, as well as refractory materials. The metallurgi- 
cal section contains a large number of technical data 
on metals and alloys, covering equilibrium diagrams, 
critical ranges of temperature, thermal and electri- 
cal conductivity, corrosion, &c., and also covers the 
mechanical constants relating to iron, steel and non- 
ferrous metals. The index is in French, German, 
English and Italian, while all the information in the 
tables and diagrams is in French and English, this 
greatly enhancing the value of the publication for 
reference purposes in works, laboratories and offices. 
The book is entitled L. Descroix.—Art de lV’ Ingénieur 
et Métallurgie (Résistance des Matériaux et Données 
Numériques Diverses), and contains over 170 pages of 
technical information. It is, as we have stated, an 
abstract of Vol. VI. of the Annual Tables of Constants 
(1923-1924), published by the above-named committee, 
and can be obtained at the price of 100 francs, bound, 
and 82 francs in paper covers, from Messrs. Gauthier- 
Villars et Cie, 55, Quai des Grands-Augustins, Paris VI. 





Motor-boating is tending to become a minor rival to 
motoring on the roads, and this fact is indicated by the 
increase of special marine publications. One of the most 
instructive and comprehensive books on the subject is 
The Motor-Boat Manual, published, at 5s., by Messrs. 
Temple Press (Limited), 5-15, Rosebery-avenue, E.C., a 
new and enlarged edition of which has been issued. The 
contents cover twenty chapters, including two entirely 
new chapters on the outboard type of engine and marine 
craft. They deal with boat design and construction, 
and typical motor craft, engine equipment, carburettors, 
ignition and lighting, lubrication, cooling, transmission, 
propellers, and maintenance, followed by a series of des- 
criptions of representative types of British and foreign 
marine motors. The outboard motor, from being a 
simple two-cycle, single-cylinder unit of about 3} h.p. 
and weighing 56 lb., has developed into a five-cylinder 
radial type of four-cycle engine of 50 h.p. at 4,000 
revolutions, and weighing 1421b. Presumably there is a 
big step-down in the speed of the propeller. The 321 
pages of text are illustrated with half-tone pictures 
of typical plants, and with sections and other drawings 
of components. There is an index with about 500 
alphabetical references to the text. 





Little can be, and, in fact, need be said by way of 
review when a new edition of an old-established and 
widely-consulted directory makes its appearance. The 
well-thumbed pages of the previous edition of the 
volume, wherever it is to be found, bear sufficient 
testimony to the usefulness of the work and the fre- 
quency with which it is consulted. When, therefore, a 
new edition of a directory is issued it is only necessary 
to refresh the memories of its users regarding the 
price of the volume and the address of the publisher. 
Kelly’s Directory of Merchants, Manufacturers and 
Shippers of the World, is so well known that to make 
any special comment on the contents of the recently 
published forty-third edition seems almost super- 
fluous. The first edition of the work was issued as 
long ago as 1877, and an annual edition has been 
published regularly for many years past. It goes 
without saying that the new issue has been corrected 
with scrupulous care, and we do not hesitate to say 
that the high reputation enjoyed by former editions 
will be fully maintained by the present one. As has 
previously been the case, the directory comprises two 
bulky volumes, the first of which deals with foreign 
countries and their possessions, and the second with 
Great Britain, India, and the British Dominions, 
Colonies, Protectorates, and Dependencies. The work, 
as a whole, contains upwards of 1,500,000 names 
and deals with over 20,000 places. It is a gazetteer 
as well as a directory, and contains numerous data 
and figures of the greatest usefulness to merchants 
and manufacturers, and to the commercial world in 
general. The volume is very adequately indexed in 
four languages, namely, English, French, German, and 





Spanish, and instructions for the use of the directory 
and a practical illustration of the correct manner of 
consulting it, also printed in the four languages, are 
included. Outline maps of the principal countries 
are to be found in each volume, and one of the few 
criticisms which might be offered is that these could 
be made rather more complete. The publishers are 
Messrs. Kelly’s Directories, Limited, 186, Strand, 
London, W.C.2, and the price of the two volumes is 
64s. post free. 





Now that the utility and convenience of alignment 
charts is becoming more generally appreciated and their 
applications in solving the numerous equations and 
formule encountered in engineering work are extending, 
it behoves engineering students, as well as practising 
engineers, draughtsmen and others, to acquire some 
practical knowledge of their construction and use. 
This involves no advanced mathematical knowledge or 
very concentrated effort, and such efforts as are required 
will, in most cases, be well repaid by the saving in 
subsequent arithmetical work. A very suitable 
guide for those who desire to become proficient in this 
method of graphical representation is provided by 
The Construction of Alignment Charts, by Mr. George 
W. Swett, S.B., published by Messrs. John Wiley 
and Sons, Inc.; and Messrs. Chapman and Hall, 
Limited, price 10s. net. Mr. Swett is Associate 
Professor of Machine Design at the Massachusetts 
Institute of Technology, and the subject matter of his 
book was first presented in the form of class notes. 
The fact that the matter has been so employed would 
doubtless give the author an opportunity of ascertaining 
whether his students encountered difficulties with any 
of the sections, so that he could amplify those sections if 
necessary. The book deals first with simple conversion 
scales, and then with the construction of alignment 
charts for equations of three variables and of more than 
three variables, the last chapter being devoted to 
equations of various miscellaneous forms. In each 
case after the method of construction has been ex- 
plained, one or more examples are worked out in detail, 
while at the end of each chapter numerous examples 
are given for the student to work out himself; the 
examples are taken in all cases from engineering 
practice. The book containing, as it does, less than 
100 pages, does not pretend to be an exhaustive treatise 
on its subject. If carefully studied, however, it will 
provide the ordinary engineer with all the information 
he is likely to require on the subject with which it 
deals. 





Competent introductions to modern physics and 
mechanics are likely to remain welcome for a good 
many years to come. ‘These subjects, even now, 
seem more hopeful than radioactivity and the decay 
of the elements did two or three decades ago, when 
new observations only appeared to complicate the 
phenomena further. The number of clear thinkers, 
who were not confused by entangling contradictory 
detail, but saw the light breaking through the fog, 
was probably less than that of the investigators 
who at present, apparently working on divergent lines, 
are really approaching the fundamental problems of 
physics from similar standpoints. In 1690, Huygens 
wrote, in his T'raité de la Lumicre, that in true 
philosophy we should conceive the cause of all natural 
phenomena in terms of mechanics. That view pre- 
vailed until Maxwell developed the electromagnetic 
theory of light, because all mechanical theories of the 
ether had failed. The new atom of the chemist, 
the atoms of light and of electricity, relativity, the 
quantum theory, and wave mechanics seem to have 
reversed Huygens’ dictum. At present, the physicist 
must renounce all hope of knowing anything of 
physics until he is able to express mechanical pheno- 
mena in terms of other branches of physics. The 
classical laws of mechanics have been generalised. 
A remarkable connection must exist, it is believed, 
between optics and mechanics, inasmuch as the 
velocity of light seems to constitute the upper limit 
of mechanical velocities, and mass and energy differ 
only by a factor which is universally proportional to 
the square of the velocity of light. By such considera- 
tions, Professor Arthur Haas, of Vienna, introduced 
in July, 1925, his Materiewellen und Quantummechanik, 
which, excellently translated in the same year by 
Mr. L. W. Codd, M.A., is now before us under the 
title Wave Mechanism and the New Quantum Theory. 
[London: Constable and Company, Limited, price 
7s. 6d. net.) Professor Haas starts from Fermat’s 
principles of geometrica] optics and the Lorentz 
transformation, passes to the wave mechanics of L. de 
Broglie and its relations to relativity, the diffraction of 
material waves, to Schrédinger, the quantum mechanics 
of Heisinger, and to Pauli’s principle that in a single 
atom no two electrons can ever have the same four 
quantum numbers (principal, subordinate, inner and 
magnetic), defining the orbit of the electron. He goes 
on to the quantum statistics of S. N. Bose and 





Einstein’s degradation of gases at low temperatures, 
and to the statistic of Fermi, which extend Pauli’s 
principle to gas molecules. In his conclusion, he 
points out that, in contrast to a sharply-defined 
casuality evident in macroscopic physics, the modern 
theories emphasise the indeterminate nature of atomic 
processes and the statistical character of determinate 
magnitudes. There are only 124 pages in the book, 
and the reader would have welcomed more. 





The explosives industry is one of the few which 
have passed—apparently, at any rate—into a period 
of quiet development, so that text-books on the subject, 
written in other languages, can be translated without 
much risk that the matter will have become antiquated 
by the time the translation appears. The volume on 
Nitroglycerine and Nitroglycerine Explosives by Phokion 
Naoum, Ph.D., director of the research laboratories of 
the Alfred Noble Dynamite Company, Hamburg, Ger- 
many, which Mr. E. M. Symmes has translated from 
the German [London: Bailli¢re, Tindall and Cox, 
Henrietta-street, W.C.2; price 3ls. 6d. net], was 
originally intended to be part of a comprehensive 
textbook on the entire technics of explosives. In this 
volume, which was written in 1923, Dr. Naoim deals 
with his speciality, nitroglycerin, and Mr. Symmes, 
who is connected with the Hercules Powder Company, 
of Wilmington, Delaware, U.S.A., has supplemented 
the information by notes on recent developments, 
particularly on American practice, on which Dr. Naoim 
had little to say. Mr. Symmes has also omitted or 
shortened some paragraphs of merely historical interest. 
As it is, the book, together with its two indexes, runs 
into 469 pages, which is sufficient for a treatise of 
decidedly practical character on the manufacture, 
uses, and testing of nitroglycerin. Of the three parts 
of the book, dealing, respectively with nitroglycerin, 
the nitric esters homologous with or related to nitro- 
glycerin, and the nitroglycerin explosives, the second 
part deserves special mention, inasmuch as it indicates 
the probable lines of future developments. 





A report of 45 pages entitled L’ Alimentation en Hau 
Potable aux Pays-Bas, by W. F. J. Krul and F. A, 
Liefrinck, is issued by the Bureau d’Etat pour l’ Alimen- 
tation en Eau Potable, at The Hague, following a 
visit to Holland of a number of foreign scientists, 
interested in the question of hygiene, under the guidance 
of the League of Nations. It gives a concise description 
of the problems and difficulties of a hydraulic, technical, 
and economic nature in the purification and supply of 
drinking water in the Netherlands or low country of 
Holland. Progress in distribution is traced from the 
earlier town supplies to the present distribution, which 
covers the rural districts, and the accompanying charts 
show the great reduction in the typhoid fever rate, which 
was 210 per 100,000 in 1885 and has been reduced to the 
present rate of 2 per 100,000 inhabitants. Of the 428 
communes, 136 obtain water from the sand dunes, 243 
depend on underground supplies from outside the dune 
areas, and 49 are dependent on river water. The geo- 
logical and hydraulic conditions on which depend the 
reservoirs of sweet water under the dunes are clearly 
stated and the methods adopted to conserve and raise 
the water are given. It is of interest to note that the 
authors are of opinion that the coastal region of Holland 
has been sinking since the post-glacial period and that 
the movement is still continuing. In the east of the 
Low-Countries conditions are more favourable. In 
general, the pleistocene beds cover the surface in the 
form of sands and gravels, and, in some cases, the water 
is of such excellent quality that no treatment is 
necessary. The pre-filtration and filtration treatments 
in use by the Bureau are given and illustrated. 
Necessarily, the water-tower is an important adjunct to 
the distribution system in Holland, and three photo- 
graphic illustrations show the fine architecture of 
modern designs. The maps and diagrams in this report 
are very clearly printed and the report itself is of value 
to the engineer who is interested in the problems 
associated with obtaining a water supply in coastal areas 
of the sand-dune type. 








MAINTENANCE SCHOLARSHIPS IN ARCHITECTURE.—The 
Royal Institute of British Architects inform us that two 
R.1.B.A. maintenance scholarships in architecture will 
be available for award in July next. The scholarships 
have a maximum value of 100/., and are tenable for one 
year, from October next, and will be renewable for two 
further periods of one year each. They are intended to 
enable students who have not the necessary means to 
attend an approved course at one of the schools of 
architecture recognised for exemption from the R.1.B.A 
examinations. Students who are already taking such a 
course are not eligible to apply for a scholarship. Parti- 
culars and forms of application ‘may be obtained on 
application to the Secretary to the Board of Architectural 

ducation, R.I.B.A., 9, Conduit-street, Hanover-square, 
London, W.1, The closing date for the receipt of com- 
pleted applications is July 1 next. 
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SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 


The number of views given in the Specification Drawings is stated 


oes where none is mentioned, the fication is not 
Where inventions are communicated from abroad, the Names, &¢., 
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ee 5, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform _— of 1s. 

The date of advertisement of the acceptance of a Complete 
Specification is, in each case, pee @ the abstract, unless the 
Patent has been sealed, when the word ‘‘ Sealed” is appended. 

Any person may, at ap gee within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 


304,978. The Electrical Apparatus Company, 
Limited, London, and R. H. Barbour, London. 
Electric Resistances. (3 Figs.) March 24, 1928.—The 
invention relates to electric resistance units, known as grid 
resistances. According to the invention, the resistance 
material, in the form of strip, tape or wire, is carried 
over and strung between two bars or rods b, c of the 
supporting framework, and spool-like members, main- 
taining the spans in position, are formed by short sleeves 


Fig A 















































(304,378) 


of metal f and metal washers g!, g2, forming side cheeks, 
both being insulated from the rods 6, c of the supporting 
frame themselves and the washers being insulated from 
the washers of the adjacent spools. Thus, in a con- 
venient form, metal rods 6, c wrapped with mica are 
used, the short metal sleeves f are threaded on with a 
washer gi, g* of metal on either side, a mica washer 
is placed next to the metal washer, and then the 
metal washer, sleeve end second washer of the adjacent 
spool, and so forth. (Sealed.) 


307,173. C. L. Arnold, Enfield, and ‘‘M.K.'’ 
Electric, Limited, Edmonton. Electric Switches. 
(2 Figs.) January 31, 1928.—In electric switches of the 
tumbler type, the actuating lever, or dolly, is pivotally 
mounted in a metal bridge, which also serves to carry the 
switch cover or a nut by which the cover plate of a sunk 
electric switch is held in position. The invention provides 
for the insulation of that part of the bridge which is 
exposed when the switch cover or cover plate is mounted 
in position, and also provides for the mounting and, 
when of metal, the insulaticn of the switch cover or nut 
and cover plate. A ring i4 of insulating material is 


THE END OF 


mounted on the bridge 11 and has an internal flange to 
extend over that part of the bridge in which the actuating 
lever or dolly 13 is mounted. The ring 14 is screw- 
threaded externally, so that the switch cover, ora nut 16, 
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may be screwed thereon. The ring 14is countersunk to 
permit of movement of the actuating lever or dolly 13, 
and it and the bridge 11 are provided with co-acting 
threads. (Sealed.) 


LIFTING AND HAULING APPLIANCES. 
305,343. M. Wise, Wordsley, Stourbridge. 
Delivering Material from Bunkers. (2 Fags.). 
December 28, 1927.—The invention relates to means for 
delivering material stored in bunkers or hoppers. Accord- 
ing to the invention a storage bunker or hopper O has a 
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(305,343) Fi 
discharge chute Q on one side, and contains conveying 
means to lift and convey the contained materials over 
the side of the bunker into the chute, the bunker and 
conveying means being relatively adjustable in position. 
The conveying means consists of an endless chain conveyor 
mounted in a frame U pivotally mounted at the end 
adjacent the chute Q. (Sealed.) 


MOTOR ROAD VEHICLES. 

H. Nyberg, Westminster, and C. F. 
Cleaver, Westminster. Motor Road Vehicles. 
(4 Figs.) January 17, 1928.—The invention refers to 
the suspension of the rear axles of rigid-frame six-wheeled 
vehicles. According to the invention, means for the sus- 
pension of the rear axles of a six-wheeled vehicle comprise 


305,793. 











TT | ee ——— 

a spring 4 extending between the axles 1, a bracket 2 
rigidly mounted on each axle 1, a trunnion member 6 
rotatable in each bracket 2 about an axis parallel with 
the direction of the spring 4 and connected with the 
adjacent end thereof, and a swivel bracket 7 for the 
centre of the spring 4, free to rock and to slide longi- 





tudinally on its supporting member. (Sealed.) 


STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 

304,860. A. Ross, London. Thermal Water- 
Circulation Devices. (2 Figs.) November 9, 1927.—The 
invention relates to thermal water-circulation devices for 
promoting circulation in, and extracting impurities from, 
the water of steam generators. The body 1 of the 
circulator has a baffle plate 2 extending downwardly 
from its upper end and disposed midway between the 
inlet conduit 3 and the outlet conduit 4. The charac- 
teristic of the invention resides in the construction of 
the lid 5, which is provided with an upwardly extending 
reception pocket 6. The lid is provided with an out- 
wardly directed flange 7, which is secured to a seating 9 





(304,860) 


at the top of the circulator. A complementary horizontal 
baffle 10 is formed integrally with the lower part of the 
lid, and is shaped and arranged so as to abut against the 
baffle and to close the opening 11 at the top of the 
circulator on the outlet side 4 of the baffle. The opening 
12 on the inlet side of the baffle is left free, communica- 
ting with the interior of the lid. A small leakhole is 
formed in the complementary baffie to enable any air 
or vapour that may collect in the angle between the lower 
face of the complementary baffle and the adjacent margin 
of the main baffle to rise up into the reception pocket. 
(Sealed.) 
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MISCELLANEOUS. 


300,293. Birmingham Electric Furnaces, Limited, 
Birmingham, and A. G. Lobley, B ham. 
Annealing Furnaces. (7 Figs.) July 6, 1927.— 
According to the invention, it is proposed to prevent 
heat losses during charge and discharge by means of 
heat-retaining flaps or shutters which are arranged 
inwards of the usual charging \jand/or discharging 
doors and adapted to be displaced by the working 
charges. The drawings show, in a diagrammatic manner 
an application of the invention to a simple type of furnace, 
in which there is only a single charging and discharging 
aperture a, anda heat-retaining flap or insulating shutter 
6 for avoiding or reducing heat exchange is pivotally 
suspended immediately inwards of the aperture and in 
the path of the entering charge, so that when the ordinary 
or main door (not shown) is opened and a charge c is 
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passed (see Fig. 2) into the heating chamber, this charge 
will, in its travel, displace or tilt up the suspended flap, 
whilst when the charge has been pushed wholly into the 
working chamber, the flap will drop back into its normal 
position (see Fig. 3) from which, on the subsequent with- 
drawal of the charge, it will be displaced in the outward 
direction (see Fig. 4) or in the direction reverse to that 
of its displacement during charging. Normally, or 
before charging, the flap hangs perpendicularly inwards 
of the charging aperture as shown in Fig. 1. The flap 
is pivotally suspended from an axis arranged immediately 
inwards of and parallel to the top of the charging aperture, 
and is of such dimensions that, in its normal position, it 
fills or closes, or practically fills or closes, the whole of 
the charging aperture, sufficient clearance being left to 





permit of free pivoting of the flap and to allow for 
expansion. (Sealed.) 


THE ONE HUNDRED AND TWENTY-SEVENTH VOLUME. 
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ROCHESTER. 
G team & (‘rude Oi 
Rp tS seamed &e. iz 


umford, J 4. 


CULVER STREET WORKS, COLCHESTER. 
ON ADMIRALTY AND WAR OFFICE LISTS. 


ENGINES for eee Boats, Yachts, Launches. 
OILER FEED PUMPS. 
See Perce nsiei page 78, June 21. 
PATENT WATER-TUBE BOILERS. 
AUTOMATIC FEED REGULATORS, 


And Auxiliary Machinery as supplied to the 
Admiralty. 2179 


Kitt Patent Waste He: 


BOILERS. 1994 
Makers, Spencer-Bonecourt, Ltd., 
Broadway ‘Bldgs. m _Broadway, Westminster, 8.W.1 


[tedging piast— ea 


For ALLUVIAL GOLD, PLATINUM & TIN. 
HARBOUR, RIVER & CAN AL.—Gravel Dredgers, 
SCREENS. —-DREDGE BUCKETS & Parts, all sizes. 


ARTHUR R. BROWN, LtD., 
54, New Broad Street, London, E.C.2. 


Telephone: London Wall 3418. 2509 





ee’ 8 Seen Nereis Ash Kj ector 
Great saving oflabour. Nonoise. No dust. No 
dirt. Ashes discharged 20 ft. clear of vessel. — Apply, 
F. J. TREWENT & PROCTOR, Ltp., Naval Archi- 
tects and Surveyors, 43, Billiter Bldgs. -» Billiter St., 
mao E.C. Od 4835 


GOLD ‘MEDAL—INvENtions EXHIBITION-AWARDED 


[uckhams’ Patent Suspended 
WEIGHING MACHINES—EAST FERRY 
ROAD ENGINEERING WORKS COMPANY, Ltp., 
Lonpon, E.—Hydraulic Cranes, Grain Elevators, &e. 
See illus. Advt. last week, dia 63. 4833 


FELLOWS BROS., LTp., 
CRADLEY HEATH, STAFFS. 


(plank Locomotives| 
Specification and Workmanship equal to 
Main Line Locomotives. 

R. & W. HAWTHORN, LESLIE & Co., Ltp., 

ENGINEERS, NEWCASTLE-ON-TYNE. 4957 
(SRAN ES. All types. 


GEORGE RUSSELL & 
Motherwell. 


([rertell’s Paint & Varnish Co., 
LIMITED. 


Dalling Road Paint Works, London, W.6. 


PAINTS, ENAMELS, VARNISHES, 


for every purpose despatched to all parts of the 
world at short notice. 


Speciality RED OXIDE PAINT. 
Rianne Riverside 3256 


rhe Glasgow Railway 


Engineering Compan 
Engin caps P te 
London gr satnactin ii — S.W. 


9158 


co., LTD., 





5091 





MANUF. 
RAILWAY CARRIAGE, W WAGON & TRAMWAY 
WHEELS & A ES 
CARRIAGE & WAGON IRONWORK, also 

CAST-STEEL AXLE BOXES, 5036 


& CO., LTD., 
GLASGOW. 


‘Y ARRO 


PASSENGER AND OARGO STEAMERS 


SHALLOW DRAFT VESSELS, 
__ 4782 


(‘ampbells & Peer. L*4.- 


Gear Cutting 


Worm Wheels cut up to 13ft. diam. 
Bevel and MitreWheels planed u to6 ft. 6in. diam. 
Spur Wheels cut up to 12 ft. 6 in. diam. 


DOLPHIN FOUNDRY, LEEDS. 
RAILWAY AND TRAMWAY ROLLING STOCK 


H+ Nelson & Co | 4 


THE GLASGOW ROLLING STOCK AND PLANT pepe 


MOTHERWELL. Od 3383 
Ik (Director, B. T. King, C.1.M.E., Registered 
Patent Agent, G.B., U.S., and Canada). Advice 
handbook and consultations on Patents and Trade 
Marks free. —146a, Queen Victoria Street, London, 
BOA. 43 your refs. “Fhene: | 0682. 1209 


rphe Mitehen (Yonveyor and 


TRANSPORTER CO., LTD., 
CONTRACTING ENGINEERS. 


4790 





ings Patent Agency Ltd. 


DESIGNERS and BUILDERS 
of 
all classes of HANDLING MACHINERY. 


Atlantic House, 
45-50, Holborn Viaduct, 
London, E.C.1. 


Telegrams: ‘* Micontraco, Cent, London.” 
Telephone : Holborn 2822 


Dever, Dorling & Co., Ltd. 
Works— BRADFORD. London Office: 
47, Victoria Street,S.W. Licencees & Manufacturers 
of the New Patent MALCOLM FEUERHEERD 
ROLLER PUMP and HIGH CLASS ENGINES, etc. 


Metconi’ 8 Wireless Telegraph 


COMPA LTD. 

Contractors for WIRELESS TELEGRAPH and 
TELEPHONE STATIONS, “ all round” and “‘beam,” 
for commercial and private services. Naval, Military, 
and Marine equipments. Aircraft and Aerodrome 
Ground Stations. Direction Finding Apparatus 
transmitting and receiving. Automatic ireless 
Beacons. Broadcasting Stations and Equipment. 
Head Office: MARCONI HOUSE, Strand, London, 
W.C.2. Telegraphic Address—‘ Expanse, London.” 


W 4YGooD Qtis 


2418 


Lifts 


54 & 55, FETTER LANE, LONDON, E.C.4, 
and Principal Provincial Cities and Abroad. 
THE GLasGow ROLLING STOCK AND PLANT Works. 


Hu: Nelson & Co., Ltd., 
BuildersofRAILWA YCARRIAGES, WAGONS 
ELECTRIC CARS, 48D EVERY OTHBR DESCRIPTION 
or RAILWAY and TRAMWAY ROLLING STOCK. 
Makers of WHEELS and AXLES, RAILWAY PLANT, 
ForGINGs, SMITH WORK Ikon & Brass CASTINGS. 
PRESSED STEEL WORK OF ALL KINDS. Od 3382 
Reg. Office and Chief Works: Motherwell. London 
Office: 32, Great St. Helen’s, —, E.C.3, 





W. MacLellan, Ltd., 


FP. CLUTHA oe aLasdow. 


MANUFACTURERS 0: 
RAILWAY CARRIAGES & "WAGON 8 
OF EVERY DESCRIPTION 


RAILWAYIRON WORK,BRIDGES,ROOFING&c., 
Chief Offices: 129, Trongate, Glasgow. 


Registered Offices: Clutha House, 10, Princes St., 
Westminster, 8.W.1. Od 8547 





§.T.C. TUBES 


Large Stocks of all sizes 
in Gas, Steam or Water 


THE SCOTTISH TUBE CO., LTD., 
34, ROBERTSON STREET, GLASGOW, 





oyles, Limited, 
EN gre IRLAM, MANCHESTER. 
FEED WATER H RS, 
CALORIFIRES. ATVAPORATORS, 
ee ae AIR patty 
STEAM and GAS KETTL 
Merrill's — TWIN STAIN ERS 
for Pump Suctions. 
SYPHONIA STEAM TRAPS, REDUCING VALVES 
High-class GUNMETAL STEAM FITTINGS. 
WATER SOFTENING and FILTERIN G. 5723 


Row’s 
PATENTS 


VW Bisons (Metallurgists) Ld. 


Lancaster Street, Shefiield. 


ELECTRIC FURNACES 


FOR 
STEEL AND NON-FERROUS 
METAL MELTING. 


Telegrams: “ Cargo SHEFFIELD.” 4175 








STEWARTS ann LLOYDS Lr. 
GLASGOW BIRMINGHAM LONDON 


We are exhibiting at the North East Coast 
Exhibition, StanpD 4538/6, AVBNUB B, Palace 
of Engineering. 


IRON & STEEL 


TUBES & ¢ FITTINGS 
STEEL PLATES. 


See Advertisement, Page 49, June 21. 


Peter Brotherhood ‘4: 


PETERBOROUGH. 


eee wy AND TURBINES, 
tg? ad Wo! a 
COMPRESSORS 

REFRIGERATING PLANT 


See Advertisement, Page 51, June 14. 


5005 





Kiiward Rushton, Son 
AND KENYON. 


AUCTIONEERS, VALUERS, and FIRE LOSS 
ASSESSORS OF MILLS, WORKS and 
MACHINERY OF ALL KINDS. 


13, NORFOLK STREET, MANCHESTER. 
Tele. Nos. : 8895 City and 8896 City. (Estab. 1855.) 
Telegrams: ‘ Rushtons, Auctioneers, Manchester,” 
and 21, Richmond Terrace, Blackburn. 5037 


Rees Roturbo M fg. Ce. 
LIMITED, 
WOLVERHAMPTON. 





Single and Multi Stage Centrifugal Pumps for all 
purposes. 


“Non-Clogg”” Sewage Pumps. 
Turbines. Electrical Machinery. 


Steam 
5116 


Patent 


? 

N& ‘ Blanchard Type’ Heavy 

Duty VERTICAL SURFACE GRINDING 
MACHINE, with magnetic chuck 19} in. diameter. 

SUNDERLAND No. 7A GEAR GENERATING 
MACHINE, capacity 18 in. diam. by 9in. wide 
by 4 D.P., for spur and spiral gears. 

4 ft. 6 in. SWIFT RADIAL DRILLING AND 
TAPPING MACHINE, all geared, 8.p.d., low 
T-slotted base 4 ft. by 3 tt., spindle 2 in. diam. 

SET OF PLATE BENDING ROLLS, for § in. 
eg one end swings sideways, three rolls each 
10 ft. long 

Three 6-wheel 13in. LOCOMOTIVES (Manning 
Wardle), 1921 make, 160 lbs, W.P., 4 ft. 8} in. gauge. 

Two 3 ft. GAUGE LOCOMOTIVES (Hudswell 
Clarke and ‘Kerr Stuart), 7in. and 9 in. cylinders; 
160 Ibs. W.P. 

Several High-class Nearly New SCOTCH MARINE 
BOILERS, 10 ft. 9 in. long by 13 ft. 3 in. diam. ; for 
125 lbs. working pressure; in first-class condition 
= * complete with fittings, ready for immediate 

elivery 

Two ‘LANCASHIRE BOILERS, 30 ft. by 7 ft. 
6 in., re-insure 150 Ibs. pressure. 

About 28 Second-hand ROOF PRINCIPALS, each 
about 64 ft. span by 15 ft. rise. 


Ask for “Albion ** Machinery Catalogue, 


P[thos. W. Wear L*4- 


ALBION WORKS, SHEFFIELD. 


“pavip, Brown 


& SONS (HUDD.) LTD., Huppzesrraxp. 
High class Machine-cut 


(FEARING 


YRASER & & RASER, 
PESSS. F TID. 


Only Address: 
BROMLEY-BY-BOW, LONDON, E.3. 
*Phone: East 0066-0710. 
BUOYS, PRESSURE VESSELS, Erc., 
RIVETTED anD WELDED. 
REPAIRS OF ALL KINDS UNDERTAKEN, 


-j ohn Bellany, [_jmrited, 


MILLWALL, LONDON, E. 
GENERAL CONSTRUCTIONAL ENGINEERS. 


Boilers Tanks & Mooring Buoys 


STILLS, PETROL nay | AR ae STHEL 

CHIMNBYs, R TEAM AND YHNTILATING 

Prpgs, HOPPERS, SPECIAL WORK, Repams OF 
ALL KINpDs. 


ohn [\raser & on, J td. 
Jom ie FOR Ss LF i 


Rivetted Steel Plate Work. 


—_ Jacketted Pans, Water and Gas Mains, 
teel Chimneys, Tanks, Stills, Creosoting Plant. 


Millwall, London, E.14. 


Petter Qi and Petrol 
ngines 
Sizes 14 to 260 B.H.P. 


PETTERS LIMITED, 


LONDON: 75n, Queen Victoria St., E.C.4. 
Works: YEOVIL, England. 3903 


['aylor & (Shallen 


Tesses 
For Production of SHEET METAL PRESS WORK, 
also makers of MINTING & CARTRIDGE PLANTS. 
Foundry, Works and Showrooms: BIRMINGHAM. 
See Advert., page 58, June 14, 8195 


Bowers, etc., Delivered from 
Stock subject to being unsold :— 

New 30 ft. by 8 ft. Lancs. 120 lbs. W.P. 

New 11ft. by 5ft. Cyl. Tanks or Receivers, 
80 lbs. W.P 

as 10 ft. by 4 ft. 6in. Air Receiver, 100 
8. 


_— on T. DAS (Hethesten) Ltp., Dudley. 
KF", Sale, Privately, 
VALUABLE 


MODERN ENGINEERING 
WORKS, 


ATTERCLIFFE, 
SHEFFIELD. 
With Spacious Offices, 4500 sq. feet, erected In 1916 
and 1920. Two large Machine Shops, North Lights, 
160 ft. by 150 ft., and 80 ft. by 80 ft., Battery 
Furnaces, Warehouse, etc., etc. 
REA—13, 880 sq. yards. 
Illustrated Booklets, with Plan and Further Partizu- 


lars, from EADON & LOCK WOOD, F.A.I., St.James’ 
—, shemale. C 641 
Bote MA na GONS try 
S HUNT 
Bridge Road by: a 8.W.11. one 
262 


1216 


a Your Repairs or any 
HOMolon onal 


Gena 


LIFtTs 


MARRYAT & SCOTT, LTD., 6074 
674 & 40, HATTON GaRDEN, LONDON, E.0.1. 





of every description. 
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’ ; HEATING. TO ENGINEERING CONTRACTORS. THE DIRECTOR-GENERAL, INDIA STORE 
r | ‘he Manchester Steam Users ane natin DEPARTMENT, Belvedere Road, Lambeth, 
ASSOCIATION The COMMISSIONERS OF HIS MAJESTY’S| THE CORPORATION OF LIVERPOOL invite London, 8.E.1, invites 


For the prevention of Steam Boiler Explosions and 
for the attainment of Evonomy in the application of 
Steam, 20, QUAY STREET, DEANSGATE, MANCHESTER. 
Chief Engineer: Mr TELFORD PETRIE, 
D.Sc.,M.{nst.C E., etc. 
Founded 1854 by SiR WILLIAM FAIRBAIRN. 
Certificates of Safety issued under the Factory and 
Workshop» Act, 1901.' Compensation for Damages 
and Liabilities paid in case of Explosions. Engines 
and Boilers inspected during construction. 5106 


Preparation for Examinations 
—Mr. A. J. ANIDO, B &c., A.C.G.I1., specialises 
in the personal preparation of Candidates for ali the 
examinations held by the Institutions of Civil, 
Mechanical and Electrical Engineers. Evening and 
Correspondence work arranged. —60, Chancery Lane, 
WU. ‘lelephone: Holborn 6776. K 109 
MANCHESTER MUNICIPAL 


(Jollege of Technology. 





pee: 
B. MOUAT JONES, D.8.O., M.A.(Oxon). 


UNIVERSITY OF MANCHESTER 
(Faculty of Technology). 


DEGREE COURSES IN TECHNOLOGY, 


The Prospectus gives particulars of the courses 
leading to the Manchester poegeey A Degrees 
(B Se.Tech., M.Sc.:ech.. and Ph.D.) and Certificates 
in the Faculty of Technology, in the following 
Departments :— 


MECHANICAL ENGINEERING 
"(Prof DEMPSTER SMITH, M.B.E., M.Sc.Tech., 


I M.E.) 

ELECTRICAL ENGINEERING 
(Prof, MILES WALKER, M.A., D.8c., M.I.E.E.) 

MUNICIPAL AND SANITARY ENGINEERING 
G. 8. CoLeman, D.Sc Eng., A.M.Inst.C.E., 
A.M.Inst.M. & Cy.&., F.R.San.I.) 

APPLIED CHEMISTRY, including General Chemi- 
cal Technology. Chemistry of Textiles (Bleach- 
ing. Dyeing. Printing aud Finishing), Paper 
Manufacture, Metallurgy and Assaying. Chemical 








Technology of brewing. Electro-Chemistry, 
Photography, Colouring Matters, Foodstuffs 
and Fuels, (Prof. JAMES KENNER, D.Sc., 


Ph.D., F R.8.) 
TEXTILE TECHNOLOGY 
(Prof W. E. Morton, M.Sc Tech ) 
INDUSTRIAL ADMINISTRATION (Post-Graduate 
Certificate Course) 
(J. A. Bow1g, M.A., D.Litt.) 


Prospectus will be forwarded free on application 
to the KEGISTRAR, College of Technology, Man- 
chester. — C594 


kK ngineers — Examination 
4 Successes! First Class Honours! Prizes! 
T.1G.B. students win outstanding successes ip 
practically all professional examinations—time after 
time they score higher pass pereentages than all 
other candidates combined. Nearly 200 engineering 
correspoudence courses—the widest selection in the 
world — completely covering every worth while 
qualification— 
A.M.1.Mech. E., A.M.IE.E., A.M. Inst. C.E., 
A.M.Inst.B.E., A.M.I.A.E., A.M.L.Struct.E., 
A.M.Inst Mun & Cy.E., M.R.San.1., C.&.G., 
B.Sc. London Univ., etc. 
are in the 


MAGNIFICENT NE€W_  112-PAGE BOOK 
“THE ENGINEER'S GUIDE TO SUCCESS.” 
FREE to you on request. Write now. 
The T.1.G.B. Guarantees Training until Successful. 
THE TECHNOLOGICAL INSTITUTE OF GREAT 

BRITAIN (Established 1917). 
TEMPLE BAR HOUSE, LONDON, E.C.4. 





78, 
(Sorrespondence (Sourses 
€ 


»F 
PREPARATION 
FOR THE 





4‘xaminations 
4 OF THE 
INST. OF CIVIL ENGINEERS. 
INST. OF MECHANICAL ENGRS, 
INST. OF STRUCTURAL ENGRS., 
UNIVERSITY OF LONDON, &c. 
ARE PERSONALLY CONDUCTED BY 


Mr. Trevor W. Phillips, 


B.Sc., Honours, Engineering, London University, 
Assoc M Inst.C.E., A.M.J.8truct.E., M.R.8S.1, 
F.R8.A., Chartered Civil Engineer, &c. 

For full particulars and advice, apply to :— 
8-11, TRAFFORD CHAMBERS, 58, SoUTH JOEN ST., 
LIVERPOOL. (Tel. Bank 1118). 
LONDON OFFICE :—65, CHANOBRY LANE, W.C.2. 
5104 
wr ee 
“« Lngineering Opportunities.’ 
4 —Thie is a Book you must pot miss. It 
contains brilliant articles by Prof. A. M. LOW, our 
Employment Supdt., etc., shows how to pass 
A.M.1.Mech.E., A.M IC.E., A.M.I.E.E.,A.M.1 A.E., 


Matric., C. & G., G P.O., Exams., and outlines over | 


60 home study Courses In all branches of Engineering. 
Send for free copy to day (state subject or Exam.) 
We alone guarantee “NO PAsS—NO FEE 

BRITISH INSTITUTE OF ENGINEERING 
TECHNOLOGY, 23, Shakespeare House, 29-31, 
Oxford Street, London, W.1, C581 








TENDERS. 
EGYPTIAN GOVERNMENT. 


Yenders are Invited by the 
Ministry of Public Works for the SUPPLY 
and ERECTION at Boseili Pumping Station o' TWO 
DIESEL PUMPING UNITS and accessories. 
Tenders are due in Cairo, Noon, 10th August, 1929. 
Specifications may be obtained from the CHIEF 
INSPECTING ENGINEER, KGYPIIAN GOVERN- 
MENT, 41, Tothill Street. London, 8.W 1, against 
payment of £1 Os. 6d., which sum is not returnable. 
C83 


WOKKS, etc., are prepared to receive 

‘tenders before Eleven 

a.m. on Tuesday, 16th July, 1929, 

for ACCELERATED LOW PRESSURE 

HOT-WATER HEATING at “ Livingstone ” Tele- 
phone Exchange, Norwood, S.E, 

Drawings, Specification, a copy of the Conditions 
and Form of Contract, Bills of Quantities and 
Forms for Tender, may be obtained from_the 
CONTRACTS BRANCH, H.M., Office of Works, King 
Charles Street, London, 8.W.1, on payment of One 
Guiuea. ee payable to The Commissioners, 
H.M. Office of Works.) The sums so paid will be 
returned to those persons who send in Tenders in 
conformity with the conditions. > 798 


HOLBURN UNION, LONDON. 
To BUILDERS and CONTRACTORS. 
The Guardians of the — of the Holborn Union 
vi 





2 

enders from Persons Willing 

to Contract for the ERECTION of BAL- 

CONIES TO THE WARDS of their Holborn and 

Finsbury Hospital, Archway Road, N., in accordance 

with the Drawings and Specification prepared by 
their Architect. 

The Drawiugs, Specification and Form of Tender 
may be obtained from the undersigned at the 
Guardians Offices, 53, Clerkenwell Road, E.C.1, 
between June 24th and July 17th, 1929, upon 
depositing £2, which will be returned upon the 
receipt of a Lona-fide Tender. 

Tenders must be signed. sealed, and addressed to 
The Guardians, and delivered at their Offices not 
later than 17th July, 1929, endorsed “ Tender for 
Balconies—Holboro and Finsbury Hospital.”” and 
the same will be opened at a meeting of the 
Guardians on that day. Each person tendering 
must be prepared to give satisfactory references and 
sureties if required. The Guardians do not bind 
themselves to accept the lowest or any Tender. 

No contract will be given to firms who do not 
ordinarily observe the recognised rates of wages and 


hours of labour. 
CHAS. J. CROSS, 
Clerk to the Guardians. 
Administrative Offices, 
53, Clerkenwell Road, E.C.1. 


17th June, 1929. C771 





HOLBORN UNION, LONDON, 
To BUILDERS AND CONTRACTORS. 


The Guardians of the Poor of the Holborn Union 
invite 


i 

'fYenders from Persons willing 

to contract for the EXTENSION of the 

TODDLERS’ COTTAGE at their Holborn Schools, 

London Road, Mitcham, Surrey, in accordance with 

the Drawings and Specifications prepared by their 
Architect. 

The Bills of Quantities and Form of Tender may 
be obtained from the undersigned at the Guardians’ 
Offices, 58, Clerkenwell Road, E.C.1. between June 
24th and July 17th, 1929, upon depositing £1, which 
will be returned upon the receipt of a tona-fide 
Tender. Drawings may be inspected at the 
Guardians’ Offices. 

Tenders must be signed, sealed and addressed to 
the Guardians and delivered at their Offices not tater 
than Twelve Noon on the 17th July, 1929, endorsed 
**Tender for Extension of Toddlers’ Cottage,” and 
the same will be opened at a Meeting of the 
Guardians on that day. Each person tendering must 
be prepared to give satisfactory references and 
sureties if required The Guardians do not bind 
themselves to accept the lowest or any Teuder. 

No contract will be given to firms who do not 
TT observe the recognised rates of wages and 

a 


bours of labour. 
CHAS. J. CROSS, 
Clerk to the Guardians. 
Administrative Offices, 
63, Clerkenwell Road, E.C.1. C 790 
19th June, 1929. 





ADMINISTRATIVE COUNTY OF LONDON. 


ROTHERHITHE TUNNEL — REPAVING OF 
CARRIAGEWAY, 


The London County Council invites 


[renders for the Repaving with 

Granite Setts and Wood Blocks of PORTIONS 
of the CARRIAGEWAY of Rotherhithe Tunnel. 
The work must be commenced on 7th October, 1929, 
and completed ready for traffic by not later than 
17th November, 1929. 

Instructions for Tender, Forms of Tender and 
Contract, etc., with a copy of the Drawing, may be 
obtained on application to the Chief Engineer. the 
Oid County Hall, Spring Gardens, 8.W.1, upon pay- 
ment of £2 by cheque, draft or money order to the 
order of the London County Council. This amount 
will be returnable only if the tenderer shall have 
sent in a lona-fide Tender and shall not have with- 
drawn the same. Full particulars of the work may 
ve obtained on per-onal application, and the con- 
tract documents may be inspected before payment 
of the fee. 

Kemittances by post should be addressed to the 
Chief Kngineer at the Old County Hall. Spring 
Gardens, 8.W.1. Personal enquiries at Room 3a, 
8, Warwick House Street, Cockspur street, 

1 





‘lhe Contractor will be bound to observe the pro- 
visions of a fair wages clause the terms of which are 
set out fully in the Instructions for Tenover and 
aie of Contract, and in Te London County Council 
Ga 

No Tender received by the Clerk of the Council, at 
The County Hall, Westminster Bridge, S E 1, after 
Four p.m. on Monday, 15th July, 1929, will be con- 
sidered. 

The Council does not bind itself to accept the 
lowest or any Tender 

MONTAGU H. COX, 


Clerk of the London County Council. C811 








[[‘enders for the Engineering 
WORE required at Proposed Washhouse at 
Garston Baths. 

Plans, Specification, and Form of Tender may be 
obtained on application to the Baths Manager, 
Baths Department, 75, Dale Street, on payment of 
One Guinea, which will be returned on receipt ofa 
bona-fide Tender. 

Tenders must be enclosed and sealed up in the 
official envelope provided, addressed to the Town 
Clerk. Municipal Buildings, Liverpool, and endorsed 
“‘Tender for Enginecring,” and delivered by letter 
post not later than Ten a.m., on Wednesday, the 
17th July, 1929. 

The Corporation do not bind themselves to accept 
the lowest or any Tender. 

WALTER MOON, 

Liverpool. Town Clerk, 

27th June, 1929. C 781 
WEST MIDLANDS JOINT ELECTRICITY 
AUTHORITY. 


IRONBRIDGE POWER STATION. 


[tenders are Invited by the 


above-mentioned Authority for STRUCTURAL 
STEELWORK required in connection with their 
Ironbridge Power station. 

The Steelwork will comprise all that required for 
the Engine Room, Switch House, River-side Pump 
House and also for a Road Bridge across the River 
Severn, with a span of 160 ft., and two flood spans 
of 55 ft. each. 

The Contract will include the supply, delivery 
and erection of the whole of the above-mentioned 
steelwork. including the complete erection of the 
bridge upon abutments to be provided by the 
Authority. 

Copies of Specification (No. 5), Drawings and Form 
of Tender may be obtained from re 
HETHERINGTON, M.I.E.E., M1I.Mech E., Chief En- 
gineer and Manager, at the Offices of the Authority, 
on payment of a deposit of Two Guineas, which 
will, after the Authority have come to a decision 
upon the Tenders received, be returned to the 
Tenderer, provided he shall have sent in a bona- 
fide Tender, and shall not have withdrawn it. Ad- 
ditional copies of the Specification may be obtained 
on payment of One Guiuea per copy, which will 
not be returned. 

Tenders must be forwarded under sealed cover, 
endorsed *‘ Tender for Contract No. 5—Ironbridge 
Power station,” so as to reach the undersigned not 
later than Noon on Wednesday, the 17th July, 1929, 

The Authority do not bind themselves to accept 
the lowest or any Tender. 

H. F. CARPENTER, 
Clerk and Treasurer. 
Offices of the Authority: 
Pheenix Buildings, 
Dudley Road, 
Wolverhampton. 
25th June. 1929. C795 
SKEGNESS URBAN DISTRICT COUNCIL. 


PIAZZA. 


‘Tenders are Invited for the 


ERECTION of a ROOF for the above, and 
also DANCING FLUOR, the area to be covered in 
being approximately 133 ft. by 90 ft. 

There will be two separate contracts: 

(1) Estimate “‘ A '’ Constructional Iron work and 

Patent Glazing. 

(2) Estimate “ B’’ General Builder’s Work. 

CONTKACTORS Tendering for Estimate “A” 
may havea copy of Drawings, Specifications and Form 
of Tender, and for Estimate ‘‘ B’’ a Copy of Quan- 
tities and Ferm of Tender upon application to 
Mr. R. H. JENKINS, Surveyor, Council Offices, Ida 
Road, Skegness. 

On each application a sum of One Guinea (which 
shall be returned on receipt of a bona-fide Tender) 
shall be deposited, and Plans, Specifications, General 
Conditions, etc., may be inspected at the Surveyor’s 
Office aforesaid during Office hours, 

Sealed Tenders. endorsed “ Piazza Roof,’’ are to 
be returned to the undersigned not later than 22nd 
July, 1929. 

The Council do not bind themselves to accept the 
lowest or any Tender, and such acceptance is subject 
to the approval of the Ministry of Health. 

IVOR M. CULE 


Clerk'to the Council. 


Council Offices, 
Skegness, 
_ 25th June, 1929.00 C 802 
BAKRY URBAN DISTRICT COUNCIL. 


NEW WATERWORKS. 
CONTRACT D. 


The above Council invite 


[renders from Experienced 

Contractors for the CONSTRUCTION of the 
8ST. LYTHANS to BARRY SECTION of the PIPE 
LINE, comprising 4914 yards of 22in. diameter Cast 
Iron Pipes, 3652 yards of 17in. diameter Steel 
Pipes, 1976 yards of 12 in. diameter Cast Iron Pipes, 
and 500 yards of smaller Pipes, in the County of 
Glamorgan. 

Forms of Tender, General Conditions,Specification, 
and Schedule of Quantities may be obtained from 
EpWARD SANDEMAN, M.Inst.C.E., Consulting 
Engineer to the Council, 15, Victoria Street, West- 
m.nster, S.W.1, upon payment of Five Guineas, 
which amount will be refunded upon receipt of a 
bona-fide Tender. 

The drawings can be seen after Monday, the 1st 
July,1929, at the Office of the Water Engineer, Broad 
Street, Barry, Glam.. or by appointment at the Office 
of the Consulting Engineer, 15, Victoria Street, 
Westminster, S W.1. 

Sealed Tenders, endorsed “ Barry U.D C. Water: 
Te: der tor Contract D, St. Lytnans to Barry Section 
of the Pipe Line,” are to be delivered to the under- 
signed by Twelve Noon on Monday, the 15th 
July, 1929. 

The Council do not bind themselves to accept the 
lowest or any Tender. 

T. B. TORDOFF, 
Clerk to the Council. 


Council Offices, 
Barry, Glam. 


26th June, 1929. C818 





enders for :— 


SCHEDULE 1. 1262 DISC CENTRES for Carriage 
and Wagon Wheels. 


SCHEDULE 2, 1552 STEEL AXLES for Carriages 
and Wagons. 
SCHEDULE 3. 12 METRE GAUGE TANK 


LOCOMOTIVES. 
Tenders due as follows :— 
Schedules 1 and 2, 9th July, 1929. 
Schedule 3, 16th July, 1929. 
Forms of Tender available from the above at a fee 
(which will not be returned) of 5s. for each Schedule. 
BOMBAY, BARODA & CENTRAL INDIA _ 
RAILWAY COMPANY. 


The Directors are prepared to receive up to Noon on 
Friday, 19th July, 


[renders for the Supply of :— 


1, AXLES for Carriages and Wagons. 
2. LAMINATED BEARING SPRINGS. 
3. STRAIGHT AXLES for Locomotives and 


Motor Coaches. 

4, STEEL BOILER TUBES, FLUE TUBES 

and STEAM PIPES. 

5. TYRES for Locomotives. 

And up to 2.30 p.m. on Wednesday, 17th July, 
TENDERS for the Supply of :— 

6. COPPER FIREBOX PLATES. 

Tenders must be made on Forms, copies of which, 
with Specification, can be obtained at these Offices 
on payment of 10s. each for Nos. 1 to 5 and 20s. 
each for No. 6 (which will not be returned). 

The Directors do not bind themselves to accept 
the lowest or any Tender. 

8. G. S. YOUNG, 





Secretary. 
Offices : The White Mansion, ' 
91, Petty France, 
Westminster, S.W.1. 
26th June. 1929. C 820 


LIVERPOOL CORPORATION WATERWORKS. 
VYRNWY AQUEDUCT—THIRD INSTALMENT. 


CONTRACT No. 10. 
PIPELAYING. 


The WATER COMMITTEE of the Liverpool 
Corporation are prepared to receive— 


[renders from Competent 
Persons willing to enter into a Contract for 
the LAYING OF STEEL PIPES, of 42 inches 
internal diameter, and other ancillary works, as 
follows :— 
From Cotebrook to Brown Moss, a distance of 
about 53 miles. 

The plans and sections may be inspected, and 
copies of the Specification and Form of Tender 
obtained at the Water Engineer’s Office, 55, Dale 
Street, Liverpool, upon payment of the sum of Five 
Guineas, which amount will be returned upou receipt 
of a /ona-fide Tender, 

Tenders, endorsed “Tender for Pipelaying,” are 
to be sent through the post in a sealed envelope 
addressed to “The Town Clerk, Municipal 
Buildings, Liverpool,” so as to be delivered not later 
than Twelve o’clock Noon on Friday, 19th July, 1929. 

The Water Committee do not bind themselves to 
accept the lowest or any Tender. 


WALTER MOON, 
: : Town Clerk. 
Municipal Buildings, 
Liverpool. 
June, 1929 Cc 819 


~SOUTu INDIAN RAILWAY COMPANY, — 
LIMITED. 


The Directors are prepared to receive 


[renders for the Supply of :— 


1. AXLES for Carriages and Wagons. 

2. STEEL SUREW COUPLINGS. 

3. SPARE PARTS for Carriages (Yorkshire Iron 

Drawbar Hooks). 

4, LINOLEUM. 

Specifications and Forms of Tender will be ava’ - 
able at the Company’s Offices, 91, Petty France, 
Westminster, S.W.1. 

Tenders addressed to the Chairman and Directors 
of the South Indian Railway Company. Limited, 
marked “Tender for Axles for Carriages and 
Wagons,” or as the case may be, with the name ‘of 
the firm Tendering, must be left with the under- 
signed not later than Twelve Noon on Friday, 
12th July, 1929, 

The Directors do not bind themselves to accept 
the lowest or any Tender. 

A charge, which will not be returned, will be made 
of 5s. for each copy of Specifications Nos. 1,2 and 
> "7 of 2s. 6d. for each copy of the Specification 


oO. 4, 

Copies of the drawings may be obtained at the 
Offices of the Company’s Consulting Engineers, 
Messrs. ROBERT WHITE & PARTNERS, 3, Victoria 
Street, Westminster, 8.W.1. 

A. MUIRHEAD, 
Managing Director. 
91, Petty France, 
Westminster, S.W.1. 


26th June, 1929. C 831 








APPOINTMENTS OPEN. 
ADMINISTRATIVE COUNTY OF LONDON. 


the London County Council 
will REQUIRE in September, 1929, at the 
L C.C. School of Engineering and Navigation, High 
Street, Poplar, E.14,a VISITING TEACHER of 
Motor Car Engineering (Mondays 7-930). The 
course is mainly for drivers of industrial vehicles. 
Fee 16s. for an attendance of about three hours.— 
Apply, EDUCATION OFFICER (T 1a), The County 
Hall, Westminster Bridge, S.E.1 (stamped addressed 
foolscap envelope necessary), for form, to be 
returned by 15th Julv. Canvassing disqualifies. 
ONTAGU H. COX, 
Clerk of the London County sae 
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ENGINEERING. 
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METROPOLITAN WATER BOARD. 


APPOINTMENT OF TWO JUNIOR 
ENGINEERING ASSISTANTS. 


The Metropolitan Water Board invite 


A Pplications from those who 
are students of the Institution of Civil 
Engineers or have passed an examination qualifying 
for studentship, for the APH OINTMENTS of TWO 
TEMPORARY JUNIOR ENGINEERING ASSIS- 
TANTS in the department of the Chief Engineer, 
at an inclusive salary of £3 per week. 
Applications, in the candidate’s own handwriting, 
stating age. and full particulars of training and 
qualifications, should be addressed to Mr. HENRY 
E. STILGOR, M.Inst.C.E., the Chief Engineer, and 
must rea: h the Offices of the Board not later than 
the 15th July, 1929. 
G. F. STRINGER, 


Clerk of the Board. 
Offices of the Board, 
173, Rosebery Avenue, E.C.1. 
26th June, 1929. 


C 826 


a Se ee 

THE GOVERNMENT OF INDIA 
require the services of 

wo Foremen  Light- 

HOUSE MECHANICS for service in 
. * the districts stretching from Aden and 
the Persian Gulf to and including the coasts of 
Burma. Candidates should be about 30 years of 
age and preferably unmarried. They shou'd have 
served an apprenticeship with a reputable firm of 
mechanical engineers and have had some years’ 
experience in a L'ghthouse Service or in the works 
of well-known Lighthouse Contractors. A thorough 
knowledge of the erection of all lighthouse apparatus 
is essential. Preference will be given to! those who, 
in addition to the above, have a working knowledge 
of internal combustion engines and a slight know- 
ledge of build:ng construction. 

TERMS.—Salary for each post Rs. 500 a month, 
rising by annual increments of Rs. 20 to Rs. 600 a 
month. Five years’ agreement in first instance. 
Second-class passages out and home. House allow- 
ance. Special Provident Fund. Strict medical 
examination. 

Forms of application and further particulars 
should be obtained (by request by postcard) from 
the SECRETARY TO THE HIGH COMMISSIONER 
FOR INDIA, General Department, 42, Grosvenor 
Gardens, London, S W.1. Last date for receipt of 
applications, 15th July, 1929. C 780 


CROWN AGENTS FOR THE COLONIES. 
COLONIAL GOVERNMENT APPOINTMENTS. 





=== = 





pplications from 
qualified candidates are invited 
SR “for the following POST :— 

M/1581. ASSISTANT MECHANICAL ENGIN- 
EER REQUIRED by the GOVERNMENT of 
CEYLON for the RAILWAY DEPARTMENT for 
three years to organise and take charge of Planning 
and Progress Section, to control manufacturing pro- 
cesses (through Shop Foremen) in Machine Shops, 
Foundries and Blacksmith Shop, and to control Tool 
Room. Salary £500 a year, rising to £960 a year by 
annual increments of £30. A higher initial salary 
than £500 may be paid if warranted by qualifications 
and experience. Rent allowance if quarters are not 
available. Free passages, and if married for wife and 
children also not exceeding four persons besides the 
candidate selected Candidates, aged 28 to 35, 
should have served their time as —_ or apprentices 
in the Locomotive Workshops of one of the principal 
British Kailways, have had suitable Drawing Office 
experience and. during the last two or three years, 
have been directly engaged on modern system of 
progress repairs and manufacture in Locomotive, 
Carriage and Wagon Workshops. They should 
possess an engineering degree or diploma and be 
fully conversant with modern production methods, 
be capable of planning all operations and standard 
layouts for reproducing spare parts for Locomotive 
and Rolling Stock, must have a working knowledge 
of Heat Treatment Processes, and be capable of 
introducing a Gauging System based on the B.E.S.A. 
Standards. They should bave administrative ability 
and be c+pable of taking charge of the Mechanical 
Engineering Department if and when required 

Apply at once by letter, stating age, whether 
married or single, and full particulars of qualifications 
and experience, to THE CROWN AGENTS FOR 
THE COLONIES, 4, Millbank, London, 8.W.1, 
quoting M/1581. cs 





= 
to 


ssistant Civil Engineers 
REQUIRED in Civil Engineer-in- 
Chief’s Department, Admiralty, and 
H.M. Naval Establishments at home and abroad. 
Candidates must be between the ages of twenty-five 
and thirty years on the 20th July, 1929. Those who 
have served, or are serving, in the Army, Navy or 
Air Forze, may de@uct from their actual age any 
time not exceeding three years, during which they 
have so,/served. Candidates must either (A) be 
Corporate Members of the Inetitution of Civil 
Engineers, or (B) have passed Sections A and B of 
the Associate Membership Examination of the 
Institution of Civil Engineers, or taken a degree 
recognised by the Institution as exempting there- 
from, and have reached such a stage in their 
professional training that it is possible for them to 
become Corporate Members within two years. 

Those appointed will be on probation for two 
years, and will not be confirmed unless and until 
they, being Corporate Members of the Institution of 
Civil Engineers, have passed this period of probation 
to the satisfaction of the Admiralty. 

Commencing salary £250 per annum, plus Civil 
Service Bonus, which at the current rate amounts 
as 11 pd annum. 

pecial consideration will be given to candida: 
who served in H.M Forces during the War. — 

No candidate will be accepted for appointment 
who fails to pass a strict medical examination as to 
* phy pe fitness. 

orms of Application, etc., can be obtained from 
the CIVIL ENGINEER-IN-CHIFF, ADMIRALTY, 
London, 8.W.1, and should be returned completed 
i. bg to reach that Officer not later than 20th J uly, 





Candidates will be responsible for any ex enses 
which they may incur in attending for iierviow, 
C 707 


MINISTRY OF TRANSPORT. 
ROADS DEPARTMENT. 


VACANCIES FOR ENGINEERS. 


eRe A Pplications are Invited 
pL. BN or APPOINTMENTS as_ ENGIN- 

EER in the Divisional Road Engineers’ 
Offices. The posts are non pensionable and the 
commencing salary £400 per annum, inclusive, with 
prospects of increases up to a maximum of £500 per 
annum. 

Candidates with experience under a Highway 
Authority, and practical experience of moder: road 
and bridge construction, are required. Preference 
will be given to men who have served in His 
Majesty ’s Forces. 

Applications for Forms of Application should be 
made in writing to the ESTABLISHMENT 
OFFICER, MINISTRY OF TRANSPORT, White- 
hall Gardens, S.W.1, Last day for receipt of 
Application l’orms, 5th July. C772 


ROYAL INDIAN MARINE. 
APPOINTMENT OF ENGINEER OFFICERS. 


THE SECRETARY OF STATE FOR INDIA 
proposes shortly to make a number of appoint- 
ments of— , 
Egineer Sub-Lieuten- 

ANTS in the Royal Indian Marine. 
; Candidates must be British subjects be- 
tween the ages of 21 and 23, and must have served 
at least five years as apprentice engine fitters in a 
recognised engineering firm or Government Dock- 
yard. Selected candidates will be given three 
months’ training under the Admiralty before pro- 
ceeding to India—Further details and forms of 
application from the SECRETARY, MILITARY 
DEPARTMENT, INDIA OFFICE. 8.W 1. 
Applications should be made immediately. C808 





ADMINISTRATIVE COUNTY OF LONDON. 


[the London County Council 


will REQUIRE in September, 1929, at the 
L.C.C. School of Engineering and Navigation, High 
Street, Poplar, K.14,a FULL TIME TEACHER 
for the Marine Eugineering Department. 
department prepares for Board of 
Examinations for engineer officers in the Mercantile 
Marine. Candidates must possess an extra first- 
class certificate. Teaching experience desirable. 
Scale of salary (according to Burnham award) 
£290, rising by annual increments of £14 to £410. 
For graduates £276 by £15 to £528. Commencing 
salary according to experience. The frst increment 
accrues after two years’ teaching experience. 
Apply, EDUCATION OFFICEK (T 1a), The 
County Hall Westminster Bridge, S.K.1 (stamped 
addressed foolscap envelope necessary) for form to 
be returned by 15th July. Canvassing disqualifies. 
MONTAGU H. COX, 
Clerk of the London County one 


ADMINISTRATIVE COUNTY OF LONDON. 


[the London County Council 


will REQUIRE in September, 19:9, at the 
L.C.C. School of Engineering and Navigation. High 
Street, Poplar, E14, a VISITI‘G ThACHER of 
Heat t ngines (Tuesday, 7-9.30), who will be mainly 
responsible for the laboratory work of the Heat 
Engines Class in the Ordinary Grade National 
Certificate (ourse. Fee 16s. for an attendance of 
about three hours.— Apily, EDUCATION 
OFFICER (T.1a), The County Hall Westminster 
Bridge, 8.E.1 (stamped addressed foolscap envelope 
necessary), for form to be returned by 15th July. 
Canvassing disqualifies 
MONTAGU H. COX, 
Clerk of the Loudon County Council. " 
C 68) 


EGYPTIAN GOVERNMENT. 
APPOINTMENT OF A MECHANICAL 
ENG1NEER. 





pplications are Invited for 
APPOINTMENT as MECHANICAL 
ENGINEER in the Ministry of Public Works, Cairo, 
— with the Egyptian Irrigation Service in the 
Sudan. 
Applicants must be of British nationality, between 
30 and 35 years of age, preferably unmarried, and 
possess the following qualifications :— 

Must have had sea-going and_ general 
workshop experience, and must produce 
certiticates of satisfactory service, preferably 
where native labour was employed. 

Salary, £E 24 per mouth plus 40 per cent. Sudan 
allowance (£E.1 equals £1 Os. 6d. approximately), 
free of Egyptian Income Tax. 
Pay begins on day of reporting for duty in Cairo. 
Sudan allowance begins on arrival in the Sudan. 
Free furnished quarters outside Khartoum 
provided. 
The appointment is subject to medical examination. 
The selected candidate will be granted actual 
expenses of steamer and railway journey to Egypt, 
plus £E.10, provided total does not exceed £E.40, 
and similarly on return from Egypt. 
Initial period of contract 2 years, subject to 
renewal. 
Third class fares and reasonable out-of-pocket 
expenses will be paid to applicants who are request: d 
to attend for interview and/or medical examination. 
Application and specimen Contract Forms may 
be obtained from :— 
THE CHIEF INSPECTING ENGINEER, 
Egyptian Government, 
41, Tothill street, 
West minster, 
London. 8.W.1, 
to whom they should be returned with full particu- 
lars as to education, qualifications. previous experi- 
ence personal references and COPIES of certificates 
or testimonials. 





Required, for Govern- 


ment EXPERIMENTAL ESTAB- 
LISHMENT at Biggin Hill. Kent, an 
ASSISTANT EXPERIMENTAL OFFICER for 
Design duties. Candidates should have at least 10 
years’ experience fn a supervisory capacity in a 
General Engineering Workshop, also some experience 
in the design of Naval or Military Field Equipment. 
They must have a knowledge of acoustical engineer- 
ing and the manufacture of acoustical instruments, 
also of lectrical engineering, particularly of electrical 
control systems, relays, and arc lamps. They must 
have some experience in a drawing office. Salar 
£250, rising by increments of £15 to £350 with Civ 
‘ervice Bonus in addition. Entry will be made at 
the bottom of the scale, the bonus on which is at 
present approximately £111. Preference to ex- 
service candidates.—Application, giving age, quali- 
fications, copies of testimonials, etc., should be made 
by letter to the SECRETARY, R.E. BOARD. 14, 
Grosvenor Gardens. London, 8.W.1. C 783 


WOLVERHAMPTON AND STAFFORDSHIRE 
TECHNICAL COLLEGE. 
Principal: W. E. FISHER, D.Sc. 





pplications are Invited for 

APPOINTMENT as CHIEF INSTRUCTOR 

in the Engineering (Production) Department, to 
date from September Ist, 1929. 

The primary duty of the post will be to give 
workshop, drawing office, and classroom instruction 
related to modern manufacturing processes and 
methods, 

Salary will be on the College Instructor’s Scale, 
Grade 1, rising from £300 to a maximum of £350 
per annum, subject to 5% superannuation de- 
duction. 

Candidates should be of good general and tech- 
nical education, thourh a University Degree is not 
essential. They should have had shop and drawing 
office experience in a position of some responsibility 
and with firms of good standing. 

Furtuer particulars on application to the under- 
signed. Latest date, J | 4th, 1929. 

T. A. WARREN, 
Clerk to the Governors. 

Education Office, North Street, 

Wolverhampton. Cc 720 


DEPARTMENT OF SCIENTIFIC AND 
INDUSTRIAL RESEARCH. 


Exgineer Required for 


Fruit Storage Research Station, 








: East Malling, Kent, age not exceeding 
40. Candidates should have a good Honours degree. 
with good practical and research experience. Uther 
things being equal, preference will be given to 
Ex-Service men. Scale of salary £350-£20-£450, 
ene Civil Service Bonus. Initial pay approximately 

485. Superannuation provision will be made under 
the Federated Superannuation Scheme for Universi- 
ties.—Further particulars and Application Forms 
may be obtained from the SECRETARY, DEPART- 
MENT oF SCIENTIFIC anp INDUSTRIAL 
RESEARCH, 16, Old Queen Street, S.W.1, to whom 
the latter should be returned completed not later 
than July 6th. C 708 


CITY OF LIVERPOOL. 
CITY ENGINEER’S DEPARTMENT. 


RESIDENT ENGINEER—SEA WALL AND 
EMBANKMENT SCHEME. 





pplications are Invited for 

the POSITION of RESIDENT ENGINEER 

under the City Engineer in connection with the 
above Scheme. 

The Appointment will be a temporary one, lasting 
about two years, 

Applicants must have had considerable experience 
in the construction of this class of work and should 
state clearly in their applications the various works 
of this type carried out under their supe: vision. 

Applications, stating age, experience and quali- 
fications, accompanied by copies of not more than 
three testimonials, to be forwarded through the post 
addressed to the undersigned, endorsed “* Resident 
Engineer.” so as to arrive uot later than the firat 
post on Tuesday. the 9th July, 1929. 

Salary £750 per annum. 

The appointment will be subject to one month’s 
notice on either side. 

Canvassing, directly or indirectly, will be deemed 


a disqualification. 
WALTER MOON, 
Town Clerk. 
Municipal Offices. 
14th June, 1929. C 750 
. ° ° 

\\ anted, Assistant Superin- 
TENDENT for large Works engaged on light 
mass production. Successful executive experience 
as well asa good practical knowledge of tools and 
methods necessary.—Address, C598, Offices of 
ENGINEERING. 


Required, by Structural Steel 


Works in India, FOREMAN, age not over 30. 
Must have held similar position in this country. 
Reply fully, stating age, education, training, present 
work and wages or salary, to Z.P. 573, c/o DEACON’S 
Advertising Agency, Fenchurch Avenue, a. " 
RENO Ae AE EE | 
[»spector Wanted, accustomed 
Aluminium Castings for aircraft or high class 
automobile work. Birmingham foundry.—Address, 
C 775, Offices of ENGINEERING. | 





[»spector, First - class Man, 
: to take charge of raw material inspection and 
radio apparatus and component for large works 
(Mitcham District, London).—Address, C 805, Offices 
of ENGINEERING. : ete i 
\W anted, for London Mer- 

chant Business, Milling Machinery SALES- 
MAN. Technical training and office experience 
essential. — Address, U 801, Offices of ENGINEERING. 


[[Nechnical Correspondence and 


ESTIMATING ASSISTANT, with knowledge 
of Laundry engineering preferred. tate age. ex- 
erience and salary required.—ISAAC BRAITH- 








Envelopes to be inscribed ‘‘ Mechanical ee 


AITE & SON, E eers, LTD., Ibis Works, 
Kendal. ae ‘ Cc 


719 





A ttomatic and Small Machine 


FOREMAN WANTED. State age, 
experience, and salary required.—Address, C 821, 
Ottices of ENGINEERING. 
}{ngineer-Salesman with sound 

4 training and experience of representation. 
Well-educated Man with personality desired. Age 
about 27. Liberal salary and good prospects.— 
CALL, C. W. PETTY AND COMPANY (APPOINT- 
MENT SPECIALISTS), 58, HAYMARKET, 8.W.1. 
GERKARD 3412-3. C 810 


raveller Wanted for London 
District, on salary and Commission, to repre- 

sent firm making acetylene welding aud cutting 
apparatus. Man with experience in the Acetylene 
Industry preferred. — Apply, by letter, stating 
experience and salary required, C. 8S. MILNE anv 
€O., Ltp., Harlev Works, Deptford. S.E 8. © 770 


Pyectrician, Really Capable 

Man WANTED for wiring up test board to 
di-grams, by Radio Works (Mitcham District, 
London).—Address, C 803, Offices of ENGINEERING. 


. +r ‘N . ’ ae 
Feagineer (Certificated) Re- 
: QUIRED to manage shore plant. Age about 
30. Commencing salary £250, State education, 
experience and qualifications ; no testimonials 
needed.— Address, C 777, Ottices of ENGINEERING. 


| Jequired tor Mid _ East, 

Engineer with General Experience, knowledge 
of Estimating, Drawing Office, Oil Engines, etc., a 
recommendation. Age 23-27, single. Wassage paid. 
—Address, with copies of references, C 797, Offices 
of ENGINEERING. 


anted, Experienced and 
Qualified ENGINEER, with Chemical 
Engineering experience of organic manufacturing 
rocesses. To be responsible for engineering main- 
nance, electric-power and steam generation, plan- 
ning, design and construction of extensions for new 
plants Age about 30/35. State salary expected 
and parti ulars of experience.—Address, C 787, 
Offices of ENGINEERING, 

















- ; 
\\ anted, Senior Draughtsman, 
for an old established (British) firm of 
constructional engineers and shipbuilders in India. 
Applicant must have served full apprenticeship in 
engineering workshops with subsequent techuical 
training at recognised engineering college or 
university and obtained B.Sc or B.E. degree. In 
addit.on to general mechanical engineering. must 
have had considerable experience in the design of 
Bridge structures and preparation of competitive 
designs for all classes of steel work. Public School 
man preferred, and age under 35. A four years’ 
agreement in the first instance, first-class free passage 
to India and home again on satisfactory termination 
of services. 
Excellent prospects for first-class man.—Address, 
with full particulars of experience. references, and 
salary expected, C 792, Office< of ENGINEERING. 


Tool and Plant Draughtsman 


REQUIRED for Engine Works in the South 
of England.— Address, stating age, details of experi- 
ence, and salary required, C 768, Offices of 
ENGINEERING. 


Wanted Immediately, First- 


class MECHANICAL DRAUGHTSMAN, 
preferably with Conveyor and Structural experience. 
Address, C 774, Offices of ENGINFERING. __ 
| jraughtsman Required by 

old- established firm of Lift- makers in 
Scotland Only first-class men with the necessary 
qualitications need apply State experience and 
salary.— Address, U 776, Offices of ENGINEERING, 


raughtsman. — Engineerin 
DRAUGHTSMAN REQUIRED temporarily 
for Rai'way Engineer's Office in London; experi- 
ence in Permanent Way and surveying essential. 
Address, stating age. experience, and salary required, 
C 794, Offices of ENGINERRING. 


Dr2ughtsman, with sound 
mechanical knowledge and technical training, 
REQUIRED for Radio Works (Mitcham District, 
London) —Address, U 804, Offices of ENGINEERING. 














[)taughtsman Wanted with 

experience in General Engineering; must be 
accurate, quick worker, with initiative. State age, 
wage and experience.—Address, C 796, Offices of 
ENGINEERING. 


‘ngineer-Draughtsman 
4 WANTED, with good technica! training and 
shop practice in light engineering, required to design 
and develop new automatic process; good opening 
and prospects for young man with Initiative and 
intelligence.— Write, giving particulars of education, 
technical training and shop experience, to 
ENGINEER, c/o ARMITAGE & Norton, Chartered 
Accountants, Hudderstield. —_ 0 709 
| comotive Draughtsman 
4 REQUIRED, London area, must be fully 
competent and thoroughly acquainted with Loco- 
motive design and practice. Commencing salary 
£5 108 —Address, C 806, Offices of E GINEBRING. — 
| )raughtsmen Wanted at Once 
for Engineering Firm building Overhead 
Electric Cranes. Must be quick and confident 
workers and have sound experience in the Mechan- 
ical and Structural Designs for Cranes.— Address, 
stating experience. age and salary required, C 793, 
Otfices of ENGINEERING, fat 2 al 
\ VV anted, a Capable Draughts- 
MAN, used to Motor Car Engineering, for 

detail work. State age, experience and — 
required.- Apply, THE TECHNICAL PRODUC- 
TION ENGINEER, Messrs. ROoOLLs-Royce Ltd., 
Nighbtingaie Rd., Derby. Cc 800 
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] taughtsman Required for 


Works in East Midlands; must have experi- 
ence in design of modern Centrifugal Pumps for 
Gravel, Sand and Sewage. Full particulars.—Address, 
C 822, Offices of ENGINEERING. 


W anted, Engineer-Draughis- 
MAN, experienced in go | plans and 
estimates for laundries.—Apply, giving full particu- 
lars and experience, to LISTER BROS., Nightingale 
Vale, Woolwich, 8.E.18. pnt C 823 
]i\xpetienced Draughtsman 
4 REQUIRED in Midlands for Steam Power 


Station layouts. State age, experience and salary. 
—Address, C 828, Offices of ENGINEERING. 


: ; 
H )raughtsman (Senior) Wanted 

for Steam Turbine details and design. Mid- 
lands district.—Address, with full particulars of 
training, experience, age and salary required, C 829, 
Offices of ENGINEERING. 


Pzss Tool Draughtsmen 


WANTED. Experienced on auto- 
mobile work preferred.—Give full particulars 
of experience to EMPLUYMENT DEPT., 
PRESSED STEEL Co., Cowley, Oxford. 


C 834 


[)2ughtsman.— Required, in 

London Office of firm of Engineers, 
DRAUGHTSMAN with knowledge of conveying and 
mechanical handling plants; experienced men only 
need apply. State age, experience and salary.— 
Address, © 645, Offices of ENGINEERING. 


Qenior Draughtsman Required 
h for turbine details.—Apply, by letter, giving 
particulars of age, experience and salary required, 
to METROPOLITAN-VICKERS ELECTRICAL 
CO. Lrp., Trafford Park, Manchester, marking 
envelope “Turbine Draughtsman,” and addressing 
same to the Employment Department. C 691 


m™m FI 
| raughtsmen.— The British 
THOMSON-HOUSTON CO., LtD., Rugby, 

has VACANCIES for MECHANICAL and ELEC- 
TRICAL DRAUGHTSMEN.—Apply, stating age, 
experience, and salary required, to MANAGER, 
Drawing Offices, B.T.H. Co., Ltd., Rugby. C 599 
E a “ ————— 
K xperienced Engineer- 
A DRAUGHTSMAN, preferably with know- 
ledge of practical Laundry engineering. State age, 
experience and salary required.—_ISAAC BRAITH- 
WAITE & SON, Engineers, LTD., Ibis Works, 
Kendal. C 718 


Re 4 
| ondon Firm Requires 
4 DRAUGHTSMAN, for work on small Mech- 
anical and Electrical Apparatus. Electrical Instru- 
ments experience an advantage.—Address, stating 
age, experience and salary required, C 835, Offices of 
ENGINEERING. 


\ Janted, xperienced Marine 
Engine DRAUGHTSMEN, accustomed to 
machinery and pipe arrangements for high-class 
vessels ; also good Boiler Draughtsman. West Coast 
District. Good salary and prospects for first-class 
men.—Addreas, C 628, Offices of ENGINEEBING. 


= . 

desearch Engineers  Ltd., 

/ Chalk Farm, N.W.1, have VACANCY for 
CHIEF DESIGNER for Experimental work of 
great variety. Must have good knowledge of 
Internal Combustion engines and motor-car design, 
also testing. Some reasonable electrical experience. 
Some commercial experience useful.—Apply, by 
letter, giving details of experience and salary asked. 


C 788 


: =. ° 
| » equired, First-class Designers 
rV accustomed to all classes of cranes and 
material handling equipment. Only experienced men 
need apply.—Adadress, C 784, Offices of ENGINEERING, 
: ; ;. ml... 
| » equired, in Westminster, Two 
v First-class BRIDGE DESIGNERS with 
some practical experience. University men pre- 
ferred.—Address, C 807, Offices of ENGINEERING. 


| dupil, Vacancy for, Office of 

Consulting Engineer, Westminster. Know- 
jedge of Applied Mechanics and drawing, also some 
workshop experience, desirable.—BOX 2734, c/o 
A. W. Brown, 39, Tothill Strect, 8.W.1. C791 


s . = = Ty 

( )!d- Established Scottish firm 

of Lift Makers is OPEN to APPOINT, ona 

salary Commission basis, REPRESENTATIVE for 

Scotland. Applicants must have good connection 

with architects and Lift Engineering experience.— 
Address, C 830, Offices of ENGINEERING. 





[asinecr, age 36, Fully Quali- 
_4 fied, excellent references, three years Acting 
Superintendent Engineer of River Shipping Company 
abroad, Desires Responsible Position, Power, Main- 
tenance, at home or abroad.—Address, C 824, 


Position of Manager or Works 
Manager Required. Engineer, wide experi- 
ence management, general engineering and Foundry. 
Excellent referenccs.—Address, C 769, Offices of 
ENGINEERING. 


Ho2gineer, Experienced Factory 

Plant and operation. Good draughtsman and 
original designer. Or would contract for work.— 
Address, C 815, Offices of ENGINEERING. 


‘ngineer (age 36) Desires 

Change. Works Manager or similar position 

of responsibility. Undertake development. Wide 

experience mass production and precision methods, 

workshop organisation, etc. Personality, integrity 

and business acumen.—Address, C 809, Offices of 
ENGINEERING. 











PUBLICATIONS. 


si The Past and Future Developments of 
Electricity and Industrial and World Peace” 


By H. G. MASSINGHAM 
RECENTLY PUBLISHED BY HUTOHINSONS, LONDON 
At all Booksellers. 6d. 6160 
A number of employers have presented each of 
their employees with a copy.— HAVE YOU ? 


ENGINEERS BOOK SHOP 


Service to ENGINEERS and MANUFACTURERS; 
Technical Research, Books, Periodicals, Papers, 
Translations, Photostats. 

We will unearth and supply the data in print for 
you. Write to E. HARDER about your engineering 
problems. 


5048 
159 East 44th Street, New York, N.Y. 








WANTED, &c. 


[s522¢ J. Abdela, ‘Late Isaac 


J. Abdela & Mitchell, Ltd., of Manchester, 
Brimscombe and Queensferry, is Prepared to Enter- 
tain further first-class Agencies and open to buy 
surplus material stock.—2, Ridgefield, Manchester. 


C 825 
the Proprietor of Patent 
: No. 186151, for ‘‘ Tool Handles,” is DESIROUS 
of MAKING suitable ARRANGEMENTS by way of 
licence or otherwise on reasonable terms for the 
purpose of exploiting the invention and ensuring its 
development and practical working in England.— 
For further particulars apply to RAYNER & CO., 

2 


6, Chancery Lane, London, W.C. 5 C782 





No. 229201, “Improvements in and relating t° 
Light Projectors.”’ 

Nhe Owner of the above 

Patent is DESIROUS of ARRANGING by 
LICENCE or otherwise on reasonable terms for the 
manufacture and commercial development of the 
invention. — For — address, HERBERT 
HADDAN & CO., Chartered Patent Agents, 31 & 32, 
Bedford Street, Strand, London, W.C.2. C 816 


No. 167738, 
Separating Oils.’’ 


Nhe Owners of the above 
J Patent are DESIROUS of ARRANGING by 
LICENSE or otherwise on reasonable terms for the 
manufacture and commercial development of the 
invention,—For particulars address,s HERBERT 
HADDAN & CO., Chartered Patent Agents, 31 & 32, 
Bedford Street, Strand, London, W.C.2. C817 


dvertiser Wishes to Get in 


Touch with Owner fully-proved medium 
weight engineering product desiring to let licence 
for manufacture. Preference invention connected 
with labour saving in household food production 
or retail distribution.—Address, C 683, Offices of 
ENGINEERING. 


“Improvements in the Process of 


See also Front Page. 











SITUATIONS WANTED. 
])xperienced Works Manager 
4 


is Free for Re-engagement. Has splendid 
record in securing high-class production at minimu n 
cost. Keen organiser, successful in controlling labou;. 
References sent on application. Reply in conft- 
dence.—Address, C742, Offices of ENGINEERING. 


> = pa 
Photographic Specialist In- 

vites Inquiries from firms requiring services 
of Organiser and Manager of Photographic and 
advt. depts. Drawing Office experience and Capable 
Representative (36) ; Railway Engineering preferred 
but not essential.—C 760, Offices of ENGINEERING. 


: “ > . 
M echanical Engineer, single, 
38, acclimatised, very wide practical ex- 
perience, sound theoret. knowledge, exceptional refs., 
Requires Position abroad where hard work and 
initiative are two essentials.—Address, C 766, Offices 
of ENGINEERING. 
- = . 
Nhief Storekeeper Requires 
/ Position. Good Organiser, Disciplinarian, etc. 


Knowledge of Modern Faetory Practice. Excellent 
References,—Address, 0 827, Offices of ENGINEERING. 





AUCTION SALES. 


W beatley, Kirk, Price & Co. 
(Established 1850 
SPECIALISE I 


Valuations & Sales by Auction 
OF 
Engineering Works & Plant. 


LONDON: 46, WATLING STREET, E.C.4, 
MANOHESTER: 16, ALBERT SQUARE. 4961 
NBWOASTLE-ON-TYNB: 26, COLLINGWOOD STREET. 


]{ ammersmith Iron Works 


FOR SALE FREEHOLD. 


Site area two acres. 
Floor space, 84,000 sq. ft. 
Substantial Buildings. 
olid Wharf on Thames, 
300 feet long, 
for vessels up to 700 tons. 


Particulars & price from Sole Agents 
WHEATLEY KIRK, PRICE & CO., 
46, Watling St., London, E.C.4. 


FOR SALE. 








ish, Launch, &c., also 
Air Receivers and Feed Water Heaters.—Apply 
GRANTHAM BOILER & CRANK Co., LTD.. GRANTHAM. 


1? -Ton Railway Wagons. 
f? 100 FOR SALE or HIRE. Built 1916. In 
first-class condition. End and side doors.—Apply, 
C. L. STIFF & CO., Ltp., East Ardsley, near 
Wakefield. C595 


ed ()() BHP Diesel Set, 350 KW 
9) u Alternator. 
350 KW Alternator, 300 KW Generator. 


5000 KW Turbine, 6600 V. Alternator. 
Address, C 785, Offices of ENGINEERING. 


. . . a la . 
E ngineering Business as Going 
_4 Concern, Main Road, E. London. Estab- 
lished 40 years. Good orders in hand; well equipped ; 
valuable stock ; living accommodation; all at £2500. 
—Address, C 732, Offices of ENGINEERING. 


Ka Sale, as a Going Concern, 
Old-Established 


ENGINEERING WORKS, 


of THORNEWILL & WaARHAM (1919), Limited, New 
Street, Burton-on-Trent, specially situated and 
equipped for Colliery Engineering requirements, 
also General Engineering, including Iron Foundry 
—14 tons capacity, Non-Ferrous Foundry, Smithy 
with two Steam Hammers, Boiler and Plating Shop, 
Pattern Shop, Machinery and Erecting Shops, with 
an excellent local connection for Day Work. 

Freehold — upwards of 24 acres. 

Siding accommodation—L.M.S. 

For further particulars and permission to view 
apply to the Receiver for the Debenture Holders, 
Mr. R. V. RODWELL, Chartered Accountant, 
24, Friar Lane, Leicester. 


CLEARING 
CAMPBELL GAS ENGINE 
WORKS, HALIFAX. - 
There are still Machine Tools, Foundry Plant, 


Cupolas, Moulding—Boxes, and General Stores, etc., 
for Disposal at above works. 


Bowers for Gale. S05. So Ser 











Low Prices will be accepted to clear quickly. 


List on Application. 


Gro. CoHen, Sons & Co., Ltn. 
600, Commercial Road, London, E.14; or 
Mr. WILLIAMS at the Works. 


HERBERT 


HIGH-CLASS SURPLUS 
DRILLING AND BORING 
MACHINES. 


CORONA 48 in. Heavy Sensitive Radial Drill, 
single pulley gear-box drive, vertical feed 
of spindle. Gin. (New) 

COLLET & ENGELHARD 6ft. 6in. Uni- 
versal Radial Drill, motor drive, spindle 
diam, 3$ in. (As purchased) 

ASQUITH 7 ft. 0 in. Heavy Duty Central 
Thrust Radial Drill, double base plate, 
with variable speed motor, box table. 

(As purchased) 


NILES BEMENT POND 88 in.-44in. Side 
Head Vertical Boring Mill, single pulley 
drive. (Reconditioned) 

DEFRIES Horizontal Boring and Milling 
Machine, single pulley drive, swivelling 
table, travelling spindle; dia. of spindle 
3¢ in. (Recondition) 

ZIMMERMANN 4§ in. Horizontal Boring, 
Milling, Drilling and Tapping Machine, 
single pulley drive, travelling spindle, 
movable column, with boring bar support. 

(New) £1025 


(OFFERED SUBJECT TO PRIOR SALE.) 
(Less 24% for cash, carriage forward.) 


£650 


£900 


£475 


Write for illustrations and full details. Other sizes 
in stock at Coventry; also 1500 Metal-working 
Machine Tools. 

THE MACHINE TOOL BUYERS’ GUIDE No. 30 
SENT POST FREE ON REQUEST. 


ALFRED HERBERT LTD. 


COVENTRY. telegrams: 


Telephone: 
“ Lathe, Coventry.” 


8781 Coventry (10 lines). 
Ses also Front Page. 





For Patents for Sale, ete., see page 93. 





LJUNGSTROM 
C/ pPREHEATERS \,) 














GOODALL CLAYTON& COL"? 
LEEDS 


CONVEYING PLANTS, BUNKERS &¢ 


Patent Steam Engine Indicator. 
a” 


HANNAN aad 
BUCHANAN, 
75, Robertson 8t., GLASGOW, 


ALSO MAKBRS OF— 
Bourdon’s Patent Pressure 
Vacuum & Compound Gauges. 
Buchanan's Improved Hngine 
Counter for Marine Engines, 
Salinometers, Thermometers, 
Lever Oloeke, &c. 


CoPpPER TUBES. 


Merchandise Marks Act, 1926 


RICHARD’S INDICATOR, 





“THE attention of Buyers and Sellers 
of COPPER TUBES is called to 
The Merchandise Marks (Imported 
Goods) No. 1 Order, 1929, which 
provides that on and after the 2\st 


June, 1929 
ALL 
Imported Copper Tubes 


must bear an 
INDICATION OF ORIGIN 


applied in the manner specified in such 
Order on Sales in quantities exceeding 
5 lbs. The O der applies to all Sales 
(that is WHOLESALE or RETAIL) 
and EXPOSURE for Sale. 


Substitution is forbidden and Buyers or 
Users should know in future whether British 
or Foreign Tubes are being purchased. ” 


af 








NEW 


BOIL 


“ THOMPSON” 


ERS 


STOCK. 








MOST MODERN “DISH-END” TYPE 
WITH CORRUGATED SECTIONS. 
W.P. Shop No. 
One - 30 ft. x9 ft. 3 ins. x 200 Ibs, 6815 
One - 30 ft.x9 ft. 3 ins. x 180 Ibs. 6862 


Two - 30 ft. 
Two ~ 30 ft. x8 ft. 3 ins. x 160 Ibs. 
£t.x8 ft 3 ins. x 120 Ibs. id 


One - 15 ft.x5 ft. 0 ins.x 65 Ibs. 6777 

the above Boilers are built from 

“Siem in ” Acid Steel. 4435 

SUPERHEATER AND PIPEWORK 
INSTALLATIONS. 


Repairs te all types of Boilers by first-class men 


JOHN THOMPSON 


(WOLVERHAMPTON) LTD., 


WOLVERHAMPTON, ENG. 
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Stephenson, -atmiignel ‘and 


Sterne, i. & 0o., L pee 
Stewarts & Lloyds, Ltd. 
Stirling Boiler Co., Ltd. .. 


| Veritys, Ltd. .. 
Vickers- -Armstrongs, la. 
Vorlaender, K. & Cie 

| Wadkin & Co 
Wagner, Franz, A. G. 
Waiker, James, & Co, 


Utd. 1c 1c cc cc co § 
Wallwork, Henry, & Cc., 
a. 2. cc ce co co 
Ward, H. =o 
Ltd, 
Ward, Thos. W., Lta 
| Warner, Robt, (Pumps), 
Ltd. 
| Watsons (atetatiurgiets). 


— & Elevator = * 


Coventry Chain Co., “Ltd 89 
Cracknell Eng’ng. Co., Ltd. § 
Cradley Boiler Co, % 
Craven Bros. (Manck 


Stothert & Pitt, Ltd. 
Stott, 8. 8., & Co, 


Black & Decker, Ltd. .. | 35 Morris Herbert Ld. .. 


Blakeborough, J. & Sons, 
Ltd. 8 

Booth, James & Co. (1915), 
Ltd. 15 


Booth, ‘Joseph & Bros, Ltd 71 

Bradley Pulverizer Co, .. 92 

Brecknell, Willis & Co,, Ld, 20 

ae Electric Transformer 

Brit. Hele-Shaw Patent 
Clutch Co., 


Kennicott Water Softeners 89 & 5: 

we 95 | Moss Gear Co., hes 0 
Kent, “George, Lta ee 3 | Motherwell Bridge and 
Kenyon, A., & Co,, Lta.. ‘ing Co., Ltd. .. 
Kenyon, Wm., & Sons, Lta. ae 
Kings Patent ‘Agency a 
Klaxon Ltd. oe 
Krupp Grusonwerk . - 
Lafarge Aluminous Cement 

8 


Waygood- Otis, Lita. « 
| Weir, G. & J., Ltd... .. 
| Werf Conrad oe ee 
| Westinghouse Brake 
Saxby Signal Co., ta. 9 
| Wetzel & Schlofshauer .. 4 
Wheatley, Kirk, Price 


Rose, Downs & Thompson 946 
eee &Sons,Ld... 8 
Royce, Li Pr 
Royles Limited :. “.. 1410 
Rubery Owen & Co. eo 49 
Rushton, Edw.,Son & Kenyon 1 
Russell, G.,&Co., Ltd. .. 1 
Salter, George, & Co., 
Ltd. . 


eumien Wm. & Sone, ¥ 
Ltd. 
Goodall Clay ton & Co. LA. 


aby & 
Grafton & Co. 
Grantham Boiler & Crank 


Graphite Products Ltd. . ee 
Green & Boulding, Ltd. .. 
Greenwood & Batley, Ltd. 
Gresham & Craven, Ltd... 
Grieve, John, & Co. ee 
Gwynnes Pumps Ltd. motors, Ltd. 
Hadfields Ltd. .. .. .. 48 Leathers Co. (Altrincham) 
Hall, J. & E., Ltd. .. 25 | Le Bas Tube Co., Ltd. 
Ham, Baker &Co., Lta. ; = Leroy, F., & Co., Ltd. .. 
Hamworthy Eng. Co. Ltd. Leys ‘Malleable Castings 
Hannan& Buchanan .. 4 Co., Ltd. .. eee 
Harvey Engineering Ov. Litleshall Co, 6! 
Haslam Foundry & vig iverpool Solaeentine Go. 
Co, (1927), Ltd. .. . Labuite & Oo. Ltd. .. .. 7 


Ta 

Taylor & Challen, L' 

ee Tastiate of 
reat 

Terrelis Paint & Varnish 


ro | 


er 





Crockatt & Sons, “Ltd. 


Li 
Urosby Valve & Eng. Co., National Boller & General 
a. 91 


Insurance Co., 
Negretti & oe _ 
Newall, A. P., & Co.. Ltd. 
Niles-Bement-Pond Co. 
Normand Electrical Co., Ld.79 
North tern Marine 

Engineering Co. Ltd... ! 
Oakey, J., & Sons, Ltd... | et Cie e ee 
Ougree Soc, Anonyme . Seagers Lta. oo ee 
Parsons, O. A., & Co., Ltd. Sellers, Wm. i Ot xe Thornton, A. G., ‘Lta. 8 
Paterson Eng. Co., Ld. .. Simon, Henry, Ltd.. Thornycroft, J. ‘ &Co., 
Pearn, Frank, &Co., I.td. Simon, Richard & Sons, La. Ltd.. 2 
Pearson & Knowles seat & Simon-Carves, Ltd. oe Transporting Machinery é & 

Iron Co., Ltd. ‘ne 22 | Simons, Wm., & Co., Ltd. Eng’ng. Co., Ltd. 26 


Co. 
10 | Thacker, R. 8., ‘& 0o., La. 
8 | Thermotank Ltd. 


Danks, B. &T, iietierion) 
Ltd. ° 
Thomas & Bishop, Ltd. 


Ltd. 4 Darlington Forge, Ld. (The) 50 
British Insulated Cables 1.4.40 Davey, Paxman & Co, L' 48 
British Rema Mfg. Co., Ld. 89 | Davy Brothers, Ltd. .. 12 
British Resistor Co., Ltd. 86 waon poe 90 
British Steam Specialties 


ital Co., 
Dobbie, McInnes & Cl de, 
British Steel Piling Go. ia.o7 : , 
British Timken L‘ eo 6 Donkin, ‘The Bryan, Co., ive 

Broadbent, Thos., ‘Same Ltd. = 3 


Sei Dorman, W. E, &Co., 1a. ra 
Brooke Tool Mfg. Co., Ltd. 63 | Douglas ‘Lawson &,Co., La, 


Schleicher, Carl, & Schull 


Scottish Tube Co,,Ld. ..1 & 76 
Scriven & Co. (Leeds), Thompson Bros. iBilaton) 
Ltd Thompson, John Dudley, 
Sculfort- Fockedey, Vautier Ltd. . 
15 Thompson, John (Wotver- 
hampton), Ltd 4 


Lancaster & T Tonge, Lita.” 
Lang, Johu, & Co., Ltd. 
Laurence Scott & Electro- 


| 

:| 

| Wiggins, F., & 80! 

| Wildish Fire Bricks 
r Willetts, Chas., Jnr., Ld. 
| 


Williams, J, H,, & 
| Wilson Boilermakers Ltd. 
Wolf, R., A.G. .. ee 
| Worthington- -Simpson, 
Yarrow & Co., Ld.” 
bie cei Copper Works, 
Ltd. 




















**ENGINEERING’’ CLASSIFIED DIRECTORY OF CURRENT ADVERTISEMENTS. 
The ay Fn dl EDITION, in compact boek form, is STILL AVAILABLE. It contains the Telegraphic Addresses, Codes and Telephone Numbers ef our 
Advertisers, also Trade Names of Articles Advertised, and Glossaries for the use of Foreign Buyers in French, Italian, Spanish, and German. 


A copy will be sent gratis on application to the Publisher. 
pe- THE NEXT COLOURED ADVERTISEMENTS WILL APPEAR IN OUR ISSUE OF JULY 26, 1929. 











CONTROL OF TEMPERATURE, QUANTITY 
AND DIRECTION OF AIR SUPPLY. 


HIS illustration is a close-up view of Thermotank Limited’s latest louvre, the 
“‘Thermo-Reg ” Patent Hot and Cold Punkah Louvre. 


In order to give individual passengers the power to regulate the temperature of 
their own cabins to suit their personal requirements, we have designed and 
developed this new and unique system, which fully controls the temperature, 
quantity and direction of the air supply to each separate cabin. A considerable range 
of cabins can thus be supplied by a single and simply operated Thermotank Unit. 


It will be seen that this louvre, which incorporates our now well-known Punkah 
Louvre, can, by an easy circular movement, be set to the exact condition required, 
the Punkah directing the air current as desired. 


FANS of every description. 


THERMOTANK LIMITED, 


GOVAN, GLASGOW, S.W.1. Schemes submitted on application for_all 


classes of Ventilation, Heating and Cooling. 


4310 








2 
We 
ee 


Contractors to the Admiralties of :-— 


Great Britain 
U.S.A 

Japan 

Turkey 
Denmark 
Chile 


Brazil 
Argentine 
Norway 
Australia 
Holland 
France 
Greece 


in Copper, Brass, 
Aluminium-Bronze, 


Cupro - Nickel 


(80/20, 70/50, 60/40, etc.) 


and other alloys. 


IN ALL SIZES—FOR ALL PURPOSES. 
Condenser Tubes in all mixtures—from stock. 
Copper Tubes up to 24in. diameter. 


ENGLAND. 
Telephones : 20031. Telegrams: “* Tubes, Leeds.” 
LONDON OFFICE: 53, in Broad Street, E.C.2, 


Contractors to the Admiralty and all Government Departments. 


FOI ee 


GL FIGIIO 
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a GONVEYOR-ELEVATOR C° 


ae: BULL BRIDGE WORKS, Bist 
Sone, Accrington, Lancashire. No. 2778. 


Accrington.” 
















CONTRACTORS TO H.M. GOVERNMENT. 


SPIRAL CONVEYORS, BUCKET ELEVATORS, Ete. 
n o : 

















For gears in quantities, for ball bearing mounted 
worm reduction gears and for combined worm and 
spur gear reduction sets, we offer you a service 
that guarantees satisfaction. Sizer Gears are 
good ones...... made for long life and efficient 
duty all the time. We can cut your blanks or 
supply gears complete to your own requirements. 





May we have your enquiries? 


na ee RICHARD SIZER LTD., 


WORKMANSHIP. WILMINGTON, HULL. 




















o 


id 
St ed eg we” / 


Wagner Compensating Device. 


(Protected in Germany.) 








yp? 
4 aoe ry 


Xe 


Indispensable for all pipe systems. Prevent pipe 
fractures and leakiness. Have proved their efficiency 
in thousands of cases during the last 15 years. 


Technical advice given. First-class references. 








FRANZ WAGNER A.G., Crimmitschau i/Sa. 




















TWIST DRILL SHARPENERS. 


FOR PARTICULARS, 
HERBERT HUNT & SONS, OLD TRAFFORD, MANCHESTER. 
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Telegraphic Address :— 
“SIMONS RENFREW.” 
“SIMONISM, LONDON.” 











Marine Dredge Plant 


OF ALL DESCRIPTIONS AND UP 
TO THE HIGHEST CAPAOITY. 


r 


Constructors of 
HOPPER AND BARGE- 
LOADING BUCKET DREDGERS. 
BARGE-LOADING 
RECLAMATION & 
* SIMONS” 
CUTTER SUCTION DREDGERS 





———_—SEEEEEee 


Proprietors of 
ALFRED WATKINS’ BRITISH 
PATENT for ROTARY SPUDS 


W. SIMONS 


and CO., LTD. 


3138 


Codes +— 
A B C (&th Edition). 


SCOTT'S (10th Edition). 
BENTLEY'S, 


SIMONS” 


PATENT 
CUTTER 
HOPPER 

* RENFREW - 


REDGERS «PENREW 


Lonpon Orrice: 83, Victoria St. s.w. 





TRAILING SUCTION HOPPER 
DREDGERS. 


GOLD AND TIN RECOVERY 
DREDGERS. 
HOPPER BARGES, 
FERRY STEAMERS. 
REPLACE PARTS for EXISTING 
DREDGERS, 
INVENTORS AND FIRST 
CONSTRUCTORS OF 
*“*HOPPER” DREDGERS AND 
ELEVATING DECK 
FERRY STEAMERS. 
BUILDERS OF DIPPER AND 


DRAG LINE DREDGERS OF 
LATEST TYPE. 














Gur designs, prepared under the -supervision: of 


Prof. A. Rateau, 


Embody EXPER'‘ENCE gained in_ the 
MA iAUFACTIURE of 


over 100,000 


CENTRIFUGAL PUMPS & FANS. 


RATEAU 


STEAM TURBINES and ACCUMULA” ORS. 

CENTRIFUGAL BLOWERS and COMPRESSORS. 

CENTRIFUGA. PUMPS and FANS. MARINE 
AUXILIARIES. 


RATEAU, 28, Russell Square, London, W.C.1. 


Phone: MUSEUM 8780. 


Head Office: 40, Rue du Colisée, Paris (8¢). 














One of Two Rateau Ventilating Fans installed at the Mornay Tunnel. 196,000 eu. ft./min.—23 in. W.G.—940 R.P.M. 


CENTRIFUGAL FANS FOR ALL PURPOSES. 


3000 MACHINES IN STOCK. 


Representatives Wanted. 














HUMPHREYS 


PATENT 


MAGNETIC 
CHUCKS 





We make different 
types to suit 
different require- 
ments, 





DEMAGNETIZERS 


Weshall be pleased 
to send you our 
complete cata- 
logue on request. 
WRITE NOW, our 
30 years’ experi- 
ence is at your 
service. 


J. H, HUMPHREYS & SONS, 
OLDHAM. 


TT 
Phone : 1651 4802 
Telegrams : “ HUMPHREYS, OLDHAM * 
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|The “P1.C.” patent Set Squares 
made of Transparent Celluloid. 


Prevent smudging in drawing and 
the constant use of cleaning rubber. 


Just Introduced. Saves Time. 


















Each Set Square rests on pane 
nickel-domed pins, fixed 
springs formed out of Ba 
celluloid, and on such the 
Set Square glides over 
the paper. 


Send fer Catalogue 


St Series A 17. 
TOES Vemma, | [ARR RST US RSS Sent Post Free. 
A. G. THORNTON, LTD., eee 
Paragon Works - King Street West = MANCHESTER. 





TRLEPRONS : 
HOP 5419. 





i HITT BROS., 
Eng/neere, 


SHEET SHEET METAL WORKING MACHINERY WORKING MACHINERY 
anp TINSMITHS’ TOOLS, evc. 


Send for Mlastrated Price Lists, 4699 


rk. S. THACKER & co., Lta,, 


107, Newington Causeway, 
LONDON, §.E.1. 














GRAVEN BROS. 


(MANCHESTER) LTD. 
REDDISH, 8TOCKPORT. «si 


MACHINE TOOLS & CRANES 


See our Advertisement, page 68, June 2 



























The “R&S” 
PATENT LUBRICATOR 
LUBRICATES 
REVOLVING & RECIPROCATING 
BEARINGS. 





HUNT'S PATENT No. 207003, 
CANNOT LEAK. 


Needs no attention beyond filling. 
Saves 50% to 75% of oil. 


Amount of oil admitted to bearings 
is definitely controlled. 


Equally efficient at any speed and 
with any oil. 

Write for Descriptive Leaflet and 
full particulars 


ROTHERHAM & SONS +>. 


COVENTRY. 
Puone : Grams : 
4154, Rotherham, Coventry, 





PHOTOGRAPH "es. 
4 











a Centrifugal Pump ®Shaft badly worn by 
; working against fiax packing which did not 
carry sufficient lubricant to prevent friction. 





has such an abundance of graphite grease lubricant that not only 
saves the shaft and prolongs the life of the packing, but enables the 
pump to develop its full efficiency. 


“PALCO” PACKING is especially 
designed to give long satisfactory service 
in Centrifugal Pumps. 


Working sample free ‘o test in your own 
Pumps. State size and quantity required. 


W. F,. JOHNSON & CO., 
14, Farringdon Rd., London, E.C. 
GREENE, TWEED & CO., Sole Manufacturers. 





























Ciment Fonda is obtainable from Builders’ 
Merchants or direct from the Manufacturers : 


Aluminous Cement Co., Ltd., 

: 296-302, High Holborn, an = C.1,3 
‘Phone: Holborn 6431. Grams: =: Cimunfonda b., London. 
— Essex. $.D.14-289. 


— conmant 





CRACKNELL 
STEAM’ TRAPS 


PERFECT DRAINAGE— 
ALL THE TIME 


Works on any pressure without adjustment. 
Highest capacity for a given size. 
Lifts condense, 





Send for Trap on Approval to 


THE CRACKNELL ENGINEERING Co., Ltd. 
30, Hythe Road, N.W. 10. 




















“COMBINATION” 
SCRAPER AND WIRE BRUSH. 





Two Boiler Cleaning Tools in one. 





Send now for full particulars. 


GREEN & BOULDING Ltd., 
162a, Dalston Lane, LONDON, E.®8. 


SEARCHLIGHTS. 























Army; Fortress 

Merenutiia, ae 
i a ey Navy; wh 1 

H.L., Pilot House, smallest 

Suez Canal (Dual in 


Beam). 
Yacht, Trawler, 
Revenue Cutter, 

a mag 1, _ Lifeboa 
(sea resisting ne 
Cinema Studio, Fire 
Brigade, Aerodrome 
(mobile combined 
es = Flood). 


Sale ‘0 or. Hine 
Flocdligh 
Elodie Soot cn, R 


All makes of Searchlights repaired. 





LAMP SUSPENSION 
and | 
LOMSR INS GEAR, 











SEND FOR 100 PAGE CATALOGUE. 


Other manufactures include Flexible coup- 

lings (all aed. Reduction Gears, Current 

Carrying Cable Drums, ‘‘Elect” Heating 
Apparatus, Irons, Kettles, Fires, etc. 


whup Raggee tin Opt 


Telephone: : 
Purley 1282/8 (2 lines). “ Blectrie: Pt Phone, °, Croydon.” 
Contractors g The Admiralty, The War Office, 


Board, » also to the 
Bing Be tnd abbr Peres Puce Foreiga 























RS RETEERIN 
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oe CONTROL GEAR = tension ea | 


“ASTON” D.C. THE NEW 


STARTING AND | " ; 
REGULATING 
EQUIPMENT | 


GAS ENGINE PLUG 


(Model GE) 



















is thermally and_ electrically 
as near perfection as possible. 











Special features ot th 
new plug are :— 


Lodge Steatite insulator 
impervious to oil 2r1 moisture. 
Zinc-coated body. 

Four sparking points 
of pure nickel. 

Easily taken apart for cleaning. 


Model GE. 
pa eeeeee ! Screwed 1in, Whit. gas thread. 
details of the Price 3S/- each. 


Regulator and 
7 Starters illus- 
adder, trated, have been 
very carefully studied to ensure that the 
apparatus will give efficient service. The 
current-carrying parts are liberally rated and 
the resistances carefully graded to give smooth 
acceleration to the motor during the starting | 
period. 


Fig. 1 illustrates a Double Automatic Starter with the 
switch parts aad resistance totally enclosed in a cast iron 
box and fitted with a slow-motion device to prevent starting 
motor too quickly. The resistance is rated in accordance 
with the B.S. Specification for normal starting duty. 

Fig. 2 illustrates a Starter and Series Regulator with 
ventilated resistance and cast iron protecting cover. The 
resistance is rated for continuous duty without an excessive 
temperature rise. 

Fig. 3 illustrates a Double Automatic Starter with the 
switch parts and resistance totally enclosed in a cast iron 


compe wi BS: Rating fer rcntnce. "ill : | 


Send us acard for specifications and prices of all our productions. 


VERIT YS 


LIMITED 


ASTON - BIRMINGHAM. 


Telephone: EAST 805. Telegrams: “‘ VERITY, BIRMINGHAM.” 


, 





| 
| 


Lop, o> 


4997 


Manufactured only by 
LODGE PLUGS LTD., 
RUGBY. 


Telegrams : “ Lodge, Rugby.” 
Telephone : Rugby 276 (2 lines.) 











BCM/BHH 
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STEAM 
TRAPS 


FOR ALL DUTIES. 


000 
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* Syphonia” (eg. Trade Name) 


Steam Trap. 
discharging 


The best ‘ All - round ”’ 


Extremely economical, 
condensation at about 212°F. 


Made in Five different types to cover all 
requirements. 


Over 225,000 sold. 








“Syphonia Rapide ” 


The most efficient type for draining 
apparatus where quick discharge of 
condense is a vital factor. It has a larger 
valve area than similar traps and thus 
combines a high hourly duty with reasonable 
dimensions. 








aley 


eS AS a J) 
nie RYCIS NCtle7 
RA oS Ne SS 





ENGINEERS and SPECIALISTS. 








The Sign 
Better Gearing 


THE MOSS GEAR CO. Ltd. 


TYBURN WORKS 


BIRMINGHAM 





Telephone : ERDINGTON 1361-2-3-4. 
Telegrams: “ MOSGEAR,” BIRMINGHAM. 





























5497 

















GEO. SALTER & Co., LTD. 
SPRINGS For ‘:veny’ purpose: 


BUY BRITISH GOODS. 


Grover Washer. 











? 
Thackray Washer. GASTRICKS PATENT SCRAPER 








Gauge. 





Circular Balance. 
20 T. 


No. 




















Trade Counter Counter 
Balance, No. 58 T. Machine, No. 110T. 
, Head Office and Works: London Office : 


50, Lime St., E.C.3. 
Telegrams: “Spring Balance Stock, London. 
Telephone : Monument 1573. 


WEST BROMWICH 


Telegrams : “‘ Salters, West Bromwich.” 
Telephone : West Bromwich 666-7-8. 











127 ORES REE 
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TUBITOGNT .. ssa e 


STEEL PIPELINES AND ACCESSORIES. 


600 HYDRO ELECTRIC PLANTS SUPPLIED 
OVER 3,000,000 H.P. 

















Riveted Pipes 
for low pressure. 





For increase in production and 
rapid delivery of goods, 


Steel Welded Pipes 


for medium pressure. 


EMPLoy GRA ane 
=; 


Banded Pipes 
(TOGNI’S System) | | = eB 
Cadarese Plant of the Soc, Gen. Edison di 


for high pressure. Eletticta, Mil anol ‘Pipeline 357/51" dine 


Felice 
55°/51” diameter ~2680" rig 
installed capacity 56,000 


Accessories, Valves of every description, Special Safety . 

Automatic Closing and Regulating Apparatus, Sluice Gates, etc. G TQ %) ity R 0 / ] éfr C 0 nN gv) Cy0 rr AY 

Steel Welded Pipes for Water Supply Lines, with Spigot and 
Socket Joint, Boring-well Tubes. SPENCER [M ELKSHAM] LIMITED, 


MELKSHAM, WILTS. ENGLAND. 


apy 


PRESSURE 


and save power, by installing 
















































4A Monometer Pressure Casting Machine at the 


FOR USE WHEREVER ||| by tne 
London, Midland & Scottish Railway Works, 
A WAR > G S| GN AL Derby, for producing Superheater Packing Rings. 
MIONOMETER SYSTEM. 
These plants are self-contained units enabling one unskilled 
is WANTE 9 SBeesseceaea operator to produce up to 80 Castings per hour, each correct 
to a thousandth part of an inch. 


A Monometer Plant will enable you to produce intricate articles 
gq A Booklet giving AS A Ti ai e SIGNAL such as Electrical, Gramophone and Wireless Components, etc., 


full particulars with a minimum of labour and the entire elimination of 

Tae oe - machining, thus freeing your machine shops for other purposes. 

sent free on re- T LL WORK FROM Pressure castings have a higher density and a harder skin 
quest. x surface than is obtainable by any other process. 

q We manufacture types of Pressure Casting Machines 

THE CLOCK p for the production of every class of component in White 


Metals, Soft Metals and in Zinc and Aluminium Alloys. 


KLAXON LIMITED, Sole Manufacturers & Distributors for Monometer Mfg. Co. (1918), Ltd. :— 





36, Blandford St., London, W.1. SIR W. G. ARMSTRONG WHITWORTH & Co., Ltd.,, 
Service Stations at above address Sales Organisation: Park House, Great Smith Street, seamen s. Wi. 
and at our Works, Warwick Road, Works Shipyards: Newcastle- -upon-Tyne, 





KLAX () IN Coat, Biredaghom. PRESSURE CASTING MACHINES - FURNACES - FURNACE PLANT 


INDUSTRIAL SIGNALS MONARD CASE HARDENING COMPOUND x.cao. 
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CONTRACTORS TO— 
BRITISH ADMIRALTY, WAR 
DEPT., and FOREIGN and 
COLONIAL GOVERNMENTS. 


Manufacturers of— 

MILD STEEL PLATES, ANGLES, Zed Bars, Tees and 
all forms of Sectional Bars required for Ship, Boiler, 
and Bridge Building, and other constructive purposes, 

CASTINGS of all kinds and largest sizes for Ship Stems, 
Sterns, Posts, Anchors, Rudders, &c. 

RAILS, BILLETS, FORGINGS. 

AXLES of highest quality, to meet the requirements of 
Home and Colonial Railways. 

TYRES.—Locomotive Carriage and Wagon, to all 
requirements. 

_ SPECIAL STEEL ofall kinds for constructive purposes. 


THE 2 8 


STEEL COMPANYs: SCOTLAND 


LIMITED. 
8316 









57, RENFIELD STREET, 


GLASGOW. 






TELEGRAPH 
ADDRESS 


ac ee 
STEEL” @ asaow. 


BROS |g 


EE SHEFFIELD 


“DAVY” HIGH-SPEED — 
FORGING PRESSES 


100 to 12,000 tons power. 


SPECIAL PATENTED DEVIOES ENSURE: 
GREATEST POSSIBLE 
SPEED 




















MINIMUM STEAM 
CONSUMPTION 


EASE AND SAFETY IN 
WORKING 


USED BY THE PRINCIPAL 


i Ss ES ee 




















STEELWORKS THROUGH. 
OUT THE WORLD. 
4827 
WE ARE ALSO MAKERS OF: 
ROLLING MILL PLANT 
STEELWORKS 
MACHINERY . 
STEAM BOILERS 200 tons Press. 
ck th a lS 


























F. WIGGINS & SONS. 


Telephone: Royal 8029. 


FOR INSULATION, sich tT Hoctsw. 


Largest Stock in the world, 0d.9884 
102, 103 & 104, Minories, LONDON. 


IC 




















Are your 
works 
vehicles 


PROPERLY 
iiefut;  PROTECTE 


Establish- 

ments. Kills & 
trol fire 

and no risk 

of electrical 


TYPE E. 902 
1 quart size 
D.A. Pump, 
suitable for 


SPARK may send your works up in flames 
to-morrow... an overheated exhaust pipe may 
reduce your ‘most valuable lorry to blackened 

scrap to-morrow. 
Take time by the forelock to-day. Equip your works 

and vehicles with 
VALOR FIRE EXTINGUISHERS 
There's no “perhaps” about VALOR EXTIN- 
GUISHERS —they act at once, killing the fire at the 

source, effectively and with little effort. 

Last 


Easily handled and understood by anyone. 
for years and keep charges undamaged. Illustrated 
types are only representative of our large range. 


Write for List 6/V5. 
USED ALL OVER THE WORLD. 
The VALOR CO., Ltd., 
6, Valer Works, Bromford. 


ERDINGTON, BIRMINGHAM, ENGLAND: 
Lendon : 120, Victoria Street, S.W.1. 


Buy British Goods. 


VALO R 
our! 
et rire 


EXTINGUISHER! 


FOR FIRE 


IRN UPSIDE 





E. 8320—Reversible Pat- 
tern. In 1}, 2 and 8 
gallon capacities. Spec- 
jally suited for export ; 
formula for recharging 
bei shown, 

sending to 


avoidin, 
for recharges. 


Englan 














S.E. A-RING 
PACKING 


SO P LS TLS, SS Ge see a 





the rods last 
with th. 


Unlike Ordinary Packing— 


*“*S.E.A. RINGS" do not act as a 
continueus brake. They only work 
on the power stroke, and rest with. 
out work on the return stroke. 


That’s why they SAVE YOUR MONEY, 
LET US SEND YOU OUR LISTS: 


RONALD 
TRIST #3 


56, VICTORIA STREET, 
WESTMINSTER, LONDON, S.W.1. 


Telegrams : 
“‘ RESVALAR, LONDON.” 











mania pope an 8385. 
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THE 


LONDON & 


| LANCASHIRE 


INSURANCE Ce 


LT 





Security - - £13,606,358 





FIRE — ACCIDENTS sa MARINE. 


BOILERS, ENGINES, 
ELECTRICAL PLANT, 


Insured against Damage by Breakdown, etc. 


REGULAR INSPECTIONS 
by Staff of Expert Engineers. 











Full information on application to 
Head 45, Date Srezet, LIvERPOOL. 
Offices 155, LeapennatL Street, Lonpon, £.C.3. 
Ohief Administration : 5 & 7, Gaancery LANeE, Lonpvon, W.0.2 


4707 





























SERS MAL MT aE AG ht q 
Li 2 i Tie 
SUGGESTIONS ILLUSTRATED 
and ESTIMATES na Ee 


ON RECEIPT OF ON REQUEST. 


PARTICULARS. 





MANUFACTURERS OF 


MACHINERY, WINDOW 
AND HOIST GUARDS. 


PARTITIONS, 
LOCKERS, 
SWITCHBOARD AND 
HIGH-TENSION PANEL 
ENCLOSURES. 


DRYING RACKS, 
BASKETS, TRAYS. 


CONVEYERS, 
SCREENS, Etc. 


WOVEN WIRE FOR ALL 
PURPOSES. 


—- 


RD. JOHNSON, CLAPHAM & MORRIS, LTD., 


Contractors TO H.M. GoveRNMENT, War Orricz, 
ADMIRALTY, INDIA OFFICE AND COLONIAL GOVERNMENTS, 


WORKS: NEWTON HEATH, MANCHESTER. 








LONDON: 23, LEADENHALL STREET, E.C.3. 

















=—S 
ZENT METERS 


COMPRESSED AIR 


Meters for the measurement of Compressed 
Air enable a saving of many thousands 
of pounds to be made in any Works using 
a large number of Pneumatic Tools. 


Particularly does this apply to Shipyards, 
Collieries, Boiler Shops, etc., where the 
working conditions are such that it is 
difficult to supervise the use of the Tools. 
Leaky hose, worn tools and bad joints 
contribute a large total to the annual 
cost of Compressed Air. 90% of these 
leakages can be avoided. 


The illustration below shows the Kent Air Flow Indicator, which 
is specially made for determining the consumption of air by 
individual tools and for detecting leakages. Recording Meters 
for checking the output of Compressors are likewise invaluable. 


Send for full information on Kent Air Meters. 











~ ~~ oe 
NEES ZI EIA ZS 



































We shall be glad to discuss with engineers any 
problems in fluid metering, without obligation. 
We supply standard commercial meters for the 
following :— 

Water (including Boiler Feed, Condensate, etc.). 

Sewage, Brine, Oil. 
Steam, Air (Compressed and Low Pressure). Gas. 
Catalogues will be gladly sent upon request. 


GEORGE KENT LF® 


BISCOT ROAD WORKS 
LUTON. BEDFORDSHIRE ° 
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* For Openwork Flooring, 


EX PAM ET Gangways, Platforms, 


(REG.) 
EXPANDED METAL etc. 





| 
| 
| 
| 
| 
| 
| 
! 
a 


etropolitan Electric Supply Co., Ltd., Generating Station, Willesden. 
“* EXPAMET” OPENWORK GANGWAYS. 





‘‘ Expamet ’’ Expanded Steel is particularly serviceable for openwork flooring, 

gangways and the like, and is cheaper than chequer plates ; it affords a grip 

to the feet, allows of the free passage of air, etc., and does not obstruct the 

sight ; it has been adopted by Shipbuilders, Electricity and Gas Works, 
Stationary Engine Makers and others. 





WRITE FOR ILLUSTRATED LITERATURE. 


THE EXPANDED METAL CO.,, LTD., 


Patentees and Manufacturers of Expanded Metal. 


Burwood House, Caxton Street, London, S.W.1. 


Works: West Hartlepool, Established over 35 years, 











TO ENGAGE 
AT 


75% SPEED 





CLUTCHES 


FOR ELECTRIC MOTORS 
C)) 


LUBRICATED 
AND 
DUST 
PROOF 


THE BRITISH HELE-SHAW 
PATENT CLUTCH CO. LTD. 
OLDHAM ENGLAND 


























‘BROOMWADE’ | 










Renowned throughout the 
world for high efficiency and 
absolute reliability, 
“‘Broomwade” Air Com- 
pressors are designed and 
built to give TROUBLE- 
FREE SERVICE. 





\ 


There is a ‘ Broomwade” 
Compressor to exactly suit 
every duty — fixed or portable — any type of 
drive. 


years’ specialised experience is at your service. 


* Broomwade ’’—British made. 


Air Compres- 
sors are made 
in fixed and 
portable types 
to suit all 
duties. 


Information and advice readily given — over 25 | 


as 
“ Broomwade”’ | 

















BROOM & WADE LTD., HIGH WYCOMBE. || 





Representatives for Representatives for 





AUSTRALASIA: INDIA: 
Messrs. KNOx SCHLAPP Messrs. Jessop & Co., LaD., 
AND Co., Stone House, 
Collins House, Bishopsgate, 
860, Collins Street, t LONDON, 
MELBOURNE, Australia. E.C.2. 


WORM GEARS 





We make worm gears for application to all kinds of 
drives. For wheels subjected to heavy wear use our 


1. HOLFOS” BRONZE 


JOHN HOLROYD & C°-L™. 
MILNROW, ENGLAND. 


Makers of ‘*Machine Tools to increase Production.” 
Worm Gear Specialists. Non-Ferrous Metal Founders. 














25a A NTR LAR AER 
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SIR ALAN COBHAM and 
FLIGHT ROUND AFRICA. 


Copy of telegram as received by us : 


The completion of the Sir Charles Wakefield 
twenty-three thousand mile flight round 
Africa on the Short Rolls Royce All-metal 
Flying Boat is a further proof of the 
wonderful possibilities of your Duralumin 
for despite the six months exposure and 
twenty-three thousand miles covered 
Duralumin of the Short Rolls Royce Flying 
Boat is in perfect condition and craft is 
airworthy for another similar flight. 


ALAN COBHAM. 


4987 
All enquiries to: iy 


JAMES BOOTH 
& CO, (1915) Lt? 


Argyle Street, Nechelis, 
BIRMINGHAM. 


Telegrams : “BOOTH, BIRMINGHARE 


Telephone : ‘ables: 
EAST 1221-2-8-4 LIEBERS SLETTER CODE. SENTLEYS Cope agcewentian, 




















Etablissements 


SCULFORT-FOCKEDEY, VAUTIER et C® 


MAUBEUGE (France). 
PARIS OFFICE 


MACHINE TOOLS. 


4, Avenue du Cog. 


SMALL TOOLS. 





High Duty Milling Machine. 


AGENTS WANTED IN ALL 
ENGLISH DOMINIONS AND COLONIES. 
































Fans 


for all possible duties. 
USGRAVE‘? 


ENGINEERS - BELFAST 
LONDON: CARDIFF-MANCHESTER |= 












7001 














GUEST’S 
(V.R.) POSITIVE ACTION PUMP 


AN EFFICIENT AND RELIABLE ROTARY PUMP FOR HANDLING FLUIDS 
OF LOW VISCOSITY, SUCH AS WATER, SPIRIT, AS WELL AS HEAVY-BODIED 
OILS, LIQUORS, FUEL, TAR, MOLASSES, ETC. 











Patented in all Principal Countries 
of the World. 





A ROTARY PUMP with 
a Positive Action. 


CAN BE DRIVEN BY 
SMALL ELECTRIC 
MOTOR. 





oe USED BY MANY WELL- 
PHOTO. ™ , 


No. V.2. KNOWN FIRMS. 
SPECIAL ADVANTAGES: 
HIGH EFFICIENCY, NO PRIMING, NO VALVES TO GET OUT OF 
AUTOMATIC LUBRICATION, SUITABLE FOR HIGH LIFTS, 
CONTINUOUS DELIVERY, MODERATE SPEED—LONG LIFE, 
NO PULSATION, NO NOISE OR VIBRATION, 








London Representative: H. C. AMOS, M.I.Mech.E., 22, Martin Lane, Cannon Street, LONDON, E.C.4. 

















HOLLINGS & GUEST, LTD., 


Thimble Mill Lane, Birmingham. 


Telephone : East 490. Telegrams: “ Plungers, Birmingham.” 
Sole Agent for Scotland: D. LANDALE FREW, 45, Hope Street, GLASGOW 


Northern Counties Rep.:—W. Allsup, M.I.Mech.E., 10, Park Square, LEEDS. 4065 
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2600 tbs. of Coal 
per Lineal Foot per Year 


ONVINCING proof of the saving effected 

by SILOCEL insulation has been obtained 

by a large Steel Company, using two 5 ft. 
diameter Producer Gas Mains. Both were lined 
with 44” firebrick, but in one the firebrick was 
backed by 23” SILOCEL Standard Brick. 
This Main shewed a heat saving equivalent to 
over 2,600 Ibs. of coal per lineal foot per year ! 

Heat radiation from an uninsulated Pro- 
ducer Gas Main wastes as much as 5% of the 
fuel gasified, a loss equal to 1,270 tons of coal a 
year for a plant gasifying 75 tons daily. 

This can be reduced to a negligible amount 
by insulating with SILOCEL. 


SILOCEL 


HEAT INSULATION 


SILOCEL Brick cost less per unit of 
insulating value than any other material 
which will stand equal service conditions. 
Their superiority as a high temperature 
in,ulating material has been proved by 
N.P.L. tests. 

Furthermore, they are economical to instal 
because, being made to standard firebrick 
dimensions, they lay up just like firebrick 
and last indefinitely without shrinkage or 
deterioration. 

Their first cost is therefore their last; but 
even in this respect the saving in heat loss, 
i.e., its fuel equivalent, pays for their installation 
within the first few months. 

Write for Service Bulletin E-137,-‘or for 
one of our Engineers to call. There will be 
no obligation whatever 


CELITE PRODUCTS CORPORATION 


91 WINDSOR HOUSE -_ - VICTORIA STREET 


WESTMINSTER. LONDON 





i DONKIN 1 
BLOWERS, GAS COMPRESSORS 
EXHAUSTERS «x POSITIVE TYPE’ | | 
fae Industttal Jictposes 


For Gas Works, for Chemical, White Lead, Soap 

and Oil Works, for Pumping Gas, Forcing Air 

through Liquor, &c., for Agitating or Mixing, &c. 

Can be arranged for driving by Belt, Steam Engine, Gas 

Engine, or Electric Motor. 

ADVANTAGES AND FEATURES : 

Absence of all Valves. 

Simplicity of construction 
and small number of 
working parts. 

Working parts entirely 


enclosed. 
Good efficiency. Silent 


yh 
ap. Working. 
on y 






























| 
LTT 





nnn 


THE BRYAN DONKIN NCO. LTD., 
Engineers, CHESTERFIELD. Gigand. 
ee 




















arrard 
ears — 


COMPACT 
GEAR-MOTOR UNITS 








for efficient, silent 
and economical service 
at any speed. 





They can be supplied with any well-known electric motor. 
May we quote you? 


GARRARD GEARS (Manufacture & Sale) LTD., 
Dunstable, Bedfordshire. 


Telegrams— Telephone— 


“ Garradrive,” Dunstable. Dunstable 228. 




















nett PMO ARLE RAAT 
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Stop these losses ! 
VERY screw-thread joint that leaks, leaks 


money, and is an all-round nuisance. 


Smooth-On No. 3 makes screw-thread joints 
tight, and then keeps them tight. Being mostly 
metallic it retains its body and does not 
dry, shrink or crack. It holds perfectly, even 
at high pressures or wide temperature 
variations. Use it on every joint. 


Try Smooth-On No. 3 on joints that are giving 
you the most trouble, also for coating gaskets, 
painting boiler seams, etc. 


Get Smooth-On No. 3 from your dealer in | or 5-lb. 


tins, or write us direct. 


Ask for the free Smooth-On Handbook, 
which will post you well on all seven kinds of 
Smooth-On, when and how to apply each, and 
what results to expect. 


Distributed by : 
WALTER P. NOTCUTT, LTD., 
8, White Street, Moorfields, London, E.C., 
and carried in stock by leading dealers and 
supply houses. 


Made by Smooth-On Mfg. Co., 
Jersey City, N.J., U.S.A. 











oooel 








TAA Sa ern 


JO SEP) § F OMEN: & LOG 


PRESTON 
AND BLACK 3 
FOR BRITISH ACETATESILK Corporarion Se 


30°L ONC “DIAMETER WORYINE PP 


& 


ius «> 


250 Ibs. 


WORKING PRESSURE 
Tested to 380 lbs. e 


Four of these Boilers, each 30 feet long by 
9 feet diameter for working pressure 250 Ibs. 
tested to 380 lbs.), are being supplied toa 











ilk Factory in Lancashire, forming part of a 
complete Boiler House plant which has been} gs 

ordered from us, gine ary Ea- 

Uniflow and 


THIS IS ANOTHER FOSTER RECORD!) other types. 


JOSEPH Cornet Mire, 
other types of 
Boilers 
Ss TE Mi asta 
AND SONS Branches, 
SOHO FOUNDRY. PRESTON Chem ifSF 
a 


Rubber, G Guna- 


powder and 
YATES: THOM! = 
BLACKBURN 


*Phones and Telegrams: 
BLACKBURN 4224. 
YATES, BLACKBURN, 








*Phones and Telegrams : 
PRESTON 19 and 9%. 
FOSTER, PRESTON. 











Permit us to 
Quote 
It will be 
to your 
Advantage 







Return Tube 
Dryback 
Steam Boiler 








Lancashire Steam Boiler 


Boilers of all Sizes. 
Pressures and 
for all Services 


PENMAN 


and Company Limited 
CALEDONIAN IRON WORKS 


GLASGOW 


<q > 































IRON 
CASTINGS 


For 
General 
Engineering 
Work 
up to 5 tons 
in weight. 





Machined as 
required. 





PROMPT 
DELIVERY CAN 
BE GIVEN. 


Enquiries 
Invited. 


CAST IRON BEDPLATE ioe diameter, 
Weight, 2-18-3-0 


THOMAS PIGGOTT & C= L= 


ATLAS WORKS, 
SPRING HILL, BIRMINGHAM. 3817 


Telegrams: Telephone ; 
“ATLAS, BIRMINGHAM.” B’HAM NORTHERN 1222 (3 lines). 
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HARVEY 


EngineeringCo., 


LATE LT 
McONIE, HARVEY « CO., L10 
Seotland Street Engine Works, 


Head Office: 224, West Street, 
GLASGOW. 


ESTABLISHED OVER 10 YEARS& 


MAKERS OF ALL KINDS OF 


SUGAR 
MACHINERY 


HEAVY 
CANE CRUSHING PLANTS. 





ELARVEwZ’sS 


Multiple-Effet . 
Evaporator 


How in use ip all Sugar Growing Countries. 
AND BEVERY REQUISITE FOR 


Sugar Plantations. 





COMPLETE CANE 
AND BEET SUGAR 
FACTORIES AND 
REFINERIES 
SUPPLIED. 





HIGH-CLASS 


ENGINES 


@F THE HEAVIEST TYPES, 


MULTITUBULAR, CORNISH 


AND 


LANCASHIRE BOILERS. 
TANKS & WROUGHT IRON 
WORK 


OF EVERY DESORIPTION. <4 4665 


Telegraphic Address: ‘‘ Maconie, Glasgow.” 


Kable Codes used: ABC, Al, Liebers, Western 
__ Union, Engineering and New Business. 


SOCIETE ANONYME D’OUGREE— MARIHAYE, 
LIEGE, BELGIUM. 


SHEET PILING 
roe “QUGREE” 


- New Patented 


(Serial No. 1) ait System 


























it L/2 o | "iets | eet | tuameet | yee | 

| | included. a ci > 

| inches ahs inch inch inch | Ibs. Ibs. pen | inch3 P 
on 17322 | 5905 | 2-952 | 02952 54°56 18:90 | 27-93 | 9°46 0°5511 
24 15°748 | 7874 | 3°957 0°3937. | 63°16 | 24:06 | 63°82 | 16-24 | 0°7440 
eS 15°748 | oea2 | 4921 | 0°4724 82-24 31:33 | 12451 25:31 | 0'8894 
4 | 15°748 11°811 5905 | 0°6299 99°71 38°07 | 222-46 37°69 | 1:0904 
5 | 15-748 | 13°79 6°89 | 0°8267 | 12888 | 49°11 379°40 | 55°09 | 1°2351 
6 | 15748 | 15°748 7-874 | o9s42 149-17 | 5683 | 57425 72°96 | 1°4135 





Its simple section makes it an exceptionally 
economical pattern. 

The rational distribution of the metal with 
respect to the neutral axis gives an improved » 
strength per weight unit. 

The joint renders the two sections continuous, 
and offers a high resistance against transverse 
shearing stress. 

The friction of the faces in contact in the clutch 
is at least equal to the shearing strength. 

The clutch forms an absolutely reliable guide for 
the pile. 

The close fit of the interlock makes it absolutely 
watertight. 

Angles and connections are easily effected. 


The strength of the connection avoids the 
disadvantages of the knee joint. 





Earth cannot enter the jaws of the interlock, Rebuilding of Bridge, ‘Pont des Arches,” in Liege (Belgium). 
as Ougree Sheet Piles are driven with the male General view of the dam made of Sheet Pilings, 
nd free. “Ougree ”’ Nos. 3 and 4, on the right bank of the river. 


During driving, the piles remain vertical. 
Piles are easily and rapidly driven and extracted. 


Sole Selling Agent :— 


SOCIETE COMMERCIALE DE BELGIQUE, OUGREE. 
Cable Address: “* SOCOBELGE, OUGREE.” 











Specialities. 


BUILT AND SOLID 
CRANKSHAFTS 
FINISHED 
COMPLETE. 


TUNNEL 
SHAFTING 
ROUGH TURNED 
AND FINISHED 
COMPLETE WITH 
BOLTS & NUTS. 


QUICK DELIVERY 
OF PROPELLER 
SHAFTS FINISHED 
COMPLETE WITH 
GUN METAL 
LINERS. 


MARINE AND 
LAND ENGINE 
FORGINGS 





r TO “ “Fe Pegs sg, 
aac Croco ne “KIRKCALDY, SCOTLAND tine 


4939 


Telephone : No. 2716. 











So eet oe 
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Improved design of 
Contactor Type Control Gear 


By B.H. 


OR the automatic control of motors of all except small sizes, 
Contactor Type Control Gear has the manufacturing advan- 
tage that it permits a degree of standardisation in a type of 

insta!lation where almost every case presents certain special 
features. 

The sequence and rate of closing of the several contactors 
may be controlled in various ways, of which the relay method is 
typical. Each contactor is provided with a relay which causes 
it to close in sequence when the current has fallen to a predeter- 
mined value. This method, however, has the rather serious 
disadvantage that under conditions of heavy overload the current 
may not at some point in the sequence fall to the set value, 
so that the succeeding contactors will fail to close and certain 
sections of resistances will be left in circuit, and possibly burn 
out. What is wanted, obviously, is a form of control which 
will proportion the rate of starting to the load conditions, but 
with some limitation which will prevent the starting operation 
being actually arrested. 


The use of relays or other auxiliary switches has, moreover, 
the disadvantage of complicating a form of construction which 
in itself is essentially simple and reliable. 

In the design of Contactor Control Gear now being con- 
sidered, the rate and sequence of closing of the contactors is 
controlled by a multi-contact Master Switch, the movement of 
which is governed by an Eddy Current Retarder. This device 
provides a rate of starting which is (1) adjustable by hand for 
normal starting conditions and is (2) self-adjusting thereafter in 
accordance with the starting load. The retarder acts as a brake 
upon the movement of the Master Switch, and yet is dependent 
for its action upon such movement. Obviously, therefore, it 
cannot entirely arrest the action of the Master Switch. The 
retarder therefore can only delay and not prevent the closing of 
the several starting contactors. Fig. 2 brings out this point, the 





































T WW Overload 
nae ee Release coil . 
Lt ~ oa Wes BE 
> Isolator 
J Starting 
Contactors 
Master 
switch 
My 4 
Overloa 
Start Releas _— 
or gunen Main Contactor Coils 


Fig. 1.—‘* Key" diagram of Contactor Type Control Panel. 


BROOKHIRST 
SWITCHGEAR 








CHESTER. 











\ 





FULL LOAD 
ee 
™ 


STARTING CURRENT 





























RATE OF STARTER MOVEMENT 
aA 





Fig. 2.—Relation between rate of starting and current with 
Eddy Current Retarder. 





Fig 3.—Simplified layout of Starting Contactors with 
Master Switch control. 


curve flattening out markedly as the start- 
ing current increases. 


The use of one multi-contact Master 
Switch avoids the necessity for current 
relays, lock-out coils or side switches, and 
gives a clean design of contactor starter 
free from flimsy contacts. Such a simplifi- 
cation increases the reliability of operation 
of a class of Control Gear where reliability 
is of the first importance. Typical arrange- 
ments are dealt with in Brookhirst Speci- 


fications 272A, 273A and 274A. 


“DOBBIE-M"INNES: 


INDICATORS 


STEAM fo DIESEL 
ENGINES. 


Optical Indicators for High-speed Motors. 





“ TELEDEP” 
TANK GAUGES. 


BOURDON PRESSURE 
and Vacuum Gauges. 


GAUGE TESTERS. 

DYNAMOMETERS. 

SPEEDOMETERS. 

Engine Room Clocks. 


DOBBIE MCINNES & CLYDE LTD. 


57, BorHwe.t Street, GLaseaow. 














out 


AMLESS cp 


~ AND 


— 


TELEGRAMS: BATTERY, SELLY OAK 


sRAZED age) 


rhe BIRMINGHAM BATTERY & METAL C9 [72cm 
ae <\) é 


Be RODS, SHEETS, WIRE ic, 8S. 


— LOCO TUBES, CONDENSER TUBES, PLATES, FERRULES, &c 


TELEPHONE: 151 (3 LINES) SELLY OA} 








ATING 
REACHINERY 


M INSULATION OF | 
A COLD SPACES. 4 
|| THE % 
| LiverPoo. Rerriceration a 
N (Associated with H.J. WEST & Co.Ltd.) Co.Ltd. 
F COLONIAL HOUSE, LIVERPOOL. ° 











r- 











BRIGHT WORK 
A 
SPECIALITY. 


§, MarspEN & SON, Ltd. 


LONDON ROAD, 
MANCHESTER. 


Telephone— 
2031 CENTRAL (2 lines). 








Telegrams— 
Bouts, MANCHESTER. 
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CLEANING WASTE 











MANUFACTURER 


Pople Se, Neniniam. || BRECKNELL, WILLIS & COMPANY, LTD. 


———————————— (LATE BRECKNELL, MUNRO & ROGERS, LTD). 
ENTWISLE & GASS, LD., ENGINEERS AND CONTRACTORS. 


Engineers, BOLTON. 


Fer CENTRIFUGAL PUMPS. JACOB STREET, BRISTOL. 


AMSLER Telegrams : 
TESTING MACHINES) 2c. 


Send for catalogues to British Agents :— Penne, etaeel. 


T. ©. HOWDEN & €0., 1 


5 & 7, Fleet Street, Birmingham. 

















Telephone No.: 
9344. 








*~ FIRE ESCAPES * 
Malimaganarycg || PARCULARS 


SEND 
US 
YOUR 
ENQUIRIES 


»\ FIRE HOSE & FITTINGS: : AND 


m HEATHMAN & 
PARSON'S GREEN. LONDON. SW6. PRICES 


ANDERSTON FOUNDRY i 
REQUEST 


100, CHEAPSIDE ST., GLASGOW. 


And at MIDDLESBRO’. 


Makers of— 


STATIONARY STEAM ENGINES, ILLUSTRATION SHOWS PANTAGRAPH CURRENT COLLECTOR FOR 
DRY VACUUM PUMPS. MAIN LINE LOCOMOTIVE (AIR CONTROLLED), 


AIR COMPRESSORS, 




















WIRE WEAVING MACHINERY, 
TEXTILE MACHINERY. MANUFACTURERS OF ALL FORMS OF PANTAGRAPH CURRENT COLLECTORS 
and GENERAL ENGINEERS. FOR MAIN LINE AND INDUSTRIAL SCHEMES. 

Telegraphic Address ‘‘ AFCO GLasaow.” 4783 





SPECIALISTS IN OVERHEAD LINE FITTINGS FOR TRAMWAYS AND 
INDUSTRIAL WORK. ALL CLASSES OF CURRENT COLLECTING DEVICES, 
SUITABLE FOR CRANES, TELPHERS, TRANSPORTERS, ETC. 


MANCHESTER OFFICE: 
94, MARKET STREET, MANCHESTER. 


M ACHINE VICES Telephone No.: 6192 Central. 


Telegrams: Bremuners Manchester. 
Ground Jaws . 


PIDGEN BROS. 
Helmet Row, Old Street, London, E.C.1. 














8348 




















UPw aAaHRDS or: 
; . ; Telephone: CENTRAL No. 613. 
Telegraphic Address: BRAKE, MANCHESTER. 200,000 elephone: ©. 


GRESHAM’S PATENT 


INJECTORS 


OF ALL CLASSES NOW IN USE 
GRESHAM & CRAVEN, LTD., 


HEAD OFFICE AND WORKS: 


ORDSALL LANE, SALFORD, MANCHESTER. 
LONDON OFFICE - - - - + + = = = + = 40, WOOD STREET, WESTMINSTER, S.W.1. 


GLASGOW OFFICE: Ws. LESTER & SONS, 11, WEST REGENT STREET. NEWCASTLE-ON-TYNE OFFICE: FRED CRIPWELL, 18, BIGG MARKET. 
BELFAST OFFICE: R. PATTERSON & SONS, 13 & 15, BRIDGE STREET. 


OVERSEAS AGENTS: 
FRANCE, BELGIUM, SPAIN AND PORTUGAL: Walter Strapp, 15, Rue de Madrid, Paris. HOLLAND: Th. H. M. De Grijs, 311, Rijswijkscheweg, The Hague. ITALY : Giovanni Checchetti, 
Piazza Sicilia, 1, Milan. AUSTRALIA: Adams & Co., 521-523, Collins St., Melbourne. INDIA: Heatly & Gresham, Ltd., 204, Hornby Rd., Bombay ; 9, Popham’s Broadway, Madras ; 6, Waterloo St., 
Calcutta; 9, Egerton Rd., Lahore. SOUTH AMERICA: Evans, Thornton & Co., 465, Calle Defensa, Buenos Ayres. POLAND, ROUMANIA, AND THE NEW STATES: British Bngineers 
and Traders Syndicate, Ltd., Australia House, Strand, London, W.C. 2. SOUTH AFRICA: Jenkins & Co., 12-14, Greenmarket Square, Cape Town; 352, Smith Street, Durban; Ginsberg 
Chambers, Johannesburg. 3156 
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Uncovering Profits |—flek(as 


.....is the Business of Your Stripper ! 








eur Results in: 

a penetra operations in your pit must all go on the debit side of your ledger. Your 

profits come from the ore underneath. But, while your stripping brings no profits, REDUCED COSTS, 
every bit you cut from your stripping costs goes into the profits that make possible 
your dividends. CLEAN CONDITIONS, 
For your operation Bucyrus-Erie has in its complete line of machines, ranging from 16-yard INCREASED OUTPUT. 
dipper capacity down to }-yard, a stripper that really fits your need. This gives you an 
opportunity to pick the right size stripper for your particular work. That alone means a 
saving in your stripping costs. . THE Sa 
The sturdy, rugged construction of Bucyrus-Eries saves money wasted on costly - delays. PARKFIELD WORKS, 
Reserve power for hardest digging and a faster digging cycle means increased production STOCKTON-ON-TEES. 4456 


and reduced cost. Simplicity and ease of operation 
mean greater efficiency from the operating 
crews, Which also helps to keep the cash 
profits from leaking away. 






























MICHELL BEARINGS, LD., 


ENGINBERS and MANUFACTURERS of 
Michell Thrust & Journal Bearings. 


Registered Office and Works: 4968 
South Benwell, Newcastle-on-Tyns. 





BUCYRUS-ERIE strippers 
with the longer upper boom 
section have more available 
power for digging. The box 
girder boom with outside 
dipper sticks, gives a 
sturdier front end construc- 
tion with less weight. This 
reduction of front - end 
weight permits reduction of 
the counterwright required, 
and therefore increases 
swing speed and decreases 
strain. The single part 
hoist gives greater efficiency 
more speed «& less rope wear. 











STRONG BOLTS 

















BUCYRUS-ERME Co. LTD., 
LONDON, W.c 2) ENGLAND “Newall Hitensile 


DISTRIBUTORS IN ALL PA 





Heat - Treated Steel 

Bolts are ‘‘ Twice as 

Strong’’asOrdinary 
Bright Bolts. 


A. P. NEWALL & CO. 


LIMITED, 
POSSIL PARK, GLASGOW, N. 




















Heenan Patent Oil Coolers Money Saved 





For the Heat Treatment of Steel = 
commend themselves because :— 
Money Earned 
(1) They materially reduce the initial quantity of Oil required in 
the Quenching Tanks. Send this Coupon to:— 
(2) They ensure uniform hardening and accurate results. HEENAN & F ROUDE, Ltd., 
| WORCESTER, 
(3) THEY EXTRACT THE HEAT FROM THE OIL AT | England. 
THE SAME RATE AS IT IS PUT IN BY THE STEEL ° Sms, 


_— Pl forward fr. copy of hl 
THUS ALLOWING OPERATIONS TO BE CONTINUED | No. > ie sl 2 =. Pr Barres : pe 





FOR UNLIMITED PERIODS. | - ean with the Heat Treatment 
(4) They reduce the risk of fire. _— 
(5) They save space, because Quenching Tanks of the usual large , Name - sovseanseee 


capacity are not essential with this system of cooling. 
(6) They entirely do away with the inconvenience and expense of | = 
any cold water arrangements hitherto found necessary. 








| coveseeese —- 
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R* White & Sons, Widnes, 


FOR 


AERIAL ROPEWAYS 
POINTS« GROSSINGS. 








CENTRIFUCAL 


D & HIGH SPEED ENGINES 


aC cast WEENs. issue a 
DRYSDALE & CLT? Yoxer. 








CROSBY 
SPECIALITIES 


See ROVERTISEC MENT NEXY Waee 


“SOSEYWALVES ENCINEERING Co ts 


$i-42 Fo' tv STRtEry, LONDON 4, 


Machine Cut Gear Wheels 
THE REID GEAR CO. 


TAMW near PAISLEY. 


HAMWORTHY 


PUMPS and AIR COMPRESSORS 
THE HAMWORTHY ENGINEERING CO,, Ltd, 
Works :—Poois, Dorsxr. 

76, Vi (oria Street, LONDON. 
Branches { i180 _ Street 











GLASGOW. 





BELLISS & MORCOM 


BIRMINGHAM, Limited. 
Steam Engines, Turbines, Compressors, 
Plants, Oil Engines, 
Preumatic Hose Couplings. 5040 


SCRIVEN 
MACHINE TOOLS 


SCRIVEN G Ce (LEEDS) L’? 
York Street Ironworks Leeds 


ROBERT STEPHENSON & CO. 


LOCOMOTIVE BUILDERS, DARLINGTON. LTD 
Lendon Offiee :—25, Victoria 8t., Westminster. 


LOCOMOTIVES “Sad'sesvices. 


Telegrams—Roeket, Darlington : Altiscope, Lendon. 
Nat. Tel.—#70¢ Dazlingten ; 600 Victoria. 


















WE WiLL BE 
YOUR FOUNDRY BY 
FLECIRIC WELDING! 














E have undertaken complete jobs by the electric welding 
process for the sum our clients’ own foundries would have 

expended on patterns alone. 

We are equipped to undertake the manufacture of electrically 

welded STEEL TANKS, TRANSFORMER TANKS, CHEMICAL 

VESSELS, JACKETED PANS, STEEL TIPPING BODIES for motor 

vehicles, and every description of welded steel platework. 

Electric welding reduces the cumbersome and often doubtful casting 

by the use of rolled steel plates and sections, producing a light, 

accurate and much stronger job which will not crack or break due 

to accidents, and at a most economical figure. 

Expensive patterns and cores are eliminated. There are no wasters 

and no blow holes or other defects to show up in machining. We 

guarantee our electrically welded work to withstand any working 

conditions or tests which are applied to iron or steel castings. 

Let us show you how electric welding will help you to better results 

at lower cost. 

Skilled men available for outside contracts. 





S & 

FORGES. 
Makers of Iron and 
Steel Hoops and Bars, 
Steel = Rods, Cold 


Rolled Hoops and 
Cable Armour Tape. 


*PEARSON; KNOWLES 
COAL AND IRON cO-L1D 


WARRINGTON, . 


Quick deliveries. 








D 


BRIDGES 


e. 


BUILDINGS 


ba 


Ww: Iw 
STEEL 


WIRE RODS 


COLLIERY 
PLANT | 


WHEELS 
AXLES 
W:1-W 


IRON E-STEEL 


HOOPS 


STEEL 
CHIMNEYS 


BLAST 
FURNACES 


IRONE-STEEL 


ARS 


CABLE 
ARMOUR 
» TAPE 











Oodes—A BC Sth Edition, Bn 
Mugineering ‘Telegraph. ll 

















ARM. BAK Eps 


SLUICE GATES 
AND PENSTOCKS 
for nae rem Chine vee Plants, eto. 


For Water, Sew: + be Oil. 
MACHINERY, FITTING AND IRONWORK 
for Sewage and Sewage Dis orks. 
Valves and Fittings for O Pipe Lines. 
General Office and Works: 

a ak late oe 
*Grams. enstock, » Worcs. 
"Phone: Oldbury 8. 

London O, 


70, Victoria Street, 
Westminster, 
8.W.1. 

















4981 
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Exhaustive 
and specialised 


PRACTICE 


The experienced engineer has always been the 
first to recognise and pay tribute to the 
essential practical merits of S.M.S. Lifts. Here 
is mechanism of a design and finish that is the 
logical outcome of 150 years’ engineering ex- 
perience. The risk of breakdown is almost 
negligible; each and every part has been 
fashioned for tireless and continuous service. 





LIFTS 
Smith. Major & Stevens Ltd. 


LONDON AND NORTHAMPTON. , 
Branches fer Maintenance Service in all Principal Towns. 








SD 15.296 











“THE LANCASTER” 


SUPER—LIMIT 


PISTON 
RINGS 


They overcome’ the 
difficulties experienced 
with the usual type of 
piston rings, and meet 
the increased pressures 
and speeds obtaining 
at the present time. 





Adjustment readily accom- 
plished. 


Made for any diameter of 
cylinder. 


LANCASTER & 
TONGE LTD., 


PENDLETON, 
MANCHESTER. 


‘Qrams : “ Pistons,” M/C. Tel. : Pendieton 784 


Sole Makers of “The Lancaster” Piston 
Rings, Metallic Packing, Wheels, etc. ie 
8 





aR a IONE A OME ATARI AEDT 
TE ET 
ES RET 








STAINLESS STEE 


L 
AND MONEL EEL SS 


CASTINGS. 


DESCALED, MACHINED, 


/ 


POLISHED, 


MARTIN INDUSTRIES Ltd., 


MALT MILL LANE, 


TELEPHONE: BLACKHE/TH 1124. 





BLACKHEATH, STAFFS. 
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IRE RE RER EERE HERBERT = 
Telephone : Coventry 8781 (10 lines). | 


Telegrams : “ Lathe, Coventry.” 


HIGH-CLASS MILLING MACHINES 
AT BARGAIN PRICES 


CINCINNATI No. 3 Plain, single pulley drive, 
automatic longitudinal cross and vertical 
feeds, capacity 34” x 12” x 18’ 

(Reconditioned) £450 


JASPAR Universal, single pulley drive, auto- 
matic longitudinal, cross and vertical feeds, 


swivel vice, capacity ae x 93” x 163” 
(New) £405 


LE BLOND No. 4 Universal, cone pulley 
drive, double back-geared, automatic longi- 
tudinal cross and vertical feeds, capacity 


a “ig xt (Reconditioned) £375 


WEBSTER & BENNETT Vertical cone pulley 
drive, capacity 12” x 7” x 10” (New) £95 


CINCINNATI No. 2. Vertical single pulley 


drive, power rapid traverse, capacity 


ao ee eee. (Reconditioned) £435 
1500 MACHINE TOOLS IN STOCK 


A copy of the Machine Tool Buyers’ Guide will be sent on application. 








a LILPtP OO Ienrerninr i 
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Cincinnati No. 2 Vertical Milling Machine. Capacity: 28” x 12” x 14” 


OOOO ooo ooooer 








[ 
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ALFRED HERBERT LTD. COVENTRY GOO 














ROYCE 


ELECTRIC CRANES 
Unquestionably the best. 


Q) 
Read what satisfied users say :-— 


(a) “We are giving you the order for this Crane in preference to 
other offers we have, on the reputation you have obtained with 


the Cranes you previously supplied. 


(6) “We are placing this order with you _ because 
satisfied with the ten Overhead Cranes you recently built to 


our order.” 
(c) “In 1913 you supplied us with a 6-ton Travelling Crane ; this 
has given satisfaction and we should like your price for a 
Crane.” 
C7) 
London Office: ROYCE LTD. 9 
10, Princes Street, Trafford Park, 
Westminster, S.W.1. Manchester. 


The originals of the above testimonials can be seen by prospective buyers if desired. 


Glasgow Office: 
133, Mount Annan Drive, 











"* 
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LLL IDL ILI HERBER DOO 


THE FASTEST 
SINGLE SPINDLE 
AUTOMATIC 

IN THE WORLD. 


HERE is no single spindle auto- 
matic, of equal capacity, which 
will produce work as quickly 

as the Herbert Auto-Stud and Bolt 
Machine. 


A in. bolt, 5 in. long under the 





head and threaded 14 in., can be Herbert Automatic Stud and Bolt Machine. Capacity 14” x 9° 
produced in 105 seconds. 
Cams are never changed. _ Self-selecting feed motion HERBERT AUTOMATICS ARE MADE IN THE FOL- 
provides seven different ratios for each tool. LOWING SIZES:— 
Ball bearings are fitted to spindle and driving shaft. * No. 100 Auto-Screw Machine ... §in. x 3} in. 
Accurate threads are cut with a Coventry Patent Self- No. 101 Auto-Screw Machine ... | in. x 4$ in. 
opening Diehead, with internal oil supply. * No. 102Auto-Screw Machine... Ifin. X 5} in. 
To be seen in operation in our own Works. * No. 112 Auto-Screw Machine ... 2 in. x 54 in. 
e * Auto-Stud and Bolt Machine ... |} in. X 9 in. 
IMMEDIATE DELIVERY. *IN STOCK. 


SR RR SRR ER ERR R RRR él 
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WIDDODUDDODDODOIDO ALFRED HERBERT LTD. COVENTRY OOOO 














IN SOUTH AMERICA 
IN SOUTH AMERICA 


This vertical high-speed compressor is in a 
Cold Store and Ice Factory situated in Valparaiso, 
Chile. Our Contract included the design, con- 
struction and erection on the site of all the plant 
and equipment. Six cold rooms, with a total 
capacity of about 37,000 cubic feet, are provided 
in the complete building. The temperatures 
maintained are from 5°C. to-10°C., according 


to the goods stored. An ice tank, having a 
maximum output of 7 tons of clear ice per day, 
is included in the basement, and there is an ice. 
cream plant with hardening room onthe first floor. 


LONDON, E.C.1,: 121/123 CHARTERHOUSE ST. (Showroom). 
BRISTOL: 127 VICTORIA STREET (Showroom). 
LIVERPOOL: 81 DALE STREBT. 
ee eae eee ie 1& ng 8t., 8.E.1. a 
OWER MOSLEY ST. (Showroom -y\ 
BIRMINGHAM: 112 Edmund STREET (Ghomtoom). i L I M I ED CS? 
BELFAST: Quasar’ 8 Roap. 
chip diei REFRIGERATING 
5) 
tendon ofice: 10, ST. SWITHIN'S LANE,EC4 § ENGINEERS 


Telephones :— 


MANSION HOUSE 7336 (3 lines). | DARTFORD 201. DARTFORD. KENT, ENGLAND 
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FANS , 
for every purpose . 
ALL ‘TYPES—ALL SIZES. 














We have the knowledge, experience 
and facilities for making any size 
of apparatus for moving Air, Gas, 
Smoke, Stream, Fumes, Dust, Etc. 


Address your enquiries to— 


PANIES [SITE Se BLACKMAN ( [fs 
<9 
HEAD OFFICE: 
Tadlaphanes: Cuntrar 7091 to 7096 27, FARRINGDON AVENUE, LONDON E.C.é4. Telegrams : ‘‘ James Keitu, Puons, Lonpow.” 4416 


BLEICHERT 
TRANSPORT PLANT 


“‘BLEICHERT’’ Dumping Ropeways 
are designed to remove and deposit 
slag, ashes, pit ‘rubbish ‘and. other 
waste materials at some convenient 
point. 


The “‘ BLEICHERT ”’ Creeper System 
forms a conical dump of maximum 
capacity on the minimum of ground 
area, the creeper moving up at the 
natural -angle~ of~_repose_ ~of_[the 
material and discharging at. its head. 























The plant illustrated carries hourly 
46 tons of coal pit rubbish. 


TRANSPORTING MACHINERY 
& ENGINEERING CO., LTD., 


76, VICTORIA STREET, 
WESTMINSTER, LONDON, &.W.1. 























Up to the Largest 
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Dimensions and Capabilitica. 
Grand Prize at London Exhibition, 1908. 


D R E D G f N G : LA N Gold-Medal, Japan Brlish Exnbon, 1841 


Bow and Stern Well Ceatre and Side Ladder Bucket, Barge Loading and Hopper-Dredgers, Suction Dredgers, Cutter Dredgers, Trailing Dredgers, Reclamation 
Dredgers, Grab Dredgers, Hydraulic and Mechanical Agitators, Discharge Pipes and Pontoons, Hopper Barges, Sewage Steamers, Caissons, Tugs, Ferries 
Paddle and Screw Steamers. Delivered Complete or Shipped in Sections. 




















Spare Gear and Renewals Supplied. 


FERGUSON BROTHERS (ot Glasgow), LTD. 


SHIPBUILDERS AND ENCINEERS. 
@& WAR OFFICE AND ADMIRALTY LISTS. NEWARK WORKS, PORT GLASGOW . Tele. Address: DREDGER, PORT GLA8GOW. 


“Broadbent” 


Patent Automatic 


CENTRIFUGAL 
CLUTCHES. 


Renowned for Reliability. 





ee 












MD mn 


CENTRIFUGAL 
CLUTCH COUPLING 





w A ‘ - 5 ‘ 2 
Ce TS tt Gs BOS x potnads 


“Broadbent ” Centrifugal Clutch Pulleys. 


ENSURE EASY STARTING 
OF 


ELECTRIC MOTORS 
AGAINST FULL LOAD. 


Adaptable for Belt. Rope, Chain or Gear Drives or for Shaft Coupling. 
Write for New 7th Edition Catalogue. 


‘ 





Thomas Broadbent & Sons Ltd., 


158 He eniata, HUDDERSFIELD. Sead TR ess A “Broadbent” Centrifugal Clutch Coupling. 
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N one set of chasers depends the accuracy and quality of thousands 
of screws. This fact is sufficiently impressive, yet it is hardly 
possible to realise the vital importance of the chasers in diehead 

threading. They cannot be too good; they are rarely good enough for 
to-day’s needs. This is why J & L chasers are 


GROUND and LAPPED 

in the thread after hardening. 
The resulting economy is undeniable. Every Screw is far more accurate, 
is produced at much faster speeds, and is cut with less wear on 
the chasers. Chaser cost per screw is infinitesimal, and profits to 
production are manifold. Multiply this by thousands, and it is easy to 

see that the 
“ High Speed Series ” 


J & L HARTNESS DIEHEAD 


with its ground and lapped chasers is unapproachable for all screw thread 
production. 


JONES & LAMSON MACHINE CO., 19, Water Lane, LONDON, E.C.4. 











GREENWOODxBATLEY LE 


ONE OF THE 


“G@ & B’ 


RANGE OF 


HORIZONTAL 


BENDING & STRAIGHTENING 


MACHINE 


for Beams, Channels, 
Angles, etc. 


Will bend Beams, etc., of 6 inches to 18 
inches depth. This is the 12-in.machine. 


MACHINE TOOLS 


Angle and Tee Iron Bending machines, Beam 
Bending Punching & Straightening machines, 
Joggling machines, Lathes, Planing machines, 


Shearing and Slotting machines, etc., etc. 


Mint machinery, Small Arms plant, Cartridge 
machines, Rolling Milis, Forging machinery —we 
have supplied plant and machinery of all kinds, 
during the past 70 years, to the British and 
principal Foreign Governments and large industrial 


organisations in all parts of the world. 


Write for Catalogue No. T,.4236. 


ALBION WORKS + LEEDS 








T 
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TAKE ADVANTAGE 
OF ‘MALLEABLE’ 
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SERS state definitely that drills, 
tools and cutters last very much 
longer between regrinds when Ley’s 
malleable is used, as compared with 
| stampings, or other malleable. 
| 


LEYS 


MALLEABLE CASTINGS COMPANY LIMITED, DERBY. 
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Our widespread experience in the field of Electric Power Applications will 


D.C. WELDING GENERATORS 
AND M.G. SETS 
ELECTRO - DYNAMOMETERS 
CONSTANT CURRENT PLANT 

ROTARY CONVERTERS 
MOTOR GENERATOR SETS 
ALTERNATORS 

AND M.A. SETS 
POWER-FACTOR 

CORRECTING MOTORS 
DYNAMIC CONDENSERS 
FREQUENCY CHANGERS 
SQUAT VERTICAL MOTORS 
BUILT-IN MOTORS 


substantiate our claim as 


As supplied to leading Government Departments, Municipal Authorities, etc. 


—- Single, Double and Multi-Operator Units for Arc Welding. 
- Kinetic Generators for ‘* Cyc-Arc’’ Welding. 
Reversible Type for Engine Testing and Laboratory Work. 
-- Generators, Converters, Motors. 
— Single and polyphase, variable voltage D.C. output. 
From 2/200 K.W., for Lighting, Battery Charging, etc. 
- Single phase for Spot, Seam and Butt Welding. 
-— Variable phase and frequency for Transformer Testing. 
With improved starting characteristics and giving a large 


range of adjustment of leading current. 


_ For Power Factor Correction, embody some entirely new features. 
— A variety of ratios of input/output frequency. 

— For Sugar Centrifugal Drive Hydro Extractors, etc. 

— For Woodworking Machinery, etc. 


All enclosures and ratings, vertical and horizontal. 





= 7 SS 
ro? | Efficiency 














B.H.P. 
5 
HIGH TORQUE % 
SQUIRREL CAGE 0 
INDUCTION MOTORS. 








500 |S 
1000 | 87 
1000 | 88 


| 


Power 
Factor 














Telephone : 


599 
Langside. 





= hod of Starts | Starting Current | Starting Torque | 
ethod of Startin ee | 
| . in % of Full Load Values | 





| 








Star-Delta | 170 | 70 

Auto- Transformer 250 100 

Direct on 500 | 200 =| 
Telegrams: 
** Dower,” 


Cathcart. 
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THE BRITISH ELECTRIC 
TRANSFORMER Co., Ltp. 


BERRY "ele 


TRANSFORMERS 


in millions of horse 
power are giving satis- 

factory service all the ’ 

world over, their 

design and manufac- 

ture being based on 

36 YEARS CON- 


TINUOUS and ever 
widening experience. ° 


HAYES, MIDDLESEX. ENGLAND. 











32 ENGINEERING. _LJUNE 28, 1929. _ 


VENUS PENCIL 


- 





BRITISH MADE 
















Every Venus Pencil contains seven inches of 
smooth, gritless lead—compressed and carefully 
graded from the thick jet-black columns of the 
6B, through seventeen gradations, down to 
the thin hard cylinder of 9H. 


Every inch of lead will do its 
work—without break or grit ; a 
mile of words to the inch is 
an under estimate of the 
output of the harder 
grades of Venus 
Pencils. 





hat ipsicle 17 BLACKLEAD DEGREES, 6B—9H, AND SUPER COPYING 

a y (Medium: and Hard). 4d. each—3/9d. per doz. 
VENUS COPYING (Medium and Hard). 3d. each—2/9d. per dos. 
VENUS HOUSE, CLAPTON, E.5, _ 











© Lieber’s, estern Union 
5-letter). Agents: MARINE WORKS, Ltd. 


RES ONDO Wai onus MOORGATE HALL, 153, MOORGATE, Exoos, E.C.2. 


OF THE LATEST AND MOST IMPROVED TYPES, 
OF ALL DESCRIPTIONS, AND UP TO THE 
LARGEST DIMENSIONS AND CAPABILITIES. 


BARGES anp FLATS Buitt in SECTIONS FOR RE-ERECTION ABROAD 


mm ~~. - FLOATING CRANES, 





BUCKET HOPPER 












AND | 
BARGE - LOADING | COAL BUNKERING 
DREDCERS. VESSELS. 
SUCTION PUMP HOPPER BARCES 
DREDCERS. of any capacity. 
COMBINED BUCKET SPARE PARTS 
AND and RENEWALS 
PUMP DREDCERS. supplied. 
SUCTION , GOLD ano TIN 
CUTTING §. RECOVERING 
DREDGERS | | DREDGERS 
for DREDGING & A Speciality. 
CLAY, &c. Semen 


5149 


SUCTION CUTTER HOPPER DREDGER, Hopper capacity 665 cublo yards. Main Engines, 500 I.H.P. 
DESIGNS, QUOTATIONS, AND ALL DETAILED INFORMATION, BOTH AS TO DREDGING PLANT AND 
DREDGING GENERALLY, AND UPON ALL QUESTIONS AFFECTING THE RECOVERY OF GOLD, PLATINUM AND 
TIN, ON APPLICATION. 





reLeenams— = 
WERFCONRAD, HAAR 
DREDGCRAFT. ‘AVE., CONDON. HAARLEM, 
GODES -ABC, 5th & 6th (5-Letter) 
Eds., Bentley’s, Broomaall’s, HOLLAND. 

















: 
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If you have a Compressed Air Problem to solve, 
let us know, and we will send one of our experts to 
consult and advise you—this without any obligation 
on you. 


Being Specialists in this line, we have always in 
stock or in progress Machines of all sizes and types 
from which we can supply to meet any requirement. 


No. 16 Air Catalogue free on application. 
We are also the Makers of the 


‘‘ Sentinel’’ Ash Hoists 
‘‘Sentinel’’ Air Hoists. 
‘‘Sentinel’’ Steering Gears 
‘‘ Sentinel ’’ Capstans, Etc. 








ALLEY & MacLELLAN. LID. 


Sentinel Works __-: GLASGO 


(an PRECONDITION PRA RTOT RANA ALERT AT EAI DEO RIA AY esas 





ATTY ROE Ec Lt ATL ELD AOS VT AALS WIPE ASL LOLOL OTITIS IO 9 PS EBVO ELE PLIERS DIS ES DOOH ILI PIAS LIP SEE EE ELIS SLIPS AS DENA ALAS 9S 
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Valves are made at Sentinel Valve Works, Worcester. 

















S iS © RE j 


_ =D 


-MAGDE BUR G-BUCKAU (GERMANY) 


Crushing and Grinding Machinery. 





Rotary Kilns of any size. 


Equipments for Cement and Lime Works and 
for Chemical Industries. 


Bruising and Grinding Mills 
for industrial and agricultural purposes, 





Sole Agents for Great Britain and Ireland: 


Giant Crushers. J. ROLLAND & CO., Engineers 
Abbey House, 2, Victoria Street, 
London, S.W.1. 
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Telegrams : “‘ Chimneys, Dudley.” . LONDON OFFICE: 
 - y IMPERIAL HOUSE, 


Telephone; Dudley 2560. Spd KINGSWAY, W.C.2 
- , W.C.2. 
(3 lines) WINDMILL WORKS: Telephone: Regent 3216. 


DUDLEY. 
ESTABLISHED 1840. 


Specialists in Tank-Making 


Cylindrical and Rectangular 


of every description 33 all sizes 


Electrically Welded and Rivetted 





Group of Tanks constructed and erected by John Thompson (Dudley), Ltd. 


Tanks of all sizes in stock ready for immediate despatch. 





Special Department: Homogeneous Lead Lining 





4435 


Let us quote you. First-class Service Guaranteed. 
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Its design 
ensures 
anrow-fligh 
accuracy 





Black & Decker HOLE SAWS increase the range 
of a 3in. Electric Drill to 3}in., and are used for 
cutting clean round holes in metal, wood or any 
material that can be cut with a hack saw. Made of 
the finest quality tungsten steel, carefully hardened, 
strong and durable. The Mandrel automatically 
holds a }in. twist drill which drills the pilot hole to 
serve as a guide for the saw. Holes up to jin. deep 
can be cut. 


BLACK sDECKER 





Black and Decker drill 
with its perfect align- 
ment, its lightened balance. 
its controlled power; assures precision and 
accuracy. 
The motor is brought into instantaneous 


action merely by the tightening of the 
trigger-finger, thus no further movement 


is necessary once the aim has been taken. 


For drilling, tapping, smoothing, grinding, 


reaming, sanding, cleaning, polishing and 
nut-setting, use a Black and Decker Electric 
Tool. It will not only save you time 
and money, but will do the job more 
thoroughly. The Black and Decker prin- 
ciple is endorsed by qualified engineers 
the world over. 


Black and Decker PORTABLE ELECTRIC 
TOOLS are obtainable from the leading 
Machinery, Plumbing, Motor and Electrical 


accessory dealers. 





PORTABLE ELECTRIC TOOLS 








— With the Pistol Grip & Trigger Switch” 


BLACK & DECKER LTD., 


SLOUGH, BUCKS, ENGLAND. 
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part of a large order for Monel 


Metal pickling crates for pick- 
ling light motor-car forgings. 
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pickling 





Modern insistence upon minimum cost for every manufacturing operation 


has hastened the adoption of continuous pickling equipment. 


strength and 


The physical properties of Monel Metal, namely toughness, 
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Literature and expert service on request. 


ONEL WEIR. LimneD 


CATHCART 








GLASGOW 
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Evaporatin¢g Piant 


Weir Triple Effet Evaporating and Distilling Plant complete 
with Pumps; to produce 150 tons pure fresh water per 20 hours 
when supplied with 8,000 Ibs. of steam, with a pressure of 27 Ibs. 
per sq. :inch to first evaporator. 


The set is designed to work single, double or triple effet. 


Where a reliable supply of absolutely pure fresh water is essential, 
specify Weir Evaporating and Distilling Plant. 


Specialists in Heat Exchange problems. 


G.tJ.WEIR LIMITED 
CATHCART - --- GLASGOW 
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HEAD 


SAVED means MONEY SAVED 





A true statement if the interest on capital expenditure does not exceed the nett saving 
per annum. 


















































Patent No. 309814. 





























The BLAKEBOROUGH PATENT STRAIGHTWAY TYPE DUPLEX 
STRAINER costs less than the old design, and yet gives the following 
definite advantages :— 


1 


a rk W N 


- Lower head loss across the Strainer. 

- Operation by one spindle. 

- Impossibility of stopping the flow completely. 
- Short overall length. 


- Comparatively low first cost. 











LONDON OFFITE : 
199, High Holborn. 


- GLASGOW OFFICE : 
93, Hope Street. 


| BlakeborougheSons [# 


" BRIGHOUSF_ ENGLAND. 


NEWCASTLE-ON-TYNE :—Commercial Union Buildings, Pilgrim Street. 








MAKERS ALSO OF REVOLVING AND TRAVELLING SCREENS, SELF-CLEANING STRAINERS, 
FOR CIRCULATING WATER, INTAKE SCREENS FOR HYDRO ELECTRIC POWER PLANTS, ETC. 
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Electric Telphers 


Herbert Morris, Ltd., Loughborough, England. 
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TURNED FROM THE SOLID. 





LIMITED 
PRESCOT : LANCS. : ENGLAND 
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NORWICH & MANCHESTER. 


D.C. & A.C. MOTORS 


Generators 
and Control Gear. 




















AN AMALGAMATION 
OF TWO FIRMS 


NOTED FOR THE HIGH-CLASS DESIGN AND 
RELIABILITY OF THEIR MANUFACTURES. 












OUR OBJECT. 


By specialisation and concentration :— 






To maintain quality. 
To reduce costs and prices. 


To give more of that personal attention 
which alone can ensure satisfactory 
service. 









Eight Pole Open Type Generator. 





- - = Gothic Works, NORWICH. 
- . Louisa Street, OPENSHAW. 
420, Australia House, Strand, W.C.2. 
- - «43, Blythswood Street, C.2. 


Head Office - . 
Manchester Works 

London Office - - 
Glasgow Office - - 
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TENPENCE 
is the cost of 10,000 
cu. ft. of free air at 
100 lbs. pressure, 
delivered by the 
direct-connected oil 
engine-air compres- 
sor. Two are shown 
in courseof erection. 


Fullest particulars will be 
sent upon request. 


INGERSOLL-RAND Co.Ltd. 
165, Queen Victoria Street 
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TRANSPORTERS 
TELPHERS 
COAL TIPPLERS 
WINCHES 
GRABS and HOISTS 
CAPSTANS 
OVERHEAD 
TRAVELLING CRANES 
CONVEYORS 
AND ALL 


ACCESSORIES 





FOR ALL PURPOSES 


The above illustrations portray typical “‘ Babcock ” 
Patent Balanced Lever-Luffing Jib Cranes suitable 
for handling material of every description with 
maximum efficiency, economy and'*speed. 

They are adaptable to all working conditions and 
have been supplied to the principal Dock and 
Harbour Authorities, Municipalities, Shipbuilding, 
Engineering and Contracting firms in all parts of 
the world. 


Catalogues and Estimates on applicaition. 


BABCOCK:WILCOX 


LIMITED 
BABCOCK HOUSE, FARRINGDON ST., LONDON, E.C.4. 


BRANCH OFFICES THROUGHOUT THE WORLD. 























44 


ENGINEERING. 


[JUNE 28, 1929. 











S 


UP-TO-DATE machine tools are built to 

get the last ounce out of their work. 
Equipped with any but the best of tools such 
machines are not working at maximum 
efficiency. 


Because Firth Speedicut Milling Cutters have 
a unique capacity for taking a big cut, and for 
withstanding hard gruelling duty with less 
regrinding, they ensure the most economica 


output from modern machines. Such good 
service is only possible from a tool in the making 
of which every process and operation is under 
onecontrol. Firth’s carry out every operation, 
from casting the perfect ingot to the final 
polish— experience proves that this is the only 
road to perfection. 


Write for booklet 53. 


FIRTH 





PEEDICUT MILLING 


CUTTERS 








THOS FIRTH 


SHEFFIELD, ALSO AT 








= $$$ - 
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TT following is an extract from a The above photographs show. quite 
recent letter from a customer :— . definitely the advantage derived from 


FIRT 1% i 
““We enclose herewith two screws which were the = fie ba iin NLESS STEEL in 
fitted to the water-circulating system of one of our ’ 


small petrol-paraffin engines on March 30th, 1927. This ‘is typical of the service Firth 


They were both new, one being Firth Stainless . : . 

Steel and the other Mild Steel. They were both Stainless Steels are giving In scores of 
removed on July 27th, 1927 (after four months’ use), industries. They will do the same for you! 
and found in their present condition.” May we help you? Send for booklet 57. 


FIRTH 
STAINLESS STEELS 





In addition to their Stainless Steels, Firths 
have for many years produced successful 
HEAT-RESISTING STEELS for applica- 
tion where resistance to scaling rs at 
with optimum strength at high temperature 
is required. Particulars of these steels will 
gladly be sent upon request. 


& SONS 


BLACKHEATH, NEAR BIRMINGHAM: > 





TD 
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is Cerkgin iy a Ruzwe~ 


There is art and craft in producing a really 
creditable drop forging. We turn out no 
other kind. Equipped, experienced, and 
staffed to produce perfect drop forgings, 
that’s what we do, all day—every day. Fore 
axles, crankshafts, camshafts, connecting 
rods, steering pivots, stub axles, are com- 
monplaces. Nothing capable of drop-forging 
is beyond the capacity of our Smethwick 
plant. Our men have lived in and on drop- 
forging from their boyhood. As to materials, 
we have first call on the best, e.g., Hadfield’s 
famous Sheffield steels. 


Proof against any test, rigidly adhering to 
the most exacting of specifications, there is 


BEAN CARS LTD. nothing better than a Bean drop-forging. 

ROLFE STREET, SMETHWICK. Prices will please as surely as our work will 

Fohephene : 317 Smatheaich. satisfy. We stand on quality and efficiency, 
QUALITY CASTINGS. on really sterling service. 


TIPTON, Nr. BIRMINGHAM. 
Telephone : 253 Tipton. 


EB 35 


We make a special study of grain flow. 
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Shipbuilding,Marine Engineering 


and Armaments of every description. 
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H. M.S. =CUME BERLAN 
Th first ey the/0,000tonCounty’ Ror aes Cruiser 
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Shipyards $ 


BARROW-IN-FURNESS & NEWCASTLE-ON-TYNE. 
Head Office: VICKERS HOUSE, BROADWAY, LONDON, S.W.1. 


NORTH EAST COAST EXHIBITION, STAND No. 582/5, AVENUE G, PALACE OF 
ENGINEERING, NEWCASTLE-ON-TYNE. 


INTERNATIONAL AERO EXHIBITION, STAND No. 85, OLYMPIA, JULY 16.27th, 
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One } . For temperatures between —40° and +-1000° F. (—40° and +-540° C.) 
fee | : 7 OS RRR 








_— ent have been 
BRIDax made by us for many years and 
4 r Sen Dae = can be relied upon to. give 
~ eA TH ERMOGRAPH accurate service under rigorous 

~~. "y+/ ance 100°70350° | conditions. The portion of the 

-_— actual 24-hour chart, reproduced 

\ N°59 full size, shows the clearness of 
Ea the record obtained. 7-day 
Rt EN bas charts can also be supplied. 
Various forms of bulb connections 
are made. Further particulars 

regarding these instruments, 

' together with a list of standard 
ae \ ranges, will be sent on request. 
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SEE OUR DISPLAYED ADVERTISEMENT ON PAGES 44 & 45. 4392 THOS. FIRTH & SONS LTD., SHEFFIELD. 








To engineers and other responsible individuals who are interested 
in the subject of Oil Power, we shall be pleased to send a copy of our 
new publication dealing with Heavy Fuel Oil Engines. 


This book contains a considerable amount of information as to— 
The comparative merits of 4-stroke and 2-stroke Engines. 
Obtaining the utmost power from Fuel Oil. 

Accurate governing. 

Silent Valve Gear operation. 

The importance of accessibility to all working parts. 
Génerating electric current by oil engines. 

A design which embraces the best practice in every detail. 

If you would care to have acopy of this book, write for publication 


A New Book on 
OIL ENGINES 


NO OUR w= 


No. G 932, to— 
DAVEY, PAXMAN & CO., LTD. (Assoc. Firm of A.G.E, Ltd.), 
33-36, Aldwych House, London, W.C.2. . R Telephone : Holborn 4966-7. 
Works : Colchester. 5901 








vommnair coeny cr, WEARING PARTS FOR CRUSHING MACHINERY 


ENGINEERS & METALLURGISTS 
HADFIELD’S PATENT 


MANGANESE STEEL 


(of which Hadfields are the sole makers) 


ee IS THE SUPREME MATERIAL 
For the Wearing Parts of Stone Breaking and Ore Crushing Machinery. 


Owing to its extreme hardness and extraordinary toughness, it gives the 

maximum of durability to whatever use it is put. For resistance to abrasive 

action there is nothing to equal it, and its strength is such that breakages 
are reduced to a minimum. 


Wearing Parts include: JAW FACES, CHEEK PLATES, TOGGLES, 

MANTLES, CONCAVES, CRUSHER ROLL SHELLS, CRUSHING DISCS, 

RUNNER RINGS, GRINDING PLATES FOR BALL AND TUBE MILLS, 
SCREEN PLATES, LINERS, ETC. 


STEEL CASTINGS & FORGINGS OF ALL KINDS. 




















DR. H. C. SORBY, F.R.S., 


or HADFIELDS i te East Hecla and Hecla Works, GROUP OF SOLID LINING PLATES. 4696 
THE FOUNDER OF ETALLOGRAPHY. FI 
Ld SHEF ELD, ENG ND. Area of Works over 200 acres. 8uildings cover 61 acres. No. 756 


No. 47 PORTRAIT 
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RESSINGS. 


If you require any article pressed from sheet steel 
or any other metal, Rubery, Owen & Co. are exceed- 
ingly well equipped for handling your —_ They 
have had over 30 years’ experience in plying 
pressings of every description to the Motor ehicle 
and allied trades, and are well known for the good 
quality of their work. 


















The works cover many acres of ground, and are 
composed of several departments. _ The organisation 
and the service Rubery, Owen & Co. can offer you 
are well worth your consideration. 


3595 















DARLASTON~ - - SOUTH STAFFS. 


Phone: DARLASTON 130. 


























cn Mert ary | “Ceaw Gasvann ” 
Visi [use 
ARIE wceage et A SUPERIEATERS 


Engineering, 
N.E. Coast 


Exhibition. ' [nese ees OPW 


= auuu aE \i 

4 a : 7 =i, || Beas e MOaMat bp i iN 1800 iP FER 
VALE = TE wi = 05 Ve IN \ Pa Gnavite 
& . ft ry 2: 


SPRERLWD 











CERETTI & TANFANI €0., 


Limited. 
53, Victoria Street, Westminster, London, S.W.1. 


at ROPEWAYS: 


Monocable—Bicable—Tricable—For the Trans- 

port of Material and- Passengers, Cableways, 

Cranes, Funicular Railways, Telpherage Plants, 
Telphers—Elevators. 


2500 MILES OF PLANTS BUILT UP TO DATE. 
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PARSONS 


Turbo-Alternators 


installed at the 


none bass. Pewee shnioon 











The plant consists of four 40,000 K.W. 

| PARSON S Cross Compound Turbo-Alter- 
nators and four 30,000 K.W. PARSONS 

Tandem Reaction Turbo-Alternators. 


Stand Nos. 527/530, Avenues E & F, Palace of Engineering, NORTH-EAST COAST EXHIBITION. 


A.P/ 


COMPANY LID 
HEATON WORKS, NEWCASTLE-on-TYNE. 
London Office: 56, Victoria Street, Westminster, S.W.1. 
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G GUARANTEES 


uM COAL 
MINI OF 107 94VING 





Saving in fuel can be as high as 20%. 
15% is a good average, but 10% is guaranteed. 


A saving in Cylinder Oil of 50% can be 
obtained. 

FRICTIONAL and THERMAL LOSSES 
are eliminated. 

Boiler and Condenser demand lessened. 


Higher superheat possible. 4419 


Fuilest particulars of economies effected from 


WIL LIAR 











“AW D COMPA LIMiIire D 





SHIPBUILDERS & MARINE ENGINEERS, 
Dalmuir, GLASGOW. Bootle, LIVERPOOL. London, 36, Victoria Street, S.W.1. 






































MORRIS 


Electric Cranes — 
Steam Cranes 

Electric Telphers 
Power Conveyors 





Herbert Morris, Limited, 
Loughborough, England. 


Telephone: 123 Loughborough. Telegrams: Comorris, Loughborough. 
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A rust resisting malleable steel 
for cold-pressing, deep-stamping, 
etc. 


AXILVRY Stainless Steel is a rust-resisting material containing percentages of chrome, nickel and copper. It can be 

supplied in various conditions according to the purpose required—e.g., in the softened condition where great ductility 

is required, or in the high tensile condition where mechanical strength for various working parts is essential. In 
addition it is non-magnetic and resists corrosion to a very great extent. It can be supplied in bars, sheets, plates, sections, 
tubes, wire, forgings, drop forgings, and castings. It is chiefly intended for deep-stamping and cold pressing, as its great 
ductility and malleable character render it very suitable for these purposes. It can also be hot pressed where circumstances 
demand this. Maxilvry steel can be annealed or softened after cold working, riveted cold where the size is not too great, 
and hot riveted above this point. It can be soft soldered, hard soldered and brazed. Edgar Allen & Co., Ltd., will be 
glad to give advice on the correct procedure to be adopted in the manipulation of Maxilvry Steel. 


Edgar Allen’s 


Maxilvry Steel 


the patent malleable stainless steel 





can be welded by most of the best known methods, though the smith’s hearth is not suitable for welding this material. It 
can be tinned by hot dipping and is machinable without great difficulty, on the assumption that proper equipment and 
suitable cuts, feeds and speeds are employed. The form of the tools used is also of importance. 


One great advantage of Maxilury is its ability to take a very high polish, and this renders it suttable for a wide range of orna- 
mental and useful articles. 


The mechanical properties of Maxilvry Steel vary according to the form in which it is supplied ‘and to its condition. In 
the standard softened condition it gives in the sheet form a maximum stress of 40 tons per square inch, 60% elongation 
on 2”; 18 tons per square inch yield point, and Brinell hardness 149. In the bar form it gives, in the fully softened condition, a / 
maximum stress of 43 tons per square inch ; elongation 50% on 2° ; yield point 19 tons per square inch, and Brinell hardness 149. Fs 





In the above characteristics thig, material approximates closely to the quality of stainless material known as Imperial / 
stainless iron, and it need scarcely be said that its rust-resisting properties are of a very high order. It not only resists to / 
an even greater degree than stainless steel the action of sea-water, but also offers resistance to the acids in the atmosphere / 
of even the most smoke-begrimed industrial city, and to a large number of other acids. These properties render it / To 
specially suitable for parts of marine engines and pumps, for sheeting exposed to the atmosphere, for chemical plant, / Edgar 
engine parts, pump valves, stills, pumps, acid-mixing tanks, etc. Edgar Allen & Co., Ltd., will be glad to advise on Pi Allen & 





the use of Maxilvry Steel for any part or purpose. , Pigg 
/ Imperial 
re P Steel Works, 
Post the request form to obtain specific information. ff Ghetiald. 
/ 





— — / Please advise me_ if 


4 Maxilvry Steel is suitable 


Edgar Allen & Co. Ltd. ye 


Imperial Steel Works 


Sheffield f WEG Jiikersisctaiae maine 
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ANNOUNCING 


THE 


HOWDEN - BUELL 
Pulverised Fuel System. 
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APPLICABLE TO 
WATER TUBE BOILERS. 


LANCASHIRE BOILERS. 
MARINE BOILERS. 


FORGE REHEATING 
FURNACES. 


~~ CUPRO-NICKEL REVERBERATORY 
FURNACES. 


STILLS. 
CEMENT KILNS, ETC. 


COMPLETE SYSTEMS DESIGNED 
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DEN - BUE MBUSTION COMPANY LTD., 
Bla all Yard, E. 14, 
rams: ‘ Howdenbuel-Pop, London.’’ 
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BES «TESTERS 


Used by the BRITISH and most FOREIGN GOVERNMENTS, the leading UNIVERSITIES, 
TECHNICAL SCHOOLS, RAILWAYS, CONTRACTORS, IRON and STEEL WORKS, &c., 
FOR METALS, CHAINS, ROPES, WIRE, CANVAS, CLOTH, YARN, CEMENT, PIPES, CONDENSER | 




















TUBES, OILS, PRESSURE AND VACUUM GAUGES. 











METALS 


CAST-IRON | PRESSURE GAUGE | PRESSURE GAUGE 





Fig. 5149.—GYROMETER. 
SHOWS SPEED AT A GLANCE. 


ALL KINDS OF INDICATORS 

AND RECORDERS FOR PRES- 

. 5171.—BAILEY’S NEW PATTERN 

Seer GAUGE TESTER. SURES, SPEEDS, LEVEL AND Ee 88 Ae 
nia an tatien. an STEEL TESTER. 


Fig. 5041.—DEADWEIGHT , &e. 
‘PRESSURE GAUGE TESTER. For Pressures to 2000 Ibs. To 10, 25, and 50 tons. 


To 200 and 3800 Ibs. 


CEMENT OIL CEMENT 





CAST-IRON BAR TESTER. 


Teets Bars of Cast Iron, 
Bronze, &c. 























Fig. 5063.— CEMENT TESTER. 

















Fig. 5120.—BAILEY’S With new design Shot Filler. To 1000 Ibs. 
“THURSTON” RECORDING To BRITISH STANDARDS. 
OIL TESTER. 
PRICE INCLUDING wien MOULDS AND WEIGHING 
For testing oils, gracnes. MACHINE #&2. 
STER-HYDRAULIC TEST PRESS. bearing metals, . 
For testing cement blocks, extracting oils. &c. ond by the Admiralty - by 
Made in five sizes to 12, 60, 150, 300 and 500 tons. Oe Tt, al 
PRESSURE 
AND FOR FOR 
VACUUM BOILERS BOILER 
AND TESTS. 
PIPES. 
“PRINCESS OF THULE” 
HYDRAULIC TEST PUMP. 
BOILER TEST PUMPS. For Marine Bollers, &o. 
Fig. 5007.—To 300 lbs. £11. For Pressures to 200, 500 
= : Fig. 5008.—To 500 Ibs. £16 10s. and 1000 Ibs. 
Fig. 6109.— BOULT’S PATENT Hand Pumps to any rressure. 
ENGINE CYLINDER LUBRICANT DOUBLE AND TREBLE RAM TEST PUMPS, 


Hand or Belt Drive. 


TESTER. 


The LONGRIDGE' BOILER 
TEST PUMP. Packs in small 


DEADWEIGHT PRESSURE AND 
VACUUM GAUGE TESTERS. Manufactured by leather case ; hs welgne only 
Bp westous ines See gevmmate (0 Designed by ‘the late Michael 


ah Le 0 {7™ rae gy Bete Le 
ir W Bailey & CE WIRE TESTERS 


CHAIN TESTERS 
SPRING TESTERS 








ALBION WORKS. SALFORD, MANCHESTER. CLOTH TESTERS 
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arsSsenr 
STEEL SHEET PILING 


An All y Product _ 





Works : 


CLAYDON, SUFFOLK. 












New and in future, ‘‘ Larssen”’ Steel Sheet 
Piling will be rolled for us at the Cargo 
Fleet Iron Co’s works, Middlesbrough. This 
is an important contribution to the rehabilita- 
tion of one of Britain’s basic industries ; for, 
as is well known, the output of B.S.P. Steel 
Piling is numbered in many thousands of tons 
per year. 
Every ton of “Larssen” Steel Piling sold 
provides employment for British workers twice 
over, Firstly,in the manufacture of “ Larssen”’ 
Piling, and again in driving it. You can assist 
in this worthy cause by specifying ‘“Larssen’ 
whenever you have work for which th’s piling 
is suitable. 
APPLICATIONS OF “LARSSEN"’? STEEL SHEET PILING. 


For wharves and dock walls, canal linings, weir 
curtains, foundation enclosures and other 
works where the piling has to be left in and 
not extracted on completion of the job, 
*“‘Larssen ” Steel Sheet Piling has distinct ad- 
vantages. As it is about 36% /ighter in weight 
than other sections of egua/ strength, it is 
proportionally cheaper. 


‘* Larssen ’’ Piling can be supplied with copper content which arrests 
corrosion. Other feature are set out in the “ Larssen” Piling 
Handbook. We will send you a copy with pleasure, on application. 











54a, PARLIAMENT ST., LONDON, S.W.1. 








E.LH. 
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Sole Agent for the British Isles ; 


H. E. MACNAB 


CRAVEN HOUSE, 16, NORTHUMBERLAND AVE. 
LONDON, W.C.2. 


Tel.: 6542 Gerrard (3 Lines). _ Teleg.: Bancame*, Westrand. 


BOILERS, Land and Marine: of all 


Systems and Pressures 


BRIDGES, ROOFS, ‘and all other Steel 
Work at our Branch; 










CHAUDRONNERIES 


A. F. SMULDERS 
Grace-Berleur, Liége, Selgium. 


























L Sea-going Suction and Force-pump self- 
emptying Hopper. Dredger, fitted with 
trailing Suction head. Hopper capacity 
900 cub yards. 4 


2. Sea-going Twin Screw selfempfying 
Hopper Bucket Dredger with Suction | 
and Force-pump. Hopper capacity | 
650 cub yards. | 


3. Sea-Going Suction and Force-pump 
selfemptying Hopper Dredger. Hopper 
Capacity. 1630cub yards. 













OTHER SPECIALITIES: Bucket Dredgers. — Coaling Vessels and Elevators for Bunkering Steamers Mechanically, at Rates from 
150 to 1000 Tons an Hour. — Passenger and Cargo Vessels, Tank Steamers, Steam Hoppers, Tugs, Floating Docks. 
Excavators of all Systems. Tin Dredgers. 
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UNIFORMITY 
by Quantity Production 


A pre-determined performance—ease of duplication or re- 
placement—reduced cost due to quantity production by 
modern -manufacturing methods—these are features of 
Mather & Platt Numedivane pumps which will appeal to the 
discriminating engineer. Wherever a small pump of medium 
lift is required,—general pumping, irrigation work, are ex- 
amples—there will be a use for Numedivanes. Fullest par- 
ticulars of the pump with output figures and prices will be 
sent on request. 


MATHER¢«PLATT 


Matuer & Pratt Lrp., Park Works, MANCHESTER 
and at Park House, 22, Gt. Smith St., London, 8.W.1. 
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: Visit Stand 238, 
; Royal Show, 
; Harrogate, 

: July 9th to 13th. 











The illustration is of a 300 Brake 

H.P. Crossley-Premier Heavy-Oil 

Engine, direct coupled to alter- 

nator operating ct the Bideford 

and District a ea Supply Co., 
td. 





Before buying an Oil Engine 


investigate the desirable features of 


THE GROSSLEY- P REM i ER HORIZONTAL 


FTER deciding on Oil power comes the question—‘* What make of 
‘ws Engine shall we adopt?” 


ovr “ir y Two essential qualiti i i 
qualities of Oil Engine power are :— 


_—- RELIABILITY ECONOMY 


The performance of the Crossley-Premier engine is its recommendation, “3 
confirmed recently by one of its many users, nearly three years after 
the engines were installed :— 


“IT am pleased to inform you that the 330 H,P. Oil Engines you installed 
in 1926 are giving entire satisfaction. I've had no spares yet.” 





Some desirable features of the Crossley-Premier Oil Engines are — 


Shows piston lifted out. It is only necessary to Low mean pressures and moderate speed ood. 
i peeds, which mean 
take off oil guard and disconnect the big end. minimum wear and long life. 


Easy facilities for complete inspection and cleaning. 


Engine can continue on load whilst new admission and exhaust 
valve springs are fitted. 


Prevention of fuel oil deposit contaminating Lubricating Oil. 
Immunity from danger of Crank Case explosion. 
Special construction of Cylinder and Breech end. 


In addition to low fuel and lubricating oil consumptions there is economy 
in its greater resistance to wear, and consequent long life. 


If you are contemplating Oil Power you will find in the Crossley-Premier 
an Engine you can install with confidence, supported by our experience of 
the manufacture of internal combustion engines, extending over half a 
century, and reflected in the world-wide acceptance of the engine. 





Complete information will be sent on request. 










View showing complete access for cleaning 3 
water space around combustion chamber. Sizes: 300 to 1,000 B.H.P. 


THE PREMIER GAS ENGINE 


COMPANY LIMITED 
SANDIACRE Nr. NOTTINGHAM 


London Office: 139/141, QUEEN VICTORIA ST., E.C.4 


P.36. 


eae nme 
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BELT MOTOR DRIVE 


6; inch and 83 inch Lathes. 


Advantages : 
Economy in Floor Space ; 


Send us 


More Light in Machine Shop ; 


Your Lathe and Electrical Equip- 


ment form one Compact Unit ; 





Each Lathe can be used when 
required without running the 
whole department. 


Enguiries. 


THE 


WARD 
RANGE 


OF CAPSTAN AND 
TURRET LATHES. 


CAPSTAN LATHES. 
No. 0 Height of Centre 4” 


ee 





No. ] ” ” i 
i No. 2 e 53” 
No. 3 ™ » -6”" 
No. 7 = Ya 
COMBINATION TURRET 
LATHES. 
No. 7 HeightofCentre 7’ 
No. 8 ” ” 84” 
No. 10 - « 
Providing solutions to production problems is our business, and No. 13 * ~~ | ee 
if a component can be economically produced on a capstan No. 15 ‘ . 1S" 
or turret lathe, our range contains the right machine for 
your particular job. HEXAGON TURRET 
LATHES. 


Capacity 
lal WY %, IN D | ) a | © No. 7B. 2’ Se. x 30” long 
° ° ° a= No. 8B. 2?” dia. x 36” long 


MACHINE TOOL MAKERS, DALE ROAD, SELLY OAK, BIRMINGHAM. No. 10B. 33” dia. x 42” long 
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Trade Mark — Timken. 


British Timken Ltd., 
Cheston Road, Aston, 
BIRMINGHAM. 


Telephone: EAST 1321. 
Telegrams: Britimken, Birmingham. 



























































LOW LIFT CENTRIFUGAL, 








MULTI. STAGE _TURBINE FOR HIGH LIFTS. 


PEARN & C? [t> TELEGRAMS : 
“* PUMPS,” Manchester. 
A N CH pIANCHES AEE. 1 141 satis. VERTICAL CENTRIFUGAL. 








WELL OR BOREHOLE. 
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HIGH THERMAL EFFICIENCY 


assured by 


exceptionally large heating surface, 
water circulation, and the 
placement of tube unit where hot 


rapid 


gases take greatest effect. 
| | i || | 


Smaller Boilers of 
this new type will 
meet requirements 
hitherto only pro- 
vided for by other 
types of boilers of 
larger dimensions. 


ll 
DRY STEAM 


always assured, as 
priming is almost 
impossibie with this 
type. 
tT 


Mention this 
« Journal in - 
your enquiry. 


Ask for our 
csc - latest - 
= Publication 
THE FIREBOX. so? THE TUBE UNIT. - No. 1976. - 
(Patented). FULL RANGE OF SIZES READY. (Patented). TT 
GAINSBOROUGH, 
ENGLAND. 


MARSHALL, SONS & COMPANY Ltd., ‘rine 
3, London Wall Buildings, London, E.C.2, and 14, New Street, Birmingham. } 





by evaporation per pound of coal | 
fired, being much higher than 
with any other type of vertical | 
boiler on the market. Ask for | 
test figures. | 

| 

| 
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LOW FUEL CONSUMPTION | 
guaranteed 





STAN 


WATER-TUBE cz BOILER. 


il lil il 
The design affords 
unique accessibility 
for cleaning of 
internal surfaces. 
Note the many 
manholesand mud- 
holes whereby in- 
terior can be 
reached. 


ll 
EASILY ERECTED 


and not needing 

any special founda- 

tions, all Boilers 

of this series can 

be installed atsmall 
cost. 


































.) 


You owe it to yourself to test 
these claims. There are econ- 
omies to be effected and effici- 
ency to be improved by using 
Brooke ‘Cardinal’ Cutters. 


THE BROOKE 


ice: 


SI am 





Ee HURLUAUTUT ULLAL ee 


“CARDINAL CUTTERS 


will give you that extra service, both 
in efficiency of milling operations and 
greater output with economy. 


The Brooke “‘ Cardinal” Patent Cutters combine the use 
of high duty cutting alloy for blades, and tough forged 
tensile steel for body. The whole perfectly fused by the 
unique Brooke method, and resulting in a practically solid 
cutter with the correct steel for the work to be done, 
giving greater resistance to stresses and longer working 
life of cutter blades. The diagram below shows the 
manner in which the cutting elements can be used to the 
maximum extent by removing interblade body metal 


again and again. 


| 


Get to know 
them without 
delay. 


Ont = 







P ay 


TOOL MANUFACTURING CO. LTD., 
GREET, BIRMINGHAM. 
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RA.Portable Conveyors 

18 & 24" Belts-18-0' to StO"Centres 
1 for Handling Coal, Sand, Gravel 
& all Granular Materials. | 
Electric or Petrol Drive. 
















WS 











- Ritchie-Atlas Engineering Co, Atlas Works, Temple.Glasg 

















PACKING 


THAT PACKS 


With MINIMUM FRICTION & MAXIMUM DURABILITY. 


The United States Metallic Packing is the most extensively used and the 
most successful Packing in the World for all types of Steam Engines. 














( OVER 500,000 SUPPLIED. 
p ACTS FITTED ON OVER 500 VESSELS FOR THE BRITISH ADMIRALTY. 


ALSO USED BY UNITED STATES, FRENCH, DUTCH, JAPANESE, SPANISH, 
&c., NAVIES. 


WHICH \ ADOPTED BY CUNARD, ROYAL MAIL, OCEAN, ELLERMAN, UNION CASTLE. 
ELDER DEMPSTER, ORIENT, HOUSTON, HARRISON, ANCHOR, ALLAN, 


SPEAK AMERICAN, &c., LINES. 
a AT WORK AT PRINCIPAL ELECTRICITY STATIONS, COLLIERIES, IRON 


DUPLEX PACKING, \ WORKS, TEXTILE, &c., CONCERNS, 


The United States Metallic Packing Co., Ltd., 


Soho Works, Allerton Road, Bradford, Yorks. un 


Telegrams—METALLIC, BRADFORD. Telephone Nos. 4705 and 4706. 


LONDON—116, Fenchurch Street, E.C. 3. LIVERPOOL—432, Royal Liver Buildings. BOLTON—Knowsley Buildings. 
SWANSEA—Pembroke Buildings. GLASGOW-—52, St. Enoch Square. NEWCASTLE-ON-TYNE—2, Collingwood Street 


And at Belfast, Hull, Bristol, Portsmouth, Leith, Birmingham, Sheffield, Nottingham, Cardiff, etc. 
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AUTO PATENT DUAL BEARINGS 


applied to 


GRINDING SPINDLE 








4309 





THE AUTO MACHINERY CO. LTD., 


COVENTRY. ESTABLISHED 1896, 





ESTABLISHED 1886. 
































RS S _STOTHERTPITT Lb 


Samant ENGLAND y 






























ELECTRIC TRANSPORTER AT AUSTRALIAN STEELWORKS 


20 TONS LOAD 5 CUBIC YD. GRAB 
300 TONS OF ORE HANDLED PER HOUR 


ee 


Ili | 
| 
Bi 


j 
ull 
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AIR (COMPRESSORS. 














The Illustration shows the latest type of 

the well-known “ Reavell ’’ Quadruplex 
Compressor. It is a single-stage water- 
cooled machine suitable for pressures 
up to 120 lbs. per sq. inch, and its 
volumetric efficiency and power con- 
sumption are quite as good as those 
of a two-stage machine. 

















We also manufacture many other kinds of Air 
Compressors to meet all requirements, such as 
Portable Sets for operating Pneumatic Tools, 
Marine Auxiliary Compressors for use in Diesel 
Engine Ships, small Hand Operated machines, 
Turbo-Compressors and Exhausters, etc., etc. 


























REAVELL & Co. Lip. —— Ipswicn.-« 


MELD RUMS LIMITED oo 
“MELDRUM” ACID RESISTING METAL 


THE PREMIER ACID RESISTANT 
For ART SILK, CHEMICAL and DYEWORKS PLANT 


‘** From a }’ Cock to Complete Chemical Installations.”’ 


There is no need for the continuance of 
heavy replacement costs due to corrrosion 


—TRY “MELDRUM” METAL, 

Sample test bars will be sent free—let us know your conditions. 
COCKS and VALVES; :PIPE LINES, BENDS, TEES, ELBOWS. 
CENTRIFUGAL and PLUNGER PUMPS. 

COMPRESSED AIR and STEAM JET ACID ELEVATORS. 
JACKETED PANS, MIXING PANS, AGITATORS, Etc.? 
ACID EGGS, BASINS, TANKS, 


Ask_for our Complete Chemical Catalogue No. 106 C. 


ILONDON OFFICE ;:108, VICTORIA STREET, WESTMINSTER, S.W.1. 
"Phone : Victoria 7521, 


mmm TIMPERLEY nr. MANCHESTER sommes 


NEW 'PHONE Nos. : SALE 1187 & 1188. 
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-_ "ls Sh GL et 
AT BROOMGROVE POWER STATION: 
County Borough of Hastings. 

SHOWING STIRLING BOILERS, CAPACITY 30,000 
LBS. OF WATER PER HOUR AT FULL 
LOAD. 
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ies A.W. range of Pneumatic Tools 
includes—Drills, Hammers, Boiler 

Scalers, Sand Rammers, Sand _ Riddles, 

Grinders, Holders-on, etc., etc. 


We invite your enquiries for all types 
of Pneumatic Tools. 


Sir W. G. Armstrong Whitworth & Co., Ltd. 


Sales Organisation : 


Park House, Great Smith Street, London, S.W.1. 
Works and Shipyards - - ~- Newcastle-upon-Tyne. 





eT ete senneees 
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JUNE 28, 19209.] ENGINEERING. [SUPPLEMENT page XXI] 





. a 


69 











Telegrams—** LILLESHALL, OAKENGATES.” = lp OAKENGATES. 








Blast Furnace, 
Coke Oven, and 





STEAM ENGINES. 





GAS ENGINES. 





IRON CASTINGS 
up to 60 Tons weight. 


GENERAL CONSTRUCTIONAL WORK. 


CONVERTER PLANT. COLLIERY PLANT. 

















THE LILLESHALL CO., L sinopsuine. 


Steel Works Plant. 























_ 








paneer = veer 


COAL PULVERISING FOR CEMENT KILNS. 


The British Rema Method **“*h is" 
for the highest efficiency Cement Industry. 


POWER CONSUMPTION 
S20 IIIIUIVINIUVAUUIVLUUVOVUUNVULUVUIUIUOVUVUUUIIVUOIVLULULULUUOUOLULVLIUIUOLVLVEVLVLIUULOUOUOUOLVLUUULUUVLVLVIVUOVOULULULUUOIULVLULULOLULUL I LU for complete plant from 14 
= to 18 kw. per ton of coal 
delivered to burner. 
{je 
A by coa. |S 


SLOW SPEED RING MILL, 


A 5 ton size Mill grinds 
45,000 tons of hard coal 

BUNKER FOR RAW COAL 

UP T0 159g 


before the ring and rolls 
MOISTURE 











require replacing. 
MINIMUM NUMBER OF 
WEARING PARTS, of heavy 


section, easily replaceable. 


FAN SPECIALLY DESIGNED 
to suit high, medium or 
low-pressure burners. 


BRITISH REMA PLANT is 
equally suitable for opera- 
tion on the storage, or bin 
and feeder systems. 


NO SEPARATE DRYING 
PLANT NECESSARY. 





















































THE PLANT SHOWN IS COMPLETE 
WEIGHING: FEEDING. DRYING, 


GRINDING AND CONVEYING 
THE COAL TO THE BURNER 


VY FAN 
| ™ 


AIR SEPARATOP 









































LEA 
CUBI- METE 





—) BRITISH-REMA CLINKER co, 

Lf |. RING-MILL —a SOLER 
ROTARY iii lI 
AIR SEAL MOTOR iy 





i000 


TULL 














| 
| 


Illustration shows typical lay- out of Direct-Firing Unit Plant, weighing, feeding, drying, 
grinding and conveying coal to burner and providing air ‘or combustion. 


SUMMIT 


you further information 


Tien QUIET IN OPERATION. 


=} 0 01 





INSTAL BRITISH REMA The photo-shows Ring Mill fitted with Air Sifter, 
FIRING PLANT—and re- forming one unit. This, in conjunction with special 


British Rema Fan (not shown), forming a complete 


duce your costs. pulverising plant for direct firing, supplied for 
continuous operation. Output 5 tons per hour. 


We shall he pleased fo send SIMPLE IN’ CONSTRUCTION. 


The British Rema Menaleatasiien Co., Ltd., Halifax, Eng. 
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“SILLUT”’ 


JOHN TULLIS & SON, LTD., ST. ANN’S WORKS, TULLIS STREET, GLASGOW, S.E. 
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LX MAACO MOCO 


Leather Belting 


Guaranteed 98% Stretchless 


and Straight Euan ie eg. = 
Sol MUNA Te 


OL 
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Modern Progress 


“THE universal adoption of Modern Oil Power is only a question of time, as the amazing 
economy effected by it is altogether too great to be ignored. 

We suggest that you examine right away the claims put forward by the makers of the Gardner 

Heavy Oil Engine and so make a prompt start towards participating in its benefits. 

The Gardner HF Heavy Oil Engine is a power unit which is in line with the most advanced 

engineering practice of the present day. 

In operation it represents the greatest degree of economy and reliability. 


It is appreciated by thousands of power users in all parts of the world as the means whereby they 
have been able to reduce their power bill to a comparatively absurd figure, which, in many cases, 
has made all the difference between a profit and a loss. 
peers : | 











He” ENGINES 
6 ° L. GARDNER & SONS, LTD., PATRICROFT, Manchester. 
MADE IN MANY aimee 224 B.HP. London Office - - 115, Que n Victoria Street, E,C.4. 




















JUNE 28, 1929.] ENGINEERING. [SUPPLEMENT page XXIII] 71 











Another Engineering Achievement 
helped by 


“UNION” Battery Locomotives 


Visit Stand No. 165, Aero Exhibition, 
July 16th to 27th. 








Messrs. Balfour, Beatty & Co., Ltd., used 22 ‘‘ Union ’’ Loco’s on their contract 
Makers :— for cutting a tunnel through Ben Nevis for the British Aluminium Co , Ltd. 


JOSEPH BOOTH & BROS., LTD., Union Crane Works, Rodley, LEEDS. 


























LIGHT WEIGHT HIGH SPEED 


DIESEL 


OIL ENGINES 


FOR 


LOCOMOTIVES, RAILCARS, CRANES, 
EXCAVATORS, COMPRESSOR SETS, 
PUMPING PLANT, WATERCRAFT, 
LIGHTING & POWER SETS, Etc.. Ete. 









CONSUMPTION FROM ‘38 TO 
48 LBS. PER B.H.P. HOUR 
ACCORDING 7 
TO SIZE. 















an 


McLAREN’S WONDERFUL 





DIESEL PLOUGHING TACKLE 
IS THE WORLD'S CHEAPEST METHOD OF 


‘Seana, Mane dae UAE. LAND CULTIVATION. 


GREAT RANGE OF SIZES. 


Agents required in several districts—correspondence invited. 


wee J. & H. McLAREN, LTD.—-LEEDS. “==, | 


= 4 
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Fittin ym 
55-ton 
rudder 
to the — 


(BERENGARIA| 


\@ 


— 


mg WE ene, 


me eT 


lPNYCROFT 


w /or REPAIRS and 
PF’ =OVERHAULS 


to the largest vessels alloat 


Address all enquiries ro:— 
WOOLSTON WORKS, SOUTHAMPTON. 





AND CO, 
LIMITED. 





















PS | 
AY Gi bi 
a | 


idan cod 
= 





























We are specialists in the designing, production, and installing of Gas 
Plants for every kind of Power or Industrial Heating purpose. 


We supply Furnaces fired by Oil, Producer Gas, or Town’s Gas or Solid 
Fuel direct. Our Patent Coal Fired Furnaces are specially designed for 


high efficiency and elimination of smoke. 


We manufacture Gas Tubing, Bunkers, Drum Dryers, Lime Kilns, Steel 
Chimneys, Oil and Petrol Tanks and Pumps, etc. 


We invite your enquiries. 


BOWSON: MASG 


GAS PLANT CO.LTD. 














ALMA WORKS, 
LEVENSHULME, 
MANCHESTER. 








The 
BEARDMORE 
One-Gallon 

PRIVATE 
USERS’ 
PETROL 

PUMP. 





This Pump has a capacity of 
1 gallon per full stroke and a 
delivery speed of 5 to 8 gallons 
per minute. 


_—_—— 


PURCHASE . YOUR 
PETROL, &c., IN BULK 
AND SAVE MONEY. 





Price complete with 300-gallon tank, 
internal fittings, piping and connecting 
up to 12-ft. centres 


£45 :0:0 


delivered and fixed. 
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BROWN, LENOX & Co. (London), 


LIMITED, 
POPLAR, LONDON, E.14. 























Contractors to the Admiralty since 1808. 








Manufacturers of 


Rivetted Tanks of every description. 


Speciality :—Patent Pressed Steel Sectional Tanks in 
multiple units of 3 ft., 4 ft. and 4 ft. 10 in. with round 
or square corners. Bolted joints. 


Mooring, Beacon and Light Buoys, Submarine Telegraph 





Buoys. 


Coal Bunkers, Hoppers, Chutes, Steel Chimneys, 
Supporting Towers for Tanks, &c., &c. 


Telegrams: LENOX, MILLWALL. 
Telephone: East 700 (Two Lines). 





4422 


























FOR drilling holes in 

metal or wood, the 
Little Giant meets the de- 
mand for Portable Electric 
Drills that give rapid work 
in comparatively unskilled 
hands. 


OUTSTANDING 
FEATURES. 


Ease of Manipulation. 


With Conveniently 


mo placed !Tnigger Switch. 
Little Giant <a Light Weight. 


Portable | a 
: igh Drilling Speed. 
Electric Drills | 
| Ball - Bearings throughout. 


Air-Cooled Motor. 











Write for Electric Tool Catalogue No. 15, giving full particulars of our various Portable Electric Machines. 


THE CONSOLIDATED PNEUMATIC TOOL COMPANY, LTD., 


Tel. Address: HEAD OFFICE: EGYPTIAN HOUSE, 170, PICCADILLY, LONDON, W.1. Telephone: 


“Caulking, Piccy, London.” Gerrard 9215 
Works: FRASERBURGH, SCOTLAND, 
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CENTRIFUGAL E> 


a0 ~~ TURBINE 
PUMPS 




















OVER 


17,000 


PUMPS 


HAVE BEEN SUPPLIED 
TO ALL PARTS 
OF THE WORLD. 














TANGYE 42in. CENTRIFUGAL PUMP, T D 
TO DELIVER 150 TONS OF WATER TT A N G Y a og, L ° 
PER MINUTE. 
BIRMINGHAM. 




















| SOUTH DURHAM STEEL & IRON Co., Lrto., 
: 3] WEST HARTLEPOOL 


FOR 


ALL CLASSES OF RIVETTED 


AND 


WELDED VESSELS 


AND 


5-0 DIA X 180 OVERALL FABRICATED STEEL 
PLATEWORK 


ALSO 


PIPES, FLUES AND 
RECEIVERS. 








ai pax Ni] 











Other Manufactures : 


STEEL PLATES 
STEEL SHEETS 


(BLACK & GALVANISED) 


STEEL PIPES 
STEEL SECTIONS 
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The Best—and British Throughout 


Heap’s 
Patent Screwing Machines 
with Tangential Dies 





are the last word in Screwing Machines. They are designed from beginning to 
end as high class Machine Tools and embody features not found in any other 
make of Screwing Machine. 

The Die Head is of entirely new design and is patented. 

The Tangential Dies are Thread milled and hardened. When dull they can be 
simply re-ground and are then equal to new. They never require re-hobbing. 
Responsible representatives of firms interested are invited to visit our Works to 
inspect the Machines in construction and completed, test them in actual use 
and prove their capabilities, 





Joshua Heap & 


Co., Ltd., Ashton-under-Lyne, England. 














= — 








The Pattern-makers’ profit maker! 





N° other woodworking machine built has such a wide 

scope of working or offers such remarkable possi- 
bilities for revolutionising pattern-making operations 
as this Wadkin Pattern Miller. Intricate patterns and 
coreboxes can be produced with perfect accuracy in a 
fraction of the time ordinarily required. Its installation 
will ‘reduce your pattern-making costs at least 70% to 


90%. 





The Wadkin Pattern Miller is a favourite machine with 
American Pattern Makers. The machine shown is 
owned by Messrs. Fairbanks, Morse & Co., Beloit, 


Wisconsin, who say :— 


“In the first place we cannot see how we have ever done 
without the machine. We can safely say it will replace 
at least four men, in fact there is no end to the class of 
complicated work it will do. The work shown in the 
picture is indescribable, as they would hardly believe 
if they were told. We can surely recommend the 
machine, and will gladly give anyone personal 
recommendations or demonstration.” 
We publish a 64-page Catalogue describing and illus- 
trating this machine. e invite you to write for a 
copy, using the coupon below. 


Wadkin & Co. 


Green Lane Works, Leicester, England 


Wadkin & Co., 
Green Lane Works, LEICESTER. 


Please send me a of your Catalogue No. E177 
—The Wadkin Semi-Auto Wood Miller. 
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The Motherwell Bridge & Engineering Co., Ltd 


Brid Reofs Plere, Tanks, Dock Gates. 
ydraulic Pressed Floering, etc 


coe MOTHERWELL, NB. e's 


sens cape 82, Victoria $t., London, $.W.1 
Grams: ‘‘ Mobricolim, Sowest, Londen.” Tel. : 4198 Vieteria. 


See illustrated advt. lect and next week. 4454 


JOHN GRIEVE & CO., 


MOTHERWELL, 
CRANE MAKERS. 


Bee last and next week's advertisement. 4614 








CLYNE ENCINEERING CO., L™- 
Telegrams: “‘Mopgrmizz.” Tele. No. 4070 City. 
WATER COOLERS, CONDENSIN 
PLANTS, VACUUM PUMPS 
AND COMPRESSORS, 
STEAM TRAPS, &e. 04.1451 
fede MARKET ' ST. MANOHESTER. 











HENRY WALLWORK & CO, Ltd, MANCHESTER 














WILSON BOILERMAKERS LT"? 
LILYBANK, works, GLASGOW, 











Wf 1; if 


ie 


Send your enquirses fo 


~ you 
> il 54 Robertson Street? ons 


_ GLASGOW. 























Lb 2521 





aa Power at Negligible Cost 
Be, 


gui? & dks | Where power and heat are required, one 
= ~ of these can be obtained almost without 
| cost as a by-product of the _ other. 
R. Wolf Power-Heating Locomobiles, being 
built in various sizes and types, will meet 
any requirements, however complicated. 


MASCHINENF ABRIK BUCKAU R. WOLF A-G, 
MAGDEBURG. 


THE LOCOMOBILE ENGINEERING CO. LTD. 


oO : 
London Office: 68 Victoria St., Westminster, London, S.W.1. 
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the country 
system of firing. 


coal fe 


Pulverised Fuel 
higher annual 








PETERBOROUGH 


ELECTRICITY STATION 


IS OPERATED ENTIRELY 


SIMON-CARVES 


CENTRAL SYSTEM OF 


PULVERISED 
FUEL FIRING 


PETERBOROUGH is the first power station in 


pulveriser house. 
(4) The pulverised fuel firing plant is remotely 
controlled from the boiler platform. 


ALL BANKING LOSSES ARE ELIMINATED. 


SIMON-CARVES, LTD., 20, MOUNT ST., MANCHESTER. 


PULVE FUEL 







ON THE 











to be entirely dependent on this 
The arrangement of the station 


comprises a number of notable features :— 
(1) The turbines and boilers are in one main 
room without dividing walls. 
2) There is no storage of fuel in the boiler house. 
3) The primary air fans and the pulverised 


eders are situated in a separate 


Firing gives greater flexibility and 
efficiency. 





4871 





























 =& CO., LTD., 
RENFREW. SCOTLAND 
PATENT BUCKET 
ROCKCUTTERS. DREDGERS. 
CUTTER TRAILING 
SUCTION SUCTION 
DREDGERS. DREDGERS. 
DIPPER 
PATENT 
aaeeanatet HOPPER 
cot, a 
& PLATINUM 
DREDGERS. 
PATENT ROCK 
MARINE DREDGERS. 
SLIPWAYS. 
4682 
Codes : 
Cabte Address : — A.B.C.5th & Oth Editions 
LOBATT BENTLEY'S 
a SUCTION HOPPER DREDGER, “The Lady Clifford,” built for the Nigerian Government for Lagos. WESTEAN UNION. 
Dimensions: 284 ft. 0 in. by 46 ft. Oin. by 19ft. 0 in, Dredging Depth: 42 ft. 












BRIQUETTE MACHINERY 


Coal, Coke, Ores, etc. 
Write: Herbert Alexander & Co., Ltd., 
Charmouth Street, Leeds. s99 


KENYON’S 


PATENT 


OIL FILTER 
AND 


WATER 
SEPARATOR. 


Over 1000 ordered by H.3f. 
Governmend. 





ENGINEERS’ 
STORES, TOOLS. 


Send your enquiries. 


ALEXANDER KENYON & OO., LTD. 
Victoria Bridge, MANCHESTER. 4770 











Have a free sample clip 
to test, 


EVERYONE WHO HAS TRIED 
JUBILEE WORM DRIVE CLIPS 
DECLARE THEY ARE THE 
BEST THEY HAVE EVER USED. 
FOR ALL PURPOSES WHERE 
WIRE OR CLIPS CAN BE USED. 


For Air, Oil, Water 
= Hose Joints, 
Radiator Joints 
and Leather 
Covers on Uni- 
versal Joints. 





Manufacturers : 29, London Chambers, 
L. ROBINSON & CO. = Gillingham, Kent. 
Stocked by Factors and Merchants=__—_—_=_ 














IMPORTANT NOTICE. 


SMITH’S 


World - Renowned Chronograph Watches. 
New Prices now Available. 


Pre-War Advantages, an all-round reduction. 
Averaging 25% from Catalogue Prices. 
Maintaining the same High Standard of 
Quality Throughout. 
New Type of Chronograph Watch. 
Every Chance of Perfection of 
ErrorEliminated Starting, Stopping 
Finest Finish and Fly-Back 
17 Jewels. Action. 
NON-MAGNETIC. NON-MAGNETIC. 








NEW PRICES, 


In 18ct.Gold Cases £25 0s. 
15 15s. 


»o » 
"20 Year Rolied Oxidised Steel ... £6 6s. 
Gold Cases... £10 10s. | Nickel Cases... £6 6s. 

With Railway Speed Recording Dial 10s, extra. 

Awarded highest number of marks for Split-Seconds 

Chronographs at the National Physical Laboratory 1927. 

Largest Stock of Chronograph Watches in 

the World. From £2 2s. to £250. 


“‘ Guide to the Purchase of a Watch.”’ 
1929 Edition of our Catalogue Free 
on Application. 


S. SMITH & SON, L” 


HOLDERS OF 4 ROYAL WARRANTS. 
Watch & Chronometer Makers tothe Admiraity 
and Indian Government. 


Sterling Silver Cases 
7 7s. 














ESTD 
1851, 





6, Grand Buildings, 
TRAFALGAR SQUARE, W.C. 
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Adams’ and Grandison’'s Sight Feed 


LUBRICATORS. 
KEROSENE INJECTORS 


for Steam Turbines. 4865 


STEAM KETTLES. 


, | The Steam Cylinder LubricatorCo, L¢. 
Pe) Gordon Works, Lr. Broughton :: MANCHESTER. 























Spread all over the world 


are our high-class 


Drawing & Detail-Drawing Papers 
Oiled & natural Tracing Papers 


Sectional Papers in rolls, sheets and ‘pads 
bearing m/m & English scales 


Logarithmic-Papers, Recorder Charts 


Samples sent on application 


Carl Schleicher & Schill 
DUREN, Germany 


PURE : 
FEED isa necessity \ P 

WATER high pressure jobs. NE 
The Crockatt Simplex Patent 


Electric Salinometer 


shows the smallest trace of Salt 
and indicates at once any condenser 


leakage or evaporator “ \ 


sons by British and Foreign Navies, leading 
Steamship Companies and Power Stations. 


W. CROCKATT & SONS, Ltd., 


65, DARNLEY STREET, GLASGOW. 
2-3, Eldon Street, LONDON, E.C.2 



























5046 


You read it 
as you would 
a Steam Gauge 





























“SISSON” HIGH SPEED 
ENCLOSED ENGINES. 


Fitted with special 
dust excluding 
arrangements and 
automatic crankshaft 
governor. 


7 ot 


London Representative 3 
Mr. A. F. BROWNE, 
11, Carteret Street, 
Queen Anne’s Gate, 
London, 8.W.1. 

4743 
W. SISSON & CO.,LTD., avoucesren, 








g: HOPWOOD 


eh VERTICAL 
STOILER —_ 








oe 


Owing to the perfect circulation a 
full head of steam is obtained 30/40 
minutes after starting up with cold 
water. Get a Spencer-Hopwood 
Vertical Boiler! Quick delivery all 
sizes, coal or oil - fired types. 


Ask us to quote you. 


SOLE MAKERS: 


SPENCER HOPWOOD LTD 

















COMBINED AIR PUMPS & JET CONDENSERS 


BENNS PATENT 
SINGLE OR DOUBLE ACTING. ROPE,BELT OR MOTOR DRIVEN. 





Steam Cylinders 
and Air Pumps 
Bored out in 
their places. 








Branches. 






Indicated and 
| eer upon. 


S. Ss. STOTT & Co 
























L LANESIDE FOUNDRY, HASLINGDEN 


J 


Totally Enclosed CO, REFRIGERATING 
MACHINERY. 


SILENCE and 
CLEANLINESS, 
and of course 
AUTOMATIC 
REGULATION. 



































Automatic Weighers 


of guaranteed accuracy. 


DRYING 
MACHINERY 


automatic & continuous. 


OUR SPECIALITIES 
FOR 40 YEARS. 


RICHARD SIMON & SONS, 
LIMITED, 


Phoenix Works, 
NOTTINGHAM, 


Tele 
a Relea | Nottingham.” 


_ SIMON, NOTTINGHAM. 














Tevbiser. 
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MERRYWEATHER’S 
London-Made Canvas Hose. 


Woven at their Greenwich Works, London, S.E. 


This Hose is made of specially selected long flax of the highest quality 
and woven on improved looms, enabling a hose of great strength to 
manufactured. 

CAUTION. 

See that the name of 
“ Merryweather” 
as well as the brand 
appears on every 
lengt6. 

For High Pressure Work and Durability. 
ALWAYS SPECIFY MERRYWEATHER’'S BRANDS. 


“EXTRA DUB-SUB” or “DUB-SUB.” 
Write for Pamphlet “Hints on Hose.” 4922 


MERRYWEATHER & SONS, Ltd., Fire Engine Works, Greenwich, S.E. 10, 


Ineerporating SHAND, MASON a co. Showrooms, 63, Long Acre, W.C.2, London. 








Made in various plies 


to suit different 





working conditions. 











OVERCOMING 
HANDLING 
DIFFICULTIES 








UT KINGHORN’ S 


PATENT 


METALLIC VALVES 


FOR PUMPS OF 
EVERY DESCRIPTION 





HE illustration shows a portion 
of the phosphate handling 
plant which we are installing 

at Naura in the South Pacific, for 
the British Phosphate Commis- 
sioners. There are no harbours at 
Nauru; the phosphates will be 
loaded direct to ships by means 
of two swinging cantilever arms 
reaching out 200 feet over the sea, 
and each carrying a conveyor 
capable of handling 300 tons 
per hour. 


The solution of most handling 
problems lies in the effective and = 
intelligent application of mechanical — 
appliances. 
A.C. and D.C. MOTORS 


HENRY SIMON LTD. ito 1HLP. 








THE 
METALLIC VALVE CO., 


COLONIAL HOUSE, WATER ST., 
LIVERPOOL. us 


BUT 


PUTT 











ENGINEERS, MANCHESTER 


sniadiianiaaaia sities AC, Repulsion-Induction or 
CHEADLE HEATH, STOCKPORT. Squirrel-cage and D.C. motors 

for all voltages are identical in 
size. Motors are drip-proof 
enclosed and ball bearing, and 
comply with B.S.S. 168. 
NECO Products are British 
built throughout of the best 


possible materials. 

















The NORMAND ELECTRICAL Co. Ld. 


3, North Side, Clapham, London, S.W.4. 



















GRAPH 
yr 


oa | 





You car make 3 Shosafs out 
1D jf ere Ye 


(led the 3 Joints can be 
broken 12 fess Cime than 

it takes Co break the one made 
auth Red. 

Send for Free aces 


Graplile Produ 


28, 220 Queen's Rd. |_ballersea, 
Lardar, $.W. 8. 






Se Shih your. 


enquiries 
t 









;. 
j 
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IF YOU TAP HOLES-— 
Use the ‘‘ETTCO” Tapping 


Attachment—as Sensitive as your Finger-tips ! 


E “Ettco” Tapping 
Attachment will enable 
you to tap better, faster, and 
with complete immunity from 
tap breakages. So highly sen- 
sitive is the “ Ettco " that the 
“feel” of the tap is brought 
right to the finger-tips; the 
drive—going and coming—is 
through a pair of leather-lined 
floating cone clutches ; if the 
tap hits bottom, seizes, or if 
the operator stops the pressure 
on the drilling machine lever, 
_ chuck halts at once. No fric- 
i tion to adjust ! 








NOTE. The special 
Tap-holding Chuck 
forming p-rt of the 
“Ettco”  Attach- 
ment is unique in 
itself. It gives a 
visible grip on the 
square. Sure—can- 
rot loosen. 





PRICES 
(Including Chuck and No. |, 2 or 3 Morse 
Taper Shank). 


: No. 1, up to 3/16” in steel, }” in cast iron £7 5 10 i 
No. 2, up to 5/16” in steel, #” in cast iron £10 8 4 : 
: No. 3, up to #” in steel, §” in cast iron.. £16 13 4 : 
Less 20% i 


We will gladly send an “* Ettco”’ 
Attachment on 7 days’ Free 
Trial. You may return it after- 
wards—if you can spare it. 





Sole Agents for the British Isles : 


FREDK. POLLARD & COMPANY, LT‘. 
‘‘Corona” Machine Tool Works, LEICESTER. 














| ’PHONE : 27534-5. 


DORMAN PRESSURE 


DIE-CASTING 
MACHINES 


for Lead, Tin and 
Zinc base alloys. 


PRODUCE CASTINGS UP TO 
20LBS. IN WEIGHT. 


Particularly suitable for 
producing White - Metal 
Bearings, which can be 
cast with oil grooves, oil 
holes or pin holes, the 
—s leaving the die 
ready for fitment. 


No Machining Costs. 
Gas or Oil Firing. 
Low Maintenance Cost. 


Uniformly Good Work. 






Please write for 
full particulars to :— 


W. H. DORMAN 
& CO. LTD. 
STAFFORD. 


*PHONE : STAFFORD 121. 
TELEGRAMS: ‘* DORMAN, STAFFORD.”’ 


London Office: CRITERION BUILDINGS, PICCADILLY CIRCUS. 























TRIER'S 
PATENT 








= h > ————— ae 


Wherever Grindstones 
are used ...... 


The machine shown above represents a 
method, far superior to all others, of obtaining 
perfect results in the dressing of the face and 
edges of the stones. 

A similar machine is supplied for dressing 
the face of stones only, while there is also a 
Combination Dresser and Safety Rest available. 
Simple to operate, their use entirely eliminates 
all danger, and reduces dust to a minimum. 
Adjustment is provided, enabling machines to 
be fitted to troughs of varying widths. 


If you are a user of Grindstones, it will certainly pay you 
to investigate their possibilities. May we send you an illustrated 
Price List? No obligation will be incurred. 












































Oe ere 
SS? SSF 
Ss 


WO 
——— SS < \ 
ll “oR Comprs! OneR Hove Nh 
x 
‘ 


























OF WATER, OIL AND OTHER LIQUIDS. 

COOLERS, SCRUBBERS, AND RIVETTED 

GAS MAINS. SPECIAL PLATEWORK OF ANY 
& DESCRIPTION. 


f SEND YOUR ENQUIRIES TO :— 


H.8T DANKS (NETHERTON) 2 


BOILER MAKERS, ENGINEERS & BUILDERS, 
NETHERTON, DUDLEY, WORCS. 


v | LONDON OFFICE; 329 HIGH HOLBORN W.C.1, 
{ 





FOR THE STORAGE AND TRANSPORTATION 
{ 





NO CONNECTION WITH ANY OTHER FIRM OF BOILER MAKERS, 
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FORGEO STEEL 
RINGS & BLANKS. 


siso Crane Chains, Slings, Ete. 
im Wethertom JI wn - 


N.HINGLEY & SONS LTD. 
Netherton Iron Works,DU DLEY. 


























IS ViT¢, / 


AULTY, unreliable communica- 

tion results in loss of time and 

causes costly mistakes. The 
Wrown Electro - Megaphone is 
necessary equipment in all engineer- 
ing works, where noise makes normal 
transmission and reception of orders 
impossible. For, with the Electro 
Megaphone, orders can be under- 
stood despite all noise, speech is 
perfectly clear, and “cross-talk” is 
impossible, Write for full particulars. 
Advice on your communication 
problems will freely be given if 
you mention “ Engineering” when 


writing. 















ELECTRO MEGAPHONE 


Manufactured by t— 
S. G. BROWN, LTD. - Western Avenue, 
N. Acton, London, W.3. 4832 











Roof 


once 


To-day’s roof must be 


aN Was on 
eutiemmall ae 








permanent ! 


PERMANENT PROTECTION wWith- 
out painting or repairs means too 
big a saving to be neglected! 
Earlier roofing sheets failed 
in this essential permanence— 


generally through weakness, 
brittleness, or _ liability to 
corrosion. 


CELLACTITE STEEL-CORED 
corrugated sheets are unaffected 
by any climatic or industrial 
conditions. They are light, 
strong, non-brittle—yet perfectly 
incorrosible. They keep out 
wet and excessive heat — and 
they keep in warmth without 
promoting condensation. 


CELLACTITE was specially de- 
signed to meet modern conditions 
—-and it has succeeded. Please 
request’ illustrated Catalogue 
giving full data for your files. 


and for all 
with 


COTE TL, A 


PERMANENT, STEEL-CORED CORRUGATED SHEETS 


Made only by 


CELLACTITE & BRITISH URALITE LTDe§ 


LINCOLN HOUSE, 296-302 HIGH HOLBORN, LONDON, W.C.1 
Tmo gm * 


Tetephomt Mothers £29110 





Cian th inten 


T.A.S,/Ct.10 
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BIGGER LOADS — 


BETTER BRAKE 
LININGS 


power. 


safe. 


The same efficient braking service is 
assured on your motor transport if the 


Brakes are fitted with Ferodo Linings. 
SQA AAA AAS SSS 


















































N 
N 
N 


BRAKE -LININGS.. 


De ents: LONDON, BIRMINGHAM, MANCHESTER, BRIGHTON, LEEDS, 
LiveRPoot, ar, = CARDIFF, NEWCASTLE-ON. TYNE, CARLISLE, BURSLEM, ¥] q 
LASGOW, ABERDEEN, BELFAS T. 


PEROGDC LIMITED CHAPEL -EN-LE -FRITH vuSTOCKPORT 


The heavy loads 
carried by modern 
lifting machinery have 
emphasised the un- 
equalled efficiency of 
Ferodo Brake Linings. 
Unfailing brakes en- 
able the cranesman to 
make full use of his 
Ferodo Brake 
Linings make maxi- 
mum loads absolutely 





MUHA 





ccc 


SUNN TANITA TT UT P 


Specialists in 


High Pressure 


ework. 
allations 


Pi 
In 





This piece is typical of the & 
unusual shapes we frequently are called upon 
tomake. At Millwall we have every facility 
for manufacturing pipe-work of every descrip- 
tion and we cordially invite your enquiries. 


LE BAS TUBE CO., LTD., 


Dock House, Billiter Street, London, E.C.3. 


Works : Cyctops Ison Works, MILtwa.t, E.14. 
GLASGOW: 9, Howard Street. MANCHESTER; 16, Deansgate. 
BELFAST; 45, Rosemary Street. 








3474 


Sam A 





LAT) 













A cA 











‘BARNARD 
GRABS. 


DREDGING 
EXCAVATING 


TRANSPORTING 
ETC. 





** Barnard” 


Low Head Room 
Grab for Quick Attachment. 


EVERY TYPE AND SIZE 
MANUFACTURED IN OUR 
LONDON WORKS. 


KINDLY POST YOUR 
ENQUIRIES TO: 


Sole Manufacturers :— 4747 


WM. GOODACRE & SONS, 


LIMITED. 
RUSSELL ROAD, CUSTOM 
HOUSE, LONDON, E.16. 


"Phone: ALBERT DOCKS 1741-2-3. "Grams: “@QODACRE,” LONDON. 
Codes; A.8.C. 5th Edn. and Bentleys. 





“Barnard” Orange 
Peel Grab. 


Nil 


CY 























pRASS WORK 
——— WORK, 
CASTINGS 


up to 5 Tons. 


Haslams of Derby are specialists in 
all classes of Copper and Brass work 
and can undertake general Loam and 
Sand Casting Work of every descrip- 
tion up to15tons. Haslam Refriger- 
ating Plant is made in a wide range 
of sizes on the Ammonia and CQ, 
systems for both marine and land 
work—the prices are keenly com- 
petitive and the workmanship is 
unequalled. 








HEAD OFFICE & WORKS: 
DERBY. 


Zieehenen: 778 and 779 Derby. 
Telegrams: “Zero,” Derby. 
Leadon Office >—541-8, Salisbury Houses, 
London Wall, E.C.2. 


BY.2 


er 








f 
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THE BEST 

LU BRICATOR- 
“TELL-TALE” 
DESERVES THE 
BEST GREASE 









For over 40 years ‘“Stauffer’s Lubricant” has been 
recognised the whole world over as The Standard Machine 
Grease—an unassailable position which this British product 
has maintained against all competitors through consistent 
high quality and reliability. Used with the patent “ Tell-Tale” 
Lubricator—the most sensitive, economical and reliable 
apparatus of its kind—ten pounds of genuine ‘‘ Stauffer’s 
Lubricant” generally last as long as 100 lbs. of liquid oil. 


SOLE MANUFACTURERS 


TRIER BROS. LTD., 


36, Victoria Street, & Cumberland Works, 
Westminster, S.W.1. Camberwell, S.E.5 5114 
































WN SELLERS RCO aries || 

T 

72 OR” =PATiune 25°95. CLASS N 
—— SELF-ACTING IMPROVED 


Ch + = _ JUNE 25'07 & 
=> 

















The SELLERS 
Class N Self-Acting Injector 


No other design combines the restarting and self-adjusting 
features or is able to use as hot water. Blowing back of steam 
is impossible, due to the action of the self-opening valve when 
the water supply is temporarily interrupted. This type of lift- 
ing injector in the smaller sizes is particularly adaptable to 


shifting engines. 


An unusual range of capacities (minimum 36% of the maximum 
at 60 pounds of steam to 45% at 200 pounds), combined with high 
operating temperatures, makes this injector most desirable. 


The Sellers Class N Self- Acting Injector is furnished in ten 
sizes, 34" to 214". 


Wm. Sellers & Co., Incorporated 
Philadelphia, U.S. A. 


Injector Dept. 








Pneumatic Hose 





* Penguin” Brand. 
A high-grade quality of unarmoured hose— 
with braided plies—exceptionally strong yet 
light in weight and easy to handle. 





*C.G.” Quality. 
A reliable and hard-wearing hose. The cover 
is of woven cotton, treated with a waterproof 
composition—particularly suitable for outdoor 
service. Can be supplied with or without 
steel wire armouring. 





“FF.” Quality. 


A ply hose with an additional braided cotton 
cover which adds materially to the pressure- 
resisting and wearing qualities, 





“CC” Quality. 
A flat wire armoured hose of good medium 
quality. Is in extensive service in Ship- 
building Yards and Engineering Works where 
subjected to rough usage. 


ALL THE ABOVE HOSES HAVE 
OIL - RESISTING RUBBER LINING. 


F REDDAWAY:.Cl= 


PENDLETON - MANCHESTER. 
BUSH HOUSE, LONDON, W.C.2. 




















A) 
HIGH-PRESSURE 
HYDRAULIC HOSE. 


0 
MECHANICAL | 
RUBBER GOODS. 


> 
—Sole Makers of — 
CAMEL HAIR 
| BELTING. 








0 
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HIGH GRADE IRONFOUNDERS « POWER TRANSMISSION SPECIALISTS 


Machine Moulded 


IRON CASTINGS 


of Every Desoription for GENERAL ENGINEERS. 
Machine Moulded Repetition Work a 8pecialtty. 
Enquiries Solicited. 


SMITH & GRACE, LTD. 





















PULLEYS OF EVERY DESORIPTION. 


Engineers and /ronfounders, 
SMITH’ 5 
THRAPSTON, WORTHANTS. ITH’S Swivel Adjustable SELF-OILING 
Hangers, Wall Brackets, Standards, Wall ACCURATELY 


LONDON: 35, Queen Victoria 3. E.C. 4. “ Phrapston * 4-Way ApsversBLE Boxes. Turned Steel Shafting, Collars. RUNWAYS 
Hanexzs, SMITH’S GRIP COUPLINGS, soy 
ESTABLISHED 18650. And ali Accessories for POWER TRANSMISSION. te 


PECKETT'S 
LOCOMOTIVES 


or aL SIZES AND GAUGES 

































PARTICULARS ON APPLICATION. 


P ‘ 5034 
E C K ETT & S 0 K S Lr. Telegraphic Address: “‘ PECKETT, BRISTOL.” 
BRISTOL London Representatives: FERGUSON & PALMER, 9, Victoria St., Westminster, 8.W.1. 


W. G BAGNALL, L728. STAFFORD, ENGLAND. 


BUILDERS OF LOCOMOTIVES 
weighing from 3 to 50 tons, for any gauge 
of highest-class workmanship and material 

at competitive prices. 














London Office: 32, Victoria Street. Telephone: No. 1882 Victoria. 














MAKERS OF 
Sugar CaneWagons, 
Tipping Trucks, x 
Turntables, a er § ee | = = .o ee 
Switches, &c. ae 











OPE  OROND- BRAND. Cemumeaensanen oR WATER: 


Woden COLE o88 Kens Sheffield. 
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or 





THE SIMPLIFIED AND ECONOMICAL ASQUITH GIRDER 
RADIAL (E.V.C. TYPE) WHICH IS EARNING PRAISE 
WHEREVER USED. 


Made in sizes 4 ft. to 9 ft. Let us send you details. 


THE ASQUITH RANGE. 


Vertical and Horizontal Drilling Machines in ‘all sizes. ° Portab les, and 
Special Wana Machines, Etc., Etc. 


WILLIAM ASQUITH LTD. 
) PARK WORKS, HALIFAX, Eng. 


Telephone: Halifax 61258-9. Telegrams: “ Drill, Halifax.” 






SAIC 


From Tight Radials to the Heaviest Types. - Central Thrusts and baggy ms 


(QS SSUUVHITAIIUTUILUITAUITAUTAUUTATTSUUTAUU TUT, 


SSIIININIULIUUIL 





SIMPLICITY 
AND ECONOMY 


| THE E.V.C. TYPE 

HIGH SPEED GIRDER 

RADIAL DRILLING 
MACHINE 


A MACHINE designed for economically 
dealing with continuous work on holes 
up to, approximately, 1}’’ diameter. It has 
Vertical Spindle Motor coupled through spur 
gears to the Spindle, and embodies many 
exclusive “ Asquith” features. This type of 
machine can now be supplied either with single 
speed and feed and ::c locking motion, or 
provided with three speeds and four rates of 
feed and fitted with patent combined locking 
motion as in the E.G.C. pattern. The simplicity 
of this machine will be found a valuable point 
on the class of work indicated, whilst its high 
speed and absolute dependability are features 
which are assured by its skilful design and the 
high quality of the workmanship and materials 
right down to the smallest details. In short, 
it’s a typical “Asquith.” 






This machine is available for early delivery 
in a wide variety of sizes, Tell us your needs! 





STTTUMIUU UUM ULL UML MULL ULLAL ULM re 
SSUIIINNIULUIUUULAIUUUTEUUETEU CEUTA 
Are you using “BETTER SERVICE” SOCKETS 


} the modern Seite tein niiitad 
& sockets and to save you money. Thousands in use. 





SAMPLE SOCKET ON APPROVAL. 


STUIINNINIIHNITINIIAUTIIIIVULUTIUTUUOOADEATOETETT TUTTE 


Se TTT UUTUMITTUUTTTMUTTUITLUULUVU UL ULA UUM UD 


IQUIUVEIUUIUTUUATIULUUUUTRUOEUTUTOUTOUTUUUTD UA ETL COUTEAT 


STII UULUULULL 


Salli 1M 


iz 


















Leadon Office: 4 











Longer Service. 


Increased Efficiency. 


» onc ILLUSTRATED PARTICULARS ON REQUEST. 
MAKERS OF ANY TYPE OF WEIGHING a aaah i 5118 
ASHWORTH, — & Co., Ltd., Midland Iron Works, DEWSBURY, England. 


11, QUBEN VICTORIA STREBT, £.C.4 


Guaranteed Interchangeable Components. 


Considerably Reduced Maintenance Charges. 


WEIGHBRIDGES 


EXCLUSIVE FEATURES: 
Patent Oil Bath Knife Edge System for 


the elimination of all rust and corrosion 
i to knife edges and bearings—the vital parts. 
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sw STAINLESS STEEL and IRON Bs 


Made by the Inventor, at STAINLESS 
SAMS)! BROWN BAYLEY’S STEEL WORKS LTD, SHEFFIELD {CAMS 





























THE BRITISH SPECIALISTS. (ONADMIRALTY WAR DEPT. ANDCOLONIAL LISTS) 


HYDRAULIC LEATHERS & 


LEATHERS COMPANY LIMITED ALTRINCHAM. 

















LATHES 


Strong, heavy cutting, yet highly accurate tools for the repair 
shop, factory, mill, etc. Designed to meet the thousand and one 
jobs met with in plant upkeep and overhaul. All forms of drive 
supplied, self-contained motor, countershaft, etc. Treadle for smaller 
sizes. Complete range of attachments. 





qo Hamann 
poneiisadindaslinn | 


Nsiinnsanticeminasltty 















Sizes 3}” to 7” Centres. As supplied to H.M. Govt. Departments. 
=, Full particulars in our lists. Write :-— DRUMMOND BROS. LTD., 
Yale Engle Works, Guildford. 
JOHN OAKEY & SONS, LTD., —_|THE STEEL PIPE CO. | Pena 


& LIMITED. 
GENUINE EMERY, EMERY WHEELS, | kKIRKCALDY, N.B. Conveyors. 
EMERY CLOTH, For all Purposes. | sects sivetesnetmenttir. ons BERL 


GLASS & FLINT PAPERS METALLIC. PACKING | 

















BLACKLEAD, a aa HIGHEST PRESSURES & SUPERHEAT TEMPERATURES 
WELLINGTON MILLS, WESTMINSTER BRIDGE RD., LONDON, 8.E.1 OR EDFORD ENG.C° WARRINGTON ASHTON-U-LYNE. 

















EDINA UUNUOUOULUUIAUUUYOAUALEULATUTV CUAL UH 
aie 
GLOBAR IS A 


The Non-Metallic Cartridge Type CARBORUNDUM PRODUCT. 
Electric Heating Element 


for DOMESTIC and INDUSTRIAL APPLICATIONS. 


GLOBAR heating elements are rarticularly adaptable by virtue of their 
high operating temperatures. GLOBAR heating elements operate success- 
fully at any temperature up to 2750 degrees F. (1500 degrees C.). ey 
do not decompose under 3300 degrees F. (1640 degrees C.). GLOBAR 
elements are increasing efficiency in production, especially where very high 
temperatures are concerned. Furnaces and other heating apparatus are 
ing designed and operated on a much more economical basis, due in 
part to the unusual simplicity of mounting the heating units and the high 
temperatures possible. Accurate temperature control is possible at all 
times. Certain applications require clean heat, and this is one of the 


features of the GLOBAR element. 




































APPLICATIONS :— 
Wall Heaters Annealing Furnaces 
Portable Heaters Heat-Treatment Furnaces WRITE FOR 

ireplaces ssay Ovens 

Fire Logs Core Ovens DESCRIPTIVE 
Water Heaters Ladle Heaters 
Therapeutics Kilns and Dryers LEAFLET Al4. 
Forging Furnaces Porcelain Bakers 

Laboratory Work. 








THE BRITISH RESISTOR CO., LTD., (cpanel 
CLARE ROAD, HALIFAX. 


Teaphone: HALIFAX 2019, Telegrams: RESISTOR, HALIFAX. 


UU ATT 


ANA A Te 
























S) HUMAN ALA ee 


ETI 





HT } 





| 
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The illustration shows a 9” by 

15” by 10” Horizontal Steam 

Driven “Feather” Valve Air 

Compressor. This Com- 

pressor displaces 400 cu. feet 

per min. at a speed of 196 
r.p.m. 


All over the world -for every kind 





of duty, Worthington Compressors 
are giving unequalled service. 
With “‘ Efficient Simplicity ”’ as the 
keynote of design, and a very wide 
range of types to,suit'every need, 
Worthington - umpressors have 
achieved universal recognition. 


WORTHINGTON 






Re —S 
IB! IK SSS 


=> <> TTT = 
——S, Ze b 









Otx4 
























Write for Booklet ‘‘B’’ 


PNEUMATIC CONVEYANCE & EXTRACTION Ltd. 
LONDON, S.W.1 


BROADWAY 

















WESTMINSTER 








BRUSHES 


for Engineers. 
Ask for Complete List E25. 


ERNEST W. PERRETT, Ltd., 
68, East India Dock Road, 
London, E.14. 5271 














“IT PAYS TO BUY THE BEST” 


DANIEL dayne 





Lancashire Boiler, 30 ft. x 9 ft. 0 in. 


260 LBS. WORKING 

PRESSURE BOILER. 
The undermentioned from stock or quick delivery : 

1 30 ft. x 8 ft. 0 in., 180 Ibs. Lancashire Boiler. 
30 ft. x 9 ft. O in., 160 ibs. 
30 ft. x 8 ft. 6 in., 160 Ibs. 
30 ft. x 7 ft. 6 in., 160 ibs. 
30 ft. x 7 ft. 0 in., 160 ibs. 
24 ft. x 6 ft. 6 in., 160 ibs. 
20 ft. x 6 ft. O in., 150 Ibs. Cornish Boiler. 
20 ft. x 6 ft. O in., 125 Ibs. os o 


Other sizes and pressures in progress. 
Superheaters ready for immediate delivery. 
DANIEL ADAMSON & CO., LTD., 
DUKINFIELD, 


= 00 = = ot = 99 








Gy pm 





G.m.b.H. 
Stift Keppel-Allenbach, 
Kreis Siegen/ Westphalia, Germany 


Forgings up to 20 cwts. weight to every 
shape and dimension. 


Crank Shafts, rough, rough-machined, 
finished and ground with maximum 
accuracy. 


Connecting Rods, Seamless Forged Rings 
up to 40” dia. 


Crane and Ladle Hooks. 
High-pressure Fittings for Chemical 
Industry. 










High-pressure Valves for any pressure 
and temperature. 
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Smith Hayes Patent 
Pulveriser, Type JN™ 


An Entirely New 
Pulveriser & Disintegrator 


The principle of this machine is 
different from that of any other. 
The material is triturated or cut up, 
instead of being ground or hammered. 
The result is a uniform product of 
any degree of fineness required. 
Durability and economy of power are 
‘ prominent features of the machine. 





This machine can be 
seen in operation and 
tested on your own 
material in our works. 


T. Robinson & Son, Ltd., Rochdale. 


LONDON OFFICE—Assey Houss, 2, Victoria Street, WESTMINSTER, S.W.1. 
AUSTRALIA—75/91, Harbour Street, SypNgy, N.S.W. 
161/163, Franklin Street, ADELAIDE. 
INDIA—24, Park Street, Catcurra. Graham Road, Ballard Estate, Bombay. 
SOUTH AFRICA—49, Liberal Life Buildings, Burg Street, Care Town. 
Reunert & Lenz, Ltd., Netherlands Bank Buildings, JoHANNESBURG. 


PARTS 


FOR 


GRINDING 
MILIS 


N specialising upon the pro- 

eduction of spare parts for 
Grinding and Pulverising Mills, 
this Company places an unusually 
wide experience, unsurpassed 
facilities for research, and rapid, 
accurate production resources at 
the disposal of Mining Engineers 
and users of Crushing Machinery 
everywhere. 


This service is keyed up to but 
one ideal—that of meriting the 
confidence already earned and 
given. 





Oo O O 


Guided by unique 
resources of research, 
engineering and steel- 
making experience— 
John Brown & Com- 
pany are in a position 
to solve most Grinding 
Mill problems. ‘Write 
for their Catalogue 
No. 21. 
















Smedley Brothers L* 2" 


REVO!,.VING or 
STATIONARY PANS. 
PERFORATED or 
SOLID BOTTOMS 
Over or Underdriven 


| ea Mixers 
Edge Runner Grinding Mills 


{ V of all kinds for all purposes 
to drive by Belt o- 
combined with 
Steam, Oil 
or 
Petrol Engine 
























or 
Blectric Motor. 
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~GWYNNES 


CENTRIFUGAL PUMPS 
for all services 


KNOWN THROUGHOUT THB WORLD 
FOR EXCELLENCE OF DESIGN AND 
FIRST-CLASS WORKMANSHIP 


OUR UNRIVALLED EXPERIENCE I8 AT 
YOUR SERVICE 
4798 


GWYNNES PUMPS LTD 


HAMMERSMITH HAMMERSMITH WORKS 


LONDON & LINCOLN 


Telephone : RIVERSIDE 1910. Telephone: LINCOLN 18, 
Telegrams: Gwynne, London. Telegrams! Gwynnes, Lincoln, 

















COVENTRY 


Chains for Power 
Transmissions 


wT 
4/4{ 


Shh fs, 
A, 





Chain Gearing is 
Superior to other 
forms of Gearing— 


The advantages include— 


Maximum Efficiency (98%) 
Adaptability 

Elimination of Slip 

Reduction of Bearing Losses 
Elimination of Vibration 

Silence 

Economy in Outlay and Floor Space 


THE COVENTRY CHAIN CO LID 
COVENTRY ENGLAND 


Technical Representatives at : 
Telegrams Telephones? 
London: 37, Southampton St., Strand, W.C.2. Apchainser Rand Regent 3311 


Birmingham: 195, Corperation Street. Birchains Central 1083 
Glasgow: 3, Cadogan Street, C.2. Ceaseless, Glasgow Central 3928 
Manchester : 308, Deansgate. Selling Central 4497 
Newcastle: Maritime Buildings. Trio Central 2198 
Nottingham: Newcastle Chambers, Angel Row. Ultimate 42934 
Cardiff: R. C. Moore, Kenilworth, Meore Lianishen Lianishen 
Hilary Gardens, Llianishen. 181 Cardiff sai 


Representatives for Canada : 
The Coventry Company (Regd.) Montreal and Toronto 
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NON-FERROUS METALS 


; Brass, Manganese Bronze, Gun Metal, Nickel Silver 
L ‘and Copper. 












@ur SPECIALITY is INGOT METALS. We manufacture to your own and te 
Standard specifications for Casting, Rolling, Extrusion, etc. d us details of 
your requirements and so take van of our wide and varied experience. 
Pras us to-day. e can help you! 
SMITH & CO. (METALS), LTD., 
LEY METAL WOR BI GHAM. 
: Victoria 684-6-6, Wires: “ Tyesforme B'ham.” 


Lendon Office: 
Balfour House, Finsbury Pavement, z.C.2, 
"Phone: 3430 and 8481 Clerkenwell. 
















R:: pay ay 
S TUMINOUS oe 

-ADAM 
MACADA ae 


GOODWIN BARSBY & Cove 

















THE QuaL TY 


= EXPANSION BOLTS || seaantts 


GREASES IN 9 DENSITIES 


{one DENSITY FoR FvERY PURSOS 
: THOMAS SMITH & SONS a LTD., Nr. LEEDS 


THOMAS & BISHOPL™® cuscow 
37 TABERNACLE S"EL.2 8s84™o 











~~ WHITECROSS 
FOSTER BROTHERS, Limited, WIRE ROPES 


TUBES & FITTINGS. 
WARRINGTON 


Main Steam Pipe Installations. o:o.2 “DIAMOND” & “KEYSTONE.” COMPANY UMITED,_ ENOLAND 
Ww EDNESBURWYW. a 

















_— Illustrated Lists and Particulars on application to the 


THE SOLE AGENTS— The MACFARLANE ENGINEERING 


PLENTY-STILL Ex. EO BE Kern, “| || Netheriee Road, Cathcart. pi 
OIL ENGINES LT. 12 & 14, Brazennose Street, Manchester, Eng. DY N AMOS ai MOTO RS 


NEWBURY 4778 See Advertisement page 30. 


HEAVY OIL ENGINES 10 to 900 B.H.P. 
a MECHANS otIMITED, 
a7, TANKS ngineers ntractors 
































SCOTSTOUN IRONWORKS, GLASGOW. 
LONDON OFFICE: 

















ref PURPOSES . oI - 10, Princes Street, Westminster,S.W.1 
THOMPSON BROS. (BILSTON) LTO Si The Beeret Se SEALS on 
Works:- BRADLEY BILSTON _ THE GROOVE SEALS THE WALL THE GROOVE 








~ — FOR — 
DAWSON& DOWNIE, ~|| Diesel Engines, Gas Engines, Petrol Engines, Compressors. | tHE 
CLYDEBANK. LTD. 

a R educe fuel consumption, cost of maintenance and operations. CLEVELAND 









































P U M P S _ E asier starting even after cylinders and rings become worn. BRIDGE 
FOR LAND and MARINE PLANTS A dditional horsepower. AND 
GER ILLUSTRATED ADVE. PAGE 5D. S mooth continuous engine operation without costly shutdowns te pull pistons. ENGINEERI Re 60 Lt 
: >| © il film is retained on cylinder walls, lessening wear. ™ P 
N o necessity for reboring slightly worn cylinders. Double Seals hold tight in worn cylinders. See eee 
M.F.M. FURNACES $S mall possibility of cylinders becoming scored because of better cylinder lubrication. i oar a's and all a i 
GAS, OIL, COAL on COKE FIRED. ECLIPSE AUTOMATIC DEVICES LTD., MEAD OFFICE AND ~via 
The MANCH-STER FURNACES Ltd. || Devon House, 173/5, Gt. Portland Street, LONDON, W.1.| DARLINGTON. 
Aston New Road, MANCHESTER. || Telephones: WELBECK 7111 & 6040. Telegrams : Intquipma, Wesdo, London. 4 
~ — 
JOHN SPENCER, L* 


WEDNESBURY. 
TRON & STEEL 4606 


ee PAC) facies LAN ae 





: STEEL l| | 


ALL CLASSES 
SIZES & SECTIONS 












SALVANIZERS 


\ GIN | ‘ §) { Loarenray:.2! ‘ 
tseEer® ba * v CJ EEL ET PAAEEL TEES | Ae Vise | 





7 Baron St Angel, N.1 








\\ \ 


FORGINGS| “tiwag Gn Se hig 
come am sl POXY ACETYLENE WELDING 


Love Lane, Sumner Street, Southwark, 
‘Phone: Hop 2725. 4866 
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THe ‘DRUM PUMP 


USED FOR 
HOT OR 
COLD 
LIQUIDS 
* AND SEMI- 
FLUIDS, 





ey! 
“2 





DRUM ENGINEERING CO., LTD., 





























William Kenyon « Sons, Ltd., 











Chapel Field Works: Dukinfield. 








POLLOCK, McNAB & HIGHGATE, 
SHETTLESTON, GLASGOW. 





PLATE BENDING MACHINES. 


PRICES ON APPLICATION. 











2911 








HTT ae NO @ SU ae ty By ANN oY om TTT 
nee AND RECORDING 


THERMOMETERS 


for:— 

FLUE GASES, SUPERHEATERS, 
ECONOMISERS, STEAM PIP&S, 
AIR HEATERS, BEARINGS, 
FUEL OIL, etc., etc. e e a e 
as supplied to :— 

ADMIRALTY, AIR MINISTRY 


er PHY. LABORATORY, 
ORPORATIONS OF 
IRMINGHAM, 




















“NATIONAL” Fusible Plugs 


are the best and most reliable 


LOW-WATER SAFEGUARD 








EDINBURGH. B 
EGRETTI 
& ZAMBRA, 
38, HOLBORN VIADUCT, 
BARNSBURY LONDON, E.C.L 
LONDON. N 1 


ININUUUAAATU NECRETTLE:ZAMBRA LAUT 








Suitable for All Classes of 
Internally-Fired Boilers. 





Special Plugs for High Pressures 
Trade Mark NABIC. 


NATIONAL BOILER 


and 
General Insurance Co., Ld, 
(Sales Dept.); 


St. Mary's Parsonage, MANCHESTER. 


Bw OFFICE : qs House, 
artin's-le-Grand, n, E.C.1, 








Screwed # in., lin., 1} in., 14 in. and 2in. Gas Thread on the Seating Illustrated Price List Free. Alse 
- Or ‘- any special size. illustrated list of Steam Fittings. 











WROUGHT IRON 
BELT 













\EYS 


THE 
Bor ae PRODUCT 


OUGLA 
DWSON * 


BIRSTALL,N® LEEDS 


Telephone: BATLEY 598 & 599 
Telegrams: “PULLEYS, BIRSTALL” 


















THE NEW STEAM RAIL CARS 


on the L. & N.E. Railway and the L.M. & S. Railway 





Photo by courtesy of the Sentinel Wagon W orks, designers and 
builders of the above Sentinel-Cammell Steam Rail Car. 


are equipped with 


@) 
trade © PRESTALL ” sors 


Wrought Steel 


VACUUM BRAKE CYLINDERS 


which are 30% to 40% lighter than the o'd type cast 
iron cylinders of the same types and s zes. 


Its other advantages—strength, ease of maintenance, immun:ty from leakage—place 
them in a class of their ow.. 


Manufactured in all standard sizes and types by 


The Westinghouse Brake & Saxby Signal Co., Ltd., 








82, York Road, King’s Cross, London, N.1 
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TELEPHONE 


pr YY 26305 
O [IM__sTELEGRAMs 


PRESS 
iS LEEDS 








VE 














LEEDS Yo° 























cnADLEY BOILERS 


ESTABLISHED 1875 


Wes 5 CRADLEY BOILER CO., LTD., 
ane. Cradley Heath, Staffs. 


Manufacturers of High Class Vertical and 

Horizontal Boilers, Feed Water Heaters, 

Calorifiers, Autoclaves, Superheaters, 
Rivetted and Welded Tanks. 


LARGE STOCK OF VERTICAL BOILERS. 


"Phone # Cradley Heath 403. "Grams « “ Boiler™ Cradley Heath. 


IMPROVED 
g Juan —~ | ‘GIANT GRIFFIN MILL 


























~~ LUBRICATION THE MOST EFFICIENT UNIT FOR PULVERIZING :— 


UNDER ADVERSE CONDITIONS 
We specialise in all types of Portland Cement, Limestone, Coal, Slate 


LUBRICATORS + j Waste, Basic Slag, Phosphate Rock, 
TALLOW CUPS = ; Ores of all kinds, 
OIL SYPHONS : 


for Gas and steam xnginee, | Wy |i FINISHES IN ONE OPERATION. 
e ,s 
BRADLEY PULVERIZER CO., 


37, Walbrook, London, E.C. 4.  ses8 











BRITISH STEAM SPECIALTIES LTD. 
BEDFORD ST., LEICESTER. ~ 








BULK SAMPLES 2ulverised in our London 


mi Clayion mor | | | | | i =— 
layto 2 TANKS 


td | pats UCTUR 474 
Sona Gla reELWORK 
DESCRIPTION? 

Le eC as , mm ~ Gasholders & 
‘Gasworks Plant 


aig. Her GAS LEEDS” Boilers &c. 
y London Office 


SAC HH WE LD E D & R IVETT E D STE EL MAINS Hl 
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PATENTS FOR SALE. De TEXTI ‘ 
ie ee of Th fics of Wadieed LE & BALATA BELTING MANUFACTURERS 


Patent No. fee is PREPARED to SELL 
the PATENT, or to license British Manufacturers | for Petrol and Crude Oil Locos, 
to work thereunder. It relatesto a cleaning com- p A 
pound for metals.—Address, BOULT, WADE anv | Wagons, Abattoir Equipment, etc. 


TENNANT, 112, Hatton Garden, London, E.C.1 - 
c778}See our half-page advertisement 


l‘he Proprietors of British June 14. ‘ 


Ey Roy ee eee ety ndoaret Hy / 
to S$ u the E or to license Up fy 

British Manufacturers to work thereunder. They QUALITY anp PRICE - SS / SATISFACTION 
peti ng amp pepe 7 oe Face : RI CHT S Z : 

and charging the same with cigarettes, matches an mM 

the like.— Address, BOULT, WADE & TENNANT, = —— Z GUARANTEED. 
112, Hatton Garden, ‘London, E.C.1. _C779 


Vhe Proprietors of British 
Letters Patents Nos. 232497 and 233226, 

both dated 23rd September, 1924, for ‘ Adjustable 
Spiral Separators,” are DESIROUS of DISPOSING 
of the PATENT RIGHTS, or of negotiating for the 
grant of licences to work thereunder.—All enquiries 
should be addressed to Messrs. MEWBURN, ELLIS and 
CO., 70-72, Chancery Lane, London, W.C.2. C 789 


the Proprietors of British 
tae EAR tes Ha Aaloenae 
e or to ilcense ri nui notuain 

to work thereunder. It relates to a hardened Manufacturers 
steel hacksaw blade.—Address, BOULT, WADE E 
AND TENNANT, 112, Hatton Garden, London, E.C.1. eQUIDM ENTS 

O S33 on up-to-date lines. 
Ask us to Send you 
MISCELLANEOUS. — Full information 


A bford House, Victoria, S.W. 


Exceptionally fine Office Accommodation 



































immediately opposite Station entrance, and in 
recognised centre of Engineering and kindred 


professions. Three floors, each of abt. 5500 sq. ft., z 

in CLEAR SPACE, or in SINGLE OFFICEs, or 

ee Exeeptional Br Rae Ba RAL [Ee —ee 

HEATING, SENG L -— Particulars and 

terms from Managing agents, Messrs. HILLIER, Lower Hurst St Birmingham. 5 


PARKER, MAY & ROWDEN, 27, Maddox Street, W.1. e ° ° ° 
aesssitnial ee ae All widths and plies up to 50 inches wide for 


DRIVING AND CONVEYING. 


SEWN COTTON BELTING. 


‘ | SOLID WOVEN HAIR AND COTTON BELTING. 
HENRY A. COLE & CO., LTD. 


King Street, LIVERPOOL. 
DRAWING BOARD PASTE : Works ae ROAD. BIRKENHEAD. 


KEEPS DRAWING PAPER FLAT AND 
TIGHT ON YOUR DRAWING BOARD 


Thumbtacks tear the paper—most adhesive preparations warp or cockle it 

and do not hold it tight and flat, 

‘lo replace these unsatisfactory methods, Higgins’ Drawing Board and 
Library Paste was ‘especially manufactured for the | 
engineer draughtsman, architect and artist. It 
holds the drawing paper flat, tight and unwrinkled 
even when washes are applied over a large area. 

You may procure it of all better class supply shops, 


A CHAS. M. HIGGINS & Co. 
16, Farringdon Ave., London, E.C.4. 










































































All Types of CRANES and LIFTS 


ELECTRIC, STEAM anp HAND POWER, 


\iso PULLEY BLOCKS, JACKS, CRAB WINCHES, JIM CROWS, &. 
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TRANSMISSION TABLES 
for ENGINEERS 


are included in our 


748 1928 POCKET CATALOGUE. 


CHARLES WILLETTS 2%|| menpreatabte puiteya miL.ceaRine Co, Ld 


Clonial Works, Cradley Heath, Staffs. WEST GORTON #3 MANCHESTER. 


12-Ton 3-Motor Electric Overhead Traveller. 
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ROBERT WARNER (PUMPS) Ltd. 





ant EFFICIENT, 
eee ECONOMIC, 
fey (RELIABLE. 









Regd. Office and Works: | POTTERY ; LANE NEWCASTLE-ON-TYNE. 
"Phone Central 2409. ** Hydrological Newcastle.”' 
London Office: BROAD STREET. HOUSE, LONDON, E.C.2. 
"Phone: Central 7560. ‘Grams: “‘ Hydrological, Ave, London." 

















MO iT Ee 


MACHINE TOOLS. 


PUNCHER SLOTTING MACHINES 
For Cranks, Buckles, &c. 


GEAR GENERATORS 


For Tramway Gears, &c. 


GEAR HOBBING MACHINES 
For Turbine Gears. 


LOCOMOTIVE MACHINE TOOLS. 2178 
WM. MUIR & C°- LT2-> MANCHESTER. 























































PATENT DIRECT-ACTING 


BOILER FEED § ‘ 


ONLY ONE 
STEAM VALVE. 


MINIMUM WORKING 



























PARTS. 











Delivery up to 

4318 5000 galls. 
hour from Stock. 
FRIEDENTHALS LTD., 


RIVER ENGINE WORKS, PRESTON. “lm 
































BOLTS, NUTS, 
SCREWS, STUDS 





REPETITION WORK OF ALL DESORIPTIONS *9% 


™"“ALFRED BEEBEE, 
aie. WEDNESBURY “$= 


EXTRUDED BARS 
“DELTA” BRAND 


BRONZE, YELLOW METAL, BRASS, RED METAL, NAVAL hagr —_ — 


THE DELTA METAL CO., LTD, ey EAST GREENWICH.’ LONDON, §.E.18, 


And at BIRMINGHAM 








HELIOS 
HIGH-PRESSURE 
CENTRAL 

LUBRICATION 



































H 2 yiabade 
Whebsal & SKhlofs 






BERLIN W10° BENOLER STR11 
















Thomas Turton q Sons 


MANUFACTURERS OF LIMITED. 


ENGINE, CARRIAGE, AND WAGON SPRINGS, 
Cast Steel Files, 


ENCINEERS’ TOOLS, HAMMERS, EDCE TOOLS, STEEL 
FORCINGS, SPRING STEEL, 


Tool Steel. 
SHEAF WORKS, SHEFFIELD. 


Telephone: Sheffield 25171. 
London Office: 7812 
17, St. Swithin’s Lane, London, E.C.4. Telephone: City 4677, 








SEAN ES 


STEAM AND ELECTRIC. 


With or without 
Lifting Magnets, 
Navvies, Grabs, etc. 















Telephone No. 
1266 DERBY. 


Telegrams 
“COLES, DERBY.” 





















HENRY. COLES dr Det 
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(THE WILDISH, PATENT, FIRE BRICK ||[LEROY’S COMPOSITION 


4#- ECONOMICAL IN ERECTION AND USE. 4759 
' Pp, STOCKER, Alvara House, Alverstoke, Hants. FOR COATING BOILERS, STEAM PIPES, &c. 


Prevents the radiation of heat, saves fuel, and increases the power of Steam. 
It is reckoned the cost of the covering is saved in about six months, 


SUGDEN’S PATENT STANDARD Asbestos Composition, Asbestos Mattresses, Asbestos Rope, 


Silicate Cotton,. Plastic and Sectional Magnesia Coverings. 


and SECTIONAL SUPERHEATERS||F LEROY & CO., L™ 2 Srey St, Commercial Ra, Londen, 


Established 1863. 4803 [E.1. 
For all Types of Boilers. 
and 


=. . READY ACCESSIBILITY to all parts 


td., 
r. suabeN.L |) BELTING | 






































WROUGHT STEEL THROUGHOUT. 
THOUSANDS IN USE. 


Main advantages: 
SIMPLICITY OF DESIGN 










180, FLEET STREET, 
LONDON, E.C. 


Telegrams: TUBULARITY, FLEET, LONDON. 
Telephone: Holborn 4231. 









STANDARD SUPERHEATER 772 
as supplied to Lancashire Boiler. Representatives in all principal towns. 











WATER PURIFICATION 


FILTRATION, 
SOFTENING, 
STERILIZATION. 


For TOWN SUPPLY, INDUSTRIAL & DOMESTIC PURPOSES. 
Al 
OIL SEPARATORS, FEED WATER HEATERS, EVAPORATORS, 


OIL COOLERS, STORAGE HEATERS, DEGASSERS, ETC. 
$765 


KENNICOTT WATER SOFTENER CO., LTD., 
IMPERIAL HOUSE, KINGSWAY, LONDON, W.C.2. 


SUL TITITEAAOUTAGAUTAUNCUAEREUAATEDAEAOAAAEEAAA AE UATE 


CRANES " Wirsiouses.ete. 


5% SATED LGU; 
Te 
v Sole Manufacturers 


JAMES HENDRYIE> 


Main Stveet, Bridgeton,Glasgow 






























ltr 











BRANCHES AT LONDON, BIRMINGHAM, MANCHESTER, ETC. 


4895 


GRAFTON & CO. 


CONTRACTORS TO H.M. GOVERNMENT. 
CYCLOPS WORKS 


Telegrams— 
Grafton, Bedford, 
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=: ELECTRIC : STEAM : HAND > 


SEND US YOUR ENQUIRIES 


Ulustrated descriptive Price List free on ay 


RICHARD C. GIBBINS & CO. 
BERKLEY STREET 
BIRMINGHAM 


“‘Make Light of Heavy Jobs” 


il TTT 





SILVER MEDAL Inventions Exhibition, London, 1885, GOLD MEDAL, Paris, 1900 
GRAND PRIX and GOLD MEDAL, Franco- British Exhibition, London, 1908. 
GRAND PRIX, Buenos Aires Exhibition, 1910, an 
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Not too big for accurate work 


Although the Niles Time Saver Lathe is a powerful sturdy 
machine designed for maximum production, nothing has been 
sacrificed which reduces the accuracy or quality of finish in the 
work it turns out. 

Every facility for aiding the operator has been embodied in 
the design and construction, steel driving gears; roller bearings; 
power carriage traverse, and all modern improvements make this 
machine the leader in its class. 


Write for a complete description of the Niles Time Saver Lathe. 


NILES-BEMENT-POND CO. 
General Office: 111 Broadway, New York, U.S. A. 
London Office: 25 Victoria St.,S. W. 1 


Caan * aga: ina PRATT & WHITNEY CO. 


. — eo om eo Agents for Pratt & Whitney in Great Britain 
Niles Time Saver Lathe BUCK & HICKMAN, Ltd., 2-6 Whitechapel Road, London, E.1. 


ROSE, DOWNS & THOMPSON, LTB, “LL CLASSES OF 
HULL. 2s MACHINE MOULDED and 
ESTABLISHED 1777. MACHINE CUT GEARS. 


ANDREW BARCLAY, SONS & CO., LTD., 























CALEDONIA WORKS, 


KILMARNOCK. 


All types of 


LOCOMOTIVES. 


IMMEDIATE DELIVERY OF 


STANDARD ENGINES. 





TELEGRAMS :— 
“ BARCLAYSON, KILMARNOCK.” 


London Agents: Jonn Cawsey & Co., 
§3, Victoria Street, S.W.1. 
Telephone: Victoria 1852. 


CAMMELL LAIRD & CO. bp. 7 2 itiennca 


STEEL MANUFACTURERS. SHIPBUILDERS. ENGINEERS. BOILERMAKERS. se 
LONDON OFFICE: 8, Central Buildings, Westminster, S.W. 
SEE LAST WEEK’S AND NEXT WEEK’S ADVERTISEMENTS. 

















CHROME.PLATED NEW Featares that make 
mre a BETTER VISE 


“VULCAN SUPERIOR "—Williams’ NEW Vise offers big advantages found in no 
other chain pipe vise :— 
“Overhead Adjustment "—the handle is ON TOP, where it’s easy to 
operate. 
Reversible Jaws—for longer life. When the teeth first in use wear, simply 
unscrew the bolts and turn the jaws over. 
Unbreakable—Compact—Rapid—Positive. All the reliability of Williams’ old 
“Vulcan ” together with added advantages. Ask for literature. 


J. H. WILLIAMS & CO,, 


Wholly made of “The Wrench People.’’ 
WROUGHT STEEL Export Office : London Representative : General Offices : 
114, Liberty Street, Benj. Whittaker, Ltd., Buffalo, N.Y., 
; New York, U.S.A. Aldwych House, Aldwych, London, W.C.2. U.S.A. 
No. I1.—} in. to 24 in. pipe. . 
No. 12.--J in. to 4} in. pipe. Joint Stocking Distributors for Great Britain : 
4 in. larger capacity in each BUCK & HICKMAN, LTD., 2-6, Whitechapel Road, London, E.1. 
case than other chain pipe 


vises. 


FULLY GUARANTEED 


Two Sizes. 
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